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1 Includes supplementa l request of $87,00 0 fo r increased pay costs .

Mr. Boland. The Committee will come to order.
We are  delighted to have with  us today Dr. F rank Press, Director 

of the  Office of Science and Technology Policy, accompanied by Mr. 
Benjamin  Huberman, Dr. Gilbert S. Omenn, Mr. Philip M. Smith, 
and Mr. William J. Montgomery. You have all been here before.

I read your stateme nt las t night  and for the  life of me I cannot 
understand how you can do all tha t work, or this office can do it with only 24 people. How do you do it?

Dr. Press. Those 24 people are superb professionals and highly 
devoted to the office. I appre ciate the compliment.

Mr. Boland. You have a fine statement. It covers an awful lot of 
ground  and is extremely well done. It takes a litt le while to get 
through the  19 pages. It clear ly indicates the  impor tance of this 
Office with respect to other agencies of t he Government  tha t you 
advise. And it certa inly highlights the impor tance of thi s Office for 
the  President , himself, in reach ing some very imp orta nt decisions 
in the  fields you cover. You do cover an awful lot of them.

I take it tha t a g reat num ber of the conclusions that  are reached 
in the  s tatemen t and the  amount  of work done in these areas, must 

(1)
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be done by consultants . You couldn’t possibly do it alone. This 
highlights the importance of the consulta nt program. We will be 
gett ing into t ha t with the  justif ications.

GENERAL STATEMENT

We are delighted to have  you and your staf f here  today. Perhaps 
you can highlight some areas of your sta tem ent  which are more 
important than others. It would take  some time  to read it all. We 
will place your full sta tem ent in th e record at thi s point.

[The stat ement follows:]
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TESTIMONY BY DR. FRANK PRESS 
DIRECTOR, OFFICE OF SCIENCE AND TECHNOLOGY POLICY 

BEFORE THE
SUBCOMMITTEE ON HUD -  INDEPENDENT AGENCIES

COMMITTEE ON APPROPRIATIONS 
HOUSE OF REPRESENTATIVES 

MARCH 11 , 1980

Mr . Chairman and Members o f  th e Co mmittee : The past ye ar has been an 
a c ti v e  one fo r  th e  O f f ic e  o f Sc ienc e and Te ch no logy  P o li c y . I am plea sed 
to  appear be fo re  you  to d a y  to  d is cu ss th e  c u r re n t s ta tu s  o f th e o v e ra ll  
F is ca l 1981 bu dg et  re ques t f o r  re se arc h and de ve lopm en t, some o f th e 
a c t iv i t ie s  o f th e  O ff ic e  o f  Sc ienc e and Te ch no logy  P o li c y  ov er th e  pa st  
ye a r,  and OSTP's bu dg et  re ques t f o r  F is ca l Year 1981.

I have w it h  me to day my th re e  A ssoc ia te  D ir e c to rs , Be nja min Huberman, 
G il b e r t  Omenn, and P h i l ip  S m ith , and th e  OSTP E xecutive  O f f ic e r ,  W il li a m  
Montgomery. They w i l l  j o i n  me in  re sp on ding to  your qu e s tio n s .

I .

The Budget fo r  R&D

The bu dg ets o f th e  C a rt e r A d m in is tr a ti o n  have re f le c te d  a s trong 
co wni tm en t to  re se arc h and de ve lopm en t. Stead y pro gre ss has been made 
in  s tr eng th en in g  re searc h  and de ve lop ment in  th e  Depar tm en t o f De fen se, 
and in  seve ra l o th e r m is s io n  agen cies , such  as th e  De pa rtm en t o f A g r ic u lt u re  
and th e  Env iro nm en ta l P ro te c ti o n  Agency.  In  th e  Depar tm en t o f En ergy , 
th e re  have been s ig n i f ic a n t  advances in  th e  e f f o r ts  to  ac hiev e a ba lan ced 
support  f o r  a l l  o f  th e  lo n g e r- te rm  and m id -t e rm  supp ly  te ch n o lo g ie s , 
in c lu d in g  basi c re searc h  un d e rl y in g  th ese  te ch n o lo g ie s . The biom ed ical 
and h e a lth  re se arc h prog rams o f th e N a tiona l In s t it u te s  o f Hea lth  and th e  
a c t iv i t ie s  o f th e  N a ti o n a l Scien ce  Fo un dat ion have a ls o  re ce iv ed  con tinued , 
s ig n i f ic a n t  sup po rt . Th is  ye a r,  phys ic a l sc ie nce s and eng in eering  in  
p a r t ic u la r  have been th e  fo cus o f ou r a tt e n ti o n  bec ause we b e lie ve  th a t 
th ese  d is c ip li n e s  have had co m para ti ve ly  le ss  gr ow th  - -  in  co nsta n t 
d o ll a rs  — than  o th e r d is c ip li n e s  o f  basic  .re se ar ch  ove r th e  la s t two 
de cades. The A d m in is tr a ti o n  has a ls o focu se d on th e re la ti o n s h ip  o f 
re se arc h and de ve lopm en t to  in d u s tr ia l in n o v a ti o n ; and our program re quest s 
f o r  F is ca l Year 1981 r e f le c t  severa l in i t i a t i v e s  th a t we b e lie v e  im portan t 
to  th e  lo nger- te rm  h e a lt h  o f  th e  economy. An in te re s t  in  re se ar ch  and 
de ve lopm en t, and an unders ta nd in g o f t h e i r  im po rta nc e to  th e  Natio n are 
shared  by a l l  th e  le aders  o f  th e  A d m in is tr a ti o n . I t  is  im portan t to  
un de rs tand  th ese  p o in ts , becau se R&D a c t i v i t i e s ,  l ik e  a l l  o th e rs , are 
un de r re vi ew  now in  th e  c u r re n t reassessme nt o f th e F is c a l Year 1981 
bu dg et .

As th e re cen t da ta  on th e  Consumer Pro duc t In dex, w hole sa le  p r ic e  
in d ic e s , and th e  ra te s  o f comme rcial  loa ns  have re ve a le d , ou r economy is  
in c re a s in g ly  vu ln e ra b le  to  th e  m alig na nc y o f in f la t io n .  Dramat ic a c ti o n
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is  req uired by the Government to  demonstrate to  our people and to the 
financ ia l markets that  the Government views th is  in fl a ti o n  as serious 
and th a t we are w il li n g  to  take  dra stic  action to  co nt ro l i t .  As a 
re s u lt , the Adminis tra tion has undertaken an intense review of  the budget 
to  determine how to bring i t  in to  balance. This review has focused on 
the  non-defense, so-ca lled con tro lla b le  po rtions of  the budget, of  which 
R&D in the c iv il ia n  agencies cons ti tu te  a s ig n if ic an t fr a c ti o n ; on the 
various  accounts represented in  the  tr u s t funds and re ce ip ts , and on 
the  indexed or so-ca lled un co nt ro lla ble po rtions of  tne budget. I cannot 
t e l l  you how th is  review w il l tu rn  out — i t  is  s t i l l  in progress — but 
I would mislead you i f  I did not indica te  th at the Preside nt 's requests 
fo r R&D are li k e ly  to  look d if fe re n t once th is  review is completed.

I can assure you that  th is  search fo r budget red uction has been an 
ex ce pt iona lly  pa infu l exercise.  I be lieve in the value of  the  R&D programs 
the  Pres iden t has proposed. We a ll  be lieve in the need to es ta bl ish new 
re la tio ns hi ps  between in du st ry , un iv e rs it ie s , and Government in R&D. We 
a ll  be lieve  in the importance of layin g the founda tion  fo r the  fu tu re  
through investment in basic research.  And the Preside nt,  the 0MB, and 
the cab ine t have endorsed these  po si tio ns  in the FY 1981 budget request.
But ju s t as in combating a serious  disease,  we must occa sio na lly  make 
sacri fi ces fo r the sake of  the general he alth,  so too we must now cut  
back the  budget where we can.

The consequences w il l be serious  and di st re ss ing to the s c ie n ti fi c  
and tec hnolo gic al community, among many others . Nonetheless, in the long 
run,  we w il l a ll  be ne fit  by br inging  in fl a ti o n  under contro l.  Cer ta in ly , 
sc ie n ti s ts  and engineers, as much as anyone else , have suffe red  d ir ec tl y  
the harm from in fl a ti o n  as cos ts escalate and savings erode. Moreover, 
they may receive in d irect bene fit s from the re stor at ion of  a stable  
economic clima te in which people are more w il li n g  to  inv est in the fu tu re  - 
a fu tu re  that  in evita bly  must re st on s c ie n ti fi c  and technolog ica l 
advance. Thus, the upcoming budget cuts w il l be in our long-ru n best 
in te re s t.

I I .

OSTP A c ti v it ie s  in 1980

The science and techno logy po lic y work of  OSTP over the past year 
has de al t witn  a wide range of  issu es.  Many of  these have been associated 
wi th d i f f ic u lt  dec isions th at have been made oy the Pres ide nt.  Others 
have approached problems that  must be addressed over the next decade, 
where ground work now w il l be tte r.p repa re  tne Pres ide nt,  the Executive 
Branch, and the Congress fo r the  po lic y determinat ions  th at w il l be 
requ ire d.  To give  the Subcommittee a feel ing fo r the work o f the Office  
over the la st  year, I would li k e  today to describe a number of  our a c ti v i­
ti e s .  I have selec ted examples in the areas of  in te rn atio na l a ff a ir s ; 
na tio na l se cu rit y and defense R&D; space po lic y;  energy; health and 
agricu ltu re ; regu la to ry  po lic y ; and, p ro ductiv ity and inno va tion.  I 
be lieve they il lu s tr a te  well the  d iv e rs it y  of  technolo gic al and s c ie n ti fi c  
po lic y issues faced by the President and his advisers . Fu rth er , several 
key in it ia ti v e s  of the Ad min istra tio n have resu lted from tnese a c ti v it ie s .

2



I w il l also discuss the Interg ove rnm ental,  Science, Eng ineering and 
Technology Advisory  Panel a c ti v it ie s  and the  work of the Federal Coordina ting 
Council fo r Science, Eng ineering and Technology.

In te rn at ional  S c ie n ti fi c  and Technological Cooperation

The Pres ide nt 's Message to  the  Congress on Science and Technology 
spelled  out four  themes th at have shaped U.S. po lic y in in te rn atio na l 
s c ie n ti fi c  and tec hnolo gic al coopera tion. The President ind ica ted th a t:

— We have pursued new in te rn atio na l in it ia ti v e s  to advance our 
own research and development ob ject ives ;

— We have attempted to  develop and strengthen s c ie n ti fi c  exchanges 
to bridge p o li t ic a l,  ideo logica l and cu ltu ra l d iv is io ns between 
th is  country  and othe r coun tries ;

- -  We have formulated programs and in s ti tu ti o n a l re la tio ns hi ps
to help deve loping co un tries  use science and techno logy bene fic ia lly ;

— We have cooperated with  other nat ions  to  manage techno log ies 
with glob al impact.

In 1979, the Ad min istra tio n active ly  pursued b ila te ra l and m u lt i­
la te ra l itern atio nal programs in  science and technology in accord with  
these themes.

In January 1979, the  President ana Chinese Vice Premier Deng Xiaoping 
signed an agreement fo r science and technology coo perat ion . Since that  
tim e,  our two coun tries  have signed 13 protocols  fo r b il a te ra l cooperat ion 
in  a broad array of  areas includ ing space, student and scho lar  exchanges, 
ag ricu ltu re , publi c he al th , environmental pr ote ct io n, hydropower development, 
and ea rth  sciences research. In January of  th is  year we reviewed, in China, 
the rap id and remarkable progress that  has been made in the implementation 
of  each of  these pro toco ls du ring the f i r s t  year o f normalized re la tio ns.
At th at time we also signed an agreement fo r cooperation between our two 
pres tig ious  nationa l academies of  science.

The S&T Agreement provides fo r fa c il it a t io n  of  conta cts  between the 
U.S. pr ivat e sector and the Chinese to suppor t th e ir  modernization  
e ff o r ts  in energy and oth er sectors.  I t  is  clea r that  R&D cooperation 
na tu ra lly  leads to enhanced commercial re la tio ns hi ps . Our cooperative 
e ff o r ts  are of  great importance to  bu ild ing a strong China, which is 
ob vio us ly in our in te re s t.

The U.S. and the Soviet Union work together under a framework 
of 11 separate  agreements fo r cooperat ion in s c ie n ti fi c  and tec hnica l 
f ie ld s . The most senio r of  these agreements is  the S&T Agreement fo r 
which I am the U.S. Co-Chairman. Others are in fi e ld s  such as energy, 
space, environmental p ro te ction , publi c he al th, oceans — to  name 
a few.

Our cooperation wi th the  Soviet Union has changed dram at ical ly ,
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however, as a result,  of th at co unt ry 's  invasion and cont inued occupation 
of  Afg han ista n. The Ad minist ra tio n has taken steps to  demonstrate 
that  such act ions w il l have an adverse effect on a ll  forms of  cooperation, 
includ ing s c ie n ti fi c  exchanges. The Pres ident has made the de lib erate 
decis ion  to focus our re s tr ic ti v e  measures against specif ic  a c ti v it ie s , 
not  aga inst the framework of our b il a te ra l agreements themselves. Each 
a c ti v it y  planned under the 11 b il a te ra l agreements is  curr ently  being 
reviewed to determine it s  app ropria teness. Only those subs tant ive  exchanges 
which are of  ov er rid ing s c ie n ti fi c  in te re st to the U.S. or which involve 
humanita rian concerns,  such as he al th  or the environment, w il l be continued 
under the present circumstances .

I t  is  iron ic  that  th is  change in  po lic y takes place  at a time 
when many U.S. pa rt ic ip an ts  in  U.S.-USSR cooperative science programs 
were beginning to  feel  that  programs of  tru e mutual be ne fit  were at 
la st  underway. Our decis ion  to  keep the framework of  cooperation in ta ct  
re fl e c ts  th is  sense of  U.S. gain from the  programs. At a fu tu re  time 
when cond ition s change, we may want to  resume some or a ll  of  our 
coopera tive  programs with the Sovie t Union.

A major step in fu rt her expanding the already extens ive s c ie n ti fi c  
cooperation between the U.S. and Japan was taken in May 1979 with  the 
signin g of a b ila te ra l agreement fo r  cooperation in energy R&D pr oje ct s,  
such as coal liquefa ctio n, nuclear fu sion, and geothermal and so lar 
energy. President Car ter has proposed to the Japanese a complementary 
program of  jo in t  R&D in various  non-energy areas of  global  importance 
such as space, environmental pro te ction , he alth,  ag ric u ltu re  and resource 
conserva tion.  We have had two preparatory meetings wi th the Japanese to 
discuss  th is  proposa l, one in  Tokyo la st September, and one here in 
Washington th is  February. We have reached agreement on a number of 
specif ic  R&D projec ts pending budgetary approval on both sides.

In both the energy and non-energy areas,  our jo in t  projec ts  are 
based on the concept of mutual in te re s t and be ne fit . Manpower, physica l 
resources and financin g of  these la rge-sc ale projec ts  w il l be shared.
The sca le of  these programs rep resents a new concept in in te rn atio na l 
S&T cooperation . This is  a very impo rta nt , po si tiv e aspect of  our 
sometimes-troub led re la tio nsh ip  w ith  the Japanese.

Impressive  progress has been made in our science and technology 
re la tionsh ip  with Mexico. During the  Pres ide nt 's February 1979 meeting 
wi th President Lopez P o r ti ll o , our two coun tries  signed a memorandum of 
understanding to inaugurate coo perat ion in a number of  areas inclu ding  
ar id lands agric ultu re  and energy R&D.

In October 1979, I led a de lega tion of senior government sc ie n tis ts  
and science o f f ic ia ls  to  a number of coun tries  in South America and the 
Caribbean, inc lud ing  Venezuela, B ra zil and Peru. We also met wi th  rep re­
sentat ives  of  the Andean Pact and Caribbean reg ional orga niza tions . As 
a re su lt  of  consultat ion s wi th  leaders in  these areas, numerous jo in t  S&T 
a c ti v it ie s  are underway and many ad di tio na l ones are planned.

There is  increas ing re co gn ition  th at a wide range of  major issues  
cannot be treate d by the action of  indi vidu al  nations . Such issues

4
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inc lud e the world environment, oceans and fishe ries  a ff a ir s , po pu latio n,  
energy, space, food and na tural reso urces,  and economic development. I t  
is  the genera l po lic y of  the U.S. to  support the a c ti v it ie s  of  in te rn at iona l 
organiz at ion s which are addressing global problem areas c o ll e c ti v e ly .

While we are of ten forced  to  attend to immediate crises, i t  is  
es se nt ia l that  we nurture our long-term  re la tio ns wi th other co un tr ies.  
S c ie n ti fi c  and technolo gic al coopera tion  is  a very important aspect 
of  overa ll re la tio ns hips  wi th othe r coun tries . Furthermore,  we must 
sustain our in te rn at iona l e ff o r ts  to  deal wi th global problems needing 
s c ie n ti fi c  at tent ion.  Our in te rn ationa l science and techno logy a c ti v it ie s , 
in  ad di tio n to support ing th is  co un try 's  fore ign po lic y ob je ct ives,  prov ide 
a va ri e ty  of  d is ti n c t bene fit s.  At the same time, these a c ti v it ie s  increase 
the wor ld 's  stores of  s c ie n ti fi c  knowledge, af fe ct  worldwide we lfa re and 
pro speri ty , promote our in te rn ationa l commercial re la tionship s, and add 
a va lua ble  dimension to  our development assistance programs.

As I reported to you la st year , we work very  close ly  wi th the 
Departments and agencies of  tne  Government in designing, implementing and 
rev iew ing our in te rn atio na l S&T programs. We continue to work es pe cial ly  
c lo sely  with Assis tan t Secre tary of  State Pickering and depend gre atly  
on hi s support.

The In s ti tu te  fo r S c ie n ti fi c  and Technolog ical Cooperation (ISTC)

As the Subcommittee w il l re ca ll  from my e a rl ie r appearances, one 
of the  Adm in is trat ion's princ ip a l in it ia ti v e s  to  fo ste r s c ie n ti fi c  and 
tech no logica l cooperation wi th  developing co un tries  is  the proposal to 
cre ate an In s ti tu te  fo r S c ie n ti fi c  and Technological Coopera tion.  The 
ISTC was authorized by Congress in  1979 to serve as a mechanism to 
fa c il it a te  the ap pl icat ion of science and technology to  the most impor tant 
problems of  developing co unt rie s.  Tne primary func tio ns  of  the ISTC are 
th re e -f o ld : to strengthen the capacity of  the people of  developing 
coun tries  to solve th e ir  development problems through s c ie n ti fi c  and 
techno log ica l innova tion,  to  fo s te r sustained research e ff o rt s  on c r it ic a l 
development problems affecting large numbers of  poor people in developing 
co un tr ies,  and to fa c il it a te  s c ie n ti fi c  and tec hnolo gic al exchange with  
these  coun tries .

At th is  po int  the status  of  tne ISTC is  s t i l l  unresolved. Since 
the  enactment of the Foreign Assistance  B il l au thor izing  the  estab lishment 
of  ISTC, the inaugura tion  of  the  In s ti tu te 's  program has awaited fi n a l 
ac tion by the Congress on the  Foreign Assis tance  Appro priations Act fo r 
FY 1980. We have ju s t learned that  fi na l House and Senate considerat ion  
of  the Conference Committee's repo rt on th is  b i l l  has been fu rther pos t­
poned, and that  FY 1980 programs w il l operate under auth ori ties of a 
cont inu ing  re so lu tio n.  Because ISTC was not in existence  in FY 1979, 
no appro priations fo r ISTC are authorized under the cont inu ing  reso lu tio n 
fo r FY 1980. In li g h t of  th is ,  the Ad ministr at ion  is  now reviewing 
op tions  witn  respect to  the funding  and loca tio n of  tne In s ti tu te  in 
FY 1980 and FY 19b l. However, I want to stress  the Adm in is tra tio n's
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commitment to proceed wi th some arrangement which w il l enable us to 

preserve th is  important  in it ia t iv e .

Nation al Secu rity and Defense R&D

Over the past year my o ff ic e  and I have continued to  part ic ip a te  in 

the  review of  s c ie n ti fi c  and te ch nica l issues that  re la te  to our 
Nat ion's nation al securi ty . The forums fo r th is  pa rt ic ip a tion  include 

my part ic ip a tion  in var ious mechanisms of the Nationa l Se cu rit y Council 
and work that  is  done co op er at ively with , and of ten at the reques t of , 

the  Department of  Defense.

I have been tne Chairman of  three NSC po lic y review committee 
(PRC) groups; form ula ting the po licy  opt ions fo r the China science 
and technology agreement, rev iew ing  our space po lic y, and of  reviewing our 

telecommunica tions po lic y.  At the  request of  the  Pres ide nt,  on a number 

of  occasions I have also assembled special  committees of  pres tig ious  
sc ie n ti s ts  and engineers ou ts ide  government to provide him wi th independent 

advice on key na tiona l securi ty  issues. These have included M-X and 

cr ui se  m issi le  weapons development, the nuclear weapons te st program, 
the  South A tlan tic explo sio n,  and arms co nt ro l issues , such as ve ri fi ca tio n  

procedures fo r the comprehensive te st ban tr ea ty  which is  currently  

under ne go tia tio n.

U.S. Government support fo r  research and techno logy, es pec ia lly  in 

the  advanced technology  base and basic research wi th the Department of 
Defense, dec lined  in  the 1960's and tne ea rly  1970's.  This Adminis tra tion 

has sharply  reversed th is  tre nd . As a re su lt , the cumula tive  growth — 

from Fis ca l Years 1978 to  1981 - -  in the technology base w il l be over 50 

percen t, which w il l inc lude an increase  in basic  research of  ne ar ly 65 

pe rcen t.

Tne Department of Defense is  also continu ing  it s  in it ia t iv e  to 
re build  it s  re la tio nsh ip  with  un iv ers it ie s  in  order to  employ the 
research and development resources of the academic community. Defense 
support of  un ivers ity  research w il l have increased more than 40 percent 

between Fiscal  Years 1978 and 1981.

Ea rly  in tne Adm in is trat ion,  the Secretary of  Defense asked me to 
conduct an outside review of  bas ic research in the Department of  Defense.

As I mentioned la st  yea r, th is  review was well received by the Department 

and led to  strong and co nt inuing  suppor t by the Department fo r  increases 

in  bas ic research. ODD also undertook several otner actions in agreement 

wi th the re port 's  recommendations. For example, a new management in it ia ­
ti v e  assigned to the Deputy Under Secretary fo r Research and Advanced 
Technology the re sp on s ib il it y  fo r  oversig ht and management over the 
e n ti re ty  of  the DOD basic  research program. Tne Sec reta ry of Defense 
has issued a po lic y statement c la r if y in g  the Department's  view of  the 
ro le  of  basic  researcn. DOD is  also using some of  it s  real growth in 
bas ic research to prov ide fun din g to new performers,  es pec ia lly  researchers 

from un iv ers it ie s.
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Space Po licy

Pres iden t Carter  has expended conside rable e ff o r t in  deve loping a 
coherent space polic y. The Pres iden t's  d ir ec ti ve  in May 1978 rea ffirme d 
broad U.S. po lic y pr in cip le s th at have been overarching  ob ject ives  through 
fi v e  previous Ad minist ra tio ns . The Pres ident estab lished and dir ec ted  
the  Pol icy Review Committee (Space), which I cha ir , to assess the needs 
of  the  na tio n' s c iv i l space program. The Carter Adm in is trat ion' s space 
po licy  is designed to  ca rry us su cces sfull y in to  the next  era in space.
We have fo r the f i r s t  time the  op po rtu nit y fo r choices wi th regard 
to  d irection and pace: F ir s t ,  our space po lic y w il l re fl e c t a balanced 
st ra te gy  of  space applic atio ns, space science and ex plor at ion and 
techno logy development. Second, our space po lic y w il l become more evo lu­
tiona ry , ra ther  than center ing around a sin gle eng inee ring  fe a t.  Our space 
po licy  is  sound, pro gre ssive  and fi s c a ll y  responsible  — very appro priate  
fo r th is  pre-Sh ut tle  pe rio d.

In the la st  year the Pol icy Review Committee has focused on space 
ap pl icat ions , es pec ia lly  the  evo lving po lic y fo r remote sensing. The 
President  named Commerce's Nat iona l Oceanic and Atmospneric Adminis tra tion 
(NOAA) the opera tion al manager fo r a ll  c iv il ia n  space remote sensing 
programs; Defense w il l continue to manage space a c ti v it ie s  re lated to 
na tiona l se cu rit y needs. I n it ia ll y ,  our c iv i l op erat ion al  land remote 
sensing program w il l be based on the exper ience der ived from LANDSAT.
In ad di tio n,  to in ve st ig at e the  value of  s a te ll it e  data fo r monito ring  
agricu ltu ra l crop co nditi ons,  the Pres iden t in it ia te d  a six -yea r research 
program in worldwide ag ri cu ltu ra l produc tion fo re ca st ing.  The success 
of th is  program already exceeds a ll  exp ectat ion s.

Because of  the budget review, I cannot te l l  you pre cise ly  what 
mixtu re of  cont inu ing  and new programs the President  w il l recommend.
The Pres ident is  committed to  ma inta ining the Shu ttle development schedule 
to meet the na tio n 's  s c ie n t if ic ,  commercial and na tio na l se cu rit y re qui re ­
ments. We continue to be lie ve  the f i r s t  launch of  the Space Shut tle  in 
1980 w il l herald a s ig n if ic a n t era fo r the u t il iz a t io n  of  space fo r 
human needs. The Shu ttl e w il l prov ide a cos t e ff ec ti ve  way to launch 
and re tr ie ve s a te ll it e s  and conduct repa irs  in space. I t ,  therefore,  
may be desirab le to continue the development wh ile de fe rr ing ce rta in  
oth er missions fo r  a year or two.

Energy

My s ta ff  and I pa rt ic ip a te  in the energy budget review and other 
a c ti v it ie s  of  the Execut ive Office  where our ca paD ili ty  in the area of  
energy research and techno logy makes our pa rt ic ip a tion  appro priate .
Today I w il l h ig h lig h t severa l of  these a c ti v it ie s .

As you are aware, the  accident at Three Mile  Is lan d revealed sub­
s ta n tia l shortcomings on the par t of  Government and the u t il it ie s  in 
assuring the sa fe ty  of  nuc lear power. The President  thus establ ished 
a Commission to in ve st ig at e the accident  and it s  cause. This Commission,
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which was chaired by John Kemeny, the President of  Dartmouth Unive rs ity , 
rep orted to the Pres ident in the f a l l ,  making some 44 recommendations 
fo r change. These recommendations included proposed m od ifica tio n of  the 
st ru ctur e and procedures of  the  NRC, improved tr a in in g  of  opera ting  
personnel , and gre at ly  strengthened emergency planning  and response, 
among oth ers . The Pres iden t has adopted v ir tu a ll y  a ll  these recommenda­
tions although in some cases he has taken a somewhat d if fe re n t approach 
than the Commission recommended. A reo rgan iza tion plan w il l be submitted 
to the  Congress sh ort ly  that  should serve to as sist  in  the  development 
of  a un ified  and more re li a b le  nuclear sa fe ty re gu la to ry  program.

OSTP has been clos ely invo lve d in th is  issue from it s  ou tset . At 
the  time  of  the acc ident,  I was in constant touch wi th the evo lvin g 
s itua tion  at Three Mile Is land . My s ta ff  and 1 helped to  es ta bl ish the 
Kemeny Conmission. F in a lly , Dr. John Deutcn, the Under Secre tary of 
Energy, and I cha ired the in te rn a l group that  developed a response on 
bena lf of  the Ad minist ra tion.  We have been active ly  involved in the 
task of  assuring the sa fe ty  o f nuclear power, and expect th is  task to 
continue.

For over two yea rs, OSTP has pa rti cipa ted in the Pres iden t's  
Inte ragency Review Group on Nuc lear  Waste Management (IRG).  The par­
ti c u la r  roles played by OSTP were to  chair the technic al  working group 
th at examined alte rn ativ e te ch nica l st ra tegies  fo r the disposal  of  high - 
leve l radioa ct ive wastes and spent fu e l,  and, in  the la te r phases of  the 
rev iew , to coordinate much of  the  preparation of  the IRG re port , the 
recommendations to the Pres iden t, and the subsequent announcements.
This  a c ti v it y  reached it s  implementation  phase on February 12 of  th is  
year when the Pres ident sent to  the Congress a plan fo r a comprehensive 
na tio na l radioa ct ive  waste management program. The program ou tline s 
the tec hn ica l str ateg y that  w il l be followed in working toward the 
co ns tru ct ion of  one or more mined, geo logic waste re posito ries, the 
procedures that  w il l be fo llowe d fo r State  and loc al government and 
pu bl ic  pa rt ic ip a tion , prov is ions  fo r in te rim  storage of  spent fuel  from 
nuc lear  reac tors, plans fo r low- leve l waste disposal and remedial clean-up 
ac tion at such si te s and also  o f uranium m il l ta il in g s , and regu latory 
actions necessary to implement tne program. Except fo r pa rt ic ip a tion  in 
the pe rio dic  monito ring  of  the  progress of  the Departments and agencies 
by the Executive O ff ice, the OSTP's ro le  in th is  a c ti v it y  w il l now draw 
to a close.

One of  the most ser ious energy/environmental problems th at may 
co nf ront  our nat ion in the next centu ry derives from the Duildup of carbon 
diox ide in  the atmospnere. Through the burning of  fo ss il  fu els  and 
tnrougn de forestat ion,  mankind re turns carbon diox ide  to the atmospnere. 
Plau sible projec tions  of  fu tu re  carbon dio xid e concen tra tion s suggest 
a dou blin g by the middle of the  next cen tury. Since carbon dio xide is 
a powerful absorber of thermal ra dia tio n in a region of the  spectrum 
in which the atmosphere is  otherw ise qu ite  tra nspa rent, small changes 
in  the con cen trat ion of  th is  tra ce  co ns titue nt  could have major ef fe cts 
on the  heat balance of the ea rth . The consequence might be substan tia l 
changes in clima te and large impacts on human so ciety.
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This is  a problem about which grea te r knowledge and sophi st icat ion 
are needed. OSTP has therefore sponsored two studies by the Climate 
Research Board of  the National  Academy o f Sciences to look in to  the  question. 
The f i r s t  study examined the sta tus of  the clima te model ling  in order to 
determine the  c lim atic  consequences of  a doub ling of  carbon diox ide,  
ano the leve l o f un ce rta inty  in our knowledge. Although much gre ate r 
so phis tic atio n is  necessary to  pro vide de ta ile d re su lts  in  which we can 
have confidence, the study showed th at there was reasonable agreement 
among d if fe re n t approaches th at a doubling  of  carbon dio xid e would 
re su lt  in  major  c lim atic  s h if ts . A second study , which is  curr ently  
underway, is  attempting to  st ru ct ure  the way in which we migh t examine 
and address the socia l and economic impacts that  could  re su lt  from 
increased carbon dio xid e conc en tra tio ns .

Oc casio na lly  OSTP is  asked to evaluate  techno logies or pros­
pe ct ive  sources re lated to the long-term  energy supply.  While these 
do not have imnediacy in the context o f current energy shortages and 
the supp lies fo r the next two decades, th e ir  assessment is  nonetheless 
usefu l in es tabl ishing  the re la ti ve  p r io r it y  the proposals should rece ive  
in  long-te rm energy research . I w i11 c it e  one rece nt example. In Ju ly  
o f 1979, Gordon McDonald, now of  the M itre Corporat ion , and fo ur  Nobel 
pr ize winners wrote me a le tt e r  suggesting that  the na tion mount a major 
new program to explore fo r and develop methane der ived  from nonb iolog ica l 
sources, i . e . ,  "abiogenic methane," as a po te n tia lly  major co ntr ib utio n 
to the natio n 's  energy problems. The hypothesis that  the re is  a subs tant ia l 
amount o f abiogen ic methane in the  cr us t - -  entrapped dur ing the forma tion 
of  the ea rth  it s e lf  - -  has been promoted over the la st several years 
by Pro fessor Tommy Gold of  Co rne ll Univer si ty . I t  is  qu ite  co nt rove rs ia l 
w ith in  the  geosciences community. I f  co rrect , i t  would imply that  
su bs tant ia l methane resources might be av ai lable to  the United States 
that  are not now being considered in  government or indu st ry  resource 
development programs. I th er ef or e undertook an assessment of  the concept. 
This involved seeking the views o f 26 of the na tio n 's  top  ge os cien tis ts  
and othe r fig ur es  of  st ature in the  s c ie n ti fi c  community and the  commission­
ing of  a National  Academy of  Sciences review  panel to  address the  issue.
The NAS panel was under the lea de rship  of  Dr. P h il ip  Abelson. Professor 
Gold and Dr. McDonald addressed the  panel and fo llo w ing de lib er at ions  
the panel submitted a repo rt to  me. The committee recommended that  no 
major  d r il li n g  e ff o r t be in it ia te d  in a search fo r abiogenic methane, 
but suggested a number of  s c ie n ti fi c  inve st igat ions  which might be 
undertaken to prov ide inform at ion re lev ant to  abiogenic methane ana 
oth er mat ters  of  s c ie n ti fi c  in te re s t.  The re port 's  conclus ions  are 
co ns is tent  with the gre at m a jo ri ty  of  the responses to my survey , and I 
pe rson al ly  endorse i t .  I tra ns mitted  the Academy's repo rt to  the  re lev ant 
Federal agencies, who w il l u t il iz e  i t  in making th e ir  research funding 
de cis ions .

Hea lth and Agr icul tu re

OSTP has played a ce nt ra l ro le  in a broad array  of  he al th po lic y 
and health research a c t iv it ie s .  Basic and app lied biomedical  and behaviora l 
research is  an investment in  the Na tion 's fu tu re , to  deal with  var ious  
diseases, prevent disease and d is a b il it y , and promote good he alth.  The 
NIH budget and budgets of  othe r hea lth research agencies have been analyzed
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and supported, and severa l s ig n if ic a n t long -term po lic y d irectives are 
worthy of  emphasis. The most importan t of  these d irec tives is  the higher 
p r io r it y  given to  in d iv id ual in ves tig a to r- in it ia te d  research in the 
science base of  NIH. He have worked with s ta ff  of  HEW and OMB and consulted 
ex tens ively wi th the  Congress in  generat ing a proposal fo r  the s ta b il iz a tion  
of  extramural grant support in a way th at can avoid the ups and downs of  
recent years, wi th re su lt in g  undesirab le effects  on subsequent years ' 
conmitment base. He have fol low ed  up the OSTP-chaired inte ragency e ff o rt  
on human nu tr it io n  research wi th a FCCSET Jo in t Subcommittee on Nutr it io n 
Research, which has brought tog eth er long-separated  agency e ff o rt s  in a 
se ries of  jo in t  plans and documents. He have supported the  estab lishment 
and ea rly  work during  the  past  year of  both the National Center fo r 
Health  Care Technology (and it s  Counc il) and the Preside nt 's Commission 
fo r the Study of  Eth ica l Problems in Medicine and in Biomedical  and 
Behavioral Research. We have stim ula ted  at te ntio n to  inn ovatio n incentives 
and to so lid  s c ie n ti fi c  rev iew  in regu la to ry  a c ti v it ie s  of  the Food and 
Drug Adminis tra tion in vo lv in g drugs, food ad di tiv es , and medical devices.
We have worked wi th various HEW agencies and pr ivat e secto r in s ti tu tions  
to devise more ra tiona l means o f int roducin g new medical technologies 
and of  reimbursing fo r th e ir  app rop ria te u t il iz a ti o n .

OSTP has devoted a grea t deal of  e ff o r t to  streng thening the ag ricu ltura l 

research en terpris e in  th is  country . We have worked wi th the Department 
of  Agr icul tu re , wi th oth er o ff ic es in the Execu tive O ff ice of  the President,  
wi th  the agricu ltura l research  community, and wi th appro priate  Congressional 
s ta ff s  to develop a st rong , consol idated agricu ltu ra l research budget, 
to es tabl ish a balance among in tra mural , form ula-fun ded , and com pet itive  
mechanisms fo r the conduct and support of agricu ltu ra l research , to 
upgrade the review and evalua tio n procedures used to  assure the qua lit y  
and relevance of  ag ri cu ltu ra l research, to strengthen leadership and 
management of Federal ag ri cu ltu ra l research programs, and to re v ita lize  
the partnerships which charac teriz e agricu ltura l research in  th is  country  
— among government, the academic research community, and indu stry . In 
ad di tio n,  OSTP has spearheaded Administr at ion  e ff o rt s  to  strengthen 
Federal aquaculture programs by form al izing  coordin at ion  among the several 
Federal agencies wi th in te re s ts , programs, and re spons ib il it ie s  in aqua­
cu lture , by deve loping a Nation al Plan fo r fu tu re  development of  aquaculture 
in  the U.S ., and by working wi th Congress to develop aqua culture le g is la tion  

which the Pres ident can approve.

Regulato ry Po licy

Over the la st severa l years the OSTP and other Executive Offic e un its  
and the White House s ta ff  have devoted considerable  at te ntio n to regu­
la tion  and regu la to ry  po licy . The a c ti v it ie s  have resu lte d in a number 
of  in it ia ti v e s , includ ing major  reform proposals fo r a ir li n e , r a i l,  
and tru ck ing de regu la tio n,  the  implementation of  Executive Order 12044, 
which establ ished the Regulatory Council and Calendar, and the review of 
specifi c  regu lations  proposed by the regu la to ry  agencies.  OSTP is  a 
member of  the Regulato ry Analysis  Review Group (RARG). Where our p a r ti ­
cu la r expertise in the s c ie n ti fi c  and technic al  sphere is  us eful , we 
part ic ip ate  in reviewing re gu la to ry  analyses produced by regu latory  
agencies as part of  the Preside nt 's Regulato ry Reform Program under 
Executive Order 12044. We have been invo lved  in rev iew ing the ligh t
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duty tru ck  fuel  economy standards re ce nt ly  proposed by the Nation al 
Highway T ra ff ic  Safe ty Adm in is tratio n,  surface mining regu la tio ns  proposed 
by the  Department of  the In te r io r 's  Offi ce  of  Surface Min ing, the  generic 
carcinogen po lic y from the Occupational Safety  and Health Ad min istra tio n,  
the air borne  carcinogen po lic y from the Environmental Pro tect ion Agency, 
diesel  pa rt icul at es  and N0x standards from EPA, and package inse rts fo r 
pa tie nt s from the Food and Drug Ad min istra tio n.

My s ta ff  and I br ing  to  these discussions  a viewpoin t o f the  s c ie n ti fi c  
and tech nica l comp lex ity, and of the un ce rta inty  in our knowledge. Many 
of  the  ov er al l questions  and issues were summarized in  an address that  I 
gave to  a meeting of  the American Association fo r the Advancement of 
Science in June 1979. I would li k e  to inc lude th is  address fo r the 
reco rd as I be liev e these issues are areas that  are of great in te re st  to 
th is  Committee wi th it s  re sp on s ib il it ie s  fo r agencies such as the Environ­
mental Protectio n Agency and the National Science Foundation. I t  seems 
to  me th at we must begin to move toward gre ate r s c ie n ti fi c  ri g o r in our 
re gu la to ry  programs. However, i t  is  a d if fu se and d i f f ic u l t  area in 
which to make progress . Some agencies, such as EPA, are re la ti v e ly  
so ph istic ated  in th e ir  approach to s c ie n ti fi c  data . Other agencies use 
d if fe re n t types and st yles  of systems fo r viewing s c ie n ti fi c  and techno­
lo gica l data in th e ir  re gul at or y process. At th is  time I am working 
with  the National Science Foundation to begin a review of agency pra cti ces 
in  the area and I w il l li k e ly  be in it ia ti n g  one or more stu die s on th is  
important to pic .

OSTP has worked to  enhance the use of  science and s c ie n ti fi c  panels 
in the regu latory  agencies. OSTP worked wi th EPA to streng then  the ro le  
of  th e ir  S c ie n ti fi c  Advisory  Board and it s  subcommittees to  provide 
ob ject ive and an al yt ical  rev iew  of  the science inform at ion  and the in fo r­
mation needs fo r that  agency. In ad di tio n,  OSTP encouraged OSHA to 
inc orp ora te outsid e expert s c ie n ti fi c  panels in to  th e ir  review process 
fo r id e n ti fi ca ti o n , c la s s if ic a ti o n  and regu la tio n of  occupa tional 
carcinogens.

To give  the Sub-Committee a fe elin g fo r  the various  ways that  we 
approach issues in th is  area, I would like  to  describe fi v e  sp ec ific 
a c ti v it ie s : the na tiona l to xico logy  program; the inte rag ency regu la to ry  
lia is on group; the establ ishment of  the Rad iation Pol icy Council;  diesel  
automotive a c ti v it ie s , and hazardous waste management.

OSTP played a major ro le  in the development of  the National Toxicology 
Plan (NTP) ana the orga niza tio n of the agencies invo lved in  the Plan's  
development. The Nation al Tox icology Program was es tablished in November 
1978 to ce ntra liz e and strengthen  HEW's a c ti v it ie s  in toxico logy  research 
and te st ing and to pro vide the to xico logica l informa tion needed by research 
and regu la to ry  agencies. The fou r HEW agencies that  comprise the NTP 
are tne Food and Drug Adm in is trat ion,  the Nationa l Cancer In s ti tu te , the 
National In s ti tu te  of  Environmental Health  Sciences ano the National 
In s ti tu te  fo r Occupational Safety and Health. However, the NTP is  much 
broader than HEW. The Occupational Safe ty and Health  Ad minist ra tio n,  
the Consumer Product Sa fe ty Commission and the Environmental Protectio n 
Agency are fu l l  and ac tiv e memoers of  the NTP Execut ive Committee.
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Thus, the  NTP brin gs tog eth er the regu la to ry  agencies and the  research 
agencies doing fundamental and applied biomedical research . The NTP 
has three sp ec ific goals : (1) to  expand the to xic o lo g ic a l p ro fi le s  of  
the chemicals nominated, selected  and being tested ; (2) to  increase the 

number and rate  of  chemica ls under te sts ; and (3) to  develop , coordin ate 
and va lid ate  a series of te s t protoc ols more appro priate  fo r regu la to ry  

needs.

The Interagency Regulatory Liais on  Group (IRLG) was formed in 1977 

and is  composed of fi v e  agencies — the Consumer Product Sa fety Commission, 

the Environmental Protec tion Agency, the Food and Drug Adm in is tra tio n,  
the Occupational Health  and Sa fety Health Adm in istra tio n,  and the Food 

Safety and Qua lity  Service in  the  Department of  A gricu ltu re . The IRLG 

has establish ed eigh t work groups to develop cons isten t or compatiDle 
prac tic es  in areas of  common in te re s t to the fi v e  agencies: (1)  compliance 

and enforcement, (2) education and communications, (3) informat ion  exchange, 

(4) regu la to ry  development, (5 ) epidemio logy, (6) research planning ,
(7) ri sk  assessment, and (8) te s ting  standards and gu idel ines . My s ta ff  

pa rt ic ip at ed  in the la tt e r  fo ur work groups. Our O ffi ce  stimuated and 

assis ted  the IRLG to produce a paper en ti tled  "S c ie n ti fi c  Bases fo r 
Id enti fy in g  Po tent ial  Carcinogens and Estima ting Their  R isks ." This 
document describes the bases fo r  making a qu a li ta ti ve  evalua tion of 
whether a part ic u la r substance is  a carcinogenic hazard and how epidemio­

lo g ic a l stud ies , animal bioassays and other informa tion are to  be used 
in making that  ev alua tio n.  In ad di tio n,  OSTP has published  a complementary 

document proposing a framework fo r Federal decis ion-m aking in  the id en ti ­
fi c a ti o n , ch ar ac te riz at ion,  and co nt ro l of  po te nt ia l human carc inogens.

A copy of  that  paper is  submitted fo r the record . In the re la te d topic 

of  in di vidu al  di ffe rences  in  su sce p ti b il it y  to environmental hazards,
OSTP commissioned a study of  the  st a tu to ry , le g is la ti ve , ju d ic ia l,  and 
re gu la to ry  h is to ry  of  the Clean A ir  Act and the  Occupational  Safety and 

Heal th Act ; that  repo rt has been reviewed in de ta il by the relevant 
Federal agencies and by numerous outsid e experts  and in te re st groups.

OSTP had the lead ro le  fo r the Ad ministr at ion  in es tabl ishing  
the  Radiat ion Pol icy Council and assessing researcn programs on the 
he alth ef fe ct s of ioni zing  ra d ia tion . Afte r an elaborate interagency 

e ff o r t fo r more than one year , my s ta ff  reviewed the massive documents 
and the  sp ec ifi c recommendations. Stuart Eizensta t and I jo in t ly  took 

the re su lti ng recommendations to the Preside nt,  and President  Carte r on 

October 23, 1979, announced a number of s ig n if ic an t actions to deal with  
io ni zi ng  ra d ia tion. F ir s t o f a l l ,  he announced the  establishmen t of the 

Radia tion  Po licy Council,  chaired  by Douglas Co stle, the Adminis tra tor 

of  the Environmental Pr otec tio n Agency, and having top po lic y  o ff ic ia ls  
from in te rested  re gul at or y,  research , and opera ting  departments and 
agencies.  The Council w il l rev iew ju ri sd ic ti o n a l issues, such as guidance 

au th ori ties , coo rdinate a major  e ff o r t to enhance ra dia tio n protec tion 
in  medical, denta l in d u s tr ia l,  ano energy se tti ng s;  and pro vide fo r 
pu bl ic  input and pu bl ic educa tion . The Executive Order es tabl ishing  the 
Radia tion  Pol icy Counci 1 was issued la st month. Second, President Carter 

di rected  the Secreta ry of  He altn,  Education, and welfare to  es tabl ish an 

Interagency Rad iation Research Committee, which is  chaired by the Di recto r 

of  the National In s ti tu te s  of  Health , Dr. Donald Fredrickson. This
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Committee bu ilds upon an alr eady  ac tive inte ragency committee cha ired  by 
Fredricks on, which has assis ted  OSTP and OMB in reviews of the agency 
programs, provided tim ely  re po rts on the fe a s ib il it y  o f he al th -relat ed  
inve st igat ions  of  the popu lat ion s near Three Mi le Is land , and organized 
exp ert  review of several major research proposals. Thi rd , the  President 
ordered a task force on Compensation to extend it s  work on the  development 
of  gu ideline s to  assess rad iog en ic effect s from it s  e a r li e r  assignment 
of  the Nevada and Utah c iv il ia n  popula tions exposed to fa ll o u t in the 
1950's  to more recent  and cu rren t exposures of  m il it a ry  and c iv il ia n  
workers. F in a lly , the Pre sident dir ec ted OSTP and OMB to  review the 
question of  appro priate  agency source fo r funding  of  health effect s 
research,  es pe cial ly  the research funded by the Department of  Energy, 
to  assure that  programs of high  qua li ty , rele van ce,  and o b je c ti v it y  
were supported. With the help  of  the inte rag ency research committee 
and the cooperation of  a ll  agencies, my s ta ff  completed that  ana lys is 
in time  fo r the FY '81 budget decis ions. The ro le  of  HEW agencies and 
oth er agencies has been strengthened,  wh ile  the DOE programs were 
recommended st ro ng ly  fo r cont inued support .

The fu tu re  of  tne dies el  engine in the na tio n 's  passenger car 
fl e e t is  one of  the  most important questions of  energ y-rela ted  technology 
th at the nation  w il l be addressing over the coming severa l years. The 
na tio n 's  need fo r energy conservation as expressed tnrough the Corporate 
Average Fuel Economy (CAFE) regu lations  and the demand by the public  
fo r more e ff ic ie n t cars has induced the worldwide motor indu st ry , 
lead in the U.S. by General Motors, to  develop plans fo r gre at ly  increased 
production of  die se l eng ines, as su bs tit utes  fo r gasoline-powered engines 
in tne passenger car f le e t  to oe sold in the U.S. over the decade of the 80 's. 
These engines can pro vide 20 to 30 percent gre ate r fu e l economy fo r a 
given vehicle  weight. They are more expensive than gasoline powered 
cars,  but the most imp ortant tr ade-o ff  th at must be made is  with th e ir  
possible  healtn  impact. Prelimina ry research by the Environmental 
Prote ction Agency is  sugges tive  of  human ca rc in oge nic ity  of  some of  the 
components exhaust stream of  the die se l engine; fu rt he r research is 
underway.

Several po lic y in it ia t iv e s  are underway to deal wi th  th is  prospective 
problem. The most impo rta nt, and most immediate, is  the recent promul­
gat ion of  part ic u la te  emission regu lations  by the Environmental Protec tion 
Agency. These regu la tio ns  li m it  the to ta l part ic ula te s that  can be 
emitted by die se l powered passenger cars.  Total  part ic ula te s have a 
we ll known health impact of  th e ir  own; they also tran sp or t on th e ir  surface 
the substances which may be carcin ogen ic.  However, these reg ula tions  
are based on Section 202 of  the Clean A ir  Act as amended in 1977, which 
sta tes  that  the best av ai lable technology fo r co nt ro l of  to ta l part icul at es  
must be imposed on oiese l-powered automotive ve hicles . In the course of  
developing these re gul at ions,  OSTP worked wi th others  in the White House 
who are in te rested  in  such ma tters,  es pe cial ly  the Council of  Economic 
Advisors and the Council of  Wage and Pr ice  S ta D il it y , in supporting 
EPA's regu la to ry  program.

To deal wi th the  ca rc inog en ic ity  problem, we and our White House 
and agency colleagues f e l t  tha t a broader po lic y review was necessary.
We therefore worked over the spring and summer of  1979 wi tn Ruth Clusen
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of DOE, Joan Claybrook o f DOT and David Hawkins of EPA to organize, 
commission and fund a major po lic y  review by the Nat ional Academy of 
Sciences. The Academy formed a top notch committee under the 
chairmanship of  Professor Henry Rowan, from the Stanford Univer si ty  
Business School, to  address the  quest ion . There are three panels under 
the  committee, headed re sp ect ive ly  by Professor Robert Sawyer, Chairman 
of  the Technology Panel, Pro fessor  Hershel G r if fi n ,  Chairman of  the 
Health  Ef fects  Panel, and Mr. Fred Hoffman, Chairman of  the Ana lytic al  
Panel. An in te rim  repo rt  from the  committee rev iew ing the  cu rre nt  
health ef fe ct s research programs in EPA, DOE, General Motors and elsewhere 
fo r th e ir  comprehensiveness and s c ie n ti fi c  adequacy is  expected in May.
A fi n a l repo rt is  due in  December, addressing the impacts and merits  of 
al te rn ative government po lic ie s  fo r dealing pros pe ct ively with  th is  
issue in the face of  the  ext rem ely  uncertain  health ef fe ct s s itua tion .

Hazardous, non-nuclear wastes are increa sing ly  being recogn ized as 
ser ious threats to human he al th  and to the environment. Fed era l, Sta te,  
and loca l governments and tne  priva te  sec tor are having to  take  actions 
and spend large  sums to clean up ex is tin g waste s ite s and to  plan fo r 
con tro ll in g  wastes in the fu tu re . The Federal Government has proposed 
regu la tio ns  fo r con tro ll in g  hazardous wastes and has requested funds 
to  suppor t co rrec tiv e ac tions  at  uncontrolled s ites . But lim ita tions  in 
our  knowledge of the health and environmental  ef fe ct s of  wastes and 
lim ita tions  in av ai lable co ntro l techno logies severe ly co ns tra in our 
capab il it ie s  to manage hazardous wastes.

Because of  the widespread in te re st in th is  sub ject at the  State  and 
and loca l le ve l, in  the Federal Government, and in  the priva te  secto r,
OSTP and Intergovernmental Science,  Engineering and Technology Advisory 
Panel s ta ff  undertook a major  rev iew in 1979 of  the s c ie n ti fi c  and techn ica l 
aspects of  hazardous wastes management. The ir re por t,  issued in October 
1979, of fe rs  recommendations fo r research , technology development, and 
ap pl icat ion of  ex is tin g knowledge that  should be given the high est p r io r it y  
during the next fi ve  years (FY 1980-1984) to achieve substa ntia lly  more 
e ff ec ti ve  management of  hazardous wastes. Improvements in  handling 
exis ting waste disposal can occur ra p id ly  i f  recommendations with near- 
term im pl ica tions  are implemented. Other recommendations in the rep ort  
wi th  longer-te rm im pl icat ions  c a ll  fo r improved procedures and data to 
de fin e wastes and waste s ites in terms of  the degree of  hazard they pose 
to human hea lth and the environmen t; new and improved techno log ies fo r 
destroy ing  fu tu re  waste streams as well as mix ture s of  wastes already in 
"prob lem" s ites; c r it e r ia  fo r  s it in g  new fa c il it ie s ;  and an environmental 
research center dedicated to  hazardous waste problems.

In preparing th is  re port , the s ta ff  reviewed Federal hazardous waste 
research a c ti v it ie s ; drew on the re su lts  of  eigh t workshops that  involved 
extensive part ic ip a tion  by more than 100 sc ie n ti s ts , eng ineers , and 
rep res en tatives  of  a ll  leve ls  of  government; inte rvie wed numerous State 
and loca l rep res entat ives and analyzed survey responses from 50 States 
and 81 c it ie s  and coun ties; commissioned fi v e  papers; and v is ited  the 
labo ra torie s which fund v ir tu a ll y  a ll  of EPA's hazardous waste research 
a c ti v it ie s . A copy of  th at repo rt  is  included in our submission.
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Pro duct iv ity  and Inn ova tion

A year ago, I rep orted on the innovation domest ic po lic y review 
th at was being undertaken by the Adm in istra tio n.  As you know, th is  
review resu lted in a se rie s of  Preside nt ia l decis ion s th at were announced 
la st October in  a Message to the Congress on In dus tr ia l Innova tion. My 
s ta ff  and I were involved throughout the rev iew , bu t p a rt ic u la rl y  during 
it s  inc ep tion and in  the  fi n a l stages.

There are many places in  the  chain  from inve nt ion to sale where we 
found mod ifica tio n of  Federal po lic y to be appro pr iate and th at the re 
is  no one place  where the  Federal Government can take action and ensure 
th at in dustr ia l innova tion w il l be increased . There fore, we chose 
a range of  in it ia t iv e s  in a varie ty  o f areas.  We expect that  the 
aggregate impact w il l be su bs tant ia l.

I be lieve th at the measures announced by the  President  represent 
an important f i r s t  step in what must be a cont inu ing  e ff o r t di recte d 
toward ma intain ing  the  technolo gic al st reng th of the  American economy.
The Execu tive Branch and the Congress must give p r io r it y  at tent ion 
to these issues in the  1980's.  In th is  regard , I have noted with  
in te re st  the discussion  of  innovation being held from time to time 
by a number of  members of  the House. I look forward to  working wi th 
th is  Subcommittee and others to fo st er the in it ia t iv e s  proposed by the 
President .

In ad di tio n to  the  a c ti v it ie s  th at have been d ir e c tl y  associated 
with the in dustr ia l innovation in it ia t iv e s ,  I have also  dir ec ted at te ntio n 
toward two research in it ia t iv e s  that  have im pl icat ions  fo r p ro ductiv ity 
and also fo r the  pa tte rn  of cooperation between the  government and 
indu st ry  and w ith in  in dus tr ia l secto rs.  One of  these in it ia ti v e s  — 
the Ocean Margin D r il li n g  Program (OMD) - -  has become we ll known to 
the Sub-committee as i t  has been discussed wi th the  Subcommittee and it s  
s ta ff  by the Nation al Science Foundation o f f ic ia ls  on several occasions.
To date, eigh t o il  companies have agreed to  pa rt ic ip a te  wi th the govern­
ment in the f i r s t  phase of  the OMD. This a c ti v it y , which w il l go forward 
a fte r the prel im inar y eng inee ring  work now being ca rr ied out by an NSF 
cont ractor  is  comp leted , w il l enable both the government and indu st ry  to 
determine more exa ct ly  the  costs of  the  to ta l program and the eng ineering 
involved in  the new r is e r  technology, ship con version, and so on. Since 
the program announcements in January the re have been fu rt her discuss ions  
with indu st ry  and wi th  the  s c ie n ti fi c  community. The program w il l ge ne ra lly  
proceed »s has been ou tl in ed, except that  we may e le ct to have the 
f i r s t  phase of  the work extend over a two-year  instead of  a one-year 
period. Indu st ry  eng inee rs advise us th at th is  may be a be tte r schedu le.
I t  also may be a schedule be tte r su ited to the ext rem ely ti g h t budget 
re su lti ng from the Preside nt 's cu rre nt rev iew.

The second industry-government in it ia t iv e  th at I have helped 
in it ia te  is  the Cooperative Automotive Research Program (CARP). In 
May 1979, the President and the leaders of  the American automobile 
indu stry  met at the White House to agree on a set o f gu idin g princip le s
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fo r  a new mutually-supported  program of  basic  research re la te d to 
automotive technology. The Department of  Tran sportation,  the National 
Science Foundation and po ss ib ly  othe r agencies, and the  fi v e  domestic 
automobile manufacturers - -  American Motors, Ch rysle r, Ford, General 
Motors, and Volkswagen of America — w il l part ic ip a te  in the  Cooperat ive 
Automotive Research Program.

The pr incipa l purpose of  the  Program is  to  increase the leve l of  
bas ic s c ie n ti fi c  research unde rpinning  automotive techno logy. The 
premise is  that  a be tte r bas ic understanding in  key research areas 
w il l lead to  improved automobiles — more e ff ic ie n t ,  sa fe r, less p o llu t­
ing,  and less co st ly  to  operate  — beginning in the decade of  the 1990's. 
The program is  designed to  harness the capab ili ty  of  many un iv ers ity 
labo ra to rie s where sc ie n ti s ts  and engineers can make s ig n if ic a n t con­
tr ib u ti o n s  to advanced bas ic automotive research.

Both the government and the indu st ry  recognize  that  th e ir  curre nt 
investments in these areas, in  work re lated to automot ive techno logy , 
are adequate. The Adm in istra tio n has proposed an investment of  S800M 
over the  1980's. Indu st ry  has made a commitment to bu ild  up to  an 
exp enditu re leve l of  $50M a year by 1983, wi th the indu st ry  amount div ided 
among the companies on the  basis  of  th e ir  res pective  percentages of  
domest ic automobile sa les.  While  the indu st ry  commitment is  fo r fi ve  
years, i t  would presumably renew the agreement i f  the  program is  going 
su cc es sful ly .

Research w il l be ca rr ied out at the Na tion's  un iv e rs it ie s , at 
priva te  and Federal research labo ra to rie s,  and in  the in dustry 's  own 
research centers and w il l inclu de  these areas: combustion, thermal 
and f lu id  sciences; s tructu ra l mechanics; elec tro ch em ist ry ; aerodynamics, 
mater ia ls  science and proces sing; co nt ro l systems; tr ib o lo gy , acoustics 
and v ib ra tion ; surface science and cata ly s is ; en vironmen tal science; 
biomedical science; and beh avioral science.

The Program w il l operate as a con federa tion  of  re la ti v e ly  auto­
nomous pa rt ic ip an ts  (automobile manufacturers or  Federal agencies) each 
of  whom w il l se lec t and manage the  research projec ts supported with it s  
share of  the to ta l funding  under the agreement, cons isten t with  the 
mutua lly  agreed-upon ad m in is tra tiv e and tec hn ica l frameworks.  The Program 
c a ll s  fo r wide and open dis semin atio n of  research re su lts , subje ct to  
appro priate  patent prov is ions . Pu bl ica tion of  research re su lts  in 
tech nica l jo ur nals,  personnel exchange programs, and extramural funding 
of  work w il l enable d if fu s io n  of the new knowledge to a ll  those who 
can u t il iz e  i t .

These cost-sharing  in du s tr ia l sector-government agreements represent 
a s ig n if ic a n t development in the Federal sponsorship of  research.  I 
be lie ve  that  they warrant Congressional suppor t. I foresee other 
oppo rtuni tie s,  fo r example in  the  space ap pl ica tio ns  programs, and my 
o ff ic e  w il l cont inue to work with  the Federal research and development 
agencies to pursue appro pro pr iate programs.
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Intergovernmenta l Science and Technology

ISETAP, the  Inte rgovern men tal Science, Eng ineering and Technology 
Advisory  Panel has been e ff e c ti ve  in  id en ti fy in g  and reso lv ing po lic y issues 
and p r io r it y  problems in  intergovernmental  science and technology.
Working clos ely wi th Governor James Hunt of  North Carol ina,  who co-ch airs 
the Panel wi th me, our 20 State  and loca l government o f f ic ia ls  who serve 
on the  Panel have ca re fu ll y  formulated recommendations concern ing:

— p r io r it y  Sta te and loca l government problems, and

— po lic ie s to  inc rease the use of  science and techno logy by State  
and loca l governments.

The ISETAP problem id e n ti fi c a ti o n  process in i t ia l l y  id en ti fied  600 sig­
n if ic a n t problems of  State  and local governments. Through ca re fu l ana lys is 
and part ic ip a tion  of  the o f f ic ia ls  who id en ti fied  the  problems, p r io r it y  
has been set  on 39 of  them. The American Associa tion fo r  the Advancement 
o f Science (AAAS) has re cently concluded a series of  workshops funded 
by NSF in  which research,  development and tech nica l ass ista nce  a c ti v it ie s  
were recommended, which could  help solve major pa rts  of  these problems.

Our next step in  the  process is  to  work close ly  wi th OMB and the 
agencies to evaluate the workshop recommendations and to  find  op po rtu ni tie s 
fo r R&D a c ti v it ie s  aimed to  help solve these major problems, which include 
road and bridge maintenance, tra ns po rtat ion of hazardous mat er ia ls , 
resource recovery from waste, groundwater and dr inking  water qua lit y  
and the li k e . ISETAP's recommendations have in  the pas t year been espec­
ia l ly  s ig n if ic an t fa ct ors  in  EPA and HEW program emphasis on hazardous 
waste problems, U.S. F ire  Ad minist ra tion emphasis on fi re f ig h te r  hea lth 
and f ir e  protec tio n ef fect iven es s research , and Ad ministra tio n on Aging 
emphasis on e ld erly  housing R&D.

ISETAP has also helped to  set up new co ns ul ta tio n and communication 
channels fo r S ta te /lo ca l governments wi th the Nat iona l Bureau of  
Standards Computer Center , the  National Technical  In form at ion  Service, 
the Department of  Labor, and the Department of  Energy.

In summary, ISETAP is  beginning to  achieve it s  f u l l  po te nt ia l in 
helpin g to shape fede ra l po licy , budgets and programs.

Inte ragency Coordinat ion o f Research and Development

The Federal Co ord ina ting  Council fo r Science, Eng ineering , and 
Technology (FCCSET), which I cha ir , fa c il it a te s  co ordina tio n among 
agencies with research and development re sp on s ib il it ie s  and programs.
FCCSET is  the highest le ve l form al,  government-wide coordin at ing  
mechanism fo r science and technology issues. I t  operates as a sub- 
Cabinet  group under my chairmanship, with membership composed of  the ch ie f 
o f f ic ia ls  fo r R&D in the various  agencies. The Council it s e lf  meets 
as needed to consider major po lic y matters of  concern to  a ll  R&D agencies.
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F in a lly , spec ial problems are handled by ad hoc groups. As summarized 
in  the attached repo rt  on FCCSET, which was ju s t released , the re are 
now 13 ac tive committees,  in clud in g jo in t subcommittees on aquaculture 

and on human nu tr it io n  res earch . The la tt e r  two topics  are exce llent  
examples of  research and development areas in which the  FCCSET umbrella 

and our own s ta ff  have brought  together age ncy-specifi c a c ti v it ie s  
th a t had been iso lated  and co mpe tit ive  fo r too long . My Execu tive 
Secre tary  fo r FCCSET is  Dr. Denis Prager. A ll the re st  of  the sta ff in g 

fo r  these committees comes from the interested  agencies.

I I I .

OSTP Budget Request

Turning to OSTP's FY 81 Budget Estimate, I have requested $2,948,000 

fo r the conduct of  the work o f the O ffi ce .

We have a small core s ta f f  of  on ly 24 fu ll - ti m e  permanent employees 

whose capab ili ties can be augmented by cons ul tants,  temporary employees 

and de ta ile es . We use th is  approach to our s ta ff in g  so th a t we can be 

fl e x ib le  in addressing a changing array of  s c ie n ti fi c  and tec hnological 

issues.

Another important element in  our planning th a t enables us to advise 

the Pres ident and oth er org an iza tions  with in  the Executive O ffi ce  of 
the  President is  our use o f co nt ractua l suppor t. For FY 81 we have 

included $670,000 fo r major study cont racts.  This w il l allow  us to 
seek outside analyses in  about 10-12 problem areas.  This is  consiste nt 
wi th our experience of the la s t three years when we have found i t  
necessary to in it ia te  st ud ies.  I would li k e  to emphasize th at many 
times we undertake these stu dies  as par t of  our func tio n of  assis ting 
othe r agencies w itn in  the EOP. I t  is , th er ef or e,  d i f f ic u lt  to pred ict  

prec isel y on which issues  we w il l in it ia te  study a c ti v it y . We expect 
th at these studies w il l occu r in each of  the major OSTP program areas.

I have requested tr ave l funds of  $283,000. Some of th is  is fo r 

expenses related  to the  cons ul tants and experts I have ju s t mentioned 
as being a key part to  our s ta ff in g  st ra tegy . The remainder is  fo r 
s ta ff  tr ave l.  We find  th a t as the work of the OSTP has developed there 

is  an increasing  need fo r our people to trave l both do mestical ly and 
abroad. I have prev ious ly  mentioned some of  the important work done 

wi th other countrie s and we expect th is  trend to  continue.

The requested budget au th ori ty  has been put together in  a way that  

w il l perm it the O ffi ce  to respond to a wide range of  deve loping impor tant 

s c ie n ti fi c  and tec hn olog ica l issu es.  I t  provides fo r the  e ff ic ie n t use 
of  a small s ta ff  but wi th f le x ib i l i t y  to increase our capab il it ie s  as 

needed.

I urge the Committee's support of our FY 81 budget request and 

it s  adoption in the fu l l  amount.
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Mr. Chairman, th is  concludes my te st im on y.  I w i l l  be pleased 
to  answer questions you have on the a c t iv it ie s  o f the O ff ic e  of  Science 
and Technology P olicy and th e d e ta il s  o f our budget re quest.
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Dr. Press. Let me make a brief stateme nt so we can have more 
time for questions and discussions rather tha n going through this 
in detail, since you and  your colleagues have read it.

administration ’s r&d philosophy

Let me begin with the  Administ ration’s philosophy for the re­
search  and development budget. We believe that  science and tech­
nology is one of Amer ica’s most important institutions. It under­
pins so many things that  are  important to us—the ability of Ameri­
can industry to innova te and become more productive, the health 
of o ur people, the prestige of this country among the  countries  of 
this  world. That  is reflected in the thre e budgets that have been 
submitted by President Carte r to Congress. That  philosophy is stil l 
intact  despite the fact th at  we are undergoing a reassessment, as 
you know, of the fiscal year 1980 budget because our prime nation­
al concern is the problem of inflat ion. So, although there will be a 
reassessment  of th e fiscal year 1981 budget in every aspect, we will 
be reassessing the R&D portion but tryin g to mainta in the commit­
men t we have to stre ngthen  American  science and technology.

In the statement we have reviewed our Office’s activities for the 
last  year, not all of them, even though this is a long s tatement. We 
have highlighted a number of a reas, such as our partic ipation in 
cert ain nationa l and internatio nal  issues, energy, health , regula ­
tory policy and the issue of productivity and innovation.

IN T E R N A TIO N A L ACTI VI TI ES  OF  TH E OS TP

In the internatio nal area , I suppose we could divide the world in 
term s of relations through science and technology into our rela ­
tions with our weste rn allies and Japan; the  USSR represents  a 
separate set of problems; and China and the  developing countries.

With respect to our western allies, we have been trying  to engage 
the  advanced indu stria l nations in joint ventures. Science and tech­
nology cooperative agreements with these  nations a re not as impor­
tant  as having them par ticip ate with us in some globally important 
projects tha t are very expensive. By pooling ou r human and physi­
cal resources we can proceed more rapidly to tackle some of these 
problems.

Here I have in mind certa in kinds of energy  production, for 
instance, fuel plants , demonstration plants , expensive fusion 
energy development as well as non-energy areas tha t could be 
important to all the  advanced nations.

We have made signif icant  progress. Our firs t joint  venture in 
synthe tic fuels will be between Germany, Jap an  and the United 
States.

I was in Japa n last fall, the  Japane se have retu rned here and we 
have just  about reached agreement on an unbrella science and 
technology agreement which will emphasize participation  in join t 
ventures  of this kind. As a result, I thin k both countries will be 
ahead and the whole world will be ahead.
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BILA TERAL SCIENTIFIC AND TECH NOLOGICAL AGR EEMENTS WITH THE 

U.S.S.R.

With  respect to the  U.S.S.R., we now have had some 25 years of 
scientific  and technological cooperative projects with  the  U.S.S.R.

In rece nt years we have been tryin g to push this  cooperation in 
the  direct ion of mut ual benefits so the re would not  be a one-way 
flow of benefits from the  Uni ted States to the  Soviet Union. In the 
past two or thre e years  we have seen progress in this  direction.

The Soviets are sending younger scientis ts. They are sending 
Jewish scientists here and we are having  access to some of the ir 
previously closed-off labor atorie s. However, the  overriding recen t 
issue with the Soviets has been the invasion of Afgh anistan and 
the tre atm ent of disside nts, especially Dr. Sakaro v, Dr. Schar- 
ants ky and several other prom inen t scientis ts, as well as hundr eds 
of un known scientists who have  been placed in je opar dy because of 
the ir stron g desire to e xpres s themselves.

We are  following a policy of rest ricti ng these  cooperative ar ­
rang ements with the  Soviets pending an improved climate as to the 
removal of troops from Afghan istan.

Mr. Traxler. What if th at  does not occur? We understand the 
Soviets are  garris oning  th ei r troops in Afgh anis tan and are con­
stru ctin g barra cks and oth er recreation al facilities , so it is rat he r 
clear  what the ir inte ntio ns are  for the  foreseeable futur e. I am 
talk ing  a bout the next  several years  at least.

Is it your view we will pu t the  scientific contac ts with  the Soviets 
into the  deep freeze for an inde term inate period of tim e?

Dr. Press. We have to let  them  know th at  the ir incursion is just 
not acceptable. Cooperation is only one elem ent in this. There is 
the embargo on farm products .

Mr. Traxler. My farm ers  ask the same question. They want  to 
know how long we are  going to maintain this  embargo  and unde r 
wha t circumstances it will be lifted. We are  sending a message to 
the  Soviets, which is nice, th at  we a re displeased with  the ir incur­
sion into Afghanistan, and all indications are  it will continue for 
some years.

I am talking to you as a science adviser  counseling the  Presid ent 
on the  question of scientific exchange. How long do you thin k this 
should go on in view of the  app aren t fact th at  the  Soviets are going 
to be perm anen tly in Afghani stan? Do you think the pres ent situ a­
tion will continue inde finite ly?

Dr. Press. As of now we plan to contin ue this  policy I have 
described, pending change s in the environme nt. I don’t thin k 
anyone can predict the  fut ure  Soviet b ehavio r but at  this time our 
policy is to defer these thin gs pending improve ment.

If you are  asking for an Adm inistr ation  response  to a hypotheti­
cal question, what  if the  Russians  don’t move out, we have not 
prep ared  a position th at  goes indefini tely into the  future . We will 
take  it a year  a t a time.
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FU ND ING FOR U.S .-U .S .S .R . COOPERATIVE AGREE MENTS

Mr. Traxler. Wouldn’t it be logical for this Committee to cut off 
all cooperative funding, at  least  in the 1981 budget? This would be 
a clea r message to both America and Soviet Union.

Dr. Press. We would like  to keep the  framework that  took us a 
large number of years  to build so tha t, if the  situa tion  does im­
prove, we can reengage the Soviets in these endeavors,  especially 
since there has been such an improvement in recent  years in the ir 
performance.

If we have a zeroing of t he  budget, as you prefer, for fiscal year 
1981 that  will take  us through 1982 effectively. What you are  
saying is shall we cut  thi s program off now for a period of some 
two years or so.

Mr. Traxler. We are only dealing with the  1981 budget. It is 12 
months . It is October to September .

Dr. P ress. With our actions I have described for the  remainder of 
this  year and the  proposal, it would be an effective two-year cutoff. 
We would like the abi lity  to be responsive to Soviet behavior.

Mr. Boland. In line with what  Mr. Traxler  is talk ing about, I 
don’t think ther e is any question about  the  fact that  cooperation 
among all nations of the  world is necessary. We no longer can go it 
alone in the field of science and technology. It affects every corner 
of the  globe itself.

But bearing in mind the actions of the  Soviet Union with respect  
to Afghanistan, wha t would be the most effective cutoffs there. It is 
difficult, I know, to tar ge t some of them.  With problems of environ­
men tal protection, public heal th, oceans—all of th is is wrapped up 
in global efforts. I guess perhaps it would be unwise to cut-off 
conversat ions and meetings completely with the  Soviet Union in 
those areas  which are  attached to global problems. But with re­
spect to problems that  tar ge t in on the  Soviet Union, itself, what  
about those particular areas?

CONTACT WITH  SOVIET SCIE NTISTS

Dr. Press. In terms of the  scientific and technological  coopera­
tion which is distinc t from experts and of high technological prod­
ucts, I would ask you to give us the  flexibility  to make those 
choices.

I have contacted a gre at many American scienti sts who have 
been engaged in these programs for a number of years. They ask us 
to keep the framework viable. They don’t wan t to cut off contacts 
with the ir Soviet counterpart s. They feel it is extrem ely valuable 
in terms  of applying pressure on the  Soviet government to be 
responsible for the ir behavior to the dissidents.

They feel that even though Dr. Sakarov has  been exiled much 
worse might have happened to him had it not been for the  p ressure  
we pu t on the Soviets.

For our government to take  an action th at  would close all con­
tac ts for a significant period of time without the  possibility of 
reopening them depending upon circumstances would be a step 
th at  I believe most American scientis ts would not be happy with.

So, for a ll practical purposes, our contacts  with  the  Soviets have 
drawn to a halt, and the signal has been sent. Wha t good th is will
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do remains to be seen, but  I think wha t we have done across the  
board in agr icultural products, high technology exports  and the  
Olympics represen ts a very strong pressure being applied to the 
Soviet governm ent by us.

Mr. Boland. Wh ethe r or not the  message has been heard  by the  
Soviets, that message now has been sen t wh at—two months ago? 
And what  has happened in that  two-month period? What sor t of 
reaction have you received from the Soviet scientific community, or 
have  you had any reaction at all?

Dr. Press. It is difficult for me to talk  in an open meeting like 
this  because I have had  some reaction, but I think  it would cause 
problems among those  Soviets who have sent word informally one 
way or the othe r a bout  the effect of all of this.

Let me make a general  statement. So far  as the  working commu­
nity is concerned, they are  extremely concerned about the  cutt ing 
off of these contacts . It bothers  them because, to be productive 
scient ists, they need these kinds of inte rna tional  avenues of com­
municat ions, sharing results and part icip atin g in internatio nal  
events like this  and, of course, the  United States , as a leading 
nation in the world of science and technolgy, plays a dominant role 
in these  kinds of contacts.

Mr. Traxler. Dr. Press, we could insert language into the  bill 
which would provide th at  when the  Preside nt certifies th at  the  
Soviets have sub stantially  withdrawn all of thei r personnel  from 
Afghanistan , the  funds could be made available.

It is not really a big problem in term s of not giving you flexibil­
ity.

If, indeed, we are  troub led with this  incurs ion into Afghanistan 
and  we see they have  crossed over the  line and  we consider them  
bad boys until  they  go home again, wouldn’t that  language rein­
force the Adm inis trat ion’s position and give you the  flexibility you 
are  concerned about because, upon their  becoming a respectable 
pa rt of the world, we could again resume scientific cooperation 
with  them?

Dr. P ress. Do you th ink this is not accomplishing the goal? There 
are  no working groups going to the  Soviet Union.

POLICIES OF OTHER COUNTRIES ON COOPERATIVE PROGRAMS

Mr. Traxler. Have other countr ies adopted  such a tough at ti­
tude?

Dr. Press. Austra lia has taken a tough stand. Canada and the  
United Kingdom are  abou t the same as we are. I am not sure  of 
Fran ce and Germany. At a recent meeting in Hamburg, all of the 
coun tries took a very strong stand  on the  issue of human righ ts as 
evidenced by the problems of Sakarov and other Soviet dissidents.

Mr. Coughlin. This is certa inly a field of su bsta ntia l inte res t to 
the  Subcommittee, both  in terms  of how rea l the  steps we are  
tak ing  are, and in terms  of what  effect they  are  having on the 
Soviets. Obviously, you have some feel ings abou t that  that  you are  
reluc tan t to express in an open meeting. If we had a closed m eeting  
at  a late r time, would you be willing to testify  in that  connection?

Dr. Press. Yes, but  wha t I would tell you about would be the  
kinds  of informal messages passed to western scient ists by Soviet
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coun terparts at  meeti ngs expressing  gre at concern about this  

breakdown in commu nication s, and expre ssing sorrow. I hope in 

time the situa tion  will improve.
Mr. Coughlin. You said the re are  no workin g groups and the n 

you qualified th at  by saying  in a  visible capacity .

Dr. Press. Official working  groups unde r the  Science and Tech­

nological Agreem ents with the Soviets, they  mostly have stopped 

functioning.
However, in cer tain  are as where the re is a very great adva ntage 

to us or where it is the  huma ne thin g to do, we might per mit  

cert ain of these work ing groups to function .
For example, Par kin son ’s Disease and canc er researc h would be 

an impo rtant  area.
Mr. Coughlin. W hat  area s have we n ot deferre d?

Dr. Press. I thi nk  we have deferred  all of the m.

Mr. Huberman. Whe re we have not defe rred is in low-level 

working groups and in area s of par ticula r intere st to us where  

essentially the re is a uni late ral adva ntag e to us. Some of our 

equipm ent in MHD is being teste d at  a Moscow facility and we 

have continued tes tin g our equipment there. Tha t is of un ila ter al 

advantage to us.

CONTACT BETWEEN INDIVIDUAL SCIENTISTS

Dr. Press. As far  as individual scient ists going to the  Soviet 

Union or individu al Soviets coming here, we have not raised im­

pediments to this  kind  of contact. Most scientists would wan t to 

continue on a n indivi dual basis.
It is the officially-sanctioned working  groups  based on those 

agreem ents which are in the  budget th at  we have  deferred. I would 

haste n to say a num ber  of Americ an scien tists,  as a ma tte r of 

conscience, are refus ing to part icip ate in thes e programs.

Mr. Coughlin. Is th ere  any effort by your Office in the non- 

governmentall y sponsore d areas?
Dr. Press. If you are  talking about  individ ual scientists writ ing 

to each othe r or visit ing with each other , no, we have not in ter ­

fered in th at  area . If you are  talk ing about commercial companies , 

in th at  case we do have  laws on the  books and regulat ions th at  

have to be followed by the individua l companies. I believe most of 

them know about thes e things  and are  complying. They have to 

apply for licenses in cer tain  types of technology.

In the are a of high  technology, most of the se licenses are being 

denied righ t now.
We p artic ipate  on the  committee  for these  activities.  Mr. Hub er­

man chairs  a comm ittee on th at  activity.  Would you like to de­

scribe that?
Mr. Huberman. The par ticu lar activity rela ted to the high tec h­

nology tra nsfers to the Soviet Union is not hand led by my commit­

tee, but ano ther  NSC committee. I cha ir a committe e dealing  with  

longer-term issues, not specifically rela ted to Afghanistan  policy 

issues but rela ted to enforcement.



EXPORT OF HIGH TECHNOLOGY PRODUCTS TO THE U.S.S .R.

Mr. Coughlin. I am try ing  to find out how effective our efforts 
to res tric t the export of high technology products to the Soviet 
Union are  and what  effect they are having  on the Soviets.

Are we stil l grantin g licenses?
Mr. Huberman. We have  denied a large  num ber of licenses in 

accordanc e with the Pre sid ent’s policy of clamping down on high 
technology licenses. We have  clamped down on spar e part s for 
exist ing facilities.

Mr. Coughlin. Clamped down or shu t up?
Mr. Huberman. I thi nk  clamped down is the  proper  phrase 

because, depending on the  na ture of the  facility, if it were a hospi­
tal, for example, you might allow replacement. If it were some so rt 
of factory, you might not.

Mr. Coughlin. There were  reports  th at  we were continuing  to 
export fertilizer components, for example. Has th at  been shu t off 
now?

Dr. Press. Yes, th at  has been cut off.
Mr. Coughlin. Totally ?
Dr. Press. Yes.
Mr. Coughlin. Wha t oth er areas other tha n hospi tals are we 

still providing high technology?
Mr. Huberman. I am not aware  of the  details. We can provide 

th at  information, if you like.
Dr. Press. Let me say the  situa tion  is d ram atic ally  differe nt now. 

Esse ntially the door has been closed but  as to the  d etai ls as to w hat 
few items  are perm itted  to go throug h, I thi nk  we would have to 
supply them  separatel y to you.

Mr. Coughlin. Would you provide for the  record, in the last  
month the  list of licenses th at  were g rant ed for e xport.

[The information follows:]
No valida ted licenses have been issued to the  Soviet Union in the  past month. On 

Jan uar y 11, the Commerce Departm ent issued a general  order suspending all out­
standin g validated licenses to the Soviet Union, and announced the suspension of 
issuances of new licenses pending completion of a Presidentia lly directed review of 
export policy. No validated licenses for the Soviet Union have been issued since 
then and all such validated licenses issued earl ier remain suspended as of today 
(March 12).

MEETINGS OF INTE RN AT IONA L SCIENTIF IC ASSOCIATIO NS

Mr. Traxler. While we are  on this subject, Dr. Press, most 
scientific  disciplines have inte rna tional  associations they belong to. 
One th at  comes to mind is the  Inte rnation al Association of Foun- 
drymen. They schedule meetin gs around the  world.

The Russians and eas tern  bloc countries are  signif icant  partici­
pants and they prese nt pape rs and the re is an exchange of ideas. 
These are  private associations. Although usually the  host countries  
par ticipate in the funding  in the  inte rnation al conference  that is 
held in th at  country, it is not  the  position of the Adm inistr ation  
th at  the  Americans par tici pat ing  in these  kinds of internation al 
conferences, or something sim ilar—where the  fundin g essent ially 
comes from the priva te sector or perhaps  some people go to these 
at  the  expense of the Nat ional Science Founda tion gra nts —do not
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attend?  Are you suggesting we should not partic ipate  in those 
internatio nal conferences?

Dr. Press. I am talking about bila tera l relations between the  
United States and the  Soviet Union.

Mr. Traxler. The re is a significant hole in the theory, then . If 
our people pa rtic ipate in the inte rna tional  conferences, I am some­
what at a loss to know what the  difference between th at  is and 
bilate ral association and exchange. It is going to happen.

Dr. Press. Let me go fur the r tha n tha t. At most of these inter na ­
tional meetings and  even bila tera l meetings—the kinds of papers 
presented are papers about to be published or have been published 
and papers that do not rela te to the  kind of embargoed technology 
of manu factu ring know-how t ha t would be subject to export licens­
ing. It would be contrary  to the  American tradi tion to cut  off 
scientists from talkin g to each other . Our  human rights  concerns  
would be turn ed right back on us and we don’t w ant to do t ha t. It 
is foreign to the  American character.

So, when it comes to participation in inte rnation al meet ings I 
don’t thin k we should  tell our scienti sts not to go, not to have the  
kind of communication that is essen tial to the ir being successful 
scientists.

We are talk ing  about collaborative projects. Our prim ary th ru st  
is on collaborative bilateral cooperation between the U.S.S.R. and 
the United States . Tha t is the  area  we w ant to improve.

Mr. Traxler. My colleague asked about high technology exports 
to the Soviet Union. I have some famil iari ty with that and what is 
going to happen in agricultural  embargoes. Computers are  on the 
no-no list and probably we are not even supplying them with  the 
parts  to keep the computers  runn ing which they have purchased 
already. I would assume they would find another  source, probably 
the Japanese  in the  long run, and the  Uni ted States will have  lost 
a significant market.

Dr. Press. We are  working very closely with our allies, the 
western allies and  Japan, to make sure  th at  they don’t pick up on 
the export of th e kind of technology and spare  parts  that  we have 
embargoed. We feel that they have a stake in the Soviet behav ior 
as much as we do.

We are doing the  best we can through  individual discussions 
with these nations  to convince them th at  it is in the  intere sts  of 
the western world that  we ac t together on these issues.

There may be some things  that  slip thro ugh  one way or ano the r 
through these  routes, but we are  trying to minimize this kind of 
end runnin g a roun d this  policy.

Mr. Traxler. Tha nk you very much.

NSF  BUDGET REQUEST FOR U.S.-U.S.S .R. AGREEMENTS

Mr- Boland. Looking a t the National Science Foundation  budget, 
there is a specific line item of $2,300,000 requested for fiscal year 
1981 with respect to the U.S.-U.S.S.R. Cooperative Research Pro­
gram. Tha t is the same amount that  was appropriated in fiscal 
year 1980.

Who actually  oversees the expenditure of the $2.3 million? Do 
you have any  in pu t into that  expenditu re?
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Dr. Press. About ha lf of tha t goes to the National  Academy of 
Sciences.

Mr. Boland. Do you know whe ther  or not funds  for fiscal year 
1980 are still being obligated under tha t agreement?

Dr. Press. I thin k essential ly the  rat e of expendi ture  on that  has 
dropped to a  halt  because of the policy I have described.

Mr. Boland. The justi ficat ions  for NSF, and we will be asking 
NSF about this, but  because of your close rela tionship  with this  
prog ram—we w ant to get  your assessment. The NSF justific ations 
(p. H-15) indicate the  the  program for fiscal yea r 1981 will be 
identical to that in fiscal year 1980. One of the sub-program activ i­
ties  is Computer Applications  in Management,  funded at  $600,000.

Are we st ill obligating any funds under that  agreement for this  
partic ula r technology?

Dr. Press. I would be surprised if any money is being spen t in 
thi s area at this time because of the  deferra l of the program.

Mr. Boland. This is an area  we will be exploring with NSF this  
afternoon.

Clearly, some of the programs that  are  targeted in the 1981 
budget which are  sim ilar  to those th at  are ongoing in the  1980 
budget are area s of technology that  I th ink  perhaps a great 
num ber  of the Members of Congress would be concerned about. I 
tak e it you are concerned about them,  too?

Dr. Press. We have stopped them. We are asking for th e flexibil­
ity in fiscal year  1981 to be able to tu rn  these things on again if 
the  Soviets do behave responsibly. I don’t believe any of us can 
pred ict what will happ en. If they  don’t act  responsibly we will 
re tu rn  the money to the United  S tates Treasu ry.

REVIEW OF TH E R. & D. PORT IONS OF THE BUDGET

Mr. Boland. The scienti fic community never seems to want to 
tak e a position or sacrifice any of its programs—with respect  to 
balancing  the budget or, for that  matter , indicating  its resolve 
when we get into situ atio ns like this. Tha t gives, of course, this  
Subcommittee and the  Full  Committee and the  Members of Con­
gress  some hesit ation  with  respect to some of the  programs in 
which this nation  is engaged with the  U.S.S.R.

Dr. Press. I can ’t speak for the whole scientific community  but  
speaking personal ly and  speaking  as the  Direc tor of my Office, let 
me say I think infla tion will hurt the scientific  community as well 
as anybody else in the  country. Scientists have a major stake  in 
this and if bringing in a balanced budget will have an impact  we 
will have to review those goals.

Mr. Boland. You have  an excellent sta tem ent with respect to 
the  infla tionary impact upon the economy as a whole. When an 
effort  is made by the  Administration , itself, to balance the budget, 
and when reviews are  suggested, not just for the  cur ren t budget 
but  the  1981 budget, it is the  position of the Administration  that  
everyone ought to par ticipate in this effort and th at  no one should 
be excluded.

I take it that that  is the position you take  as the  Adviser to the  
Preside nt on Science and Technology?

Dr. Press. I agree with  that  and I do take th at  position.
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I would like to say our major tool in fight ing inflation is improv­
ing productivity. Th at  requires a new kind of knowledge and in­
sight tha t science and  technology can provide. As we review these 
budgets and can reassess them, we have to be sensitive to those  
programs which will enable this  country to be more productive.

Mr. Boland. I th ink you indicate  that  toward the  close of your  
state men t and I w ant to  commend you on it.

I think the re are  a number of a reas  th at  you highlight th at  we 
cannot  afford to pass up despite the  fact th at  we are in a tight 
budget situat ion. Why don’t you continue, Dr. Press.

SCIENTIFIC AND TECHNOLOGICAL RELATIONS WITH CHINA

Dr. P ress. With respect to China, one of th e important elem ents  
of our new rela tion ship  with China is scientific  and technological 
cooperation. I would  like to t ie this  cooperat ion with China in with 
improved oppor tuni ties for Am erican business to part icipa te in the  
modernization of China.

In a relatively sho rt time, j ust  a littl e over a period of one year, 
we have developed abou t 15 areas of cooperation with the  Chinese. 
There are a thou sand Chinese students  in this country engaged in 
studies here. We have  on the order  of 100 or so American scholars 
in China.

Mr. Boland. I th ink it is an important program.
Dr. Press. In many cases, in relat ionships  with many countries, 

the fact that  the  present leadership has been trained in this  coun­
try I thin k has helped us, especially in Africa and other areas.

China has emphasized technology. It is going to become a techno­
cratic nation. For America to be tra ining  the  future leade rs of 
China, on balance,  I think is in our interest.

We have a num ber  of  American companies involved with  signifi­
cant  contracts with the  Chinese. There are  seven oil companies 
exploring the  China  Seas for petroleum. It is in  the interests of our 
country to help Chin a develop the ir resources and par ticipate in 
world commerce and  that  is why we are  doing these things with  
the Chinese.

None of this is in the  way of a developmental program. We are  
not supporting t he  Chinese, not giving th em money.

PROBLEMS OF THE DEVELOPING COUNTRIES

There are  many  problems that  developing countries  face which, 
if they have not achieved, they can achieve development goals. 
This involves how one increases the  agr icu ltural product ivity when 
the soil is very poor. A breakthrough is absolute ly required if the  
world’s poor people are  going to be fed in these developing coun­
tries by t he yea r 2000. There is a resurgence of malar ia and polio 
where the  vaccines developed for Americans don’t work in those 
countries.

If you th ink  we have an energy problem, in these other coun tries 
the ir energy problems a re very severe.

These helping programs are not expensive. They are low cost but 
the impact is immense and this  is one area where they  really  
respect the  American contribution. So I have been pushing this 
kind of cooperation with developing countries.
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Mr. Boland. With respect to tha t, in the 2nd paragraph on page 5 of your statement, I notice you indicate, “We work very closely with  the departm ents and agencies of the  governm ent in designing, implem enting  and reviewing our intern ationa l S&T programs. We continue to work especially  closely with Assistant Secretary  of Sta te Picker ing and depend greatly on his  support. ”
I understand he cha irs this par ticula r committee, or does the Sta te Depa rtment chair  the committee?
Dr. Press. We have the  Council for Science and Technology which I chair.

NA TION AL  SECURITY AN D DEFENSE R&D

Let me move on to wha t we do in the National  Security and Defense R&D areas. I cha ir three Natio nal Security Council Policy Review Committees—one dealing with China Science and Technol­ogy, our Space Requirements, and our Review of Telecommunica­tion Policy—and I serve on a  gr eat  many  other NSC Policy Review Committees.
At the Preside nt’s request, I have convened a number of outside specialist s and con sult ants  to provide him with  the kind of inde­pendent advice on crucial areas  such as the MX and cruise missile weapons development program, the  nuc lear  weapons programs, the  South  Atlantic event which may not have been a nuclear explosion, and certain other arm s control issues.
In the preparat ion of the  Defense R&D budget, I part icipate in th at  activity. The Secreta ry of Defense asked me to bring in some outside experts to review his overall resea rch program. I did that  and he implemented recommendations of th at  panel.
Mr. Boland. Let me ju st ask a question abou t the  last para graph on page six. It reads: “The Secre tary of Defense has issued a  policy sta tem ent  clarifying the Dep artm ent’s view of the  role of basic research. DOD is also using some of its real growth  in basic re­search to provide funding to new performers, especially resea rcher s from universities .”
We don’t want a long explanation, but  in  a few words wh at is the Secretary  of Defense’s view on basic research?
Dr. Press. Our report  indicates basic research  was squeezed out and  he feels taking the  long view of defense needs basic resea rch today represents the  new systems in the  Defense Department 10, 15, 20 years from now.
The Secretary feels t ha t we can go too far in term s of perfec tion­ism, getting the high est technology can be over expensive and counterp roductive. Nevertheless, in the  area of competition  with the  Soviets, research and  development is ou r p rime  card. We are  so much bett er tha n they are  tha t to unde rfund these  projects is simply  to res tric t ourself  when we can perform in the best way.

SPACE POLICY

In the area  of space policy, the Administa tion feels that the  highly visible, high technology engineering feats like sending a man  to the moon or a man to mars  is something that we should not be undertak ing in the  next 20 or so years. Rather, we should realize the inves tments of $100 billion or so over the  period of our
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space program and emphasize applications for the good of hu man­
ity from the  space program and also emphasize the  scientific explo­
ration of space.

That is our prime concern  so we have wha t we consider to be a 
balanced program of scientific exploration and applica tion.

In the  area  of application scientific research can contribute to 
increasing  ag ricu ltura l production. We have a continuing operating 
program in the area  of remote sensing and we had designated a 
lead agency in the  government to direct that effort.

We feel that the next generation of communications technology 
is critical. So we wan t to bring NASA back into th at  area. Space 
sate llite  technology has already revolutionized communication 
transmissions. The economic return s from that  program alone, 
have been significant. We feel that  it is t ime for fur the r advances 
in satelli te communications; so we have embarked on a program 
for NASA to re -enter that  field.

The exploration of space has captured the  imagination of the 
whole world and of young people in this  country. It is a program 
that  is worthy of a great nation and so we feel th at  th at  should be 
an essen tial element of our  space program. The highly visible 
multi-billion dollar programs of the  kinds th at  I have mentioned— 
building space stations or sate llite  power systems or sending men 
on extended missions throughou t the plan etary system—we feel 
should not take  place prem aturely. Perhaps in the  next century, 
ra ther  tha n in the remaining part of this century, is a  more appro­
pria te time for such effort.

We are again reassessing the  space program as we are with all of 
these other programs in view of our need to balance the budget, 
but we will try to protec t this under lying philosophy I mentioned.

REVIEW OF THE NA SA  FISCAL YEAR 1981 BUD GET

Mr. Boland. As I und erst and  it, you were one of those that 
engaged in serious discussions on cutbacks  in the 1981 budget, and 
the NASA budget was an are a that par ticu lar  and specific a tten­
tion was paid to. I don’t know what  the target of th e cutback is and 
I am not going to ask you because I think it would be unfair. But 
various estimates have been seen in the paper. One suggested as 
much as a $750 million cutback in the 1981 budget for NASA. One 
of th e areas tha t has been talked about, of course, is a cutback in 
the shutt le.

Do you think tha t the  shutt le program, the  space transportation 
program, should be held harmless in fiscal year 1981?

Dr. Press. Yes, I do. It should be our first  prio rity for protection 
with in the  NASA budget. I say that for a number of reasons. For 
one thing , to slip the program is counte rproductive economically 
speaking.

Secondly, we have a gre at many commercial agreements in 
term s of future communications satelli tes, agreements with our 
own indust ry, and agre ements with othe r count ries where there 
will be very severe economic losses if the  shu ttle  is slipped. But 
perhaps most important,  our  defense programs rely heavily on the 
shu ttle  maintaining its schedule and for that reason,  above all, we 
should protect the schedule.
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Mr. Boland. In your judgment, does the  national security re­
quire that  the schedules be mainta ined?

Dr. Press. If th e schedule is not main tained, I think  the Defense 
Dep artm ent would propose the acquisition of expendable launch 
vehicles which would be as expensive or more expensive.

Mr. Boland. If the  NASA budget, and par ticu larly the  space 
shu ttle  activity is reduced  or cut back substan tial ly in 1981, then , 
of course, the deliveries or the  orbiters 0-9 9 and 103 will slip and 
th at  could wipe away the  major justi fications for the  $300 million 
supp lemental NASA has requested . Is tha t correct?

Dr. Press. Although the  final conclusion has  not yet been 
reached, I would be surp rised if we proposed a slip of t he shu ttle  
schedule as p art  of th e budgetary  reassessment.

Mr. Boland. Are you satisfied  with the  timing of the delivery, 
with the  schedule of the delive ry of the orbite rs, themselves?

Dr. Press. Do you mean the  current  schedule?
Mr. Boland. Yes.
Dr. Press. I thin k if th at  cur ren t schedule  were met, then all of 

the  obligations that  I refe rred  to, especially the  Defense ones, can 
also be met and our needs would be taken care of.

Mr. Boland. In the  area  of space, the  last  sentence in your 
sta tem ent  says, “The Shutt le will provide a cost effective way to 
launch and retrieve satelli tes  and conduct repairs  in space. It, 
there fore,  may be desi rable to continue the  development while 
deferring  certain other missions for a yea r or two.”

Would you care to give us an indication of w hat  those missions 
migh t be th at could be deferred?

Dr. Press. We are  exam ining all of the  cont inuing NASA pro­
grams and the continuing ones in the  1981 budget. There is no 
question that NASA, like oth er agencies, will have to be pa rt of the 
budgetary  reassessment, bu t I th ink there is great  sensitiv ity in the 
Administration  not to make these budget cuts in such a way as to 
gut NASA, to change the  basic philosophy of our  overall space 
program.

We don’t view th is effort  to balance the  budget as one tha t will 
change in a fundamental way what we expect of the  American 
space program. So cer tain  things  may have to be deferred and 
slowed down and in other areas we may decide to go ahead, per­
haps at  a slower rate , perh aps  at a full rate.  But we feel we can 
come in with a defensible space program which mainta ins the basic 
philosophy of a balanced space program and yet is responsive to 
our need to reassess the  budget in order to balance the  budget.

THE GALILEO PROGRAM

Mr. Boland. Would the  space program be affected drastically if 
we canceled Galileo?

Dr. Press. Galileo represe nts essent ially the  only plan etary pro­
gram we will have for the  whole program of the  1980’s. If we 
cancelled out Galileo, wha t you are saying for the  ent ire  decade 
essen tially , we will give up the explora tion of the  plane ts. Tha t is a 
very severe penalty. We should consider t ha t carefully before we go 
down tha t route.
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Mr. Boland. Tha t has developed into a very expensive program. 

It is $250 to $300 million more than the  original estim ate which is 

a lot of dollars.
Dr. Press. Half  the  dollars are spen t for Galileo. To cancel now 

would be throwing away ha lf of the investment.

THE SPA CE TELESCOPE PROGRAM

Mr. Boland. What abo ut the large space telescope? Can we slow 

th at  down?
Dr. Press. The space telescope is an ext raordin ary  brea kthro ugh 

in astronomy. It will enable us to do something we canot do from 

the  earth. But, unlik e Galileo, it does not have a window. It does 

not have a prescribed time it has to go, so we are  certainly looking 

into the possibility of slippin g th at  somewhat, but  it is an impor­

ta nt  mission.
Mr. Coughlin. I don’t think I got an answ er to a couple of 

questions here th at  the  Chai rman  asked. Is it possible to make the  

kinds of cuts th at  I have read about  in NASA without slipping?

Dr. Press. If you are  refe rring  to the  $750 million cut, again let 

me preface my respon se by saying I don’t know what  the  final 

figure will be.
Mr. Coughlin. Is it possible to make a cut  in NASA without 

slipping the shu ttle?
Dr. Press. I don’t th ink  we are going to do th at  but let me 

respond to your question. I thin k it could be possible to do th at but 

NASA would never be the  same if we did.
Mr. Coughlin. The second question goes to the  Galileo, which, as 

you know, the Subcom mittee recommended deferring  initia lly and 

th at  could go to a  tota lly differe nt window; is t ha t correct?

Dr. Press. Four or five years down the road, and I thin k you 

would have to sta rt over again. You would be throwing away the 

50 percent investment you alread y made.
Mr. Coughlin. Th at was the argu ment th at  was posed when we 

initia lly rejected Galile o’s first  star t and the  scientific communi ty 

has the marvelous abi lity  to “You scratc h my back and I will 

scratch yours.” Even people not remotely associated  with Galileo 

came out of th e woodwork to insist th at  the  program  go and now 

we are  embarked on a very expensive progra m which maybe, if it 

had not been star ted,  would have some impact on being in the 

position we are  in.
Mr. Boland. Incidental ly, Congressman Coughlin, it is possible to 

re-examine Galileo and  reduce some aspects of that mission to 

preserve  the essen tial aspect of trying to find out about Jupit er 

and its chemistry , to let some things go, keep within  the window 

and have a justi fiab le program  with reduced expenditu re witho ut 

too much waste of what  you have alrea dy spent .
Mr. Coughlin. When the  Jupit er orbi ter probe was originally 

before the Subcommittee, at least in my judgment, NASA very 

specifically testified  th at  it could be done in one of eith er of two 

windows. When the  program developed difficulties, when it ap­

peared  tha t it would slide or have to be spl it or what have you, 

the n the testimon y changed  th at  the  late r window was not as 

desirable or was not possible or is very fuzzy as to why suddenly
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you could not use the late r window. What is the disadvantage  of the  l ate r window?
Dr. Press. I don’t thin k the program developed difficulties. I thin k it was because of the shu ttle  slip they  couldn’t count on sending th e full probe and orbi ter on a  single shu ttle  mission. T hat  forced them to sp lit the  mission into two parts.
But let me look into that . I am not familiar  with the  later window they refe r to.
Do you remember t ha t late r window option?
Mr. Huberman. No, not in deta il.
Mr. Coughlin. There was a window every 6 or 7 years.
Dr. Press. Seven years.

THE JAPA NE SE RESEARCH EFFORT

Mr. Traxler. I am going to be meeting with some members of the  Japanese  Diet at  lunch. The Japanese society as a culture  are  very interes ting; they do th ings somewhat diffe rent  than we do. It appears that  they  make some national  dete rmin ations as to what the ir national goals are  going to be and it is a collective sort  of decision. This is from my perspective. This is really a question.From my perspective, it is a coalition  and cooperative effort on the  part of the government and indu stry  and  labor and the  scien­tific community. As a  manufacturing-exporting nation  having  to  do this  to survive, they seem to cast about the  world for kinds of industry area s th at  they  could develop expertise and product ion facilities in, and in a sense, simply overwhelm other producing nations in those limited design, carefully drawn areas. I bring  to mind the ir optics industry , the ir electronics, and what  appears to be now a clearly defined national effort in the  computer indus try.Would you comment on how the  Jap ane se research effort con­trasts  with ours?
Dr. Press. I thi nk  the  thrust  of your question  is correct. In the  past, the Japanese did exploit the  research resu lts of o ther  coun­tries, part icularly  of the  United States , in developing new ideas into commercial processes and products. The ir technology and the ir high technology indust ry have now reached the  stage where they  have to sta rt doing the ir own research  and not exploiting the  research of other count ries, and they  are  beginn ing to invest more in the kinds of rese arch  we do in this  country—basic rese arch — simply to stay ahead.
The Japanese, as we, will be exper iencing severe competit ion from the middle-level developing countries which have lower labor costs, countries like Taiwan, which are  also developing these  tech­nologies and highly indust rialized technological industry.
To stay ahead,  we have to create that  new knowledge and th at  is why the Japa nese  are  investing in more research  and are  talk ing  to us about cooperative  research.
Mr. Traxler. What is the government role in R&D?
Dr. Press. The government is a patron of R&D, especially in industry  to a major  extent, to an extent th at  goes well beyond the  role of our own government.
Nevertheless, I should say tha t I don’t feel a strong movement in this country  on the pa rt of p rivate  indu stry  to solicit the kind of
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government sponsorsh ip of R&D that  the  Japanese government 
performs. There are  too many controls that  go along with this kind 
of intrusion in the  priv ate  sector. But it has helped the Japanese  
perform very well in developing high technology exports in certain 
area s leading to the  r es t of the  world.

UNIVERSITY -GO VERNME NT-INDUSTR Y COOPERATIVE RESEARCH 

PROGRAMS

Mr. Traxler. I think  the re are some indica tions our indus tries 
are  beginning to change and they are  looking more toward coopera­
tive research cente rs based on a tri la tera l-----

Dr. Press. Do you mea n university-government- industry?
Mr. Traxler. Yes.
Dr. Press. What Amer ican industry wants  from the government 

is to support industr ial research. I have had hundreds  of indu stria l 
leaders come in and tell  me these are  the  areas we stay out of 
because the return  is unce rtain . The governmen t should do i t and 
we should concentrate on using those resea rch results, applying  
them, demonstrat ing them and developing our markets. Tha t is the 
prefer red role for the  government. They don’t want  the govern­
men t to directly help them  develop a product. They would like to 
do th at  on thei r own.

Mr. Traxler. How would you characterize within that defini­
tion—how about your cooperative automotive research program?

cooperative automotive research program

Dr. Press. I was going to get to tha t. We are experimenting with 
a number of new kinds  of insti tutio nal arra nge ments—an ocean 
margin drilling  program, a joint  ven ture  between the oil industry 
and the government, and the automot ive program. Both are  in 
final stages of negot iations with indus try. I think they will be 
cooperative.

The automotive program is not a situation where we will be 
building engines or car s or complete units. What we want to do is 
crea te the new kind of basic knowledge th at  will be useful in 
developing new concepts of automobiles  in the  post-1990 period.

We were impressed th at  essentia lly every automobile company in 
this  country is very pleased to get things star ted . We have had 
inquires from foreign automobile companies to join the club and 
make a contribution.

Mr. Traxler. I underst and  VW may build another  assembly 
plant here in the United  States.

Dr. Press. American VW is a partner in this  program.
Mr. Traxler. I notice the Administra tion is proposing an inves t­

men t of $800 million over the decade and the  indus try par ticipat­
ing in an area  of $50 million a year.

Dr. Press. Up to 50 million dollars each year.
Mr. Traxler. I th ink the governmen t’s share was predicated 

upon the windfall profi ts tax, making  certain money available for 
this purpose. I und ers tand  tha t that  is not the  case, however, as 
the  conference report is finalized. Do you have any plans for where
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th at  money will come from or will we be looking at the General Fund or back off from the program?
Dr. Press. We are rig ht in the middle of examining that . I don’t 

quite know what the  outcome will be, b ut my office is committed to 
seeing  that program go ahead and I would exe rt every effort to 
convince the app ropriate Cabinet Secre taries  and OMB to do the  same.

Mr. Traxler. Thank you, Mr. Chai rman.

OCEAN MARGIN DRILLING PROGRAM

Dr. Boland. While we are  on the  innovation pa rt of your  sta te­ment , let me ask you about the Ocean Margin Drilling  Program.
Last  December, I wrote a letter to the  Pres iden t expressing  sup­

por t for the new proposed Ocean Margin  Drill ing Program—using 
the  ship Glomar Explorer. Since I wrote the  Pres iden t, the  Legisla­
tive Authorizing Committee chaired by George Brown of California, 
has asked some tough questions  about the  expendi ture  of $700 million for th is program. As has been pointed out, for example, the  
cost per hole of “Explo rer” drilling is estimated roughly at 
$50,000,000 for each hole, while t he cost for dril ling  a “Chal lenger” hole was only about  $500,000 per hole. It was pointed out that  at  a 
$50 million cost pe r hole, only nine holes could be drilled  under  the new program in ten years .

Would you tell us wh eth er or not you believe that  sufficiently signif icant  scientific objectives can be achieved at  those costs and are  the  scientific resu lts worth the cost?
Dr. Press. I am sure  it is very difficult to jus tify  to  th e taxpayers an expenditu re of $50 million to drill a hole. I think  we have to explain to the public th at  this is the  las t remaining unexplored province on earth, and to explore this  province can only be done 

thro ugh  this kind of dr illing . This one vessel is t he  only one in the whole world th at is capable of und ertaking  it.
Each hole will provide us with a wealth of information, of the 

whole history  of the  Atl ant ic Ocean and with the  first insight 
abou t potential resources in this completely unexplo red area which is unde r our own control as a nation.

I think  both scientifica lly and in term s of providing us with a means for assessing the  resource possibilities of t his  province that  this  is justifica tion for the  program.
Let me give you one example. The reef st ruc tur e off Mexico that  is responsible for th e huge Mexican oil product ion in shallow water also occurs off our  coast, but  in this case off deeper water. It jus t 

happ ens to be in the  deeper water of t he continental  margin that  
can only be explored by the  Glomar Explorer technology. Tha t is a 
very exciting possible resource  for t he future  and which we wan t to ' test  by means of this program. I don’t want to underes tima te the scientific results  for this, and I would like to remind you that this 
program was brought to us by those scientists involved in the 
Challenger program who feel tha t the  exploitation over the past 
yea r of Challenger technology has been extremely  useful. The pos­
sibilit ies of Glomar Explorer technology a re so significan t t ha t they have endorsed this program.
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So, because of the scientific results and the  resource result s, I 
think  it is a valuab le program and the  fact th at  we have join t 
funding—50-50 with  ind ust ry—is again a new kind of inst itutional  
mechanism that we should  encourage in this country instead of 
adversarial rela tionships between governmen t and industry . We 
should try  to work more and more on these  joint ventures.

Mr. Boland. How firm  would you say the indust ry’s support is?
Dr. P ress. It varies from company to company but  we have seven 

or eight major companies, not all twelve or fifteen that we solicited 
but  a sufficient number,  seven or eight, including some of the 
majors who want  to go with us through the  first  stage of this  
program.

So I would say th at  industry  is skeptica l but  willing to take  the  
firs t step with us. I would also say the  Government  should be 
skeptical in term s of whether the  technology is feasible, whe ther  
the  costs a re realistic and we, too, wan t to take only the first  step 
of engineering evaluation of the program to see whether we can 
bring i t in really close to the  price that  we propose.

Mr. Boland. As you have indicated, the  resu lts of the  drilling by 
the  Glomar Chal lenger has resulted in some of the most excep­
tional scientific results  ever achieved under th at  program by the  
National Science Founda tion, and I don’t thi nk  we have any qua r­
rel with tha t. That is you r position, too, isn’t it?

Dr. Press. Yes.
Mr. Traxler. Dr. Press , what water depths are  we talk ing about 

the  Glomar operating in?
Dr. Press. Six thousand  to 12 thousand feet and drilling 20 

thousand feet down fur ther.
Mr. Traxler. I underst and  the industry  is developing floating 

drillin g platforms.
Dr. Press. Up to six thousand feet.
Mr. Traxler. When you said that  the  areas we were concerned 

about are within, I a ssum e you mean, the  Ter rito rial  waters  of the  
United States?

Dr. Press. Two hund red mile limit.
Mr. Traxler. I am not an oceanographer. At those distances we 

would exceed the 6,000 feet that  t he new portable floating rigs will 
operate in.

Dr. P ress. Tha t is right.
Mr. Boland. Do you have a sta tem ent  in the  area  of Energy?

nuclear energy activities

Dr. Press. Sta rtin g with nuclear energy, my office has been 
closely involved with  the  accident at Three Mile Island, with the  
estab lishment of the  Kemeny Commission and responding to the  
Kemeny Commission report and coming forward  with a series of 
proposals by the  President  for stru cturing  the  Nuclea r Regulatory 
Commission, strengthen ing  the role of the  chairman , having  it 
concentra te on safety and proper tra ining of the  operators of nucle­
ar  reactors.

We have also played a major role in the President ’s waste man­
agement proposals th at  came forward within the  past month. We 
feel that  the managemen t of nuclear waste has long been over-
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looked and we now have a firm policy. We are  embarked on the prope r road finally, once and  for all, I feel, and we are  following that  even beyond the role we played in formulating the proposals.
CARBON DIOXIDE AN D CLIMATIC CH AN GE

Mr. Boland. You have an interesting para graph on carbon diox­ide on page 8 of your stat eme nt.
Dr. Press. We are  concerned not only with near-term issues but with the  possible extremely significan t distant  issue related to energy, namely the growing carbon dioxide content of the  atmos­phere  induced by man as we burn things. As we cut down our forests and use our coal we increase  the carbon dioxide content of the  ai r.
Many scientists feel in the  next century that  this  will cause climatic changes. It is the  changing pat tern of rain fall  that  will resul t. It seems that the  subtropical arid belts, the  dry belts of the  subtropics , will begin spreading northward  into our most important farming regions if the CO2 c onte nt of the atmo sphere doubles some­time in the  next century.
We wan t to monitor  th at  program, that  possibility, so we have had panels looking into it.
We are  also now examining for the firs t time the  economic and political consequences to the world for such climatic changes. I think  sometime in the  nex t ten  years  we will learn more about the CO2 climatic change possibil ity to the extent that  it will be affect­ing our energy strategy.
Whethe r it means grea ter  reliance  on nuclear, solar  and non­fossil fuels remains to be seen, but that  cert ainly is a possibility. We will follow this very, very closely. I thin k it is one of the imp orta nt coming issues.
Mr. Boland. You indicate that  projections of fu ture carbon diox­ide concentrations will double by the next century. I take  it that this  c reates almost a greenhouse effect on the  whole world, doesn’t it?
Dr. P ress. Exactly, that  is the  concern. It enhances  that.

ABIOG ENIC METHA NE

Mr. Boland. The 2nd paragraph  on page 9 of your statement gave me a little  problem, it reads: “suggesting th at  the  nation  mount a major new program to explore for and develop methane derived from nonbiological sources, i.e., ‘abiogenic methane,’ as a potentia lly major cont ribut ion to the nation s energy problems.” You are  not recommending any par ticu lar effort in this area?Dr. P ress. No.
I received a letter from five Nobel Prize winners suggesting  tha t this may be a new source of energy. Anytime five Nobel Prize winners independently sign a lett er to me, I have to take it serious­ly. The NSF reviewed this  and the conclusion was although it is possible, it is sufficiently difficu lt to reach and therefore we should not engage at this time in a major program to develop this unce r­tain  resource.
Mr. Boland. Your s tatem ent says, “The hypothesis that  there is a s ubs tantial  amount of abiogenic methane in the  c rus t—entrapped
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durin g the formation of the  ear th itsel f—has been promoted over 

the  last several years by Professor Tommy Gold of Cornell Univer­

sity .” How difficult is it to extract the  gas, itself, from the crust?

Dr. Press. The problem, if it is presen t, is th at  it is so diffuse 

th at  its conce ntration at  any one point would be very difficult to 

extrac t.

NEW  SOURCES OF ENERGY

Mr. Coughlin. In the area  of energy, I know whenever I go 

home my people stan d up and say, “What  are  you doing abou t new 

sources of en ergy” and  it always gets very fuzzy and it is fuzzy in 

my own mind, I would have to say, in term s of w hat potential new 

sources of energy are  the  most likely to be fruit ful. I would think  

th at  considering the  curre nt energy  crisis, your  office would be 

very involved in th at  kind of analysis. Have you done th at  type of 

analysis ?
Dr. P ress. Yes, we have.
Mr. Coughlin. Sources th at  would be cost beneficial and produce 

subs tanti al sources of energy?
Dr. Press. We have done the type of analysis where we have 

examined what  technology  can contribute to energy  supplies in the  

next ten years, the  inte rme diate term  the  next ten or 15 years,  and 

the  long term.
Mr. Coughlin. H ave you gone throu gh oil shale  and gasification 

and all those thing s?
Dr. Press. Solar plays  a significa nt role in the  long term. In the  

near term the emph asis is on conservat ion, in the use of coal, the  

use of n uclear energy and nat ura l gas. We have made th at  study.

Mr. Coughlin. I would like to see a copy o f such a study if you 

have it.
Recently I heard,  and  this  is th e sort of thi ng th at  keeps hap pen­

ing, I guess, some people in California have developed a way to  beef 

up water so you could use it in motor vehicles. Are you familiar  

with th at  proposal?
Dr. Press. We get a large numb er of suggestions about water 

additives to gasoline, break ing water down and making hydrogen 

and so on. We take  the m seriously and subm it them for review to 

experts outside, to the  Energy Dep artm ent or to the National  

Science Foundation.
Up to now we have not uncovered any magic formula, any cheap 

way of get ting energy. It would be very nice if we could do so, but I 

thin k the laws of physics and thermodyna mics are such th at  the re 

will be no cheap source or b reakt hroug h.

I thin k our best rou te is to make our automobiles more efficient, 

less fuel consuming, and less polluting. Conservation and develop­

ment of these  alt erna te  energy sources is also the way to go.

Mr. Coughlin. Thank  you.
Mr. Boland. Why don’t you continu e with Healt h and Agricu l­

tur e programs?
health research programs

Dr. Press. In our hea lth researc h programs, we want to concen­

tra te  on some of the  basic aspects of hea lth  research. When one
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thinks in te rms  of t he  breakthrou ghs of the  past  t ha t flow from o ur 
suppo rt of research in the heal th area , one hopes t ha t in the future  
we can do more of this. That is why we a re supportive of a til t in 
our heal th resea rch budget back toward basic research.

If we can develop, for example, anti-viral  compounds to attack 
antibodies, that  could be an extraordinary  breakthrough in disease  
control. I thin k we will achieve that  goal perhaps in the  next 
decade.

All of the  possibilities of genetic engin eering will produce a 
revolution in our abi lity  to manufac ture  cer tain  kinds of drugs, to 
atta ck certain kinds of diseases and to develop a whole new indus­
try  of biotechnology based upon new forms of life created through  
genetic engineering.

That  is the kind of research we w ant to support in our biomedi­
cal research budgets.

RESEARCH AND DEVE LOPMENT FOR AGRICULTU RE

In the area of agriculture,  of course, perh aps more tha n any  
other area  we have seen the fruit s of re search and how it has paid 
off. It has been estimated we get 50 per cent  return  on our invest­
ment over the  years from agriculture R&D. We are  feeding not 
only ourselves b ut the rest  of the  e nti re world, and we are  t he envy 
of the ent ire world. This has not been duplicated  by the  Soviet 
Union, China or even the  advanced nations, and  all of this is based 
upon the resul ts of research.

The new hybrid corn, the new strain s of wheat and the  gre at 
increase in our productivity of livestock have  brought enormous 
return s to this count ry. It is one of our major exports today and 
one of the major cont ributors  to our balance o f trade .

Surprisingly, and in a worrisome fashion, our  r ate  of productiv ity 
in agriculture seems to be leveling off. We feel that  we need a new 
surge  of R&D in agri culture,  bringing in new performers who can 
perhaps repeat once again  this revolution in agriculture.

Mr. Boland. How much  more improvement  is th ere  in this area?
Dr. P ress. Before the advent of genetic engineering I would have 

been somewhat conservative  in answering  your question, but now 
with the possibilities of using different ways to develop these  new 
forms of crops which use less fertilizer, use sun ligh t more efficient­
ly, and use less wate r, I think that is where the  revolution is going 
to go in agricu lture  and that  is what we should be doing.

I think it is dangerous  to predict  the  future  of research but in 
this  part icular area , because of the  rapid ity of the progress of th is 
new technology, I think  we should be reasonably optimistic and we 
should make these  investments.

REGULATORY POLICY

In area  of regula tory  policy, the Pres iden t is committed to regu­
lato ry reform, avoiding duplicative regula tions,  making them more 
efficient, and assessing the  economic impact of regula tions so t ha t 
we meet our environmen tal goals, but not with  such an economic 
penalty  tha t it turns out  to harm the  country as well.

I think it is possible to meet these environmen tal goals but to be 
more sensitive to specifying the regulations in such a way that
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they minimize the costs, and maximize our ability  to innovate. We 
have been involved in a num ber  of diffe rent ways of defining 

regulatory policy, prim arily emphasizing the need for a proper 

scientific and technological base to these regulations.
In the  statement, the re are a number of dif feren t examples tha t 

are mentioned—carcinogens, effluen ts from diesel engines,  nationa l 

toxicology program, our increased concern about radiatio n hazards 

and toxic substances in the environment and chemical wastes.

THE RADIATION COUNCIL

Mr. Boland. Let me ju st  ask a question about  the  Radiation 

Council that  you talk  about on page 12. As I understand it, there 
has been no Congressional autho rizat ion for the  Council. What is 

happening  with  the Council at  present?
Dr. Press. It has just been established by Executive  Order one 

month  ago.
Dr. Omenn. The firs t meeting has taken place and they are 

recruiting staff. The costs a re  being borne by EPA.
Mr. Boland. Are you familia r with Section 608 of the Treasury , 

Postal Service and General Government Appropriation Act for 

1980? I will quote it for you.
No part of any appropriation contained in this or any other  act, shall be available 

to finance interdepartm ental boards, commissions, councils, committees, or similar 

groups under Section 214 of the  Independent Offices Appropriations Act, 1941, 

which do not have prior and specific Congressional approval of such method of 

finance support.
I think  tha t basically put s the Radiation Council out of business 

unless Congress provides an authorization, doesn’t it?
We had the EPA up here last week and Mr. Hawkins’ response 

to a question I addressed to him was “unt il the re is a separate 

appropria tion requested by the  Agency we are  going to have to 

awa it the  estab lishment of the  activity  of the Council. What EPA 
inten ds to do in the inte rim  is to coordina te the  steps as we have 

done in the past.”

PROD UCTIVITY AND INNOVA TION

Dr. Press. Let me go to the  last section on product ivity and 

innovation.
There is a genera l percep tion that there is a n innovation lag in 

the  country. It is very difficu lt to prove this in a quant ifiable  way, 
but  if you ask the ord inary citizen on the  street, he will tell you 

abou t the color television  sets that come from Jap an,  the auto­
mobiles of high technological quality  that  come from abroad and 

list a number of products th at  he is familiar  with which seem to be 

technologically advanced but not American  in origin.
If you ask industria l leaders about this  issue, they  will say yes, 

the re is a n innovation  lag and a great many of th em will say this 

is due to disincentives to innovate which result from Federal 

policy.
If you ask academic scholars they will list a number of factors 

which they believe are  cont ributing to a lack of innovation—gov­
ernment patent policy, and the lack of availabili ty of capital  to 

inves t in more product ive plants. They will also say tha t perhaps
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industry,  itself, has brou ght into management positions people who are  more concerned with  near-term profits tha n the long-term products that  the company would be manufacturing .I am not sure which of these factors are the  important ones. They all may contribu te partially. But whe ther  or not ther e is an innovation lag in this  c ountry, the more we innovate, the  b ette r off we are  because the  new industries created by innovation  have records of very rapid  increased numbers of jobs, of contributing to our exports and our balance of payments.
We completed this  year a major review of the whole innovation issue, especially the  Fede ral role. We had input from indus try, labor, and the academic  community. We had participation from more than 20 governmen t agencies. We brought these issues to  the President,  he made a num ber of decisions, and we did send a message to Congress based upon these decisions.We feel tha t the Presiden t’s recommendations and reques ts of the  Congress are a beginning . At the  highest level we are con­cerned about innovation and product ivity and we want  to star t down the  road of providing more incentives for industry  to inno­vate.

The proposals we brou ght  to the Congress cover a great many diffe rent areas—some new inst itutional cooperat ion between uni ­versit ies and industries, the estab lishm ent of cer tain  types of ge­neric centers that  can help  with indu strial problems, a revision of governmen t patent policy to enable government-owned pate nts  to be take n up and developed by industry which is not occurring now, an improvement of the  P aten t Office to protect priv ate  paten ts to a  greater  extent tha n is the  case now so that  industry would be willing to invest in the  pat ent s and develop them  into important products, and a review of an titr us t regulations that  affect the abili ty of companies to cooperate  with each oth er in the area of basic research and those joint ventu res between government and industry that I have refe rred  to. We deferred for the futu re a review of tax policy em phasizing those possible tax  proposals that  would fos ter innovation.
The question of in novation is an old issue that  has been around for a long time but I believe that this  is the  firs t time that  the Pres iden t has become involved, tha t he has brought recommenda­tions to the Congress.
Mr. Boland. This issue has been around for a long time but more conversation has been held about it over the  past year tha n at  any time I can remember.
What does in dust ry have  to say about wha t inhibits  them from really getting into innovation on a grande r scale? Is it tax policy, is it an tit ru st laws-----
Dr. Press. Tax policy, regu latory policy, and to a certain extent an tit rust laws. Large indu stry  does not wan t budgetary  relie f through  the  budget; they  don’t want handouts from the govern­ment to help them innovate.
There may be room for helping  small industry innovate by using programs of the National  Science Founda tion and other agencies but by and large industry want s relief from regulations and wants  such things as rapid depreciation, perhaps R&D tax  credits and other incentives to innovate.
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Mr. Boland. Mr. Coughlin?

PRODUCTIVITY AN D INFLATIO N

Mr. Coughlin. Tha nk you, Mr. Chair man. Wh at you have jus t 

been saying is of gre at inte rest  to me because I agree with what 

the  Chairman says. The re has been a great deal of talk but littl e 

action in this whole are a. It seems to me th at  inflation  is not the 

mystery  tha t it is sometim es looked upon as. It is a question of 

productivi ty and producin g the same goods for less money or the 

same amount of money and that involves both lessening the drag  

which you were addressin g in the first  par t of your testimony and 

wha t the President  is addressing in his program to try to cut the  

Federal budget because the  larges t sector of the  budget is Federa l 

government. But it involves investment in be tter tools to work w ith 

and increasing productivity.

TAX  POLICY AN D INNO VA TION

To say that you have  deferred conside ration of tax policy when 

th at  is the No. 1 prio rity  of the indu stria l sector  of the society in 

term s of increas ing innovation and productivity, to me is making a 

dreadful mistake. It also goes to the question you initial ly raised in 

having cutbacks in the kind of resea rch to provide productiv ity 

which seems to me is a lso involved.
Dr. P ress. Let me c larify  that . When I said defer ral of tax policy, 

I mean t when the  Pres iden t brings to Congress major proposals for 

changes in tax policy, with in those proposals we will consider those 

dedicated toward bring ing the  kind of re lief th at  will enable indus­

try  to innovate.
What he did not want to do was bring  a tax  proposal to Congress 

dealing solely with this issue and no o ther  issue. He wants to bring  

in a comprehensive tax  policy at the  righ t time, in his judgment, 

and at th at  t ime innovation will be considered. He does not wan t a 

piecemeal approach to tax  policy. He wants  this  all at the same 

time.
Mr. Coughlin. If we are serious about atta ckin g inflation  and 

the  Administration is giving evidence it is serious  in term s to the 

approach to the budget, hand in hand  with th at  goes increasing 

productivity  through investment, innovatio n and better productiv­

ity- , J ' .

Last year I asked wheth er you would recommend  tax incentives  

to induce industry for doing resear ch and development work and 

your answer was we need to know if those incentives pay off.

Have you made th at  study in the  ensuing year as to whe ther  

th at  pays off?
Dr. Press. Speaking personally, I think the  supply side of the 

economy, that deali ng with issues of productivity, has to be an 

importa nt element in tax  policy and th at  will be a recommend ation 

from my standpoint.  Tax policy is formul ated with the Secre tary of 

the  Treasury, the Council of the Economic Advisers, and the Do­

mestic Policy Staff. They play the  major role in formulating tax 

policy. I believe th at  tax  policy is an imp orta nt eleme nt in innova­

tion and I will make by views known at the rig ht time.
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Mr. Coughlin. That is comforting to me th at  one input on this  
equation is coming out in terms of needing a  two-pronged approach 
and  not jus t a one-pronged approach.

Thank you, Mr. Chairman.

INT ERG OVERN MENTA L SCIEN CE, EN GINE ER IN G,  AND TECHNOLOGY  
ADVISORY PANEL

Mr. Boland. Can you give us a brie f s tatem ent on Inte rgovern­
men tal Science and  Technology? We will have a couple of questions 
on t ha t in the justifications.

Dr. Press. Congress mandated that  I cha ir the  Intergove rnmen­
tal  Science, Engineering , and Technology Advisory Panel. My co- 
chairman is Governor J im Hunt of N orth  Carolina.

The main thrust of that  Panel is to see what can be done to 
sensitize  Federa l agencies to the needs of sta te and local govern­
ment.  It has been estimated that  some $8 billion of the Federal 
R&D budget could be of some use to sta te and  local governments. 
The expenditures of s tat e and local governmen ts are  such a large 
factor in the national  economy th at  any way we can make them  be 
more productive would be a very signif icant  contribution , so I am 
using ISETAP, this  Panel, to review Federal programs and have 
input in the early stages of formulation  of Federal programs, so 
th at  the Federa l adm inis trators  know about  the  needs of sta te and 
local governments as t hey  formulate the ir own priorities.

We have been successful in a num ber of areas in sensitiz ing 
Federal officials so th at  they have retuned  the ir budgets and 
become more sensi tive to the problems of sta te and local govern­
ment.

I feel tha t ISETAP is performing better tha n ever before and we 
are  beginning to have the  kind of impac t envisaged by Congress 
when they established this Panel.

COORDIN ATIO N OF RESEARCH AND DEVELOPMENT

On the coordination of research and development, we are using 
the  Federal Coord inating Council. We have prepared  a summary 
booklet on those activ ities  which I will subm it as par t of my 
testimony. This will brin g you up to date  on how we a re perform­
ing in tha t a rea.

OSTP FISCAL YEAR BUDGET REQUEST

Finally , on the budget request for my Office, we are reques ting 
$2.9 million for the work of my Office in fiscal yea r 1981. This will 
support  our small core staff, our consu ltant s, our tempo rary em­
ployees and the kind of outside cont racts  th at  we rely upon to 
conduct ou r work.

For example, our work on carbon dioxide relies very heavily on a 
contrac t with the  Nat iona l Academy of Sciences who brought in 
the  leading exper ts in the  country to help us eva luate this par ticu ­
lar  issue. By means of our  consultants and our cont ractual work we 
have  been able to perform all of the things I have described on this 
rela tively modest budget and I hope you will consider  that budget 
sympathetically, Mr. Chairman.
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Mr. Boland. Mr. Coughlin?

RECOMMENDATIONS FROM THE R&D BUDGET REVIEW

Mr. Coughlin. Thank you, Mr. C hairman.

I t hin k you do an  amazing amount with a modest budget.

Initia lly, the Chai rman  asked a question about the  suggested 

cuts in the  science and  technology  field a nd I would guess that you 

have a part in recomm ending where cuts would be made. Do you 

have a part in t ha t?
Dr. Press. Yes.
Mr. Coughlin. Can you tell us where you recommend  cuts?

Dr. Press. If I can speak  gene rally in response to your question, 

because these are recom mendations to the  Pres iden t in a sense. I 

am not sure he has read the m as yet, but  he has them  and for me 

to speak  openly about them  before he has seen them  and made up 

his mind might not be proper .
In makin g these cuts, I am tryin g to preserve the philosophy we 

used in the  development of science and technology budgets over the 

past thr ee years, to preserve  th at  philosophy as best we can. We 

wan t to main tain the  strength  of American science. We are par ­

ticu larl y concerned abou t innovation. There are  cert ain national 

needs for o ur country  in ter ms  of energy. We w ant to preserve our 

scientific teams throug hou t the country and not have them fall 

apa rt.
Mr. Coughlin. Where do you feel you can the n make cuts?

Dr. Press. They occur in every area.

Mr. Coughlin. You would not specify?

Dr. Press. It is difficult to do so a t this  time because the review 

is st ill in the process.

EPA EXPENDITURES FOR TECHNICAL ASSISTANCE

Mr. Coughlin. The EPA is spending money for technical assist­

ance. Exactly what has  been done in  these  a reas?

Dr. Press. I work very closely with Doug Costle. He makes very 

good use of his science panel , a panel th at  works at  the  very top of 

the  Agency tha t helps him review some of th e impor tant  environ­

men t issues w here technology  is a significa nt factor. On any signifi­

can t proposed reg ulation which has a strong  inpu t from experim en­

tal  resu lts and labora tory resul ts, he will ask this  panel  to evalua te 

those resul ts before he make s up his mind on the  final form of t ha t 

regulation.  So we have helped him organize his departm ent and 

the  areas addressed by t his  panel.
Also we have helped him increase his own rese arch  budget be­

cause it is good environmen tal research. If you find a bett er way in 

which to cast a given regu latio n because of re sear ch rules, you can 

save the  country an enorm ous amount of money by minimizing the 

economic impact. Tha t is one of the budgets th at  I have helped to 

prote ct and allow to grow more so tha n others.

Dr. Omenn. Reports are  prepa red for our Office. Workshops have 

been conducted and panel members  and resource people get togeth­

er where critical needs are identified for health effects, hydroge­

ology of sites, technical engineeri ng approaches, and so forth.
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OSTP OBLIGATIONS BY MONTH

Mr. Coughlin. The re has been publicity abou t which agencies 
obligating funds in the  final few m onths  of th e fiscal year . How has 
your obligation rate  been running?

Mr. Montgomery. It is about on budget. We are  trying to take  
steps so that we don’t have a big bubble at the  end of the fiscal 
year.

Mr. Coughlin. Wha t percentage was obligated?
Mr. Montgomery. I don’t have that  here now. I would have to 

calculate it for you. A large amount of our obligations involves 
salaries and these  are  spread out evenly month to month. We try 
to make sure also th at  we spread our obligations  for contractua l 
support. Some times it is difficult to program this  money because 
we use contractual  support  to respond to issues as they occur, high 
prior ity items which are  sometimes hard  to predict, but I will 
calculate tha t figure for you and submi t it.

Mr. Coughlin. If you could submit a month-to-month brea k­
down, it would be helpful.

[The information follows:]
Fisca l year 1979 obliga tions by month

[In tho usands of dollars]

O ctob er .................................................................................   $210
N ov em be r............................................................................................................................  285
Dec em be r.............................................................................................................................  69
Ja n u a ry ................................................................................................................................  75
F ebru ary ............................................................................................................................... 140
M arc h ...................................................................................................................................  93
A p ri l...................................................................................................................................... 220
M ay ........................................................................................................................................ 228
J u n e ......................................................................................................................................  228
J u ly .......................................................................................................................................  231
A ugust ..................................................................................................................................  257
Sep tem be r............................................................................................................................  401

Note .—OSTP obligat ions for f iscal yea r 1980 as  of Feb rua ry 29, 1980 totaled  $1,192,000. Th is is 
45 pe rcent of OSTP’s a ppr opria tion excluding requested  supplemental.

THE JUPITER PROBE

Mr. Boland. Galileo was going to be launched in a single mission 
in 1982. That is now out  of the question. NASA has to look at  a 
dual mission, the probe and orbiter. We gave some consideration to 
canceling tha t portion of Galileo when we learned of the overrun. 
What about tha t option? We could s till save between $75 and $100 
million. Why is the probe so essential?

Dr. Press. First,  let me say as par t of the  budge tary reassess­
men t we are looking into the options you just mentioned. The 
probe is important because on the probe will be sensors that will 
provide us with the chemical consti tution of Ju pi ter  from the very 
beginning of its atmosphere as far in as the probe will continue to 
send back information. It is very difficult to gauge the  constitution 
of a planet simply from an orbiter. It can be done but the resul ts 
are  not too precise and can only provide information on the top 
surface layers. But Jupi ter is quite a planet.  Had it been slightly 
larger, Ear th would have had two Suns  instead of one. Jupit er for 
some strange reason is radiating immense amounts  of energy. The
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origin is extremely impor tan t for us to learn about scientifically 
and th at  is why a probe seems to be such an imp orta nt project.

C E N TR A L SO UR CE  FO R D ATA  ON FE DERALL Y SU PP ORTE D RE SE AR CH

Mr. Coughlin. I have a couple of general  questions. Last year 
you indica ted that  work is progressing on a source of confidential 
inform ation regarding the  c ontents of Federal ly-supported research 
projects. What is the  s tatu s of thi s at this time?

Mr. Smith. I thin k you are  refe rring  to the  area of science and 
techn ical information. We have had over the past year a committee 
made up of the  R&D agencies th at  are the funders of research and 
development and hence the  producers of science and technical 
information, working to try  to  develop a policy that  would give us a 
much bet ter  feel th an we have at the present time for the  kinds of 
inform ation  tha t ought to be put  into centralized systems such as 
the  Nat iona l Technical Information Service, wha t agencies ought 
to have in the way of their  own information policies, where we 
should rely more on t he private  sector, and so forth.

I would say this has been an incredibly difficult job, and the way 
inform ation  has literally exploded, including the  Fede ral depart­
ments  and agencies, over the  last  decade or so is very  impressive. I 
think  t ha t by summer we should be able to repo rt to you our policy 
that we hope we can put  into place to help guide the  R&D agencies 
in their  own informat ion activi ties, the ir appro priat ion requests, 
where we are going to depend more on the technical information 
service.

FU SI O N  RE SE AR CH

Mr. Coughlin. I have one furth er question I wanted to ask on 
energy and that was the  progress of fusion research.

I remember  when I was on the  first task  force and entered the 
House Science Committee back in 1969 or 1970, we went to the 
physics lab at Prince ton and they  were doing some of the early 
work on fusion. What kind of progress has the re been and is there 
hope or are  we really pouring  money down the  ra t hole?

Dr. Press. One is magnet ic and the othe r is the init ial climatic.
Mr. Coughlin. As a scient ist how do you feel we are  doing?
Dr. Press. I think as far as the  progress is concerned in the 

magnetic fusion area, the  progress has been quite good. There  have 
been some surpris ing resu lts th at  we did not anti cipa te last  year in 
magnet ic fusion bu t it  is somewhat encouraging. So in the  proposed 
fiscal year 1981 budget we have allowed for fusion growth, especial­
ly magnetic fusion, because of these results. I think our fusion 
budget exceeds tha t of the  res t of the world combined. It offers 
almost  limitless sources of energy not as purely  clean as some 
people propose but clearly clea ner  than  fission energy.

I would say that  the scientif ic progress is on target. We are 
moving just as we had hoped, perhaps even more rapidly and 
perhaps the  big problem in the  next decade is the  engineering 
aspects. We will have to develop all kinds of new materia ls tha t 
are  radiation damage res ista nt th at  can take  the  strong shocks of 
these pulses of neutrons th at  they  will have to experience, so the
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next stage—and it will be expensive—will be the  engineering stage 
but  th e whole th ing is moving along acceptably.

Mr. Coughlin. Is this  moving along toward a Ma nha ttan  or 
Apollo type project?

Dr. Press. I don’t think so. To spend large sums of money before 
you know the basic materials is likely to be wasteful. You want to 
be sure  all of the  talented  people in the country are  engaged in an 
imp orta nt area  like this,  but  beyond this I thin k th at  it is likely to 
be counterproductive. If you push too hard and if, as a resu lt of 
tha t, you have failures and disappointments when extremely  large 
budgets are  involved, you might condemn an imp ortant  area of 
technology premature ly, so I prefer the rate we a re going at right 
now ra ther  th an a huge infusion  of money.

Mr. Coughlin. Thank you. I have to leave to go to another  
meeting. It has been a very enligh tening morning from this Mem­
ber ’s s tandpoin t and we appreciate  your service to the country. We 
are  pleased to have your appearance before the Committee.

Mr. Sabo [presiding]. I am sorry I missed your ear lie r testimony. 
I was off at  another Subcommittee meeting.

I have a number of questions  which may be rela ted to what  you 
talked about ear lier.

BUDGET ESTIMATES FOR ISETA P AN D FCCSET

For the  record, would you update the  table s on pages 57 and 58 
of las t year’s hearings regarding the Advisory Panel and the Co­
ordination  Council. If the  actual  costs for 1979 varied  significantly 
from th at  estimated last  year, provide and explanat ion for the 
record.

[The info rmation  follows:]
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REPRESENTATION ALLOWANCE

Mr. Sabo. On Page 5 of the justi fications is a copy of the appro­
priation  language  you are  reques ting for fiscal year  1981. You are  
requesting that  official reception and represen tatio n expenses be 
increased by $500, from $1,000 to $1,500. You made the  same 
request in 1980 and the  Congress did not provide it. How much of 
the  $1,000 did you obligate  in fiscal year  1979?

Mr. Montgomery. We obligated the total  amount and a large 
percentage of it was rela ted to the  inte rnation al activities of the  
office.

Mr. Sabo. Why are you reques ting something the Congress 
denied in the 1980 budget?

Dr. Press. The growth of our inte rnation al programs has been so 
rapid  and this aspect of inte rnation al relat ions turns out to be 
important in the  eyes of my foreign counterpart s. They feel we 
should have that  opportunity  to be responsive. Let me give you an 
example. I went to C hina  with a delegation this  past  fall. We were 
concerned simply not only with scientific and technological  cooper­
ation  but the development of commercial rela tions with China. 
While there we made an agreement th at  would bring perhaps a 
billion dollars worth  of business to this country. The Chinese 
hosted us at a reception and in Chinese culture  it is proper proto­
col, proper  custom, to respond in kind. We were not able to do so 
because  of our limited budget.

I th ink  in thei r eyes in a sense we lost face and we were demean­
ing by not being able to do so.

current employment level

Mr. Sabo. You are  requesting funding for 24 positions. How 
many are  cu rrently filled?

Mr. Montgomery. They are  a ll filled.
Mr. Sabo. What lapse ra te is included in the $850,000 for person­

nel compensation in 1981?
Mr. Montgomery. I used a lapse rate of about 3 per cent for 

permanen t and other  positions. The average  number of positions 
we had filled last year was 24.

temporary positions

Mr. Sabo. On page 7 pe rsonnel compensation, the 1980 estimated 
cost of temporary  positions is $153,000. Last year, in the 1980 
budget, the  request was $92,000. Why have you increased the 
amou nt of funds for tem pora ry positions in 1980 and how do you 
account for this change?

Mr. Montgomery. We have a mix of professional and support 
staff  in the  temporary position area . I have estim ated two of 7 
temp orary  positions as professional and that is wha t the calcula­
tion comes out to for those positions. I th ink, looking a t the  work of 
the  office, th at  we need that  type of support.
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ESTIMATED TRAVEL EXPEND ITURES

Mr. Sabo. Last year’s budget justif ication estim ated  staf f travel  
to be $39,000 in 1979 and $50,000 in 1980. This ye ar’s justi fication, 
page 7, shows staff trav el to have been $103,000 in 1979 and 
$120,000 is estimated for 1980.

What accounts for the  l arge increase  in sta ff tr ave l and does this 
reflec t a d ifferen t method of doing business?

Dr. Press. As you know, my Office was essen tially reestablished 
by Congress a few months before I showed up and it takes time to 
estab lish programs both domestically and inte rnation ally , so you 
will see growth over the  yea rs as we star t to perform those tasks 
which Congress originally had  in mind.

Trave l of the staf f is an essentia l element in designing and 
implementing the programs that  we are  developing with Japan,  
China, our Western allies, and  with the developing countries . This 
represen ts an increasing burden on us to go to these places in 
order  to  achieve  the goals.

For trav el within our own country, as we develop our consu ltants  
and all of the  panels in the  d ifferent area s that  we have to perform 
in, this  will show up as an increasing  travel budget, in addition to 
the inflation ary increase in travel. What  you are  see ing here  is our 
Office growing into those task s and obligations  th at  Congress 
wanted us to undertake when they established our Office.

Mr. Sabo. What were the  total travel costs for sta ff and consul­
tants?

Mr. Montgomery. From 1979 to 1980?
Mr. Sabo. And in compar ison to last year’s estim ate.
Mr. Montgomery. I can  t ell you-----
Mr. Sabo. You may provide it for the  record. Dr. Press your 

indica tion in last yea r’s testimony tha t “Most of t he travel is not 
for people who work ful l-time in my Office. We travel  very little. It 
is to bring  the expert whose advice we need so badly in all of these 
complicated issues across the  board to Washington.”

Dr. Press. That  is still the  predominant burden on our travel.
Mr. Sabo. Supply for the  record a comparison of the  travel for 

staff and consu ltants  for 1979 actual , 1980 estimate and 1980 
current.

[The information follows:]
OSTP TRAVEL EXPENSES

Fiscal yea r 1979 , Fiscal yea r 19 80 , Fiscal year  1980 , 
actual budget reques t cu rre nt  estimate

sta ff. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $103,000 $50,000 $110,000
Consultant. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  121,000 248,000 155,000
Local. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4,000 2,000 5,000

Total. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  228,000 300,000 270,000

Note.— As OSTP pro gra ms  have evolved, the sta ff has been requ ired to  trave l more fre quen tly  both for dome stic and  interna tiona l ac tiv itie s than 
du rin g the  fo rm at ive  stage of  the  Office. This has resulted in an increase in the  percentage  of sta ff tra ve l to  the  to ta l trave l expense th at  was 
es tim ated at  the tim e of the fiscal 1979 budget  submission . Travel  ob ligat ion s for fisca l yea r 19 80  as of  February  29 , 19 80  inc lude $4 6, 00 0 for 
st a ff  and $9 3, 00 0 fo r consultan ts
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CONTRACTUAL SERVICES

Mr. Sabo. You are again requesting a large  increase in con­
tracts—$216,000 or 36 percent. From $604,000 in 1980 to $820,000 
in 1981. Last year,  OSTP requested $285,000 increase  for cont rac­
tual  services and Congress reduced that  to $203,000. In  light of the 
discussions about reduc tions  in the  1980 budget, why should this  
item not be cut to a more modest increase?

Dr. Press. Although the  budget of my Office is very modest, $2.9 
million, we impact an enormous R&D budget of th e nation. We do 
so by pa rticipating  in the  budgetary  process. We do so by coordina t­
ing programs across government agencies. With a 24 person profes­
sional staff we ca n’t hope to  impact a $35- $40 billion national R&D 
budget. So, we have to make use of outs ide advice that we get from 
individual consultan ts or by contracts that  we let to professional 
societies, such as the  National Academy of Sciences. I would 
submit that for this  modest increase  to get this  outside advice, we 
have the possibility of saving the count ry enormous amounts of 
money by rendering  proper advice in the budgetary  process to 
Congress through my testim ony as well as to the  President, by the 
use of these outside consultants  and contrac tors.

Mr. Sabo. What were the  resul ts from the  $374,000 you spent  on 
program contracts in 1979?

Mr. Montgomery. The re is a list of contracts th at  we initia ted in 
1979 included in the justification .

Mr. Sabo. What did they  involve?
Dr. Press. Before you came in, Mr. C hairman, Chairman Boland 

complimented our office for the impact it was having for the 
num ber of impor tant, diverse areas that  we have contributed to 
over the  past year. We cou ldn’t have done t ha t without our outside 
consultan ts and the  co ntra cts that  we let.

Mr. Sabo. How were the  resu lts used?
Dr. Press. The r esul ts are  used in repor ts to Congress, and in the 

advice we give to the  Pres iden t. The results are used in the posi­
tion th at  I take, in the  budg etary process, and my recommenda­
tions to the President .

The results are used in the way that I perform my coordinating 
function  to avoid dup lication between government agencies and so 
on.

The resul ts are used in some extremely imp orta nt areas, for 
example, the carbon dioxide issue we spent some 15 minutes talk ­
ing abou t and the climatic change. I relied very heavily  on a 
cont ract with the National Academy of Sciences in th at  area.

SUPPLEMENTAL FOR INCREASED PAY COSTS

Mr. Sabo. Last year OSTP requested a $37,000 supplemental for 
increased pay costs. Congress appropriated  $20,000. However, I note 
that  you lapsed $59,000 at  the  end of 1979. Now the re is nothing 
wrong w ith lapsing funds at the  end of the year, but what account­
ed for the $59,000 lapse?

Mr. Montgomery. As the  yea r progressed, we budgeted our 
money very closely. The auth orization for the  supplemental did not 
come unt il very late in the  year , so we had to keep a very tight
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reign on expenditures for most of th e year. Th at is the  reason we 
had the  money lapse.

Mr. Sabo. Tha t sounds  good. You are  requesting an $87,000 
supplemental for increased paycosts in 1980. Is OSTP absorbing 
any  of th e costs for th e pay increase? If so, how much?

Mr. Montgomery. We have a very small budge t and the amount 
of the  supplem ental is the  amount I calculated for the pay raise 
th at  is for our cur ren t staff. This to tals  $87,000.

Mr. Sabo. That  assumes no absorpt ion.
Mr. Montgomery. It assumes  no absorption, but  we a re budget­

ing for not over expending our authorized personnel expenditures.
Mr. Sabo. What happ ens with a late supplemental?
Mr. Montgomery. We would get into the  same situa tion as 

before. This prevents us righ t now from adding  to our staf f in any 
substan tial  way. We have  to take a very tigh t budget look a t any 
personnel expenditures.

AUTOMO TIVE RESEARCH

Mr. Sabo. I have been wondering who I should direct these  
questions too as I go along  and I thin k you may be the appropriate 
person. It strike s me—as I observe what we do on energy, with 
dolla rs going here and the re in rese arch—we do very little for the  
potential  of the automobile. I remain tota lly bewildered why we 
are  not doing more.

Dr. Press. We looked into that about  a year-and-a-half ago and 
we were impressed th at  t he  Government performs basic reseach for 
other industria l sectors like the aeronaut ical  sector, to the level of 
hundreds of mill ions of dollars. Whereas in the  automotive indus­
try , it has been variously estimated that  our total effort could be 
said to be between $10, $20, and $30 million. Maybe not even that  
much.

Mr. Sabo. There was talk  about joint funding with the auto  
companies.

Dr. Press. T hat  is why we proposed this  join t venture with the  
automotive industry amounting to a billion dollars over ten years.

Mr. Sabo. Tha t makes me nervous. We all have our different 
villa ins on energy depending on perspective. For  some the villains 
are  the  oil companies, for others the villain is government and you 
can quarrel a great deal  about tha t. In my judgment the biggest 
villa in has been the  a uto  industry. The only reason we have moved 
toward increasing gas mileage is because the governmen t manda t­
ed it. Now the auto indu stry  is outmoded and can’t produce the  
smal l cars people wan t to buy.

It j ust  seems to me t he  payoff for any basic research  in redesign­
ing the  auto or that  type  of individual ized trav el is incredibly high 
in comparison to all the money we spend on alte rnative  energy  
sources—jus t name i t—the payoffs a re there .

The potentia l for the auto is still very high, I think , for its 
appropr iate  use.

I jus t came from a meeting with my other Subcommittee that  
was reviewing the  budget of the Federal Aviation Agency. My 
question to them was, if you had a family of four, on an energy 
basis, should you go by car or by plane. They didn’t want to answer
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me because, the  fact is, you should go by car, not by plane on an 
energy basis.

There have been huge increases in transit trav el tha t can’t com­
pete with a modest increase  in auto mileage in terms  of energy 
savings, but we rese arch this  and we resea rch that  and do very 
litt le on, what seems to me, the  most basic and the  most important 
pa rt of the whole problem.

Dr. Press. Let me say two things. I believe next  year we will 
peak in consumption of gasoline. After  tha t, we will go down. Tha t 
is due to a combination of t he Federa l government’s fuel efficiency 
standards,  and the  autom otive  industry meeting those standards as 
they become more and more  severe over time. We as  a  nation have 
finally awakened to the  fac t that  there is an energy crisis, that we 
have to become a conserving society and the  automobile is a major 
sink for energy and that  is happening.

Wha t we have in the  automotive program is developing two 
kinds  of material , the kind of new knowledge th at  will dramatica l­
ly change the way we bui ld cars in the post-1990 period. We feel we 
have to bring all sorts of new performers, new resea rche rs into this 
problem that have never  been tapped  before, like engineering de­
par tments of some of our  good universit ies who have never worked 
on automobiles. They a re willing  to do so, b ut they have never been 
funded before to tackle such  problems. I think  th at  is a mistake. 
We have  gotten our universi ties  into biomedical and disease. We 
have gotten  them into lasers and devices and they have contrib­
uted to our national economy significantly, but  we have not gotten 
them into this extremely impor tan t segment of Am erican life, the 
automobile.

Mr. Sabo. How seriously  have you thought about the merits of 
DOT doing research  join tly with the auto companies? I have a 
feeling we would be much be tte r off having it removed from both 
the histo rical producers and the  historic regula tors.

Dr. Press. I think it is a mis take to cut the  automotive indust ry 
for two reasons. For one thing, the ir partic ipation will ensure tha t 
the  rese arch  is targe ted toward the  development of futu re auto­
mobiles. If you cut it off from the  user of this  resea rch, the re­
search will go off in its own direction  without the  kind of close 
connection with the even tual product  that  it should have. Even 
though it  is basic research, it should have in mind the  final goal 
and should end up in an automobi le.

Not having the automobile companies involved and putting  
money into it would raise thi s possibility of ivory tower research, 
ra ther  tha n targeted basic research . That  is why I value thei r 
contribut ion, not because they  are  paying half of it, but their  
part icipa tion would keep the goal on ta rget.

Mr. Sabo. Would they have equal right  to it.
Dr. Press. Let me send you a copy of the proposed agreements 

defining their  rights and the  Governmen t right s to the  research.
Mr. Sabo. There was a bill around  here last  year  to give NASA 

some responsibility in terms of automotive  research. I thought 
the re was mer it to that.

Dr. Press. NASA is the world’s best space agency. I am not sure 
it is the place for developing automobiles and I am not sure  they 
are overly anxious to underta ke thi s job.
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Mr. Sabo. It might be a good new mission for them.
Dr. Press. I thin k if NASA wants  to contribute to the  basic 

research, we should like to have  the ir proposals. We solicited the ir 
par ticip ation in this program, and,  frankly,  we got be tter proposals 
from the  National Science Foundation and the  Dep artm ent of 
Transportation. I would say the  Depa rtment of Transporta tion  in 
its old image and approach to basic research might have wanted  or 
justif ied your  skepticism abou t t he ir role.

Mr. Sabo. I jus t dealt  with DOT a few days ago and renewed my 
skepticism.

Dr. P ress. The new Secretary has asked me to review his Depart­
ment. I think  his eagerness to have his mission agency as good as 
the  Defense Departmen t is in its mission, is something we should 
encourage and this program could be the  first  step in improving 
that  D epartment’s ability to  u nde rtake the  kind of thin g that  HEW 
does so well through the  Nat iona l Ins titu te of Hea lth, that  the 
Dep artm ent of Defense does so well through the  Advanced Re­
search Office and the  Departme nt of Energy  does through its 
Energy Research. I think  we should strive  to improve that  situa­
tion.

USE  OF  DIE SE L EN GIN ES

Dr. Omenn. Another area of more immediate payoff, is the  whole 
use of d iesel engines. Here  is an area  where  EPA and  DOT were 
operating  independent ly where our Office provided some leader­
ship. We stepped in and brough t the thre e agencies togethe r with 
industry  and we tried  to assure  that  really quite  urg ent  decisions 
were based on good scientific  decisions, and more immediate  deci­
sions will be available. There will be a bet ter  flow of information 
and smoother trans ition . We do so in the public interest .

Mr. Sabo. Thank  you very much. We apprecia te your presence 
here today. The justif ication will be inser ted in the  record at this 
point. The Committee stand s adjourned .

[The justification  follows:]
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i .

BACKGROUND INFORMATION 

OFFICE OF SCIENCE AND TECHNOLOGY POLICY

In tr o d u c ti o n

The O f f ic e  o f Sc ien ce  and Tech no logy  P o li c y  (OSTP) was cre ate d by  th e  N ationa l 
Scien ce  and Te chno log y P o li c y , O rg a n iz a ti o n , and P r io r i t ie s  Act  o f  1976 (P u b lic  
Law 94 -2 82 ).  The O ff ic e  se rv es  as a source  o f scienc e and te chno lo gy p o li c y  
a n a ly s is  f o r  th e P re sid ent and f o r  o th e r o rg a n iz a ti o n s  w it h in  th e  Execu tive 
O ff ic e  o f  th e P re s id e n t;  p ro v id es c o o rd in a ti o n  o f re se ar ch  and de ve lop men t 
program s o f th e Fe de ra l go ve rnmen t; and cond uc ts re views and ana ly ses , w ith  
th e O f f ic e  o f  Management and Bud get , o f re se ar ch  and de ve lop men t programs 
o f th e Fe de ra l governm ent.

Major  O b je c ti ves

Majo r o b je c ti v e s  o f th e OSTP in c lu d e  th e  fo ll o w in g :

o Adv ise th e P re s id ent on s c ie n t i f ic  and te c h n o lo g ic a l c o n s id e ra ti o n s  
in vo lv ed  in  are as o f n a ti o n a l and in te rn a t io n a l co ncern .

o A s s is t th e O ff ic e  o f Management and Budge t w it h  re vie w s o f pro posed 
bu dg ets fo r  Fe de ra l R&D prog ra ms.

o Adv ise th e N ationa l S e c u r it y  Cou nc il on th e  s c ie n t i f ic  and te c h n o lo g i­
ca l fa c to rs  re la te d  to  n a ti o n a l s e c u r it y  and in te rn a t io n a l is sues.

o Adv ise th e Do me stic P o li c y  S ta f f  and o th e r EOP u n it s  on m atte rs  
co ncern in g sci en ce  and te ch no lo g y .

o P ro v id e  ge ne ra l le a d e rs h ip  and c o o rd in a ti o n  o f th e  re searc h and 
de ve lop men t program s o f th e  Fe de ra l go ve rnmen t; an al yz e prob lem s 
and de velop me nts  in  sc ie nce and te chnolo gy a ff e c ti n g  more than  one 
Fe de ra l agency and recommend p o li c ie s  and pr oc ed ur es  f o r  d e a ling  
w it h  them .

o Encourage  a s tr o n g e r p a r tn e rs h ip  between Fe de ra l re searc h fu n ders , 
S ta te  and lo ca l go ve rn m en ts , and th e s c ie n t i f ic  commun ity .

o P ro vid e Exe cu tiv e Branch  pe rs pec ti ve s  re gard in g  sc ie nce and 
te chno lo gy p o li c y  to  th e Co ng ress .

1



A c ti v it ie s  and Accomplishments

Po licy issues th at are or have been addressed dur ing the past year are 
summarized below. They represent the type of  work the OSTP has undertaken 
during the past  year.

National  Sec ur ity , In te rn at iona l and Space A ff a ir s
As directed  by the  President,  the Dire ctor  of  OSTP headed high -le ve l 
de legatio ns to  Japan, China, the Soviet Union, Venezuela, B ra z il ,
Peru and Barbados. These v is it s  served to enhance S&T cooperation 
between the co un tries  and regions involved. During the year, OSTP 
cont inued planning fo r the establishment o f the In s ti tu te  fo r S c ie n ti fi c  
and Techno logical Cooperation. In ad di tio n,  the Pres ide nt's c iv i l 
space po lic y was elaborated to inc lude the establishmen t of  an 
opera tion al land remote sensing system. The o ff ic e  also ass isted in 
the comprehensive te st ban tr ea ty  ne go tia tio ns , in analyses of  new 
st ra te g ic  m is s ile  systems and in  oth er issues  pe rta in ing to  na tiona l 
se cu rit y.

Natural Resources and Commercial Services
The s ta ff  provided leadersh ip fo r the OSTP's ove ra ll assessments of  
Federal and pri va te  sec tor research and development and the form ula tion 
of a number of  de cis ion and po lic y documents inclu ding  the messages 
to the Congress on Science and Technology and on In dustr ia l Inn ovation . 
Other a c ti v it ie s  have centered on: the in it ia t io n  of  government- 
indu stry  coopera tive research programs in bas ic automotive research 
and ocean margin d r il li n g ;  completion  of the Preside nt ia l review of 
radioa ct ive  waste management; nuclear  sa fe ty and Nuclear Regu latory  
Commission reor ga niza tio n;  water and non-fue l mineral  R&D po lic y;  
and regu latio n and regu la to ry  reform , p a rt ic u la rl y  in the area of  
tra ns po rtat ion.  Resp ons ib ili tie s fo r implementat ion of  the National 
Earthquake Hazards Reduction Program and Federal Dam Safety Program 
were tra ns ferre d to  the Federal Emergency Management Agency.

Human Resources, Soc ial and Economic Services
The OSTP helped the Executive Branch, Congress, and the s c ie n ti fi c  
community formulate  a plan to assure the con tinu ity  and s ta b il it y  of  
funding fo r bas ic biomedical research and stimu lated implementation of  
changes in grant ap pl icat io n and repo rting  requi rements designed to 
ease the ad min is tra tiv e burden on sc ie n ti s ts . The O ffi ce  contribute d 
to the development o f mechanisms to improve the management and qua li ty  
of  environmental and ag ricu ltu ra l research. A framework fo r Federal 
po lic ie s concerning id e n ti fi c a ti o n , ch ara cter izat ion, and contro l of  
human carcinogens was completed and pub lished.  Research and techn ica l 
needs fo r dispos al of  hazardous chemica ls were de fined . Agency ro les 
and the qualit y  of  research on the health  ef fe ct s of  low lev el ionizing  
ra diat ion were analyzed. A na tiona l aquaculture plan was completed.
An ana lys is of  formal  un iv e rs ity-industr y  research re la tio ns hi ps  was 
pub lished,  and evalua tions  of  jo in t  governmen t-indus try research programs 
re la ted to pharmaceutical agents fo r developing coun tries  and food 
processing were in it ia te d . The examination o f Federal po lic y in the 
reimbursement and ap prop ria te use of  medical techno log ies was encouraged.
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The OSTP augments s ta f f  c a p a b i l i t ie s  by  o b ta in in g  o u ts id e  advic e  th ro ug h 
c o n tr a c tu a l a n a ly s is , a d v is o ry  g ro ups, in d iv id u a l co n su lt a n ts  and in te ra gency 
pane ls . The O f f ic e 's  c o n s u lt a n t l i s t  p re s e n tl y  in c lu d es  81 e xp e rt s  w it h  
experience in  a wide  range o f s c ie n t i f ic  and te c h n o lo g ic a l are as . Selec te d 
issues f o r  wh ich  co n tr a c tu a l an aly ses were in i t ia te d  du ring  FY 1979 are li s te d  
be low:

CONTRACT TITLE CONTRACTOR AMOUNT OF AWARD

S tu d ie s  o f Ru les  and R egu la tions 
Con ce rn ing Non -fue l M in e ra ls

Env iro nm en ta l Law 
In s t it u te

$4 6,50 0.00

S&T P o li c y  o f Selec te d South  
Am er ica n C ountr ie s

Fu tu re s Group $2 8,40 0.00

Study  o f  N on-fuel M in e ra ls Resources  fo r  th e  Fu tu re $5 8,50 0.00

In d iv id u a l S u s c e p t ib il it y  and 
H ealth  and Env iro nm en ta l 
R egu la tions

The Con se rvat ion
Fo un da tio n

$2 0,00 0.00

Carbon D io x id e  and C lim a ti c
Change: A S c ie n t if ic
Assessment

N ationa l Academy o f 
Sc ien ces

$1 3,50 0.00

A na ly s is  o f Selec te d
In te rn a ti o n a l Issues

N ationa l Academy o f 
Sc ien ces

$1 7,00 0.00

Edu ca tio n and Employment o f
Women in  Academia

N ational Academy o f 
Sc ien ces

$3 2,90 0.00

Su pp or t o f  P lann in g S ta f f
A c t iv i t y  fo r  Coo per ativ e 
Aut om ot ive Research Program

Donovan, Ham ester & 
R a tt ie n , In c .

$1 9,50 0.00

S ta tu s o f B io lo g ic a l and
Med ical  Research on S tress

In s t it u te  o f Med ic’in e $8 0,00 0.00

C li n ic a l In v e s ti g a ti o n s  in I n s t it u te  o f  M ed ic ine $5 7,50 0.00
Dev eloping  Countr ie s

3
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Committees o f the Federal  Co ordina ting Council fo r  Science, En gine er ing,  and 
Technology  undertook ana lyses o f a wide range o f p o li c y  iss ue s,  producing 
majo r re ports on dam sa fe ty ; ocean p o llu ti o n  re se arc h, deve lopment, and 
mon ito rin g;  government pa tent  p o li c y ; and Federa l procurement of  R&D. During 
1979, the  fo llo w in g  com mit tees and subcommit tees were in  ex is tenc e:  

o Committee on Atmosphere and Oceans

o Committee on Food and Renewable Resources

o Committee on Hea lth  and Med icine

o Committee on Ocean P o llu ti o n  Research,  Deve lopment, and Mon ito rin g 

o Committee on In te rn a tio n a l Sc ience, En gin ee ring and Technology  

o Committee on In te ll e c tu a l Pro pe rty  and In fo rm atio n

o Ad Hoc Committee on Review o f B il a te ra l S&T Agreements (Te rmina ted ) 

o Ad Hoc Committee on Dam Sa fety (Te rmina ted )

o Ad Hoc Committee on the In s t it u te  fo r  S c ie n ti fi c  and Techno log ica l
Cooperation

o Ad Hoc Committee on OMB C ircu la r A-76

o Ad Hoc Committee on Automotive Research

o Ad Hoc Committee on Science and Te chnic al In fo rm atio n P o lic y

o Jo in t Subcommittee on Aq uacu lture

o Jo in t Subcommittee on Human N u tr it io n  Research

Sta te  and lo ca l government o f f ic ia ls  have helped OSTP, throu gh the In te r­
governmental Science, Enginee rin g,  and Technology Ad viso ry  Pa ne l, to :

o Estab lis h a process to  id e n t if y  and se t p r io r it ie s  on s ig n if ic a n t 
State  and lo ca l prob lems which science and tech no logy  could he lp 
so lve . Problem areas  in cl ude energ y, environme nt,  tr anspo rt a ti on , 
and sa fe ty .

o Pinpoin t Federal R&D and te ch nic al as sis tance needed to  so lve  spec if ic  
prob lems, in clu d in g hazardous  was te, LANDSAT da ta , f i r e  p ro te c tion , 
and problems o f the e ld e r ly .

o Formulate White House p o li c y  res po ns ive  to  State and lo ca l needs fo r  
science and tech no logy . ISETAP was s p e c if ic a ll y  requested in  the 
Pre sid ent's  Science and Technology Message to  inc rease e f fo r ts  in  
pla nn ing  fo r  te chnic al ass is tanc e and R&D fo r  problem so lv in g . This 
gen era l d ir ec ti o n  was s p e c if ic a ll y  re in fo rc ed in  the Rural P o lic y  charge 
to  he lp se t a ru ra l rese arch  agenda and to  he lp assess and use 1980 
census da ta.

4
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i i .

APPROPRIATION LANGUAGE

Federal Funds

General and sp ec ia l fund s:

Sala ries and Expenses

For necessary expenses o f the O ff ic e  o f Science and Technology P o lic y , 

in  carr y in g out the  purposes o f the  Nat iona l Science and Technology P o lic y , 

O rg anizatio n, and P r io r it ie s  Ac t o f 1976 (42 U.S.C. 6601 and 6671), h ir e  of 

passenger motor  veh ic le s , se rv ic es  as au thor ized  by 5 U.S .C.  3109, not to  

exceed [$1,00 0]  $1,500 fo r  o f f ic ia l  re ce ptio n and re pre senta tion expenses, 

and re n ta l o f confe ren ce rooms in  the  D is t r ic t  o f Columbia,  [$2,62 5,00 0]  

$2,948 ,000 (Department o f Hous ing and Urban Development-Independent Agencies 

Appro pr ia tio n Act , 1980.)

5

60- 770  0 - 8 0 - 5



64

i i i .
EXPLANATION OF THE FISCAL YEAR 1981 BUDGET

AND MAJOR INCREASES AND DECREASE?

The $2 ,94 8 m i l l io n  estim ate d  OSTP bu dget fo r  FY 81 shows an in cr ease  o f $236 
thousand fro m th e  FY 1S8O a u th o r iz a ti o n  p lu s  th e  re qu es te d pay ra is e  supple m enta l.  

Th is  bu dget p ro v id es  f o r  a c t iv i t ie s  o f th e  O ff ic e  a t a le v e l c o n s is te n t w ith  
th e ro le  OSTP has e s ta b li s h e d  w it h in  th e  E xecutive  O ff ic e  o f th e  P re s id e n t.  
A c t iv i t ie s  o f th e  O f f ic e  hav e been ta il o r e d  to  a sm all perman ent s ta f f  a ss is te d  

by experts  ex te rn a l to  th e  O ff ic e  who can be c a ll e d  upon as needs a r is e .

T o ta ls  by m ajo r o b je c t c la s s  are :

o Pe rson ne l Co mp ensation and B e n e fi ts — $1,4 63,0 00. Th is  is  an in cre ase 
o f $1 1,00 0 from  FY 1980 e s tim a te . Of  th e  t o t a l ,  $850,00 0 is  fo r  
f u l l - t im e  pe rman en t p o s it io n s . Re im bu rsab le d e ta i l  and tem po ra ry  
pe rson ne l u t i l i z a t i o n  remains  at  th e  same le v e l as FY 1980. The 
incr eas e ov er FY 1980 re s u lt s  fro m a n ti c ip a te d  in -g ra d e  and 
pr om ot ion ra is e s  and does no t p ro v id e  fo r  co s t o f  l iv in g  ad ju st m ents .

o T ra ve l— $2 83 ,0 00 . In cre ase o f $1 3,00 0 r e f le c t s  incr eas ed  a ir fa re s ,  

o T ra n sp o rt a ti o n  o f  T h in gs—$5 ,0 00 . No change.

o Ren ts , Com mun icat ions , and U t i1i ti e s --$ 3 0 2 ,0 0 0 . $1 5,00 0 in cr ease
budgete d to  co ve r sche du led GSA re n t and o th e r ra te  in cre ases.

o P r in ti n g  and R epro duction— $3 5,00 0.  No cha nge.

o Othe r C ontr actu a l S e rv ic e s—$8 20 ,000 . In cre ase  o f $216 ,000  in  program 
arid o th e r c o n tr a c ts  r e f le c t s  g re a te r c o n tr a c tu a l support  fo r  ex te rn a l 

issu es  a n a ly s is  fro m FY 80 le v e l.

o Supplie s and M a te r ia ls — $2 0, 00 0.  Decrease  o f $9,0 00. 

o Equip me nt— $2 0,00 0.  De cre ase o f $1 0,00 0.

6
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IV .

OFFICE OF SCIENCE AND TECHNOLOGY POLICY 
SALARIES AND EXPENSES 

SUMMARY O F OBLI GA TI ON S BY OBJECT

A ctu a l
FY 1979

Permanent S ta f f

P o s it io n s

Perso nn el  Com pensation

24

Permanent P o s it io n s $ 74 1,0 00

Temp orary  P o s it io n s

O ve rt im e, H o liday

70 ,000

and Oth er

C onsu ltan t Compensa-

9,00 0

t io n

Reimbu rsab le  D e ta il

130,0 00

and Oth er 21 8,00 0

S ubto ta l $1,1 68 ,0 00

Perso nn el  B e n e fi ts $ 76 ,000

S u b to ta l, 
Pe rso nnel 
Comp & 
B ene fi ts

Tra vel

$1 ,2 44 ,0 00

S ta f f $ 10 3,00 0

C onsu ltan t 12 1,00 0

Lo ca l & M is ce lla neous 4,00 0

S ubto ta l $ 22 8,00 0

Est im ate
FY 1980

Est im at e
FY 1981

D if fe re n ce  
FY 1981/80

24 24 0

$ 842,0 00 $ 850,0 00 + $ 8,00 0

153,000 155,000 + 2,00 0

13,000 13,00 0 0

169,000 169,000 0

180,000 180,0 00 0

$1 ,357 ,000 $1 ,367 ,000 + $10,0 00

$ 95 ,00 0 $ 96 ,000 + $ 1,0 00

$1 ,452 ,000 $1 ,463 ,000 + $11,0 00

$ 120 ,000

146,000

4,00 0

$ 126,000

153,000

4,00 0

+ $ 6,0 00

+ 7,0 00

0

$ 270,000 $ 283,0 00 + $1 3,0 00
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A ctu a l
FY 1979

T ra nsp o rt a tion  o f
Th ing s $ 2,00 0

Ren ta ls  & Communications

Space Re nta l $ 187,0 00

Equ ipment and Other  
Ren ta ls 39 ,000

Te lep ho ne , Te legrap h 
& Pos tage 63 ,000

Sub to ta l $ £89,0 00

P r in t in g  & Rep ro du ct ion $ 58 ,000

O th er C ontr ac tu a l S erv ic es

Oth er  Admin C ontract s $ 14 7,00 0

Program C on trac ts 37 4,00 0

S ubto ta l $ 52 1,00 0

S upp lie s & M a te ri a ls $ 46 ,000

Equipment $ 49 ,000

TOTALS: $2 ,437 ,000

Est im at e
FY 1980

Est im at e
FY 1981

D if fe re n ce s  
FY 1981 /80

$ 5,0 00 $ 5,0 00 $ 0

$ 200,0 00 $ 211,0 00 + $ 11 ,000

21 ,00 0 23 ,00 0 + 2,00 0

66 ,000 68 ,000 + 2,00 0

$ 287,000 $ 30 2,00 0 + $ 15 ,00 0

$ 35 ,00 0 $ 35 ,000 $ 0

$ 150,000 $ 150,0 00 $ 0

45 4,0 00 67 0,00 0 + 216,0 00

$ 604,000 $ 820,0 00 + $216,000

$ 29 ,00 0 $ 20 ,000 -  $ 9,0 00

$ 30,00 0 $ 20 ,00 0 -  $ 10,000

$2 ,712 ,000 $2 ,948 ,000 + $236,000
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T u e s d a y , M a r c h  11, 1980. 

NATIONAL SCIENCE FOUNDATION

WITNESSES

NATIONA L SCIENCE BOARD
DR. RICHARD C. ATKINSON, DIRECTOR. NATIONAL SCIEN CE FOUNDA­

TION
DR. NORMAN HACKERMAN, PRE SIDENT . RICE UNIV ERSITY AND CHAIR­

MAN
DR. MARIAN ELLIOTT KOSHLAND, PROFESS OR OF BACTERIOLOGY 

AND IMMUNOLOGY. UNIVER SITY OF CALIFORNIA, BERKELEY,

NATIONAL SCIENCE FOUNDATION
DR. GEORGE C. PIMENTEL, DEP UTY  DIRECTOR
DR. HARVEY AVERCH, ASSISTANT  DIRECTOR FOR SCIENTIFIC, TECH­

NOLOGICAL AND INTERNAT IONAL AFFAIRS
DR. ELO ISE E. CLARK, ASSISTANT  DIRECTOR FOR BIOLOGICAL. BE­

HAVIORAL AND SOCIAL SCIE NCES
CHARLES H. HERZ, GENERAL COUNSEL
DR. FRANCIS S. JOHNSON, ASSISTAN T DIRECTOR FOR ASTRONOMICAL, 

ATMOSPHERIC, EARTH, AND  OCEAN SCIENCES
DR. WILLIAM KLEM PERER, ASSISTANT DIRECTOR FOR MATHEMATICAL 

AND PHYSICAL SCIENCES
DR. F. JAMES RUTHERFORD, ASSISTANT DIRECTOR FOR SCIENCE EDU­

CATION
DR. JACK T. SANDERSON, ASSISTANT DIRECTOR FOR ENGINEERING 

AND APP LIE D SCIENCE
THOMAS UBOIS, ASSISTANT DIRECTOR FOR ADMINISTRATION AND 

ACTING DIRECTOR, OFFIC E OP" GOVERNMENT AND PUBLIC PRO­
GRAMS

DR. M. KENT WILSON, DIRECTOR. OFFICE OF PLANNING AND RE­
SOURCES MANAGEMENT

Appropria tion Pos itions

1979 ac tual . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $911,000,000 1,260
1980 estimate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  *997,090,000 1,274
1981 reques t. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,148,000,000 1,293

Increase. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +150,910,0 00 +  19

1 Includes supp lemental request of $840,000 fo r increased mil itary pay costs.

M r. B o l a n d . T h e  C o m m it te e  w il l c o m e  to  ord er .
W e  a r e  d e li g h te d  to  h a v e  w it h  u s  to d a y  th e  N a t io n a l S c ie n c e

F o u n d a tio n .
W e  w il l p la c e  th e  b io g r a p h ic a l s k e tc h e s  o f  D r.  K le m p e r e r  a n d  D r.  

J o h n s o n  in  th e  record  a t  t h i s  p o in t.
[T h e  b io g r a p h ic a l s k e t c h e s  fo llow :]
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Dr. William Klemperer

Dr. William Klemperer became Assis tant Director for Mathematical and Physical 
Sciences (MPS) in November 1979. In this position he  is responsible for the develop­
ment, coordination, direction, and evaluation of programs under the Divisions t ha t 
comprise MPS: Mathematica l and Computer Sciences, Physics, Chemistry, and Ma­
terials Research.

Dr. Klemperer is on leave from H arvard Universi ty where he holds the position of 
Erving Professor of Chemistry. Dr. Klemperer joined Harvard University  in 1954.

Born in New York City in 1927, having served in the  U.S. Naval Air Corps 1944- 
1946, Dr. Klemperer graduated from Harvard University in 1950 with an A.B. in 
Chemistry. He was awarded a Ph.D. in Chemistry by the  University of California, 
Berkeley in 1954, having s tudied with Dr. George C. Pimentel.

Dr. Klemperer’s research  interests lie primaily  in the  area of molecular spectros­
copy and molecular structure. His early work was devoted to the infrared spectros­
copy of gas phase high tempera ture  species. These infrared spectroscopic studies of 
lithium hydride led him to the molecular beam electric resonance study of lith ium 
hydride in 1960. Further work in the area  of molecular beam spectroscopy on high 
temperature  species led to precision structur al and charge distribution param eters 
of highly refractory mater ials. A research interest developing from this work led to 
the study of the measurement of electric dipole moments of molecules in excited 
electronic states  by both optical spectroscopy and molecular beam radio frequency 
spectroscopy.

An intere st developed during a sabbatical year at Cambridge, England is the 
theoretical description of molecule formation in the  inte rste llar  medium. His work 
in this area was devoted to an attempt  to unders tand the  mechanism of formation 
of molecules observed by modern radioastronomy, and led to the  correct identifica­
tion of the unknown species designated “Xogen” by Snyder and Buehl as the HCO + 
ion. This was the first polyatomic ion discovered in the inters tellar medium.

A recently developed in tere st is the  study of van der Waals moleculars by molecu­
lar beam electric resonance spectroscopy, leading to the most precise structural 
determinations of weakly bound complexes which are of use in understanding the 
nature  of intermolecular forces.

Dr. Klemperer has been a member of the National  Academy of Sciences since 
1969. He is also a fellow of the  American Physical Society, a member of the 
American Academy of Ar ts and Sciences, and a member of the  American Chemical 
Society, and a Fellow of the Frankl in Institute. In 1978 he received the John Price 
Wetheril l Medal from the Frankl in Institu te, and in 1980 he receives the Irving 
Langmuir Award in Chemical Physics.

Dr. Klemperer has been a consultant to the Bell Laboratories, and the Manufac­
turing Chemists Association.

Dr. and  Mrs. Klemperer presently  reside  in Washington, D.C.

Dr. Francis S. Johnson

Dr. Francis S. Johnson became the  Assistan t Director for Astronomical, Atmos­
pheric, Ear th, and Ocean Sciences (AAEO) in November 1979. In this  position he is 
responsible for the development, coordination,  direction, and evaluation of programs 
under the  Divisions tha t consti tute AAEO: Astronomical Sciences, Atmospheric 
Sciences, Earth  Sciences, Ocean Sciences, and Polar Programs.

Prior to his NSF appointment, Dr. Johnson was the Cecil H. and Ida M. Green 
Honors Professor of Natural Sciences a t the University of Texas a t Dallas, and also 
served as Executive Dean of Gradua te Studies and Research. Dr. Johnson joined the 
predecessor insti tution to the University  of Texas in 1961 and served as Acting 
President from 1969 until 1971 and as the  Director of the Center for Advanced 
Studies there from 1971 until 1974. Ear lier  he served as manager of Space Physics 
Research at  Lockheed Missiles and Space Company in Palo Alto, California and as 
Head of the Upper  Atmosphere Research Section of the U.S. Naval Research Labo­
ratory  in Washington, D.C. During World War II, he served as a meteorologist in 
the Army Air Force.

Dr. Johnson was born in 1918 in Omak, Washington; received a B.S. in physics 
from the  University of Alberta (Canada) in 1940, and an M.A. in 1942 and a Ph.D in 
meteorology in 1958 from the Universi ty of California at  Los Angeles. His main 
research interests are  in the fields of uppe r atmosphere and space physics, plan­
etary  science, and solar radiation and he has  authored and co-authored numerous 
publications in these  areas.
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Included among his awards, Dr. Johnson has received the Space Science Award from the American Insti tute of Aeronaut ics and Astronautics,  the Henryk Arc- towski Medal from the National Academy of Sciences, the Exceptional Scientific Achievement Medal from the Natio nal Aeronautics and Space Administration (NASA), the  John A. Fleming Award from the American Geophysical Union, and the Meritorious  Civilian Service Award from the Air Force.
Dr. Johnson is active in many professional societies, including the American Association for the Advancement of Science, the American Astronomical Society, the American Geophysical Union, the American Inst itute  of Aeronautics  and Astro­nautics, the American Meteorological Society, the American Physical Society, the Committee on Space Research (U.S. Representative  and Vice President, 1975-81), the Special Committee on Solar-Terrestrial Physics, the Inst itute  for Electrical and Electronics Engineers, and Sigma Xi. Over the  years, he has served in an advisory capacity to many government agencies including the National Oceanic and Atmos­pheric Administ ration, NASA, the  National Bureau of Standards, the U.S. Air Force and the  Nat ional Academy of Sciences.
Dr. and Mrs. Johnson reside in Arlington,  Virginia.
Mr. Boland. I read your statement, Dr. Atkinson. It is always  a fine state men t; you just ify all the National Science Foundation programs.
In fiscal year 1981, the  National  Science Foundation  is request­ing appropriations tota ling  $1,148,000,000. This is an increase of $150,910,000 above fiscal year 1980 when the  supplemental request of $840,000 is considered. The number of positions increased from 1,260 in 1979 to 1,274 in 1980 to 1,293 in 1981.
Dr. Atkinson, why don’t you go ahead  with your  statement .
Dr. Atkinson. Mr. Boland, I will try  to be brief. I am glad you-----
Mr. Boland. You don’t have to be brief. You have only 16 pages. We had Dr. Press here  earli er today. He had 19 pages. I’ve never known anyone in the government that does more with  less money and core staff  than he does. That  office really is impacted with great responsibility.
Dr. Atkinson. We have a special relat ionship to that  office by law; the  Foundation is required to provide long-term policy re­search  in support of OSTP activities .
Mr. Boland. I know you have. You have a special role, as I understand, with the join t agreement  between the  United  States  and the  Union of Soviet Socialis t Republics. We had some discus­sion about tha t this morning. And will discuss it again this after­noon.
Do you leave most of the  cooperative activit ies to the  National Academy of Sciences?
Dr. Atkinson. No. We have  an agreement th at  the  National Academy is responsible for certain activi ties and the re is a sepa­rate responsibil ity for the  foundation; the U.S.-USSR Cooperative Research program is one monitored by the National  Science Foun­dation.

NA TION AL  SCIENCE BOARD

Mr. Boland. You have 25 Members of the National  Science Board?
Dr. Atkinson. 24 plus t he  Director of NSF.
Mr. Boland. You a re a member of the Board?
Dr. Atkinson. Yes, an ex officio member.
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Mr. Boland. Do we have any new members added since the 
hearings last  year?

Dr. Hackerman. Not since last  year.
Mr. Boland. We will place the  names of a ll of th e Members of 

the Board, including the ir par ticu lar responsibil ities with in the 
organiza tions they  represent, in the record at this point.

Are they all unive rsity scientists?
Dr. Atkinson. No. Some are  from indus try, small colleges, and 

the  public sector.
[The National  Science Board follows:]

National Science  Board

Dr. Norm an Hackerm an (Cha irman, Nat ional Science  Board), Pre sident , Rice 
University , P.O. Box 1892, Houston, Texas 77001

Dr. Grover  E. Mu rra y (Vice Cha irman, Nat ional Science Board), Univer sity  Pro ­
fessor, Texas Tech Unive rsi ty and Texas Tech Un iversity School of Medicine,  P.O. 
Box 4680, Tech Stat ion , Lubbock, Texas 79409

Dr. Raymond L. B isplinghoff, Vice Presiden t for Researc h and Development, Tyco 
Laboratories, Inc., Tyco Pa rk , Exeter, New Hampshi re 03833

Dr. Lewis M. Brans comb, Vice Pre sident  and  Chie f Scie ntis t, Int ern ational Busi­
ness Machines,  Inc., Arm onk, New York 10504

Dr. Jewel Plum me r Cobb, Dean and Professor of Biology, Douglass College, 
Rutgers—The Sta te Un iversi ty of New Jersey , New Brunswick, New Jersey  08903

Dr. Lloyd M. Cooke, Vice Cha irman,  Economic Deve lopment Council of New York 
City, Inc., 260 Madison Avenue, New York, New York 10016

Dr. Eugene H. Cota-Robles, Professor of Biology, Biology Board of Studies,  Thi- 
mann Laboratories, Un ive rsi ty of California  at  Santa  Cruz, Sa nta Cruz, Cali fornia 
95064

Mr. Her ber t D. Doan, Ch airma n, Doan Resources Corporat ion,  110 East Grove 
Str ee t, Midland, Michigan 48640

Dr. Ernest ine  Friedl, Dean of Art s and Sciences  and  Tr ini ty College, and Profes­
sor of Anthropology, 216 Allen Build ing, Duke Univers ity, Durham, North Caro lina 
27706

Dr. Joh n R. Hogness, Pre sident , Association of Academic He alt h Centers, 11 
Dup ont Circle, N.W., S uite  210, Washington , D.C. 20036

Dr. W. N. Hubbard, Jr. , Pre sid ent, The Upjohn  Company, Kalamazoo, Michigan 

49001
Dr. Will iam F. Hueg, Jr. , Profess or of Agronomy and  Depu ty Vice Pre sident  and 

Dean, In sti tu te  of Agriculture , Fores try , and Home Economics, 201 Coffey Hall, 
Univer sity  o f Minnesota, St. Paul , Min nes ota  55108

Dr. Michael Kasha, Director,  In st itu te  of Molecular Biophysics and  Professor of 
Phys ical Chem istry , Florida State  U niv ers ity , Tallahassee,  Florida  32306

Dr. Ma rian  E. Koshland, Professor of Bacteriology and  Immunology, Departm ent 
of Bacteriology and Immunology, Un ive rsi ty of Cal ifornia at  Berkeley, Berkeley, 
Cal ifornia 94720

Dr. Saunder s Mac Lane, Max Mason Distinguished Service Professo r of Math­
emat ics, Departm ent  of Mathem atic s, Eckh art 325, Univer sity  of Chicago, 5734 
Univer sity  Avenue, Chicago, Ill inois 60637

Dr. Wa lter E. Massey, Direc tor, Argonne Nat ional Laboratory,  9700 South Cass 
Avenue, Argonne,  Illinois 60439

Dr. Joseph  M. P ett it,  President, Georgia In sti tu te  of Technology, At lan ta,  Georgia 
3 0 3 3 2

Dr. David V. Ragone, Dean, College of Eng ineerin g, Univer sity  of M ichigan, Ann 
Arbor , Michigan 48109

Dr. Donald B. Rice, Jr ., President, The Rand Corporation, 1700 Main Str eet , Santa  
Monica, Cal ifornia 90406

Dr. Alexander  Rich, Sedgwick Professo r of Biophysics, Depar tment  of Biology, 
Massac husetts  In sti tu te  of Technology,  Cambridg e, Mas sachuset ts 02139

Dr. Edwin E. Salpeter, J. G. Whi te Profess or of Physical Sciences, 308 Newm an 
Laboratory of N ucl ear  Studies, Cornell Un iversi ty,  Ithaca , New York 14853

Dr. L. Donald Shields, Pres iden t, Cal ifornia State  Univers ity at  Fuller ton , Fu ller­
ton, Cali fornia 92634
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Dr. Charles  P. Slichter, Professor of Physics and in the  Center for Advanced Study, Room 311, Loomis Laboratory of Physics, University of Illinois, Urbana, Illinois 61801
Dr. James H. Zumberge, President, Southern Methodist Universi ty, Dallas, Texas 75275

MEMB ER EX OFFICIO

Dr. Richard C. Atkinson (Chairman, Executive Committee), Director, National Science Foundation,  Washington, D.C. 20550
Mr. Boland. Why don’t you go ahead  with your  statement? 

General Statement
Dr. Atkinson. I will summarize my wri tten  s tatemen t.The 1970’s have been ext raordin ary  years for science. A few examples  of advances rela ted to the NSF support are  the  theory  of plate  tectonics; research on the  genetic code, in partic ula r the work on recom binant DNA; laser chemistry; cloning techniques, and eco­nomic theory.
Why do I call a tten tion  to these  par ticu lar examples?In all of them NSF played a cent ral role, and research  results occurred at  a rate  f aster  th an  anyone  anticipa ted.
Dr. Koshland is a world authority  in the  are a of recombinant  DNA research. Tha t term  was new to the  scientific language 10 years ago. Yet if you look at  the financial section of any  newspaper today, you will see one account afte r ano ther of the  industria l activ ity in this field. Similar ly, the  theory  of pla te tectonics is now critica l in the area  of oil and  mineral explora tion. And NSF-sup- ported basic research on submicron stru ctures has encouraged joint research  activities by indust ria l and university scien tists of the highest character.
Consider two othe r examples.  Dr. Pimentel is a world auth ority  on the  chemical laser. Ten to 12 years ago, that  was a dreamy idea considered only in university laboratories. Since th en, lase r chemis­try  and the  impact of lasers on society have advanced rapidly. In the  same way, scientists have  amazed themselves at  t he speed with which cloning techniques have  been developed. They are  working now on new types of potato plan ts with remarka ble increases  in yields and  also on plan ts th at  can be cultivated in salt  water.The point I am trying to make  here is the  tremendous signifi­cance of basic research.  The old notion that  scien tists did research and 15 years  late r the ir work might have some applica tion, is pre tty well behind us. The speed at which some of these  areas move is surprising.

I also wan t to call att ent ion  to a couple of changes in role. Ten years  ago NSF supported 13 percent of the Federal effort in basic research.
Today, through the sponsorship of this Committee, NSF’s support of the  Federal effort in basic research stands at 18 percent. The Foundation  also plays a critical role in the  support of basic re­search in the  univers ities and colleges. Ten years ago NSF support­ed 25 percent of these efforts; today, NSF suppo rts 28 percent of basic resea rch in unive rsities and colleges
Applied research in the  Foundation is a small effort  in dollars; for every $10 NSF spends in basic research, it funds only $1 in
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applied research, but  it is an imp orta nt functio n of the Foundation. 

I want  to emphasize th at  it is not applied  researc h driven by 

nation al needs; th at  is an activity for the  variou s mission agencies 

of the governme nt. But it is applied rese arch  th at  is driven by 

science considerations. We are concerned with  moving resea rch of 

a basic character into  an  applied mode as quickly  as possible, even 

though we don’t always anticipate the  exact directio n that applied  

researc h will take.
Finally, I wan t to call atte ntio n to NSF’s science education activ­

ities. The Founda tion clear ly has a unique role to play vis-a-vis the 

new Depa rtmen t of Education.
I should note th at  Dr. Ruther ford, an effective leader of our 

science education dire ctor ate,  will be moving to the  Departme nt of 

Education. The Pre sid ent  has nominated  him to be the Assis tant 

Secretary  for Resear ch and Improv ement in the  new departmen t. 

H is  effective plan ning  and developing of progr ams at NSF puts 

him a good step-----
Mr. Boland. I hope he enjoys th e new d epartm ent.  I feel it is one 

are a th at  should have rema ined where it was, but  in any event 

th at  did not come to pass, so we wish you luck.
I am sure with the  expe rtise  and knowledge you gleaned with 

the  Foundat ion you can do t he same over t her e too.

NSF  19 81  BUDGET THRUSTS

Dr. Atkinson. Mr. Boland, let me briefly emphasize some of th e 

factors contrib uting to the fiscal year  1981 budget. Among them 

are  coordination with oth er agencies, the  Preside nt’s Domestic 

Policy Review on ind ustrial  innovation and the  Five-Year-Outlook 

on needs and opportunities  in science and technology.
The Pres iden t’s budget message selected four are as for special 

atte ntion in fiscal year 1981. One are a was energy, ano ther  was 

defense, the  thir d was emplo ymen t and trai nin g for yout h and the  

four th was basic research.
Between 1967 and 1980, the Federa l suppo rt for basic researc h 

measured in consta nt dolla rs looks fairly good: an eigh t percent  

increas e for federally-supported basic research . I can tal k in terms  

of p erce nt of GNP and make  a less favorable case, but in constant 

dollars, the re is an increase  of eight percent.  When I brea k tha t 

down and look a t the diffe rent fields of basic research, I find some 

variations:
—In the  environment al sciences, 34 perce nt increase.
—In the  medical and life sciences, a 19 pe rcent  increase.
—In the  enginee ring sciences, a 22 perce nt increa se and

—The social sciences, a 7 per cen t increase.
Given those  numbers, how can I report to you an averag e in­

crease of 8 perce nt in con stan t dollars,  between 1967 and 1980?

The reason is that ma thematica l and physical sciences during  

that period unde rwent a 14 percen t decrease in con stan t dollars. 

That is the  key to an exam inati on of NSF’s budget. The percent­

ages in diffe rent categories show extreme differences, and the 

budget  strongly emphasizes the  physical sciences, mathem atics, 

and computer science.
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We also have a strong emphasis on engineering and applied science activities. Why engineering?  I commented th at  ther e has been a healthy  growth in the support of engineering activities. There also has been a hea lthy  growth in the  mission agencies. But I think  th at  in engineering  research too much of the  money is allocated to specific efforts; there must be an open window for the best ideas in the engin eering fields. Consequently, the  NSF budget conta ins a significant  increase for the engineering programs.
industry/ univer sity research

The Pres iden t’s Domestic Policy Review on industr ial innovation also brought some key issues to NSF’s attention. One is the effort to link university research  with  indus try research. NSF’s budget bears  a significant increase for an indust ry/u nivers ity cooperative research  program. In essence, it involves join t research  projects proposed by scientis ts in unive rsities and scientists in industry . NSF has had such an experimental program underway for two years; some absolute gems of research have been created.  These successes drew atte ntio n in the Domestic Policy Review, and NSF’s budget was increased to expand the program. The program pro­duces not only research ; it also builds bridges between indus try and university scientists.
We also are reques ting funds for indu stry /un ive rsit y cooperative research  centers of the  sor t I have described to you in the past, such as the  MIT Polymer Research Center. In these projects, a group of industries contribu tes significant dollars  to a university research  center. Together, indu stry  scientists and university  scien­tists  plan the research agenda. The planning  process ensures tha t the work is readi ly av ailable to industria l applications.A similar effort is requested  in the Small Business Innovation  Program. The program’s purpose is to encourage  fundamental re­search by the small business community and was recommended by the Pre sident ’s Domestic Policy Review.
Finally , let me note the  ocean margin drillin g program, a major effort to extend our scienti fic drilling program from the deep oceans to the ocean m argins . The program will be extended over 12 years, industry will fund ha lf of the cost and much of industry’s expertise will be involved in the planning and conduct of the research.
In the  past I have mentioned frequently the  role of fundamental research  in United States productivity. Among the  problems of characterizing  that role are  the  thousand diffe rent stra nds  of re le­van t research .
Professor Paul Samuelson, an MIT economist, summarizes that  role as follows:
“More than one-half the  growth in United States productiv ity is due to the  advance of scientific  knowledge quite  aside from soci­ety’s laborious thr ift and sacrifice of current consumption stan d­ards  in the interest of more productive capi tal for the futu re.”In short Dr. Samuelson is saying that  advances of scientific knowledge account for 50 percent of the  United Sta tes growth rate in productivity.
[The s tatemen t follows:]
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Mr. Chairman and Members o f the  Subcom mittee:

I am pleased to  have th is op po rtu ni ty  to  present the  Founda tion 's fisca l year 1981 

budget request. This request to ta ls  $1,1*8 m ill ion and is 15.5 percen t above the 

fis ca l year 1980 program  le ve l of  $993.8 m ill ion.  It  allows fo r rea l growth  in the  

lev el  of  e ff o rt  of  most NSF supported ac tiv iti es and is a fisc a lly  sound response to  

cu rre nt  science needs and op po rtu ni tie s.

Our Nat.on's fu tu re  is clo se ly tie d to  the str ength of  our sc ie nti fic  enterp rise . In 

such essential areas as food fo r the  wor ld's growing populat ion , new sources of  

ene rgy, the fig ht  against disease, and the assurance of na tiona l secu rity,  we are 

pro fou nd ly dependent on the  new knowledge  and technologies that  grow out of  

sc ie nti fic  research. Beyond these fundam ental concerns, science must provide a 

base fo r techno log ica l developments necessary to  susta in ou economy in the face  

of  increasing  comp et itio n fro m abroad, and must show us how to  pr ot ec t the li fe - 

givin g env ironment of  our planet.

The Na tiona l Science Fou nda tion  plays an increas ing ly im po rta nt  ro le  in the  federa l 

support  of  fundam ental research . NSF now provides about o n e - f if t h  o f  a l l  fe d e ra l 

support  fo r basic research—up from  13% in 1969. In the  nation's colleges and 

un ive rs itie s,  NSF now prov ides about 28% of  al l fed era l funds fo r the  conduct of 

bas ic research , compared to 25% in  1969.

The Foundation is unique among fede ra l agencies, in th at it  is the only one 

responsible fo r supporting research in al l fie lds of  science and engineer ing, and in 

science education.  Its efforts are designed to  support the developme nt of  the
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knowledge,  tools,  and skills  across al l fie lds  o f science that  provide an underpinning 
fo r solving many of the Nation 's problems, in both the public and pri vate sectors. 
Never theless , it  is crucia l that  we recognize  the importance of  a m ul tip lic ity  of 
funding sources and performers in mainta ining the effec tiveness  of our sc ient ific 
enterprise . It  is im portant and necessary tha t the mission agencies support of  basic 
research continue to provide a foundation for thei r applied research and 
development ac tiv ities .

Mr. Chairman, there are several impo rta nt  current trends in science that  I would 
like  to bring to the attent ion of  this  com mit tee . These trends are intern al,  in the 
sense th at  they are driven by the dynamics o f science its el f rather  than by demands 
or constra ints  imposed by society.

These trends are:

— A stronger interdependence among many of the histo ricall y well- 
established science d iscip lines ;

— Increasing linkages o f basic and applied science;

— A rise in jo int  ef fo rts involv ing  indu strial, academic, and other per­
formers of  research; and

— A growth in intern ational cooperat ion in relatio n to major research 
undertakings.

These trends are all quite hea lthy , and they allow for many new science 
opportu nities.  They indicate that  science is a dynamic en tity,  changing and 
developing as it  grows, and becoming more unif ied and integrated as it  also 
becomes more complex. Indiv idual scientis ts become more highly specialized as 
they  pursue the explo ration of  pa rticu lar  phenomena. But, in many areas of 
science, we are discovering that  the the ore tical developments in one discip line are 
applicable  to those in others, and hitherto  inexplicable phenomena become 
understandable as this convergence occurs. This is highly productive for  the 
development of new fundamental knowledge as we ll as new applications.

-2 -
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Our sense of  where  technologies are lim ite d because of  inadequate knowledge and 

of  how advances in knowledge migh t lead to  new technolog ies has grown 

trem endous ly du ring the past century. In the  pas t, we expected the passage of 

years or even decades between an advance in fun dame nta l knowledge and a usefu l 

application of  th a t knowledge. Today, however, we see much shorter  tim e lags, 

and, in some fie lds,  discovery and application proceed In a smoothly art iculat ed  

fashion.

In surface science, fo r instance,  advances in understanding the behavior of 

ind ivid ua l atoms on the surface of  metals  give us some very  good leads fo r 

techniques to co ntrol co rrcs ion- -a  chem ist ry  problem that  costs the U.S. economy 

an est ima ted  $70 b ill io n ann uall y. Advances in understanding the cry st alli n ity of  

metals- -th roug h basic research  using the  most advanced techniques of  high 

resolu tion  elec tro n microscopy --h ave imm ediate ap pl ica tion to improv ing  the  

strength , fa tigue  li fe , and cor ros ion  propertie s o f st ru ctur al  metals .

Our grasp of the  geo physica l dynamics o f the ea rth  has undergone a r evolu tion w ith  

the  the ory  of  pla te tecton ics and its  co nf irm at ion in the  ocean cores obta ined  

through the  NSF-supported Deep Sea Dril lin g Projec t. This, in tu rn, has enhanced 

our  understand ing of  the dynamics of  earthquakes and cl im ate as well as o f the 

fo rm at ion and lo ca tion of  fo ss il fue ls and m ineral  deposi ts.

Our understand ing o f the  gene tic  code and developments in recombinant DNA 

techniques—work which has become possible only in the past few  years—has the  

po tent ia l fo r applications  of inca lcu lab le bene fit to  mankind. Pr iva te indust ry is 

already  engaged in the  p rod uc tion of  synthe tic  insulin, and rec en tly  the  synthesis of 

human interfe ron,  using recomb inant DN A techniques, was accomp lished. This is a 

ma jor  step  forwa rd in the  search fo r ways to  co ntro l viruses, w ith  impl ica tions  fo r 

diseases as var ied  as cancer and the common cold .

Despi te the increasingly  closer lin k between ins igh t and a pp licat ion,  we con tinue to 

be nef it by dist inguish ing between basic and appl ied research. It  is c ri ti ca l that  we 

recognize that  an applied approach, dri ven solely by the  search fo r a so lut ion  to a 

pa rti cu la r problem , rathe r than by the  developm ent of  sc ie nti fic oppo rtu ni tie s,  w ill  

not  necessarily  yie ld results  by it se lf . The advances I have described al l resu lted 

fro m work directed  at understand ing,  not  at finding  a solution to , a prac tic al  

problem. But  they al l had quick and im po rta nt  applic ations. They dem onstrate  

that  even though basic and appl ied rese arch are dis tinguishable  act iv iti es,  we can 

expect to  see closer linkages between them  in the  years ahead.
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Pa rtly in response to these fi rs t two trends, we have seen a th ird—an increased 
tendency for  cooperation between academic and indu strial scientists in the 
performance of research. Industry  is mainly  focused on appl ications, of  course, 
because it  wants a product. As discoveries in basic science have become more 
rele vant to commercia l products, indus try has turned to academic researchers for 
help. Also, academic researchers have sought indust rial  connections, especially in 
such fields as engineering and materials science, because industry has special 
fa ci lit ie s and special knowledge frequen tly gained from  concentrating on applied 
problems.

It  is in the public inte res t that  N5F, among other agencies, tr y  to bring academic 
and indu strial researchers together through industry-un iversit y cooperative 
programs.  The driv ing force behind such cooperation is the increasingly  tight  
linkage between basic and applied research. One resu lt has been the pro life rat ion  
of smal l, innovative high-technology firm s tha t "spin of f" from the jo int  research 
ac tiv ities  o f universities and ind us trial firm s and th at  have an important bearing on 
the Nation 's pro ductivity.

Fina lly , there is a trend  toward  increased cooperation in science among nations. 
This is most evident in "big  science," where the problems require observation on a 
global scale, and necessary resources in money and manpower often exceed the 
cap abi lities of indiv idua l countr ies. It is espec ially apparent in the earth , ocean 
and atmospheric sciences, where NSF programs such as the Inte rna tion al Phase of 
Ocean D ril ling,  the Inte rna tion al Decade of  Ocean Exploration,  and large-scale - 
atmospheric research programs have been outstanding successes. Inte rnational 
cooperation on a smaller scale is also increas ingly common and mutua lly benefic ial. 
Col labo ration between scie ntis ts in dif ferent count ries is evident in all  science 
areas. Many inte rna tional conferences, workshops, and other meetings take place 
each yea r, and the number has increased as Japan and the European countries have 
advanced the ir research capabil ities.

We have also seen an increase in bilateral science agreements wi th countries that 
are less developed sc ient ifica lly . There are bene fits to both sides from such 
agreements. Collabora ting nations seek to improve their sc ient ific capabili ty, and 
often seek special research opportunities rela ted to development.  These 
countr ies,in turn, provide U.S. scientis ts wi th access to  unique sites and resources. 
In some count ries, includ ing China,  we also seek to use cooperation in science and 
technology as a way to build tru st  and confidence and to improve relations 
gene rally .
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The important role  that  science and technology have come to play in intern ational 

affairs w ill  increase during this decade. For example, one of the outcomes of the 

increasing strength of  science abroad is tha t technology has become more 

compet itive . The consequences of this  fo r intern ational trade, coupled wi th  

indications of dec lining pro ductivity in U.S. industry , are important exte rnal  

factors affec ting American science and technology. Intensive investments in R3cD 

by West Germany and Japan have resulted in high pro ductivit y growth rates and 

leading positions in selected fields. This challenge by other nations to U.S. 

sc ien tifi c preeminence is already being trans lated into severe competi tion in high 

technology markets.

SPECIAL BUDGET EMPHASES IN FY 1981

I would now like to discuss some of the special emphases in the Foundation's FY 

1981 budget request.

Basic Research

Basic research remains the essential cornerstone of  U.S. science, and its support is 

the primary mission of  NSF. Basic research is a highly imp ortant, long-term  

inves tment in the nation's fu tu re .

— It provides a continually  expanding knowledge base, which increases 

man's understanding of fundamenta l natural  laws, processes and 

phenomena;

— It leads, over the long run, to new and improved technologies and 

info rma tion  o f great bene fit to society; and

It prepares the Nat ion to meet emerging new problems and as yet 

unidenti fied , problems that  it  w ill  surely encounter in the futu re.

The Foundation's basic research e ff o rt  is designed to support science at a pace that 

w ill  continue to give the U.S. a compe titi ve  edge in science among the nations of 

the wor ld. In FY 1981, the Foundation's request for  the conduct of  basic research 

totals  $951 mil lion , an increase of  16.9 percent. This to ta l also includes funding 

fo r the U.S. An tarc tic  research program.
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Ocean Margin Dr illing

The FY 1981 budget request w ill  be matched by an equal amount from a number of 
U.S. petroleum companies, to embark on a ten-year program of  dr illi ng  in the 
ocean margins.

The margins, located between the  continental  shelf and the ocean floor , represent 
the largest sc ient ific  unknown in geology today. They are also the largest 
unexplored area where we might expect  to find  hydrocarbons. The bulk of  the 
sediments are in water more than 6,000 fee t deep, too deep fo r any exist ing dri ll 
ship to handle w ith  proper at tent ion to environmenta l safeguards.

The pro jec t w ill  atta ck the most important unresolved problems in the plate  
tec ton ics  hypothesis, includ ing those related to con tinental  breakup and ocean 
basin forma tion. Besides its great sc ien tifi c importance, work  on the deeply 
submerged ocean margins w ill  constitu te the fir st  major e ffort  to establish the 
geologic fram ework for determ ining the natura l resource poten tia l of  these areas.

To carry  out this program, it  w ill  be necessary to dri ll and core up to 20,000 fee t, 
in water depths from  6,000 feet  to  13,000 fee t, using equipment necessary for  
environm enta l pro tec tion . A riser and blowout preven tion system must be 
developed. No exis ting deep ocean dr illing  pla tform has the ab ili ty  to meet these 
requ irements. But the Government-owned ship, Glomar Explorer , has been 
iden tifi ed  as an excellent cand idate  for conversion. Funds requested for  FY 1981 
will  take the pro ject  up to the poin t of conversion of  the ship, dr illing  system 
procurem ent,  and s ite selec tion.

Ind ustry /Univers ity Cooperative  Research

A specia l challenge fo r the U.S. is to ut iliz e fu lly  the research capabili ties of 
industry and universities in ef fo rts that  can lead to a strengthened, more vigorous 
U.S. research e ffor t.  Concern about interna tional com pet ition has contribu ted to 
proposals for  enhanced teamwork  between universities and industr ies tha t wi ll lead 
to the development of  new products and improved services. In FY 1981, NSF is 
proposing to increase its  Indust ry/Un iversit y Cooperative Research activ itie s. 
These ef fo rts are designed to couple more closely the ac tiv ities  of  industries and 
univ ers ities and to provide improved opportunities for universit y and industria l
research laborator ies to keep American science at the cu ttin g edge of progress. In 
this way we can help to give our industries a technica l edge in worldwide 
comp etit ion . _g_
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Small Business Innovation

NSF is moving aggressively to  strengthen research which provides opportunities for  

small science and technology-based firm s to make valuable contribu tions  to the 

nat iona l research ef fo rt  in FY 1981. The Foundation is requesting that the Small 

Business Innovation program be augmented, primar ily  in applied ef forts .

Improvement of University  Research Laboratories

The FY 1981 program request includes $14.25 mi llio n to upgrade university 

research laboratories. Many of these laboratories have outdated facil ities  which 

lim it  the research techniques or inst rumenta tion which can be used. This 

frequently  results in less than op tim al return  on the investment of  Federal dollars 

for support of research. The FY 1981 budget request represents a beginning to 

allev iate this situa tion. This e ff o rt  is planned as a matching grant program in 

which Federal funds w ill  be matched by academic in sti tut ion s wi th an equal amount 

of non-Federal  funds.

HIGHLIGHTS OF MAJOR BUDGET LINE ITEMS

Mr. Chairman, I would now like  to focus the atte ntion of  the Committee on some 

high lights of  the Foundation's major budget line items.

Mathemat ical  and Physical Sciences

We are requesting $264.2 mi llio n for  Mathematical  and Physical Sciences, an 

increase o f $37.8 m illio n over the FY 1980 Current Plan. Research results in these 

fie lds  prov ide the underlying knowledge fo r the futu re technolog ical developments 

upon which our economic and social we ll being so in tim ately  depend. They also 

form much of  the intellec tural underpinning for engineering and the bio logical,  

env ironm enta l, and behavioral sciences, as well as provide many of the research 

instruments and techniques necessary to progress in these fields.
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The needs and opportunities in the mathemat ical  and physical sciences are 
espec ially great, and these areas have received special emphasis in this  budget. FY 
1981 budget highlights include:

— A 28% increase fo r computer science, aimed pr im ar ily  at sig nifi cantly  
improving the university-based capabili ty in experimental computer 
science. The comb ination of  new mathemat ical  theories and modern 
integrated circu it  technologies promises excit ing  advances in th is area.

— Significant real growth  in the average award size, particula ry in 
Physics, Chemistry, and Materials Research.

— Enhanced support .for research related to  m icrostructures.

— Increased support for  mathematics  research, wi th emphasis on 
postdoctoral support and special pro jects invo lving greater  intera ctio n 
among mathematic ians  in  d iffe ring sifr fields.

— Continued emphasis on a broad range of  problems in chemist ry, 
includ ing especia lly such areas as cata lysis, the use of lasers, and 
understanding che mical processes at  the  most fundamental level.

Astronomical,  Atmospheric, Earth and Ocean Sciences

We are requesting $241.3 mill ion for  Astronom ical,  Atmospher ic, Earth and Ocean 
Sciences, an increase of  $23.4 m illion  over the FY 1980 level.

This act iv ity  is responsible fo r most of the large scale sc ient ific undertakings of  
the  Foundation, including the major research centers such as the K it t Peak 
National Observatory , the Nat ional Radio Astronomy Observatory, and the Na­
tiona l Center fo r Atmospher ic Research. It  also supports the academic 
oceanographic research fle et  and associated shared-support faci lit ies.
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Highlig hts  fo r FY 1981 include;

— Support lo r detailed design and specifications for a new 25-mete r 

m ill im ete r wave rad io telescope, which w ill  allow advanced 

inves tigations in as trochem ist ry and o f star forma tion in regions not  

vis ible to  opt ica l telescopes.

— Contin ued  strong support of  the  Na tiona l Center for Atm osp her ic 

Research and fo r a ba lanced program of univers ity-based inv estigations 

in aeronomy, atmospheric chem ist ry,  cl im ate dynamics,  experim ental  

mete oro logy, and s olar -te rre st ria l studies.

— Continued  e fforts to upgrade the academic oceanographic research 

fle et , w ith  emphasis on coastal ships th at  can be operated more 

e ff ic ie n tly . Sh ifts  towards  smalle r, more e ff ic ie n t ships are a major 

pa rt of  our st ra tegy  fo r con tain ing  rap idly increasing costs in this area.

U.S. Antar ct ic  Program '

We are requesting $63.^ m ill ion fo r the U.S. Anta rc tic  Program , an increase of 

$7.56 million  over the FY  1980 level.  The U.S. Anta rc tic  Program supports 

national goals to : main ta in the Ant ar ct ic  Trea ty, insure th at the con tinent  w ill  

continue  to  be used fo r peacefu l purposes only,  foste r coopera tive research to 

contribute to the  solutio n of  regional and worldw ide problems, protec t the 

env ironment, and insure equitab le and wise use of  liv ing and no nliving resources.

The U.S. Antar ct ic  Research Program subacti vit y supports mul tid iscip linary 

research on the Ant ar ct ic  co nt inen t and in the adjacent oceans. The research is 

conducted at four Anta rc tic  sta tions, from remote tem porary fie ld  sites,  and 

aboard ships. Remote sensing techniques, including sa te llites , a ir c ra ft , balloons, 

and unmanned stations, are used in the conduct of  the research. Coopera tive 

research programs wi th  scie ntis ts o f other nations are commonplace.

The U.S. Anta rt ic  Opera tions Support Program su ba cti vit y provides fo r the di rect  

support of  science ac tiv ities  and the maintenance of  an effect iv e U.S. presence in 

An ta rc tic a.
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The Nat ional Science Foundation is designated as the single source of  funding and 
management for the U.S. Ant arc tic  Program. The Department of  Defense and the 
Departm ent of  Transportation prov ide operational  support as requested by NSF on 
a cost-re imbursable basis. The Foundation also contra cts for  support services when 
such contra cts are cost ef fe ct ive.

In FY  1981, planned emphases inc lude :

o Inte rdisciplin ary  research on the structure  and function of  the 
An tarctic  marine ecosystem to provide inform atio n needed for  the wise 
use and conservation of  An tarctic  marine liv ing  resources.

o An increase of $6.26 mi llion for  operations, about fo rty percent of  
which is fo r repai rs to a crash-damaged LC-130 ai rc ra ft and fo r 
mod ifica tions to extend the present service li fe  of  an older LC-130 
ai rc ra ft.

o Acceleration of  the McMurdo Station physical fa ci lit ie s reh abilita tion  
program.

Ocean Dril lin g Programs

The Foundation is requesting $27.3 mil lion  for this  ac tiv ity in FY 1981, including 
$17.3 mi llio n fo r the Deep Sea Dril lin g Project and $10.0 mi llio n for the Ocean 
Marg in Dr illing  Program. These programs represent a unique worldwide ef fo rt  to 
explore the earth's crust  beneath the oceans.

The Ocean Margin Dril lin g Program, which w ill  involve cooperation and support 
fro m both the Government and industry, has already been discussed.

The Deep Sea Dr illing  Proje ct has been supported by NSF since FY 1966. It  is 
managed for NSF by the University of California ,'Scripps  Ins titu tion  of  
Oceanography. Its research ef fo rts are carr ied out by use of  the dri lling ship 
Glomar Challenger which is operated by its owner, Globed Marine, Inc. Present 
NSF plans cal l for  support of  Glomar Challenger operations through FY 1981.

60-77 0 331
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NSF funding in FY 1981 fo r this pro ject  increases by about $1.4 million . This 

increase is necessary to  cover increased costs fo r fue l, personnel, supplies, and 

relate d expenses. The Deep Sea Dril lin g Pro jec t is now in the  International Phase 

of  Ocean Dril lin g to  wh ich  seve ral fore ign  countries, inc lud ing  France, Germany, 

Japan, and the Un ited King dom  are expected to each contribute $1.25 m illion  

annually.

Bio log ica l, Behavio ral and S ocia l Sciences

We are requesting $182 m ill ion to  support research in the Bio log ica l, Behavioral 

and Social Sciences or $15.5 m ill ion above the FY 1980 lev el . The Bio logical , 

Behavio ral,  and Social Sciences activ ity  supports basic research th at  enhances the 

understanding of  bio log ica l and soc ial phenomena. The range of  research supported 

includes physical and chem ica l investigations  of the fundam ental molecu les of 

liv ing organisms, the in te rre la tio ns  of  organisms and thei r env ironments,  the 

complex learn ing and behavior  patterns  of  animals and human beings, and the 

func tioning  of socia l, economic and cu ltu ra l inst itu tions . Through such research 

new horizons w ill  be iden tif ied fo r human development and health , fo r an improved 

qu al ity  of  lif e , and fo r economic and soc ial progress.

Because of  the truly rev olu tiona ry developments that  have occurre d in our 

understanding of the gen etic  code and its  impli ca tions fo r ag ricul ture , 

pharm ace uticals  and h ea lth -re lated  prob lems, special  emphasis w ill  be focused on 

this im po rta nt  area. Support w il l also inc lude increases fo r:

— Studies of  ce ll- ce ll in te ract ions  to increase our understanding of  self 

recognition of cel ls in developmen t and di ffe re ntia tio n, and of 

hormones and the ir receptors;

— Studies of  biochemical and hormona l mechanisms underly ing behavior;

— Anthropological research seeking human origins;

— Studies of  economic inst abili ty , in fla tio n,  and unemployment, both 

dom est ic and in terna tiona l;

— Research on various  aspects of the ecology of  crop and forest pests, 

acid ra in, global carbon dioxide , and oth er pressing eco log ica l problems; 

and

— Projects  in long-te rm eco log ica l research .

-1 1-



85

Engineering and Applied Science

We are requesting $137 mi llio n fo r the Engineering and Applied Science a ct iv ity , an 
increase of  $25.2 m illion over the FY 1980 level. The Foundation's Engineering and 
App lied Science ac tiv ity  seeks to  strengthen the Nation 's engineering and applied 
science research base and enhance the links between fundamental research and 
appl ications. This is accomplished by identi fyin g and supporting basic research 
across a broad spectrum of  the engineering sciences, applied research, and related 
ac tiv ities  that  have potentia l fo r con tributing to the understanding of significan t 
soc ieta l problems.

Dur ing 1979, the Foundation formed the Engineering and Applied Science (EAS) 
Direc torate by combining the Foundation's Engineering ac tiv ities  with the 
programs of  the former App lied Science and Research App lica tions Directora te.  
Many ac tiv ities  of  tne two were high ly complementary. As a res ult , NSF is now 
be tter able to:

— Strengthen the engineering programs o f the Foundation and give them a 
more cent ral role;

— Enhance programs of  applied and problem-focused research by providing 
closer links to the science and engineering on which they  depend; and

Recognize the key role of  engineering in the transfer of  science into  
technology.

Highlights o f the FY 1981 budget fo r EAS inc lude:

— A signif ica ntly increased investment in university-based engineering. In 
particular, atten tion w il l be focused on micro-structures and computer 
engineering research. This effo rt  wi ll address areas where the U.S. has 
recently been lagging in comparison to fore ign countries, in a fie ld 
which has high po tent ial  for  pro ductivity improvement and industrial 
innovat ion.

— Increased support for engineering energetics, wi th an emphasis on 
plasma chemist ry ar.d a rc technology.
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— Thermodynamics and mass transfer,  wi th support for  research in novel 

and energ y-e ffic ien t separation processes.

— Examination o f the impact on the economy o f a transit ion  from  heavily-  

regulated to less-regulated industries and services.

Sc ien tific , Technological and Intern ational  Af fa irs

We are requesting $28.85 mi llio n for  the Sc ien tifi c, Technological, and 

Inte rnational Af fa irs  activ ity. That is an increase of  $2.75 mi llio n over the FY 

1980 level. This program promotes the understanding and ef fect ive functioning of 

the  Nation's sc ient ific  and technologica l enterprise. It  also supports activ itie s 

designed to provide inform ation  and systematic analysis o f the Nation's Science and 

Technology (S&T) enterprise and to enhance domest ic and inte rna tion al exchange 

of  S&T inform ation.

Highlights for FY 1981 include:

— Expansion of the coopera tive research thrust  in Western Europe and 

Japan, where sc ient ific and technical capabil ities  in some fields rival  or 

surpass those in the U.S. and where U.S. scientists can benefit  most 

from such cooperat ion;

— Continuation of the new science in developing countries thrust that  

relates science and technology to problems of  development in Asia, 

Af rica,  Lat in American , and the Caribbean;

— Increased support for  additiona l risk analysis ac tiv itie s to improve 

methods for  evaluating long-te rm comparative risks and benefits of 

altern ative technologies;

— Support of two special pro jec ts designed to update the Nation's in for­

mation and data concerning the indu strial ac tiv ity  of small R&D firm s 

and the R&D of independent nonprof it ins titu tion s; and

— Enhanced support of research on info rma tion  transfer and related 

human behavior.
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Cross-Directora te Programs

The FY 1981 request for this  activ ity  totals  $51.95 mi llio n, an increase of  $26.4 
mi llion above the FY 1980 leve l. This ac tiv ity  consists o f twelve programs, either 
prescribed by the Congress or developed by the Foundation in recent years in 
response to specific  needs and oppor tun ities. The designation "Cross-D irecto rate" 
indicates that  the programs in this  ac tiv ity  are of agency-wide relevance. In most 
cases, thei r objectives are unique and do not easily  interlock wi th those of 
tra di tio na l NSF research or science educa tion programs. In th is presentat ion, these 
programs are more visible in the NSF budget and can be given appropr iate 
overs ight and review by top Foundation management, the National  Science Board, 
and the Congress.

Highligh ts of  this act iv ity  in FY 1981 include:

— Support for  greater  cooperat ion between researchers in universi ties and 
industry;

Continued support for  research equipment at  2-year and 4-year colleges 
and universities tha t lack doctoral programs in the sciences and 
engineering or that  have on ly small doctoral programs;

— New support for  modernizing and upgrading university research 
laboratories;

— Increased funding for broadening research ties between the United 
States and the People's Repub lic of China;

— Support for  mino rity scient ists  at institu tion s with  large minority  
student populations to in it ia te  research programs and enhance the 
research compet itiveness of  these scientis ts; and

— Increased support for  improving the research capabil ity  and 
compet itiveness of  scie ntis ts at institu tion s located in States having 
relat ive ly low Federal research funding.
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Science Education

The Foundation is requesting $85.7 mi llion for  its  Science Education ac tiv ities . 

This is an increase of  $7.5 mi llio n over the FY 1980 level.  With the passage of the 

Department of Education Organ ization Ac t, the Congress has rea ffirm ed the role 

of NSF in Science Education by spec ifying  five areas of responsib ility for the 

Foundation. These are: sc ient ific  career development; continuing education of 

sc ien tifi c personnel; increasing partic ipa tion of women, minorities and the 

handicapped in careers in science; conduct of R&D applied to science learning at 

al l educational levels; and in formin g the general public of  the nature of science and 

technology and of  attendant  values and pub lic policy issues.

In pursuing these responsibi lities, the Foundation w ill  place special emphasis on 

four pr io rit y thrus ts. The fi rs t of  these is the improvement of  science education 

for the early  adolescent. This involves an increased e ffo rt  at a poin t of  high 

educa tional opportunity , the jun ior  high/middle school years.

The second is improved access for under-represented minoritie s and women in 

careers in science and engineering. The m atter of  career access, while related to 

the  ear ly adolescence thrus t, is of  suffic ien t importance tha t NSF will  continue to 

address it  as a special science educa tion concern.

The th ird  relates to out -of-classroom or info rmal science learn ing experiences. 

This is an important factor  in the general development of the public's 

understanding of science, and is of  great importance in inte res ting and m otiva ting 

chi ldre n to study science. The m otiva tiona l aspects of inform al science learning in 

the  current decade are expected to  play an important role  in the development of 

the scie ntis ts of the future .

This year a fou rth pr iority has been added to the above cont inuing concerns—the 

revi ta lizat ion of college science teachin g. For the past several years, a series of 

events in undergraduate education have affected the qualit y of  college science 

teaching.  Declin ing student enrollm ents have reduced the need for new faculty, 

and changing patterns in the job ma rke t have made the content of  many course 

offe rings obsolete. To counter this  trend , the Foundation is proposing a new thrust 

in FY 1981 to  update the sub jec t-matter competence o f co llege science facu lty .
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Special Foreign Currency

We are proposing a $5.5 mi llio n Special Foreign Currency program fo r FY 1981; the 
same level as in FY 1980. For several years, NSF has undertaken a number of  
coopera tive science programs with  nations where the U.S. has local currencies on 
deposit in amounts declared by the U.S. Treasury Department to  be excess to 
normal U.S. Government needs. This program has produced benefic ial cooperative 
research ef fo rts  with Egypt, India, Pakistan, and several other coun tries  and has 
given U.S. scientists opportunities fo r cooperative research otherwise unavailable 
to them. Excess fore ign currencies have also been used ef fe ct ivel y in the 
translatio n of  foreign science journals , textbooks, and other publ ications. The use 
of  these excess currencies causes no dollar drain on the U.S. and provides an 
opportunity  for  U.S. science to benefit from the use of  currencies  generated by 
the sale o f U.S. agricultura l commodities  overseas.

Program Development and Management

The budget includes $60.8 mi llio n fo r the Program Development and Management 
act iv ity . This a ct iv ity  covers NSF admin istrative expenses. Funds are included for  
a fu ll- tim e permanent staf f of  1,293, an increase of  19 over FY 1980. Also covered 
are the costs associated wi th the Foundation 's peer review system and the provision 
of  centra l support service needed in the Foundation's day-to-day activ itie s. 
Program Development and Management expenses are 5.3 percent of  the to ta l NSF 
budget in FY 1981, compared to 6.1 percent in FY 1980. The FY 1981 request of 
$60.8 million  is an increase of  $236,238, or 0.4 percent over the FY 1980 level of 
$60.56 mi llio n.

This concludes my formal tes timony. I would be happy to respond to  any questions 
you may have.

-16-
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NATIONAL SCIENCE FOUNDATION 
BUDGET SUMMARY

(Million* of Dollars)

Budget Activity
F Y I 979 
Actual

F Y I 980 Differencttt

Program
Funded

by
Congress

Pr'nr
Year

Funds
Carried

Over

FY1980
Current

Plan

FYlfld l
New
Obli-

gationai
Authority

Ne wO bli-
gational

Authority
FY1981/80

Total 
ProRram 

FY 1981/80

Research and Related AcMvihe* 
Appropriation:

$208 9 5226.2 5.2 8226.4 5264 2 $38.0 $37.8

Astronomical, Atmospheric, Eerth,
■nd OctSC Sc ia nea *.................................... 211.6 217.9 217.9 241.3 23.4 23.4

U.S, Antarctic Program ..................................... 51.1 55.8 —€— 55.8 63 4 7.8 7.6

O c * in  P ri ll in g  P ro g ra m * ........................................ 11.6 19.5 —0— 19.5 27.3 7.8 7.8

Biological, Behavioral, and
Soclsl Scl#n CB* ................................... 154.7 166.5 - 0 - 166.5 182.0 15.5 15.5

109.9 111 6 .2 111.8 137.0 25.4 25.2

Scientific, Technological, end
23.6 26.1 - 0 - 26.1 28.8 2.7 2.7

C ro ff f  D ir e c to ra te  P r o g r a m * ................................. 16.6 25.1 •4 25.5 52.0 26.9 26.5

Program Development and Mangement . . . . 54.7 58.1 2.5 60.6 60.8 2.7 .2

5842.9 5906.8 $3.3 $910.1 51,056.8 5150.0 $148.7

Science Education Acthitiea Appropriation:
$33.1 531.6 $31.6 535.2 53.6 53.6

Science Education Resources
28.6 24.0 - 0 - 24.0 24.2 .2 .2

Science Education Development
12.0 14.9 - 0 - 14.9 17.5 2.6 2.6

6.3 7.7 —0— 7.7 8.8 1.1 1.1

580.0 578.2 - 0 - 578.2 $85.7 57.5 57.5

Special  Foraign CurrencyAppropriaton . .

Total, N S F ...............................................

54.0 $5.5 - 0 - $5.5 55.5 - O - - 0 -

5926 9 $990.5 53.3 '5993.8 $1,148.0 $157.5 $154.2
IOIOI, nor .................................. ............... ......... ........... I :____ i___________________ ___________ __ ______

Includes proposed supplemental of $840,000 for increased pay costs of Navy personnel engaged in the U S. Antarctic Program 

and excludes 56.584.000 transferred Io the Department of Education
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GROWTH OF BASIC RESEARCH

Mr. Boland. The total  program for basic resea rch in the  1981 justifications  is $952 million. Is th at  cor rect?
Dr. Atkinson. Right.
Mr. Boland. Let me go th rough a few s tatemen ts and see w heth­er or not you agree with them. We have  been over some of this  ground in the  las t two years—but  I wa nt to re-state some of these conclusions for the  record. It all concerns cons tant dollars, real  dollars, inflation, about ev eryth ing else thrown in.
The levels of suppo rt reported for basic resea rch are  highly de­pendent on how the  various agencies in the  Federal government choose to classify the ir funds. Two differen t agencies supporting  very simi lar research  projects might classify the ir funds ent irely different—one as basic research and the other as applied  research. Would that  be a  fair  assumption?
Dr. Atkinson. No, I wouldn’t quite  cgree.
The categorization can be interp reted differently by diffe rent people at  diffe rent times. The key is th at  we try  to mainta in a cons tant categorization from year to ye ar. In other words, we t ry  to ensure in our da ta base that  every agency  is classifying the  same way from year to year. I think the  trends  are  correct, but  I could agree with you th at  shifts of one sor t or another  in those exact values might be justified, depending on the analysis.
Mr. Boland. We have a graph that  reveals that  the  cause of th e post-1967 decline in constant dolla r Federal  obligations for basic research was prim arily the  result of reduc tions in obligations  by NASA, the Dep artm ent of Defense and  the Department of Energy and its precursors. Would that  graph  be correct?
Dr. Atkinson. Mr. Boland, In my opening remarks, I discussed trends between 1967 and 1980. I think  the  graph you are  talk ing  about is correct.
Mr. Boland. You have also indicated that  the re was a very strong sustained period of growth of Fed eral obligations in constan t dollars for basic research from about 1956 to 1967. Is th at  correct?Dr. Atkinson. Yes.
Mr. Boland. In fact, even neglecting NASA’s c ontribution which was significant, the  average ann ual  grow th was roughly  in excess of 17 percent per yea r during th at  period. Would you agree with that?
Dr. Atkinson. I don’t know those figures , but they  seem abou t right. You reca ll th at  was a special period after Sputnik.
Mr. Boland. As you have indicated, there was a period of stron g growth which was followed by a period of seven or eigh t years in which obligations declined and then fluc tuated erra tica lly by a  few percentage points unt il, in 1975, the  Federal  obligations for basic research in constan t dollars again began to climb ra ther  strongly.Finally , you would agree that Federal  obligations in constan t dollars for basic rese arch surpassed the 1967 levels which you often cite in discussions of th e adequacy of re search support—obligations surpassed  that  level, which was a peak year, in 1977 and 1978 based on your own data.  Is that  correct?
Dr. Atkinson. The figure I cited was a n eight  percent increase in constant dollars by 1980.
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RESEARCH BUDGETS AND CONSTAN T DOLLARS

Mr. Boland. Now following that  line of establi shing the  facts 
over the past few years, I wan t to raise  with  you again what I 
think is a fundam ental problem in trying to determ ine wha t the  
level of support should be for the  Foundatio n—and, for th at  
mat ter, other basic research. Argum ents by yourself and OSTP for 
supporting increased basic research budgets generally compare cur­
ren t levels of con stan t dollar Federa l obligations with those in 
1967. That is correct, isn’t it?

Dr. Atkinson. Yes.
Mr. Boland. You always pick th e y ear of 1967.
Dr. Atkinson. It is a convenient year  to pick, and it is a high 

year.
Mr. Boland. And th at  seems to imply th at  the  constant dolla r 

obligation levels of 1967 were represen tativ e of amounts  devoted to 
research over a period of years. But the  fact is that  is not the  case. 
1967 was an anomaly , wouldn’t you say?

Dr. Atkinson. It was certa inly  a  peak y ear in the  curve.
Mr. Boland. Wha t we think  you are  doing is comparing levels of 

support with 1967 and th at  conveys a misleading impression that  
th at  year was the  establ ished  rate  of re searc h suppor t.

Dr. Atkinson. If we were trying to convey th at  impression and 
base it on those argu men ts, yes, we are misleading you.

Mr. Boland. All righ t. So tha t kind of comparison, of course, 
pain ts a uniquely pessimist ic picture of post-1967 levels of research 
suppor t; doesn’t it?

Dr. Atkinson. I don’t think  it is that  simple, Mr. Boland. I am 
willing to accept your point,  but the re are other measures to look 
at. I would argue that  each  person must delib erate  in these meas­
ures in his own mind and  decide.

GREENBERG ARTICLE ON BASIC RESEARCH

Mr. Boland. Daniel Greenberg  seemed to agree with the scena r­
io th at  we have been establish ing here. Do you know Mr. Green­
berg?

Dr. Atkinson. Yes, and I probably know th at  artic le. Can you 
turn  i t around?

Mr. Boland. I can’t give you the  date, but  I am sure  you know 
the article  tit led “Such Groaning from Scientis ts.”

He says, “One of the wonders of our scientific community is the 
durability of its sense of siege and privation in a society tha t by 
any measure has been very good to i t.”

Dr. Atkinson. I must  point out that  the  artic le is talk ing about 
averages. I wrote to Mr. Greenberg  after  that  column appeared, 
and I examined an arr ay  of different sciences. It is true  tha t 
environm enta l science has had  a large increase, and th at  certain 
medical fields have had large  increases. But physical sciences have 
had a s har p decrease.

Mr. Boland. He goes on to say, “Scientists themselves frequently 
complain that  the public has turned against them. But upon close 
examination, it turn s out that  thi s is th eir devil theory for explain­
ing the drop-off in the enorm ous budget boosts that  resea rch re­
ceived in the  1960s. Tha t the  growth  couldn’t go on like tha t
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indefinite ly is clear to anyone who understands compound interest, but many elders of the  profession prefer the  hosti lity interp reta­tion .”
You don’t prefer that  inte rpreta tion, do you?
Dr. Atkinson. I will agree with what you said  there .
Mrs. Boggs. Have you considered runn ing for Congress?
Mr. Boland. Mr. Greenberg seems to know wha t he is talk ing about.
Here  is an interest ing statement: “With that  understood, what  has to be registered is th at  the  Federal  budget for resea rch and development has risen in two years from $26.4 billion  to $30.7 billion.”
You indicated it has gone to $34 billion. Did you say that  the Federal budget  in 2 years  has risen from $26 to $34?
Dr. Atkinson. Dr. Koshland must  have given him those figures.Mr. Boland. What  about thi s statement, has it risen in 2 years from $26 to $30 billion?
Dr. Atkinson. That is the Fede ral R&D budget.
Mr. Boland. The Federa l budget.
Dr. Atkinson. It may well be.
Mr. Boland. He goes on to say, “Even allowing for infla tionary slippage, those sums do not suggest parsimony. What ’s lacking, of course, is the wild growth  and  bounce of the  go-go era  of space activity . Our resea rcher s now grudgingly  have to pick and choose among inte rest ing possibili ties rat he r tha n say the y’ll take  them all.”
I always thought you w ere picking inte res ting  possibilities.Dr. Atkinson. Mr. Boland, we are, but  w hat  he is character izing  is the world we live in.
I mean,  the difficulty of choices is much more severe  today than it was even three or four ye ars ago.

FEDERAL R&D BUDGET

Mr. Boland. The total  Federal  R&D budget in 1981 estim ate is $36.1 billion.
Dr. Hackerman. Of th at  $36.1 billion, Federal obligations for conduct of basic resea rch in fiscal year 1981 aie estim ated  to be $5.1 billion.
Mr. Boland. Would anybody like to add to th at?
Dr. Hackerman. The development portion of th e R&D budget is much larger  than the rese arch portion. Development costs a lot of money; it includes demonst ration plants and things of that  sort. The basic research portion increased from 4.1 to 4.5 billion dollars (estimated) in fiscal ye ar 1980 and is es timated to be $5.1 bi llion in 1981.
Dr. Pimentel. There has been over the  past decade or so a change in the relative amoun t of GNP devoted to R&D by the United  State s and by some of the  industria lly advanced countries. Ours is slipping slowly and the irs  are rising. That trend  has paral­leled the  change in our rela tive  competitive position; it certainly  is a ma tte r for at tention.
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BUDGET REDUCTIONS

Mr. Boland. Now, las t week the President asked the agencies to 
look at a potent ial series  of cutbacks in 1981 and 1980 for various 
agencies. Did you get a target  reduction as pa rt of tha t exercise?

Dr. Atkinson. Yes, we did.
Mr. Boland. Wha t was th at  ta rge t reduction?
Dr. Atkinson. Mr. Boland, I believe you will have to ask the  

White  House.
Mr. Boland. Okay. But was i t substantial?
Dr. Atkinson. It was substantial .
Mr. Boland. Did it g et you unde r a billion dollars?
Dr. Atkinson. No.
Dr. P imentel. It is la rger tha n a bread box.
Mr. Boland. I am sure  if you got a  t arg et you m ust  have indica t­

ed where  those reductions would come and wha t programs would 
be cu t back.

You should have a litt le advice for us a t this  time.
Dr. Atkinson. Mr. Boland, you have our zero-based budget. The 

reductions we are proposing to OMB correspond to the  ZBB order­
ing, except in two areas. We have a more signi ficant reduction in 
the U.S.-U.S.S.R. program and -----

Mr. Boland. T hat  is an easy one though, Dick.
Dr. Atkinson. Yes.

u.s.-u.s.s.R. cooperative research

Mr. Boland. Is your United States-U.S.S.R. Cooperative Research 
Prog ram—about $3.2 mil lion for 1981?

Dr. Atkinson. That  is exactly it.
Mr. Boland. Tha t isn’t much. Your actual for 1979 was $3.3 

million. Now with the  recent Soviet incursion in Afghanistan, I 
would th ink  you could cut it all out.

Dr. Atkinson. All of th e funds  refer red to as U.S.-U.S.S.R. funds 
are funds that  go to American scientists. We do not support any 
activity of Soviet scientists. The  funding is for our pa rt of the  join t 
effort with the Soviets. It is United States  research  th at  is being 
supported.

Mr. Boland. That  may be true, but  isn’t it resea rch which bene­
fits t he U.S.S.R.?

Dr. Atkinson. And should bene fit the U.S.
Mr. Boland. In the area  of computer technology, I notice you 

estim ate $600,000 for fiscal yea r 1981.
Dr. Atkinson. But you will note-----
Mr. Boland. I imagine you will strike tha t.
Dr. Atkinson. I don’t know how we would strike deta ils of th at 

program. The research is no t in the  a rea  of compute r electronics or 
even advanced systems programming; it is in the  a rea  of large-scale 
data  management programs. I th ink everyone judges th at  to be a 
non-sensitive area.
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FISCAL YEAR 19 81  BUDGET ADJUSTMENTS

Mr. Boland. If your budget was reduced by $50 million for fiscal year 1981, would we be able to determine  from the  zero based budget justifications,  wha t has the highest priority?
Dr. Atkinson. I can cer tain ly comment.
Mr. Boland. You could help us with tha t.
Dr. Atkinson. There would be no problem if I were to comment.Mr. Boland. Do you want to comment any further?
Dr. Atkinson. What I d idn ’t finish saying on the ZBB ordering is this; the  othe r issue is the  ocean drilling program. It would be 

modified. The budget requests  $10 million in fiscal year  1981 with a matc hing  contribution of $10 million from industry.  Tha t is for a one-year  planning phase. Actually it is much more involved than the  term  plann ing implies.
But the re is enough feeling from industry and from the initia l 

work that  has been done th at  we could afford to stre tch  the plan­
ning into a two-year program. Tha t would mean a $5 million reduct ion in fiscal yea r 1981.

Mr. Boland. If we asked for a little  help, a cut of $100 million, you would be able to tar ge t the  programs or suggest the  programs that  migh t be cut.
Dr. Atkinson. We would step throu gh the  ^BB; taking a good 

part of the  effort in indust ry/uni ver sity  cooperative resea rch and 
some of the  innovation efforts recommended by the  Preside nt’s domestic policy review. We would protect the  basic research pro­grams,  part icularly  in the  physical sciences.

Mr. Boland. If we asked for a little help on reduc ing the budget by $150 million, you would probably give me your resignation.
Dr. Atkinson. I don’t th ink I would offer it to you, Mr. Boland; I would thin k about it.
Mr. Boland. You won’t have  to think about  th at  offer. I guess what  you are  saying is th at  the  Science and the  Research and 

Development functions  should  not be excluded from efforts to bal­ance the  budget in 1981? They ought to be considered part of the whole package, am I correct?
Dr. Atkinson. Do you want my personal views?
Mr. Boland. Yes, b ut let ’s h ear Dr. Pimentel’s views first.
Dr. Pimentel. Tha t would be inconsistent with our  ZBB process 

in which we indicated that  at  sufficient budget levels NSF could und ertake  initiatives. If the  budget levels ret rea ted  significantly, the  initia tives would be sacrificed.
Mr. Boland. Now, I will hear your view and then Dr. Hacker- man’s.
Dr. Atkinson. My view corresponds with Dr. P imentel’s.
Dr. Hackerman. My view is tha t the  Foundation ’s reques t is part of the  Pres iden t’s tota l budget request for fiscal year  1981.
Mr. Boland. Dr. Koshland, do you have a nyth ing to say?
Dr. Koshland. I agree with Dr. Hackerman.
Mr. Boland. Is the re anybody in the  room who disagrees with Dr. Hackerman?
Nobody. All right.

6 0 -7 7 0  0 - 8 0 7
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EAS REORGANIZATION

Now I unde rstand, from reading the  just ificat ions,  that  you have 
once again reorganized ASRA, Applied Science Research Applica­
tions. We have had some problems with that  reorganization. ASRA 
was—I thin k we said last  year—the son of RANN. We have had a 
couple of reo rganizations  in  this area over th e pas t years?

Dr. Atkinson. Three years.
Mr. Boland. Why have  you reorganized this  program again? You 

are  apparent ly incorporating  engineering  into this  function and 
increasing the tota l to  $137 million. Isn ’t that  correct?

Dr. Atkinson. Yes.
Mr. Boland. Isn’t th at  an area  that  you could possibly cut back? 

Wha t was the firs t year  of the  RANN program?
Dr. P imentel. 1971.
Mr. Boland. You got along fine without it before 1971, didn ’t 

you? The RANN program was formed sometime in 1971.
Dr. Sanderson. Yes.
Mr. Boland. What was the  first  appropriation? Was it $60 mil­

lion in 1971?
Dr. Sanderson. The firs t formal request was arou nd $80 million 

in fiscal year  1972. However RANN was formed in fiscal year 1971 
and the  budget for the  activity  in fiscal year 1971 was actually  
around $34 million.

Mr. Boland. What about any possible cu ts in th at  program, Dr. 
Atkinson?

engineering and applied science

Dr. Atkinson. Mr. Boland, it would be wrong to link the engi­
neering and applied science effort  with the  original  RANN effort.

Historical ly, the  Founda tion has always supported a strong  engi­
neering effort. This Committee  h as been familiar  wi th th at  work; it 
has been some of the  st rong est work done anywhere in the  country. 
NSF’s engineering programs in basic research stand with physics, 
chemistry and some oth ers among t he  best  work that  NSF does. In 
the  engineering and applied science effort, a major component is 
the  enginee ring programs.

But the  RANN program has undergone systematic cuts in dollars 
over the past  five years. What we have now is a small effort in 
problem-focused research and a small  e ffort in wha t we call applied 
research . This program is an open window to the  best proposals in 
applied research; it responds to those proposals stric tly according 
to the ir quality.

In most Federal agencies, rese arch is aimed at  specific applica ­
tions; many areas of applied rese arch  do not receive attentio n 
unless the  applied research happ ens to fit the  mission agency’s 
specialty. At NSF, we att empt to ma intain  a balance of effort. It is 
a small pa rt of th e NSF budget; for every $10 NSF spends in basic 
research, it spends only $1 in applied research . We believe there 
should be an open window to perm it the purs uit of the  best ideas in 
applied research.

Mr. Boland. You appa rent ly weren’t very satisfied with the  way 
the  Applied Science directorate was working; otherwise you would 
not be reorganizing  again.
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Dr. Atkinson. Mr. Boland, the large part of the  research sup­ported by the RANN program was excellent research, but ther e was too much emphasis on d irecting t he program from W ashington and not enough concern with the scientific opportunities . The NSF reorganizat ions have stressed scientific oppor tunities.
Mr. Boland. I thought that the  whole purpose  of the  RANN program when it was insti tuted, would be research-driven by na­tional needs?
Dr. Atkinson. That was certainly -----
Mr. Boland. As a ma tte r of fact, the  acronym suggested it.Dr. Atkinson. Tha t is correct. I may be speaking too freely here. Obviously I can’t speak  for the world at large and say NSF is not inte rested in national  needs. What I am trying to say is this: the  way to devise an effective applied research prog ram—where NSF lacks a specific mission responsibility—is to drive the  p rogram with scientific oppor tunities ra ther  th an with needs.
Mr. Boland. How much of the $137 million th at  you request in fiscal year  1981 could be bett er carr ied out by mission agencies?Dr. Atkinson. There is no question about  the  Foundation’s role in the  engineering sciences. The applied research  effort amounts to only $18 million in the  open-window program I described earl ier. No o ther  par t of the  Federal government has such an open-window character.
Every thing  else in NSF’s budget for applied research  is aimed at specific areas. For example the funding for problem-focused re­search amounts to $30 million. About $18 million of th at amount is allocated to the ear thq uak e program. The remaining dollars are  in other focused programs.
We believe some of these  focused efforts should be in that direc­tora te.
Mr. Boland. I suppose one of the  problems that  those of us who sit on this side of the  tab le have is tha t when you have reorganiza­tions that come with in a relatively shor t period of time, you wonder whether or not the  programs in which the  direc torate is engaged are really  worthwhile programs; I am sure  they are wor th­while, but whether or not NSF really ought to be in this field.Dr. Atkinson. As I said, the  dollars that  could be charac terized  in the  RANN program of four or five years ago have been reduced significantly. A reorganiza tion that joins engineer ing with applied research  should not res ult  in a reduction of the  engineering pro­grams.

OCEAN MARGIN DRILLING

Mr. Boland. You talk ed about Ocean Margin Drilling  in your statement.
On December 11, I wrote  the Pres iden t expressing support for the  new proposed Ocean Margin Drilling Program using the ship— “Glomar Explorer.” I extended that support because first, since 1968, t he drill ship Glomar Challenger, with support of the Founda­tion, has drilled about 500 holes in the sea floor resu lting  in some of the  most exceptional scientific results ever achieved through a Foundation g rant.
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The second, the  oil and gas industry is willing to suppor t fifty 
percent of the  $700 million cost of this  program and that  kind of 
support for a t ru ly  basic research program from industry is unique, 
is it not?

Dr. Atkinson. Yes.
Mr. Boland. How much reliance can you put upon ind ust ry’s 

willingness to pick up fifty percent of the $700 million tab?
Dr. Atkinson. Eight companies are committed to the firs t phase. 

Commitments to the  second phase cann ot be obtained until the 
plans are  defin ite and costs are  identified , but I judge th at  more 
than  eight companies will be involved and committed to the  full 
program.

There is a gre at deal of excitement in the  scientific and indu s­
tria l communit ies for the  project; I think they have found the joint 
planning  effort to be an interest ing exercise. It is part of the  
indu stry /univers ity cooperation th at  NSF is trying  to foster.

Mr. Boland. I also  emphasized to the Preside nt one of the impor­
tant  spinoffs, of course, is being able to dete rmin e whether or not 
there is evidence of significant hydrocarbons  at  the  ocean margin. 
You have butt ressed tha t. Also, the  most significant reason, per ­
haps, is the  pote ntia l for outstanding basic science discoveries.

Now, since I addressed the let ter  to the  Presid ent, the Legislative 
Authorization Commit tee, chaired by George Brown of Cali fornia, 
has asked some very tough  questions about  the  expenditure of $700 
million for this  program. It has been pointed out by Mr. Brown 
that  the cost per hole of Explorer  drilling is estimated at  $50 
million for each hole while the cost for drilli ng a Challenger hole 
was only about $500,000 per hole. That Commit tee pointed out that  
at  $50 million cost per  hole, only nine holes could be dr illed under 
the  new program in t en years.

So I guess the obvious question is, do you still  feel and does the 
Board feel that sufficiently significant scientific objectives can be 
achieved at those costs and are the  scientific results worth the 
cost?

Dr. Atkinson. I thi nk  Dr. Johnson should respond.
Dr. J ohnson. The main  focus of this  program would be the 

cont inen tal margins , where the  marine sediments are  the  thickest 
th at  you find anyw here in the  oceans. Hal f of all the marine 
sediments are jus t off the  cont inental margins . Tha t gives you 
some idea as to the  massive  amount of sedimen t in the region we 
are  focusing on.

There is no other  way of exploring these  sedim ents and evalu at­
ing two critical parameter s with regard to them: One is the  organic 
content  and the other is the thermal  histo ry thro ugh  which they 
have gone. These are two key questions with rega rd to formulation 
of petroleum deposits. The re is no othe r way to get this critical 
inform ation on these deep sediments other tha n by di rect sampling 
through  drilling.

Since the sediments are deep, it take s a very deep hole to get 
through them. When you compare  the cost of Challenger holes and 
Explorer holes, it would actu ally  cost the  Challenger  about the 
same amou nt to drill to this  same distance. Chal lenger can’t drill 
as f ar as Explorer could, bu t if i t were able to, it would cost almost 
as much as it would cost with  t he Explorer.
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The big difference in the  cost per hole is because  Explorer will dril l very deep holes. The average depth of Challenger  holes has been about a thousand  feet whereas Explorer will drill holes as deep as 20,000 feet.

SCIENTIFIC SUPPORT FOR OCEAN MARGIN DRILLING

Mr. Boland. Also, le t me ask Dr. H ackerman, and Dr. Atkinson, if you fully suppor t t he ocean margin  drilling?
Dr. Hackerman. The Board followed closely the  development of thi s proposed program and  believes it can be of great scientific impor tance.  The Board endorsed its objectives and suppor ts its objectives.
Mr. Boland. Unqualifiedly, no dissent?
Dr. Hackerman. No. I f I were to tell you nobody in the scientific community was unhappy about it, I would be wrong. While sup­port ing its implementation, I noted that  such a large effort could not be undertaken within existing science budgets withou t ser i­ously distor ting other imp ortant  scientific efforts.
Mr. Boland. Dr. Koshland.
Dr. Koshland. That is right and th at  is why the  National Sci­ence Board recommended that  i t should be li sted as a sepa rate  line item in the budget of th e National Science Foundation , so th at  the  level of NSF funds  devoted to i t would be clear.
Mr. Boland. There has  been some suggestion th at  the oil and gas indust ry doesn’t w ant the government drill ing anywhere where oil may be found—and this money is a way of  insu ring  tha t that won’t happen.
Dr. Atkinson. Why do you say th at?
Dr. Hackerman. Let me say that  no one is quite certa in about where oil might be found.
In other words, OMD may drill where no oil is expected and then  find it, but we don’t expec t this to happen.  The objective of the  program is to examine the  geology of t he ocean margins and pro­vide new scientific knowledge.
Mr. Boland. You don ’t doubt you will have the  cooperation of the  industry itself? You have no writte n commitments I take it, do you?
Dr. Atkinson. No, we don’t. The signing of the  agreement  will tak e place in two stages; a signing for the first-year agreement  and the n a signing for the  subsequent year s in a single agreement.

FUNDING  OF OMD

Mr. Boland. How about the suggestion that  perhaps this ought to be funded under some other  agency or dep artment like the  Dep artm ent of Energy or the United  States Geological Survey?Dr. Atkinson. In some of the early  discussions, we talked of funding from the three agencies. But the re is a  sound rationale  for identi fying a single agency to manage the  program and defend it before the Congress. Yes, the  U.S. Geological Survey and the  De­par tment of Energy have  important roles in thi s area of research but  a single funding focus is best.
Mr. Boland. I wouldn’t disagree with tha t. It is my feeling, and I am sure  of the Members  of the Subcommittee that  it would be
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bett er managed in one place—and that  place should probably be 
the National Science Foundation since it has  run  t he Glomar Chal­
lenger program.

Dr. Atkinson. Let me also comment that  NSF has an excellent 
record in managing the  Very Large Array and  the  Antarctic pro­
gram. The ocean margin drillin g program repre sents major funding  
for the Foundat ion, bu t I think the  exper tise exists to do the  job 
properly.

SUPPORT OF PHYSICAL SCIENCES

Mr. Boland. A Feb ruary 8, 1980 artic le in Science Magazine, 
sta tes  that roughly 83 percent of the  Foun datio n’s budget goes 
toward  basic research. Is t ha t correct?

Dr. Atkinson. Tha t is correct. It is 83 percent.
Mr. Boland. It also indicates th at  a new twis t appears in the 

1981 budget in that  par ticu lar ly large increases in the  physical, 
mathematica l and engineering  sciences occur. It points out that  
these sciences have been tak ing  a beating over the  last twelve 
year s at  the  hands  of the  life sciences—cancer resea rch, and so 
forth. The implication of t he  Science Magazine arti cle  is that  the 
support of physical sciences ought to grow at the same rate as the 
support of life sciences and environm enta l sciences. That seems to 
miss the  major point th at  increases in support to any one field of 
science should be determined on the basis of i ts own needs and of 
its scientific and intell ectual growth.

Can you demonstrate to us th at  the  qual ity of the  physical 
sciences is deteriora ting because  the  quantity of support has been 
at the  same rate  of increase as the life sciences?

Dr. Atkinson. Dr. Hackerm an, would you like to answer that?
Dr. Hackerman. I believe there  is a lot of life in the  physical 

sciences and a lot of ex tremely interest ing work going on in that 
field. It is a fact that the  num ber  of full-time physical scientists  
employed a t doctorate-granting inst itut ions diminished in 1979 and 
that  the  ins trum entatio n and facilit ies with which they  work has 
also become less “sta te-of-the-art,” less advanced.

Mr. Boland. What about the life sciences growing at the  expense 
of the  physical sciences?

Dr. Hackerman. I do no t accept  tha t. Since 1972, Federal basic 
research support in the life sciences has been gre ate r tha n in the 
physical sciences, but both have grown, par ticu larly  since 1976.

Dr. Atkinson. One aspect of this issue rela tes to your ear lier  
question about  categorization  of research. We would mainta in that  
the research th at  NSF has supported in the  biological sciences has 
not had a corresponding increase, eit he r at NIH or at NSF. These 
gross categories, as you point out, mus t be checked with some care.

Dr. Hackerman. Furtherm ore, advances in the  life and other 
sciences canno t be made without corresponding prior  advances  in 
the  physical sciences. They are interrela ted , and depend on one 
another  both for the ir capability  of understanding na ture and for 
the ir use of facilities that permi t one to be much more inquisit ive 
in nature  than  without those facilities.

Dr. Pimentel. One of the  manifesta tions  of change, which I, too, 
would not characterize as a deteriora tion of U.S. physical sciences,
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is that  more and more state-of- the-art developments and new dis­
coveries are happ ening abroad. I can give you a few examples.

In my own field, the  discovery of multi-photon dissociation using 
high-energy lasers  occurred in the Soviet Union. In certa in areas of 
research  Japan is very  advanced, and Germany has atta ined  ad­
vances in accelerator  and synchrotron  radiatio n research

To a certa in extent , I can cite the  multi-photon discovery as an 
example  of access to the  most modern, sophisticated, and expensive 
equipment. I myse lf could not underta ke the  exper iments that  
were involved simply because I didn ’t have the inst rum entatio n or the  funds to buy it.

Mr. Boland. Mr. Coughlin?
Mr. Coughlin. Thank  you very much, Mr. Chairman.

BASIC RESEARCH IN  PRODUCTIVITY

The Jan uary 28, 1980, press release announcing the fiscal year  1981 budget quotes Dr. Atkinson as saying: '
The budget increase for NSF clearly emphasizes the President’s often expressed understanding of this importance of science and its role in providing the knowledge required for social and economic progress, grea ter productivity, improved health and a more secure nation.
These, in partic ula r economic progress and greater productivi ty, are  things  of which we have n’t seen much recent ly. I wonder if you 

could cite what the  Nat iona l Science Foundation can do to correc t this?
Dr. Atkinson. That is a  long story.
Mr. Coughlin. It will have to be brief.
Dr. Atkinson. Let me comment. Before you came in, I quoted Professor Samuelson, the  MIT economist—because his sta tem ent  on this topic is persuasive. It reads as follows:

More than  one-half the growth in United States  productivity is due to the  ad­vance of scientific knowledge quite aside from society’s laborious thrif t and sacrifice of curren t consumption stan dards in the interest of more productive capital for the future.

The analyses  over the past 10 years  have begun to identify the 
critical role of basic science in increases in productiv ity. Dr. Kosh- land works in recombin ant DNA research, an area  new to the  
scientific scene 10 y ears ago. Now financial sections  of the  newspa­
pers carry  accounts of new ventures and new companies. There is no question that  the role of basic resea rch in product ivity is well established.

In this connection, I am concerned about Int ern al Revenue Serv­
ice Regulation 861. It  involves deductions for research  and overseas 
sales of U.S. companies. For example, 30 percent of a company’s sales are made overseas, then even though  it does all of its re­
search in the United States, the company can deduct only 70 percent of its r esearch effort against its taxes.

The regulat ion is encouraging American companies to take  the ir resea rch out of the United States  to other countries.
Mr. Coughlin. Have you recommended repea l of that?
Dr. Atkinson. I am much concerned with th at  regulation.
Mr. Coughlin. More than  concern, recommend repeal.
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Dr. Atkinson. It is the sort  of thin g th at  does impact on produc­
tivity in th is country .

ENGIN EERIN G AND APPLIED SCIENCE

Mr. Coughlin. The RANN program, as you know, is one about  
which I had reservat ions  when it was firs t put in place by the 
House Science Committee. Are you going to scrap that now?

Dr. Atkinson. The Foundation plans a strong role in applied 
research, but over time NSF has come to a somewhat diffe rent 
view about how the  programs should be managed and directed. The 
change is represented  in the cur ren t NSF plan.

Mr. Coughlin. If you had a cut in the National Science budget, 
is th at where you would cut it?

Dr. Atkinson. No. I would follow the ZBB cuts. Applied re search 
is a small effort now; I would not want  to see it cut more deeply.

Mr. Coughlin. I t ake it the Chai rman  has asked for, and you a re 
submitting, your ZBB p iior ity rating analysis?

Dr. Atkinson. Yes.

END-OF-YEA R OBLIGATIONS

Mr. Coughlin. There has been recen t publicity in some agencies 
that  have obligated larg e sums of money at the  end of the fiscal 
year. Can you provide for the record the  obligation made by the 
National Science Foundation?

Dr. Atkinson. Yes, we can. We are  not in th at  mode. We tend to 
obligate varying amo unts  during the  year  but  we do not have a 
significant burst  of obliga tions at the end of the year.

Mr. Coughlin. You h ave two-year money?
Dr. Pimentel. We have two-year money, except for science edu­

cation; it has one-year money.
[The information follows:]
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NATIONAL SCIENCE FOUNDATION 
COMPARISON OF APPROPRIATIONS AND 

AUGUST/SEPTEMBER OBLIGATIONS 
FY 1978-FY1979 

($ in  Millions)

Ap propria tion Account
FY 1979
Research and R ela ted  

A ctiv it ie s....................
Science Education 

A ctiv it ie s....................
Special Fore ign

Currency......................

FY 1979 T otal

FY 1978
Research and Re lated 

A ctiv it ie s...................
Science Education 

A ctiv it ie s.....................
Special Foreign

Currency......................

FY 1978 To ta l

To tal  . .
Appropria tion -

Aug./Sept.
Obligations

Percent
Aug./Sept.

$842.9 $179.8 21%

80.0 30.0 37

4.0 0.8 ___20

$926.9 $210.6 22.7

$777.9 $116.7 15%

73.9 28.8 39

5.4 3.1 ___57

$857.2 $148.6 17.3

1/ Includes new ob ligational au tho rity and funds ca rried  over from 
pr ior year, where appl icab le.
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PROGRAMS WITH SIGNIFICANT PROBLEMS 
IF A LIM ITA TIO N WAS PLACED ON OBLIGATIONS 

DURING THE LAST TWO MONTHS OF THE FISCAL YEAR

A. Research and Rela ted Activ it ie s Appro priation  -  <>9-0100

This is a two-year  appropriation (was annual accoun t in FY 1974) wi th  an 
annual ob ligation  ra te  in excess of $900 mi llio n.  This account funds the bulk 
of NSF program activi ties which consist pr im ar ily  of grants to colleges, 

universit ies  and no n- pr of it inst itu tes fo r the conduct of basic sc ient ifi c 
research. The gra nts  are made large ly in response to  unsolicited proposals. 
Re stric ting the  ob ligat ion rate in the  las t two months of a fisca l year would 
present two major prob lems. Fi rs t, if  the re might  happen to be delays in the 
NSF peer rev iew  process the ob liga tion rate in the las t two  months could 
easily exceed 20%. Secondly, lim ita tio n could conceivably  preclude NSF from 

making a series of  large awards or in it ia ting a new program  thrus t in August or 
September.  This would present a serious problem since most NSF per form ers 

are geared to academic year operations which sta rt in the Fa ll and end in the 
Spring. NSF would not be able to ge t cash advances ou t for research pro jec t 

operations due to lack  of  ob liga tion au thor ity .

Ob ligation  tren ds for the  last  thre e fisca l years in  this accoun t for August and 

September are:

—  FY 1979 -  21%
—  FY 19 78 - 15%
—  FY 1977 -  20%

B. Science Educat ion Act iv it ie s Approp ria tion - <>9-0106

- This is a one year appro pr iat ion  with  an annual obliga tion rate of  about $85 

million . A lim ita tio n on the las t two months obl igations would present a major 
problem since this is a gra nt  program where a large pa rt of  the obl igat ions are 
made in August  and September fo r fellowsh ips,  traineesh ips, and education 
pro jec ts to  be accomplished dur ing an academic year.  If  a lim ita tio n were 
imposed on this appro pr iat ion , the  award dates would have to  be moved up 
thereby upsettin g the tim ing of NSF peer rev iew  operations and rela ted  
adminis tra tive ac tiv iti es causing expensive inef fic ienc ies in agency operat ions. 

Obligations trend August - September for  th is account ares

—  FY 1979 -  37%
—  FY 1978 -  39%
—  FY 1977 -  35%

C. NSF Special F oreign Currency Program  - 49-0102

This is a two  year appro pr iat ion  which  has been annual in the past and has an 
annual obliga tion  level of  about $5 million . The problems created by a 
lim ita tion  are sim ilar  to  those of the Research and Related Act iv ities 

appropriation.

Recent August - September ob ligat ion trends are:

- -  FY 19 79 - 19%
—  FY 1978 -  57%
- -  FY 1977 -  i2%
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Mr. Coughlin. T hank you, Mr. Chai rman. 
Mr. Boland. Mrs. Boggs?

FUTURE OF SCIENCE EDUCATION PROGRAMS

Mrs. Boggs. Thank you, Mr. Chairman.
Dr. Atkinson, you have  pointed out that  the  intensive involve­men t in RANN by West Germany and Jap an have resulted in high produc tivity growth rate s; in a leading position in selected fields; and that  one of the  reasons for this is the  increasing  strength of science abroad.
We are being challenged apparently by other natio ns to scientific preeminence, and that  is being tran slated  into severe competition in high technology markets .
This is having an adverse impact upon our balance of payments postu re and yet, cuts are  being considered in the  field of science education.
If that  is a  correct assumption on my part , how does tha t agree  with the  idea tha t science education can indeed produce the  kind of scien tists that will be able to increase our productivity  and, the re­fore, increase  our competitive sta ture with the  res t of the  world?Dr. Atkinson. Mrs. Boggs, did Dr. Press  talk about the  Pres i­dent’s special request rela ted  to science education?
Mr. Boland. Dr. Press did not indica te what the  targets may be.Dr. Atkinson. About two weeks ago, I received a let ter  joint ly addressed to Secretary  Hufs tedle r and to me. The Pres iden t re­quested a study due Ju ly  1, on the issue of cu rrent and futu re scientific  and engineerin g manpower.
There is increasing concern about scientific manpow er both at the  bachelor-degree level for engineers and the  doctoral level in cer tain  areas of science such as solid sta te physics and computer science.
In his lette r, the  Pre side nt referred to his familiar ity with the amo unt of calculus studied by the average studen t in the  Soviet Union. I think the issue of scientific manpower is a critical prob­lem that  we must und ers tand in much greate r depth  tha n we do now.
Mrs. Boggs. Will the re be no decision before Ju ly 1 to cut the science education budget?
Dr. Atkinson. I was hoping I was going to bypass that question. I think  there could be signif icant  cuts in the  science education budget.
Mrs. Boggs. Is such a suggestion compatible with  increas ing our produc tivity and, there fore,  our competitive postu re in the world?Dr. Atkinson. It is a question of making these  cuts in the  e nti re NSF budget. Different viewpoints are  expressed with in the Nation­al Science Board and with in the scientific community. NSF’s spe­cial thrust in fiscal year 1981 is pr imarily in the  physical sciences; it would be the first item th at  NSF would want to protect.

INSTRUMENTATION NEEDS

Mrs. Boggs. I understood, tha t you had some diff iculties in being competit ive with Germany and Japan because of lack of ins trum en­tation.



106

Dr. Pimentel. I felt I was quite competitive but I would have 
been more so with  th e instrumentation.

Mrs. Boggs. My apologies. Of course you are. But this is a lso an 
area tha t I would like to ask about. In the  area  of science educa­
tion, of course, the  colleges and universities depend very much on 
the funds for ins trum entatio n in replacing the ir outmoded equip­
ment. Will this  be cut  as well?

Dr. Atkinson. It might be. The fiscal yea r 1981 budget conta ins a 
good increase for inst rumenta tion  for colleges as opposed to ad­
vanced research groups. The idea is to improve the quali ty of 
science education through students  access to sophisticated equip­
ment. Faculty in schools of engineering , for example, a re concerned 
by the lack of access to sophistica ted equipment. Like other areas 
of science education, funding for such equipment would take a 
somewhat greater  decrease than the basic research component.

Dr. P imentel. If NSF takes  a large cut, it will be painful for the  
Foundation  and science education may have to take a somewhat 
larger cut in order  to  protect some of the princ ipal thrus ts. Howev­
er, the two- and four-year college ins trum entatio n program is in 
the  cross-directorate program, and we expect it will be protected 
somewhat.

NATIO NAL CEN TER  FOR MA RIN E TECHNOLOGY

Mrs. Boggs. Following along with science education, can you tell 
me what the plans are  for the proposed Nat ional  C enter for Marine 
Technology?

Dr. Atkinson. We have  a proposal in the Engineering and Ap­
plied Science Directorate.

Dr. Sanderson. We held a workshop a few months ago looking at  
the  need for additional resea rch in mar ine sciences and ocean 
engineer ing. That workshop brough t together approximately  two 
dozen of the  outstanding scien tists and engineers, both from indus­
try  and from the academic community, to look at  the research  
needs including resea rch facilities.

An earl ier feasibility study had been completed on the subject. 
We have recommendations for such a cente r from this  committee, 
part icularly  for research facilities  that  will expand the  current 
shallow water  research,  as well as address some issues of ship 
design for shallow w ater maneuvering . Unfo rtuna tely, in the over­
all ranking of priorities, it is not included in the budget this year.

Mrs. Boggs. Thank you, Mr. Chairman.
Mr. Boland. Mr. Sabo?

GEOGRAPHIC DISTRIBUT ION  OF RESEARCH FU ND S

Mr. Sabo. Thank  you, Mr. Chairman. I have a couple questions.
According to your testimony, 28 percent of all Federal research 

funds comes under conduct of NSF.
Dr. Atkinson. Yes.
Mr. Sabo. I am curious abou t the  process you use in making 

those awards . When I take  a look at the 1979 summary of where 
our monies went, you could almost call it the aid to Californ ia bill.

Dr. Atkinson. I thin k the  University of Minnesota does quite 
well.
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Mr. Sabo. I know our State has about  two percent of the popula­
tion, we are high technology Stat e with a large major resea rch 
university,  and high technology indus try. The total grants th at  
come to our State are approximately one percent . Now, I tend not 
to be greedy, but I do look at things.

I look at California and not quite 20 percent of the  total pot ends 
up in California. Th at makes me curious.

Dr. Atkinson. The re have been several studie s on this question. 
Let me say first th at  the  entir e process is done in the open; every 
principal investigato r can examine the reviews of his proposal. The 
scientific commun ity knows what proposals have been funded. One 
of th e ways th at  we migh t come to some u nderstan ding  is to pick a 
few professors from the Univers ity of Minnesota, sit down, and talk  
about  the process.

I do not think you would find a reasonably represent ative  group 
at  the Univers ity of Minn esota who would say the NSF is biased in 
its selection of reviewe rs or distrib ution  of funds. It is true we are 
biased because we are trying to respond to excellence but th at  
excellence is not deter mined by geography.

Let me tell you how a Californian  would feel. Against measures 
of scientific excellence such as the  number of Ph.D.s, the  numb er 
of members of the Nati onal  Academy of Sciences; a nd the number 
of postdoctoral fellows who choose to work in California unive rsi­
ties, the Stat e of Cali fornia  is und erfunded.

Mr. Sabo. I would expect if you follow a pa ttern of what curre nt­
ly exists tha t is simply going to reinforce  the  s tatus quo.

Dr. Atkinson. There is some t ru th  to tha t, but again, it depends 
on what a unive rsity wants to do. If a university  wants to promote 
excellence-----

Mr. Sabo. I hea r th at  word f loated aroun d regula rly, but I never 
know what it means.

Dr. Atkinson. To give you an example, Oklahoma State Unive r­
sity has been working  hard  to promote excellence. It has taken a 
number of steps. The funding from NSF to Oklahoma  State  has 
gone up steadily; i t is tied to new initia tives taken by the universi­
ty to improve th e qua lity of its research.

It is true NSF responds  to excellence, but  NSF responds in a 
public manner. Every scient ist in this coun try can know exactly 
how the dollars are  distributed , including  wha t proposals NSF is 
supporting.

If anyone thin ks it is unfair, he should speak up. I don’t thin k 
you are  going to find the  scientific community as a group speaking  
up on this issue. I am sure  you will find one or two people who will 
be unhappy , but if you have a group at the University  of Minneso­
ta, I think they will say, “Yes, it is fa ir.”

Mr. Sabo. I j us t look at gross numbers , and someth ing tells me 
th at  your process is a litt le out of kilter.

Dr. Pimentel. It is tru e tha t California gets the  largest  single 
tota l of NSF dollars and  New York places second. But if you look 
at  those two States  on the  basis of NSF dollars  per capita, Califor­
nia is seventh and New York is tent h. And if you look at Federa l 
dollar s per capita, Califor nia is seventh , New York close to 23rd. 
Certainly  it can be said th at  on a per capita  basis these State s are
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not egregiously out of line. Looking only at  t he total  dollars  doesn t 
tell the whole story.

Mr. Sabo. Mr. Chairman, I jus t look at  gross figures and they  te ll 
me something is out  of whack in the  whole process.

Dr. Atkinson. Something is out of whack if you look only at 
basic research dollars from the NSF. It is tru e our distr ibution is 
not a uniform distr ibut ion.  But take  ano ther measu re of those 
same States, California  and New York and Massachusetts. They 
are  one, two and thr ee  in NSF funds; in Federa l spending per 
Federa l tax dollars  paid, California  is 24th, New York is 40th, and 
Massachusetts  is 33d. I must  say th at  I can unde rstand complaints 
from many States , bu t I find it hard to understand how Minnesota 
can feel this  way.

Mr. Sabo. Again, I look at the figures. I think  in total  gra nt  
money we get ju st sligh tly over one percent. If we did not have the  
strong research orie nta tion  in both higher education and the  pri­
vate  sector, I might und ers tand that.

Dr. Atkinson. Unfortunate ly, I don’t have the  Minnesota num­
bers before me. I have the top 10 and the  bottom 10.

Mr. Sabo. In 1979, i t seems to me it was a litt le over $9 million.
Dr. Atkinson. Minnesota  as a State is 24th in NSF funding. In 

NSF funding per capi ta, it is 22nd. In non-NSF, Federal R&D 
support, it is 16th.

Mr. Sabo. I would like to see some of that  inform ation because 
the  gross figures do not look appropriate to  me.

[The information follows:]
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S t a t e  o f  M in neso ta  
R an kin g  o f  F e d e r a l  NSF R&D D at a 

I. Ra nk ings  by Se lec ted Me asure s, 1978

Rank

A . De mo grap hic

General Pop ulat ion
Ph.D.s (Science  and  En gine er ing)
Graduate Studen ts (Scie nce and Engin eering)

B. Fund ing

Fe deral Research and Dev elop men t 
NSF Resea rch
Oth er  Fe de ra l Re search  a t Unive rs iti es

C . Fund ing  Per Capita

Fe de ra l R&D 
NSF Researc h
Oth er  Fe de ra l Resea rch  a t Unive rs iti es

19
20
21

20
24
16

30
22
16

II.  Fu nd ing  and Dem og raph ic Tren ds , 1975-1978 

A . Pe rcen tage  Shares

1975

NSF Funds 0.7%
Ge neral Pop ulat ion 1.8
Ph.D.s (S&E) 1.7
Grad ua te Studen ts (S& E) 1.8

Rankings, NSF Fu nds/De moqraph ic  Measures

1975

NSF Funds Pe r Cap ita 36
NSF Funds Pe r Ph .D . (S&E ) 38
NSF Funds Pe r Gra du ate Student (S&E) 44

1976 1977 1978

0.9% 0.8% 1.2%
1.8 1.8 1.8
1.7 1.7 1.7
1.7 1.6 1.6

1976 1977 1978

30 35 22
31 32 23
32 37 23



COOPERATIVE AUTOM OBILE RESEARCH PROGRAM

Mr. Sabo. As I have listened to the  discussion in the energy  a rea,
I am convinced th at  one area  where we do li ttle  and could have the  
larges t impac t is in the  area  of both applied  and basic resea rch as 
it relates to  th e automobile.

We despera tely search for the new and exotic when the  largest 
contribution might be gained throu gh modifications of wha t is.

I am jus t curious as to whe ther  NSF is involved, or is contem­
plating  gettin g involved, in basic resea rch on how we propel our ­
selves in a more decentralized man ner in this  country.

Dr. Atkinson. An item that is not repre sente d in NSF’s budget 
but  much discussed is a cooperative automobile  research program. 
NSF will not be the  lead agency but, in conjunction with the 
Department of Energy,  will play a  key role in the  car program. For 
our  par t of it we will emphasize indus try-university cooperative 
efforts, linking  universi ty scientis ts with industr ial scient ists in 
joint projects.

Mr. Sabo. What would your role be?
Dr. Atkinson. We would be funding some joint research efforts. 

NSF’s plans are not public, and they are  not definite.
Mr. Sabo. When are we likely to hea r about this? I have heard 

about it about two or thr ee  t imes in generalit ies.
Dr. Pimentel. This program may be delayed if the  budget cuts 

are  as large as projected. It may be one of th e deferred programs.
Mr. Sabo. T hank you, Mr. Chairman.
Mr. Boland. Thank you.

u.s.-u.s.s.r. cooperative research program

We talked about the  U.S.-U.S.S.R. Cooperative Research agree­
ment. You indicated that  you had $3.2 million in the  1980 budget, 
and the same in the 1981 budget. Are you still continuing to 
obligate the  $3.2 million for fiscal  y ear 1980?

Dr. Pimentel. We may not obligate all of t hat . We are  looking 
into the  sta te of our obligations  at this par ticu lar moment and it is 
conceivable that  in the  course of adjusting the  budget cuts tha t 
may be one of the items t ha t will be sacrificed.

Mr. Boland. Is your answer th at  you a re still obligating or tha t 
you are  not obligating 1980 funds as part of the U.S.-U.S.S.R. 
cooperative  agreement?

Dr. Averch. We have the funds. However, the Adm inistration  is 
taking a program-by-program look at items within the  $3.2 million. 
So, there is no guarantee we will obligate the  full amount. The 
Adm inistration  will decide wha t to fund on a case-by-case basis. We 
are tryin g to balance benefits to us again st pain to the Russians.

Mr. Boland. Have you obligated any of the  $3.2 million and can 
you ind icate how much?

Dr. Pimentel. Somewhere between two and two-and-a-half mil­
lion presen tly obligated.

Mr. Boland. How would you look upon a limitation  in the  Ap­
propriation Act which would indicate our displeasure with the 
Soviet Union aft er the invasion of Afghanistan?  Tha t is a simple, 
straightforwa rd message, isn ’t it?
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Dr. Averch. Mr. Boland, as I said before, the House Authoriza­tion Committee-----
Mr. Boland. Did you get the  same question there?Dr. Averch. Yes, sir. It is a matt er of balanc ing pain to them versus benefits  to us while not destroying the  larg er framework of the agre ement with the Soviets. Whethe r we like it or not, we will have to continue talking with the  Sovie ts in some form.Most of the  scientif ic community feels t ha t it would be a tragedy  if we were to break  the agreement completely and have no interac­tion. It would be tragic in the  sense  of losing scientific contracts that  are imp ortant  to us, access to scientific developments th at  we would like to have knowledge of, an d I inc lude our ability to assess Soviet capabi lities in that . Also conceivably, it could harm some people you want to help in the  Soviet Union by cutt ing the ir contacts  with  the  U.S. scientific community off completely. The fate of “Refusniks,” the dissidents, people like Sakharov, in my own view, would be much worse if we cut off all contact .Mr. Boland. I guess one of the problems we have is w hether  or not the  scientif ic community is willing to make its sacrifices  to balance  the  budget  as the Adm inist ration apparen tly is going to do and desires. And whether or not the scientific community has any desire to show its resolve when there are  conditions in the  world which clear ly indicate that resolu tion is necessary if we are  going to send the  right message to coun tries  that  violate a nat ion’s sovereignty.

Dr. Averch. The message sen t by the National Academy of Sciences ab out two weeks ago is indicat ive of the  scientific commu­nity ’s feelings.

mathematical and physical sciences
Mr. Boland. We will now turn  to mathematical  and physical sciences. The increase for mathemat ical and physical sciences is $37 million for fiscal year 1981. On page A-3, below the table,  it is stated that  the  16.7 percent increase  in the MPS budget for the fiscal year 1981 represents significant real growth. Do you have any idea how much growth the re will be in this  area  for the Department of Energy, DOD or NASA in the coming year?Dr. Klemperer. I am sorry, I r eal ly don’t.Mr. Boland. You may supply t ha t for th e record.[The informat ion follows:]
Support for Basic Research in the  M PS Disciplin es in  Other Agencies

In the MPS disciplines in the Department of Energy, the fiscal year 1981 budget request for basic research is $683.6 million, an increase of $59.8 million, or 9.6 percent, over fiscal year  1980. The DOD fiscal year 1981 budget request for basic research in the mathematica l and physical sciences is $241.4 million, an  increase of $39.4 million, or 19.5 percent, over fiscal yea r 1980, not including DARPA funds. Of this amount, slightly  less than one-half provides research support to academic institutions. Total support of basic research in NASA increases by 8.5 percent to $581 million in fiscal year 1981. However, research related to space sciences is emphasized, and only a very small fraction of this total bears any direct relation to MPS funding.

6 0 -7 7 0  0 - 8 0 - 8
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EROSION OF RESEARCH SUPPORT IN MPS DISCIPLINE

Mr. Boland. On page A-3 again, the re is a sta tem ent  which 
indica tes tha t: “overall Fede ral support for research  in the  MPS 
disciplines has eroded to the  point where adequate  funding  is no 
longer available to the most highly qualified investigators.”

Won’t the  increases being sough t for increased MPS resea rch at 
DOD, DOE and NASA cure thi s problem?

Dr. Klemperer. Of course it will be interactive. It, again, de­
pends on the  manner of delivery of these research funds. Of course 
the  increases in other agencies would help. I think the  manner of 
funding of resea rch by dif ferent agencies is quite  di fferent .

I t hin k the  National Science Foundation does play a unique role 
in funding the  very best invest igators.

Mr. Boland. Can you give the  Committee an account of the 
effects of t he physical sciences support erosion that  you have indi­
cated has occurred?

Dr. Klemperer. Typically in chemistry and mater ial science, 
which I think  have large impacts on our societies. Our average 
gra nt is about 60 to 70 percen t of what  is really needed by the 
investiga tor so this will slow down a typical invest igator . Likewise, 
the  g ran ts themselves are quite competitive so th at  we are  funding 
approximately  70 percent of h ighly  meritorious gran ts. So th at we 
are  funding  in the  fields of chem istry  and materia l science at about 
50 percent of w hat we would like to be funding, and I thin k that 
the  base of people who are  applying to us is even slipping as 
individuals are  rejected. They don’t apply a thir d and fourth time 
to be rejected  steadily. So I would say we a re unde rfunding  highly 
qualified investigators and cer tain ly large areas of scient ific effort 
such as the  production of technological data probably suffer badly 
already because it is not as innova tive as other proposals. So I 
would say there is a general diminution of effort in these areas.

PH. D. MATHEMATICIANS

Mr. Boland. On page A-I-2  under Mathemat ical Sciences, it 
stat es th at  approx imately 80 percent of the  recipients of the Ph. D. 
in the  mathematical  sciences tak e academic positions. By providing 
a 17.7 percen t increase for math ematics,  aren ’t you simply creating 
a fur the r market for new Ph. D. mathematicians in the  same 
places where they were before?

Dr. Klemperer. A large  amoun t of the  increase is for alternat ive 
modes of support. In other words, what  we wan t to do there is to 
provide tru ly effective advanced tra ining for post-Ph. D.’s and even 
faculty  members.

The model of great success in the  United  States in mathematics 
has been the  Inst itute for Advanced Studies  in Princeton  where 
some of the  foremost mathem atic ians are now or were at one time, 
in the  course of their tra ining  or education  or scientific  career. So 
that  a lot of this money will be spent  on really new modes of 
suppo rt of mathematics ra ther  tha n simply-----

Mr. Boland. Where are  the  Ph. D. s going to be doing thei r 
research?

Dr. K lemperer. At a  varie ty of universities.  The math emat icians 
have grouped the unive rsities into three classes: the  very elite of



113

which the re are  about five—Harvar d, Princeton, etc., the  large very good schools, i.e. large Sta te schools; and then the  so-called thi rd tier.
Mr. Boland. But isn’t the re a need for Ph. D. mathem atic ians in indu stry  and  business, outside of t he  univers ities, Fede ral agencies and laboratories?
Dr. Atkinson. The sta tem ent needs correction.  What you are refe rring to is 80 percent of the Ph. D.’s in core m athematic s—pure math ematics.  But the cohort includes the mathem atical sciences in general—computer science, opera tions research, a range of othe r areas—where  the percent of ma them atic ians  going to non-universi­ty jobs would be much larger. Wha t we have seen is a decline in the  numb er of Ph. D.’s in core or pure mathematics  and a shift  into these  more applied area s of mathematics.

MATHEMATICS INSTITUTE

Mr. Boland. Page A-I-14 in the  la st p aragraph stat es that  of the proposed increase of $1,050,000, or roughly 45 percent, $800,000 will be used for supportive rese arch “in modes of supp ort” of research in addit ion to resea rch project support. Is this  for the  Research Ins titu te of Mathematics th at  has caused so much  controversy?Dr. K lemperer. It may be.
Mr. Boland. Is it?
Dr. Atkinson. It may be. A decision has not yet  been made.Dr. Pimentel. We have proposals before us but  with  the  option that  we may accept none. The option is clear ly stated in our request for proposals.
Dr. Atkinson. Tha t is absolu tely right . I think  the  question of how good a mathem atics ins titu te could be is being weighed aga inst  other forms of altern ative modes, so we are tryin g to let the  best man win.
Mr. Boland. Thank you, gentlemen. The Commit tee stand s ad­journed unti l 10 o’clock tomorrow morning.

Wednesday, March 12, 1980. 
mathematical and physical sciences

Mr. Boland. The Commit tee will come to order.  Let me res tate  the  l ast question from y este rday’s hearing.
We will tur n to the  Mathemat ical and Physical Sciences section. On A-I-14, the  last  paragraph  indicates that  the  proposed increase  $1,050,000 or roughly  45 percent of tha t, $800,000, will be used for suppor tive resea rch “in modes of support  of research  in addition to research project support .”

mathematics institute
Is th is for the Resea rch Ins titu te of Mathematics  t ha t has caused so much controversy?
Dr. Klemperer. Only if desired by th e mathem atical community. Mr. Boland. I am sure you have seen the  Science magazinearticle.
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Dr. Klemperer. Yes, sir.
Mr. Boland. The re are  a couple of quotes here  that I am sure  

you ar e fami liar with  but  let me r efresh your memory.
The opening parag rap h says:
For the past two years,  a number  of emine nt mathemati cians have been ca rrying  

on a crusade against the  National Science Foundation (NSF). Their aim is to 
prevent the NSF from diverting  $2 million, which is about 10 percent of the 
Foundation’s m athematics budget, to a proposed mathemat ics institute.

Inevitably, supp orters of the instit ute have gotten pulled into the fray as universi­
ty has been pitted agains t university and, in one case, even brothe r against brother. 
The dispute offers a rare  glimpse of how major projects can be pushed through  the 
NSF and how difficult it can be to stop them.

In Jan uar y of 1978, the NSF tried again to get official backing for the insti tute 
from the mathematics society. It asked the science policy committee to reverse its 
1976 decision, but the  committee deadlocked.

Why do you think th at  such an Ins titu te is necessary in the face 
of so much criticism from mat hem atic ians ? Is i t worth  it?

Dr. Pimentel. We have been par ticu larl y sensit ive to this var i­
ance of opinion among the math ematicians. Dr. Klem perer has set 
up a special review process to make sure  th at  we have direct 
competition in the  decision process between the  proposed Math­
ematics Inst itute  and oth er possible means of improving  the  math­
emat ical sciences.

This review process will involve thre e panels. The thi rd will be 
explicitly charged with making comparat ive decisions between the 
Mathe matics Inst itute and oth er possible uses of th at  money in 
mathematics . The panel will be made up of rep rese ntat ives  of those 
who favor the Mathematics  Ins titu te and other scien tists who have 
expressed alte rna te opinions.

I t hin k Dr. Klempe rer has provided us a review process that will 
gua ran tee  the  decision is no t mere ly a ma tter of momentum.

Mr. Boland. Apparently  there is c onsiderable  controv ersy within 
the  math ematics community  with  reference to the  Institu te. I will 
quote ano the r paragraph.

“Taken  aback by Slichter ’s questions, the  NSF staff contradicted 
itsel f sever al times in trying to just ify the Inst itute . Fir st it said, 
yes, the mathem aticians wante d the  Insti tute.  Then it said that it 
was not sure  the  math ematicia ns wanted  the Inst itute, but  if they 
did not want it they would not send in good proposals for Inst itute 
projects.

“Slich ter pointed out th at  callin g for proposals is no way to find 
out what  the  math ematicians wa nt.”

This is pre tty  good philosophy not  only in this  area  but  also in 
the gra nt  area . Obviously, you are not going to set it up unless 
the re is some consensus within the community. Why don’t you 
respond to these  statements?

Dr. Atkinson. Our job is to stim ula te discussion on these issues.
Mr. Boland. And you have done it here.
Dr. Atkinson. Tha t is our job. But in some of the  early  discus­

sions it was infer red that if NSF had a math ematics ins titu te the re 
would also be new money for math ematics.  Tha t led to some of the 
confusion. What we have tried  to convey is that the re are only so 
many dollars set aside to supp ort mat hem atical science and tha t 
the issue is th e best way of su pport ing it.
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The review process Dr. Klemperer  has set up guarantees good 
discussion and a balance of different oppor tunities. It is not a 
question  of adding on an  inst itute versus not adding an inst itute. 
The question is, how do you want to spend the  dollars  set aside for 
mathem atical science? That is the  question being debated. It is a 
good debate, and I am pleased that  the re is so much discussion on 
the  m atter.

Mr. Boland. I assume that  what  is contained in this article in 
the  Science magazine is basically correct.

Dr. Atkinson. Yes, it is.
Mr. Boland. Have you ever seen the  art icle?
Dr. Atkinson. Yes, I have.
Mr. Boland. When did you first see the article?
Dr. Pimentel. With in two hours aft er the Science magazine en­

tered the  Foundation. I have a folder full of simi lar mate rial.

DEC ISIO N ON MATHEMATICS INS TIT UTE

Mr. Boland. Who came up with the  idea of establ ishing  the  
Insti tute?

Dr. Atkinson. It is not a new idea, it has been in the  mathemat­
ics community  for 50 years. A d istingu ished ins titu te at  Princeton 
Unive rsity has been critical to the  development of mathematics in 
the  United States . The issue is w heth er the  mix of support is right.

Mr. Boland. I am sure when you come to the  decision it will be 
the  r ight  one and as I unde rstand, you h aven’t come to th at  conclu­sion yet.

Dr. Klemperer. No. We a re trying to let  the  mathematics com­
mun ity decide wha t is the  best way to provide a high degree of 
interactio n in advanced mathematics and we a re tryin g to evaluate 
effectively all the  ways of  doing this.

Dr. Atkinson. Keep in mind it isn’t whether we will have an 
ins titu te or take  it away. We tru st this  Commit tee will tell NSF 
how much money i t can spend in mathematics.

Mr. Boland. You have  never had unanimity with respect to your 
proposals anyhow within the math ematics community, have you?

Dr. Atkinson. But the re has been a histo ry of the  view t ha t may 
be described as follows: If you can get a big project added on, you 
will get more money in the field of science. Tha t is the  view we 
work against.

Mr. Boland. That is exac tly w hat happens, too.
Dr. Atkinson. We don’t want to argue whether the Ins titu te is on or off.
Mr. Boland. I th ink you are  right.  Tha t is why we are faced with 

a $1,148,000,000 budget for fiscal yea r 1981.
The National Science Foundation is 30 years old this  year.
Dr. Atkinson. Exactly.

computer sciences

Mr. Boland. On page A-II-1, we find th at  you are  requesting an 
increase of $5.1 million in fiscal y ear 1981 above the level of $18.2 
million for com puter  research.

On page A-II -4, in the second paragraph, the  legend stat es th at  
$3.7 million will be used in the  Special Projects Program elem ent
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for “longer range support of e xper imen tal resea rch.’’ Wha t do you 

have in mind her e?
Dr. Klemperer. To perm it universit ies to begin to parta ke  of 

exper iment al progr ams in compu ter science. Activities in univ ersi­

ties in this  are a are  virtu ally all theor etica l, and we feel it is 

necessary th at  t he re  be an experimen tal component to test  theo ries 

as they are  developed and to promote the  development of fur the r 

theory.
We are not doing this at present.
Mr. Boland. We are  not establishing a computer science ins ti­

tute,  are we?
Dr. Klemperer. No.
Mr. Boland. On page A-II -13, the re is an indication th at  the  

Foundatio n does not  intend to extend  the dura tion  of your gra nts  

in compute r sciences—so what is your plan for “long-range sup­

port”?
Dr. Klemperer. These  are planned to be approx imately 5-year 

gra nts  for exper imen tal computer science. They will be co mpetitive 
gran ts. Proposals will be submit ted with the  view tha t if gran ted 

they  will have a dur atio n of five years. Obviously, renewal is 

possible a t the end in competi tion with other requests .
Mr. Boland. At the  top of page A-I I-6  it sta tes  that “the longer 

rang e suppo rt” for experim enta l computer research  is a new i nit ia­

tive begun in the  fiscal year 1980—and th at  the  effort is closely 
coordinated  with DOD, DOE, NASA and NIH, and th at  t he suppo rt 

for exper iment al rese arch  provided for DOD at thr ee  or four inst i­

tutions  is much gre ate r tha n tha t available to any other  ins titu ­

tions.
I am sure  you are not try ing  to compete with DOD b ut what  kind 

of commitment have you taken up here ? How extensive is this 

going to be part icularly  in view of wha t these  other agencies are 

doing in this area ?
Dr. Klemperer. Yes. Fi rst  of all, we are in close co ntact  with the 

Dep artm ent of Defense on computer  science and we reall y want to 
interleav e our activities effectively with this agency. The type of 
comm itmen t towards univ ersi ties  is flexible in the  sense th at  we 
will honor  both requests for large gran ts, th at  is, of the  order of a 

million dollars a year, and also much smaller ones. We are plan­

ning a network  so tha t differen t univ ersi ties’ comp uter groups can 
commu nicate effectively. We will be able to respond to the best 

proposals of the univer sity commu nity, and we are tryi ng to effec­

tively int era ct with the  Dep artm ent of Defense so th at  we do not in 

any way do the same thin g they are doing and yet inter leave our 

activities to obtain maximum efficiency.

industry research in computer science

Mr. Boland. The amount requested for 1981 is a 20 percen t 

increase  for compute r sciences. I thi nk  we can agree th at  this is an 

area where  business, industry and the  Govern ment are  all supply­

ing a signif icant  amount of rese arch , both basic a nd applied.
Dr. Atkinson. No. I don’t think th at  I would agree.
Mr. Boland. The next question  is: Why should NSF add to an 

alread y hea lthy  level of resear ch acti vity  in t his area?
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Dr. Atkinson. Industry represen tatives in the  computer field 
will argue that this is one of the  important thr us ts in the  Federa l 
budget.

Mr. Boland. What are  the y not doing that  you are  going to do?
Dr. Atkinson. Indu stry  research  in compu ter science tends to be 

focused on development of software with immed iate application. In 
the  Defense Departmen t, such research tends to be focused on 
defense-related issues. The development of new languages, and new 
concepts in computer science has fallen almost  enti rely  to the 
Nat ional Science Foundation.

We provide a type of research  on the  front ier; it develops the  
new languages and new approaches to computer arch itecture.  I 
think  NSF’s role in compute r science is unique. I have said repeat­
edly in this  Committee th at  I am concerned by the level of  funding 
provided by the  Federa l government  for computer science.

Mr. Boland. You have, indeed. For the  record, I would like the  
NSF to indicate the  brea kthroughs th at  have come as a result of 
the  r esearch in compu ter science.

[The information follows:]
Sign ific ant Conseq uen ces  of NSF S upport  of Com puter Research

Four examples of significant NSF influence on computer research are:
(1) From 1958 th rough 1972, NSF provided a  total of approximately $75,000,000 to 

help universities establish computer facilities for research.  This supported research  in computer  software that  established the present technology of programming lan­
guages, operating systems, tex t editing or othe r word processing systems, office 
automation, and other presently  “hot” lines of development. It also gave the U.S. a 
genera tion of people train ed as computer scientis ts and computer users and a resul ting generation time advantage  over othe r competitors such as Japan or Ger­many in computer  systems technology.

(2) The first support for resea rch in com puter time sharing  was provided by NSF 
with a gran t to MIT in 1962. This work was then picked up by the Advanced 
Research Projects Agency of the Department of Defense with greatly  expanded support to develop the  time sharing systems which are used throughout the world today.

(3) The concept of computational  complexity was first  introduced by Dr. Juris  
Hartmanis while he was a research scientist at General Electric Corporation but he was unable to obtain supp ort from General Electric to continue research on this 
highly theoretical and abst ruse  topic at a satisfactory rate.  He left General Electric 
to found the computer science department at Cornel! Universi ty where he and his students continued working on the theory with suppor t from NSF. This field quickly 
matured into the theo retical foundation of computer  science and has found appl ica­
tion in hardware, software and algorithm design throughout the world, including applications within General Electric Corporation itself.

(4) An algorithm called the  “perfect shuffle” , which can be shown to be the best 
possible algorithm for use in many important  scientific or engineering ca lculations,  was developed by Professor Harold Stone, Univers ity of Massachusetts, while he 
was doing research on parallel computing methods with NSF support. The use of this algorithm as the basis for design of ult ra high-speed computers using Very Large Scale Integrated  Circuits (VLSI) is now being explored by researchers  at New York University and Burroughs Corporation.

RESEARCH RESULTS

Dr. Atkinson. We published this  week a booklet on how basic 
research reaps  unexpected rewards.  The booklet resulted from our  
concern with some title s of NSF research  gran ts. We wanted to 
publish a document on research that  at  firs t didn 't seem to be 
significant but  which led to important developments . I will provide 
it for the Committee files.
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TH EO R ETIC AL PH YS IC S IN ST IT U TE

Mr. Boland. The Physics  program subactivity is detailed on page 
A-III-1  where you are requesting an increase of $10,139,000 to a 
tota l of $73,500,000 for 1981.

On page A-III-5, I note that  you intend  to continue supporting 
the  new Ins titu te for Theoretical Physics.

Dr. Klemperer. Yes.
Mr. Boland. Has n’t this  ins titu te been a targe t of s trong cri ti­

cism within the physics community?
Dr. Klemperer. It cert ainl y has. I think we have enough infor­

mation to indicate th at  it is a success in the  following sense: One- 
thi rd of the people th at  go now to the Ins titu te for Theoret ical 
Physics bring at least  pa rt of their own support. For eight possible 
post-doctoral posi tions available next year the re are  200 applicants. 
That it is perceived cer tain ly by a sector of the physics community, 
that  this is a desirab le place to be. And if people provide th eir  own 
supp ort to be a t a place, this indicates  i t is not simply because they 
have nothing b ette r to do.

Mr. Boland. As I underst and  it, the re were some objections on 
the  part of the Senate Committee to this  Institu te. Is that correct?

Dr. Atkinson. There was some discussion and some uneasiness, 
but  no construction is involved. At the  end of five years if this 
Ins titu te has not proved to be a wise expenditure of funds in the 
physics community, we are prepared to phase it out.

Mr. Boland. Do you recall  what  the  Senate  Subcommittee on 
Appropriations cricitisms were?

Dr. Atkinson. It might have been similar to the criticism of the  
mathematics insti tute; th at  NSF was trying out an idea, and it 
wasn ’t the  high prior ity of the  physics community.

Mr. Boland. Have you received much correspondence with re­
spect to this par ticu lar Insti tut e eith er for or in opposition to it?

Dr. Atkinson. Before the decision, the re was a great deal of 
correspondence. Since then, it has been an established fact, and 
wha t we established has been a t remendous  success-----

Mr. Boland. Prior to making the decision, wha t would you say 
the public consensus was on t his issue?

Dr. Klemperer. I thin k it  was probably split. I don’t know if 
there was a consensus—ther e was certa inly not unanimous sup­
port.

Dr. Atkinson. These are  public matters, brought before the Na­
tional Science Board. There is a grea t debate  on these issues.

Dr. Pimentel. It is fair  to say there was a division within  the 
physics community, but by no means was it as extrem e as came out 
in the-----

Mr. Boland. Did you consul t, for instance, with the  American 
Ins titu te of Physics, and the  Ins titu te for Advanced Study, in your 
evaluation of the decision to establish  the Ins titu te for Theoretical 
Physics?

Dr. Atkinson. We had  wide consul tation; I don’t recal l whether 
we discussed it with the  American Ins titu te of Physics.

Mr. Boland. Wouldn’t t ha t have been a good forum?
Dr. Atkinson. Mr. Boland, We tend  not to consul t with  societies 

because we are  less interested  in getting the  societies responses.
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We tend  to consult with distinguished  scientists in the  field. We don’t want a society voting someth ing up or down; we prefer  the counsel of the  best scientists.

NA TION AL  SCIE NCE BOARD VIE W

Mr. Boland. What abou t the  decision of the  National  Science Board itself? W hat was i ts position on th is issue?
Dr. Hackerman. The Board unanimously approved the  proposed award.
Dr. Atkinson. The person finally selected as d irec tor is Professor Walter Kohn, a distinguished scientist. As I say, the  Ins titu te is a five-year effort and it will be carefully  evaluated.
Mr. Boland. You don’t th ink there has been any failure on the part of t he NSF review procedure, par ticu larly in the  light  of the criticism tha t has been direc ted at the  Mathematica l Ins titu te and this Inst itute?
Dr. Atkinson. Yes. Our  job is clearly  to make  sure  that the physics community gives us its best advice and th at  it feels it has been properly  consulted. In the  early discussions of th e Theoretical Physics Insti tute,  the re was some feeling that  we had not consulted broadly enough.
Dr. Pimentel. I can add I presided over a Director’s Action Review Board on the Theoretical  Physics Institu te, and I also was present  in the National Science Board program review. In each are na  the  type of challenging questions you are  asking of us were asked and discussed at gre at length. Certa inly  the  review process was critica l and we do believe that  the  judgment, though not unanim ous, was the  p roper one.

CORN ELL ELECTRON STORAGE RING

Mr. Boland. On pages A-III-4  and 5, the  justi ficat ions  discuss the  Cornell Electron Storage Ring. As I recall, it was indicated by NSF that  the Cornell Electron Storage  Ring was of such great impor tance  that  the re was genera l agreement that  it should be bui lt at a possible sacr ifice in funding of other -NSF supported high energy physics projects. The thrus t of NSF’s stateme nts were es­sent ially  t ha t the  consequences of th at  sacrifice would be assim ilat­ed without an increase  in cons tant dollar  funding of the high energy physics effort.
Why now is there  a  request for $2.7 million to “resto re vita lity  of university-based user groups by providing ins trum entatio n and techn ical support which was rest ricted during the  CESR conver­sion”?
It appears that  in the  past you indicated you could assimilate the additional cost of the CESR without a change in the  overall tota l of the  physics budget and  now you are  going back on that sta tem ent  and  feel you need some additional funds. What went wrong here?Dr. Klemperer. Par ticle physics is a rapid ly developing field of admittedly high cost.
Mr. Boland. But, it is not really a new field.
Dr. Klemperer. The discoveries t ha t have been made in the  last  three years  have real ly profoundly changed the  n atu re of this field. This yea r’s Nobel Prize  in Physics went to theorists  who have
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predicted the  type of discoveries that  have been made. It is a  field 
of tremendous flux and excitement. It is one of the  most a ttra ctive  
fields to young physicists. So one really does not want  to stifle a 
field which really is so funda mental in physical  science.

Dr. Pimentel. We argue  this does not represe nt an add-on. To 
the  contrary , it reach es into the  overall physics budget and focuses 
money th ere  a t the  expense  of other programs—exactly as was said 
ear lier  in the  st ate me nt you quoted.

Mr. Boland. Mr. Conte?
Mr. Conte. I won’t be long. Thank you, Mr. Chairman.

REC IPIE NTS  OF RESEARCH GR AN TS

I would like to concentrate, Dr. Atkinson, for a moment on the  
recipients of research  gra nts  from the  National  Science Founda­
tion. In the introduc tion to NSF conta ining  the  fiscal year 1981 
justi fication it is stat ed th at  the grants  accoun t for approximately  
28 percen t of all Federal  support received by academic inst itutions  
for basic research.

My question is what other categories of persons besides those at 
academic inst itutions are eligible for NSF grants?  I am speaking 
abou t individual research  g ran t awards, not inst itutional .

Dr. Atkinson. Most of NSF’s funds are  direc ted at university 
science activities. The Foundation also funds a cert ain number of 
activi ties in industry and in nonprofit organizations, but the por­
tion of the total effort not  directed at universiti es probably would 
be less than 10 percent.

Mr. Conte. Are there any  appl icant  restr ictions th at  apply to all 
research  grants within NSF regardless of program activities?

Dr. Atkinson. If t he proposal comes in from a for-profit firm, it 
could be received. But the language clear ly indicates that only 
und er special circumstances of unu sual  national opportuni ty would 
NSF fund the project.

Mr. Conte. Are other research ers of othe r Federal agencies e ligi­
ble for grants?

Dr. Atkinson. No, they  are  not. There can be exceptions, of 
course, but  the genera l view is t ha t NSF does not fund researchers 
in other Federal agencies. We believe that  the  Congress allocates 
funds to those agencies for support of the ir research , and NSF 
should not then  permit agency scienti sts to apply to NSF for sup­
port.

Mr. Conte. There was a recommendation in the 1964 Independ­
ent Agency appropriations bill that  no part of the  Foundation’s 
funds be transfer red to anoth er agency of the  government for 
research.

At the  time this was interp reted to mean that  individua l re­
searchers in othe r Federal agencies  could not apply to NSF for 
resea rch gran ts. This legisla tive provision is no longer carried in 
the  bill handled by Mr. Boland. However, I am curious as to 
whe ther  NSF continues these rest rictions in practice.

Dr. Atkinson. Yes, we do. There are exceptions. We do fund 
special collections in meteorites and sea organisms at the  Smithso­
nian. There is some polar rese arch  but in general we would not
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fund a scientist  a t ano ther  Federal agency, a Federal laboratory or 
a  /i ° n £r °f l t  °T

r ga m z a t l 0 n  primarily  supported by Fede ral funds.
Mr. Conte. If it  is all righ t with  the  Chairman, could you provide 

for the  record, information on gra nts made by NSF to researchers 
in other Federal agencies las t year. You just mentioned a few

rmu At 5i n s o n ; Ye„s > 1 will give you a listing of all such grants. L The informat ion follows:]



Researchers  Funded by Na tiona l Science Foundation 
at  Other Federal Agencies

The fol low ing  awards made by the Nation al Science Foundation (NSF) in FY 1979 
funded researchers in oth er Federa l Agenc ies who because of thei r unique 
expert ise, association w ith non-Federal researchers, th eir access to governmen t- 
owned fa cili ties or oth er factors,  were made exceptions to  the  general NSF po licy 
of  not fund ing Federal researchers:

Smithsonian Inst itu tio n

o Co llab ora tive Research on the Torngat Archaeolog ica l Pro ject - $39,789

o Cooperative Sys tematics and Analysis of  Polar Bio log ica l Mater ials  - 
$99,927

Geo logical Survey

o Research on Techniques of  Geochemical,  Geophysical and Geological 
Exp lora tion  in the  Sonoran Env ironment -  $68,000

o Geology of  the Ohio Range, Antarct ica - $10,718

o Geologic Inv estiga tion of the Dufe k Int rus ion , Ant ar ct ica - $20,000

o Cr ys talliz at ion  of  Pyroxenes and Pyroxene - Bearing Rocks -  $21,W0

o Oxygen Fugacit ies of  Ext ra te rres tri al  Ma ter ials  and Redox Reactions - 
$4,600

o Trace Elements in Pla netary Mate ria l by A ct ivat ion Analysis  - $19,000 

Na tiona l Oceanic and Atmospheric Adminis tra tion

o North Pacif ic Exper ime nt (NORPAX): Studies of  Equator ial Dynamics and 
Long-Period Transport Va ria tions in the Ce ntral Pa ci fic  -  $75,000

o Near Surface Ci rculat ion Studies: A Component of  the  Coastal Upwelling 
Ecosystems Analysis Program -  $35,000

Bureau of  Standards

o Probab ility Distr ibu tion of Ex treme  Wind Speeds -  $68,262 

Departm ent of Ag riculture

o Basic and Appl ied Studies of  Pathogenic  Microorgan isms in Grasshopers 
and Locusts - $11,116.
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Mr. Conte. Mr. Chairman, I have quite a few ot her  questions but 
not per tain ing  to this ma tte r and I will subm it them  for the  record.

Mr. Boland. Are they  in  any  par ticu lar are a?
Mr. Conte. They are  mostly on research.
Dr. Atkinson. May I j us t inqu ire about the  motiva tion here? Are 

you concerned tha t we a re fund ing too much or too l ittl e?
Mr. Conte. Not enough.
Mr. Boland. Thank you very  much, Mr. Conte. I know you are  

busy, altho ugh this is p robably the most inte rest ing  hea ring  taking 
place on the  Hill today. We will place your addi tional questions  in 
the record at this point.

[The questions follow:]
Question. The introduction to NSF contained in your justific ations  makes refer­

ence to the fact tha t more tha n 200 small business firms are  involved in NSF- 
supported research. Fu rth er along in the budget justifications the re is a  request for 
an additional $10 million for a program  to “draw upon the research capabilities of 
the nat ion ’s small businesses to move the most promising researc h toward commer­
cialization as quickly as possible” .

As a  long time member of the House Small Business Committee this is a matter  
of pa rticular  intere st to me and I wonder wheth er you could e labora te on the types 
of firms and projects that  have and would receive assistance under this program?

Answer. In 1977 NSF introduced a new program on an experimenta l basis now 
entitl ed “Small Business Innovat ion Research”. The three-phased program solicited 
proposals from science and technology based small business firms in a number  of 
topic areas. Some 329 proposals were received; 42 phase I and 21 phase II awards 
were made. In the second solic itation in 1979 four hundred and eight  proposals were 
received and 54 phase I award s resulted. In 1980 five hundred and thi rty  proposals 
were received from 43 state s and the District of Columbia which are now being 
reviewed.

Phase I involves six-months up to $25,000 awards  to determ ine the technical 
feasibility of the idea and the capabilities of the  small business. Phase II awards are 
for 1-2 years and average $200,000. Phase III involves priva te venture capital or 
large company support in a development phase to pursu e commercial objectives 
from the government research funded in phases I and II. Commercial rights  to 
pate nts are also made available to the small firm conting ent upon its receiving the 
phase III funding from a t hir d party.
Question. Your justific ation also states that  the Nationa l Science Foundation is 

responsible for strength enin g science education at all educational levels.
What NSF programs have been transferred  to the  new Department of Education, 

which programs stayed with NSF, and what were t he determining factors?
Answer. The Department of Education Organization  Act of 1979 (Public Law 99- 

88) transferred  to the  new Department the Minority Inst itutions Science Improve­
ment Program and that  portion of the  Pre-college Teache r Development in Science 
Program serving t eacher s in kindergarten  through grade four. All other elements of 
the  Science Education Program Activity remained  in the  National Science Founda­
tion.

The determining factors were the language of Section 304 of Public Law 99-88  
and tha t portion of the Jo in t Explanatory  Statement  of the  Committee of Confer­
ence (House Report No. 9 5-459)  pertaining to Section 304.
Question. With regard to NSF Science Education Resources Improvement Pro­

gram, can you tell us how many two-year applications were received last year?  
What percentage of th e tota l applications did the two-year schools represent? What 
percentage of the final award s?

Answer. The table below presents the information requested in these questions.



124

2-YEAR COLLEGE PARTICIPATION IN SERI PROGRAMS, FISCAL YEAR 19 79

Proposa ls received Grants

Total

2-year colleges Total 2-year colleges

Number percent Number
Success

rate
(perce nt)

Number percent
Success

rate
(perce nt)

C A U S E . .................................... 30 7 6 9  22 72 24 16 22 23

IDSE . ....................................  11 7 3 3 3 6 3 0 1 3 33

ISEP  . ....................................  1 ,4 5 7 14 5  10 3 8 5 19 22 6 15

LO C I........................................................ .................................... 5 1 4 68  13 15 1 2 9 18 12 26

M IS IP ...................................................... .................................... 61 22  37 39 6 3 11 28 50

Question. $1.7 million is being requested in fiscal year 1981 for detailed design and 
specifications leading to the construct ion of a new 25 meter diameter millimeter 
wave radio telescope for astronomy research. Isn’t there an NSF sponsored millime­
ter wave telescope at the Univers ity of Massachusetts?

Answer. Yes, there is an NSF-sponsored millimeter wave telescope at  the Quabbin 
Reservoir run by the Five College Radio Observatory (FCRAO). It was built in the 
mid 1970’s, its reflector is 45 feet in diamete r and primarily serves the research 
needs of the radio astronomers at the  University of Massachusetts. In contrast, the 
proposed 25 meter (82 foot) ant enn a to be built in the 1980’s has 3*/3 times the 
collecting area  and will be a natio nal instrument serving the research needs of 
radio as tronomers  across the nation. The combination of newer design techniques, a 
higher precision surface and the exceptionally high altitude and low latitude of the 
site at Mauna Kea, Hawaii will permit the 25 meter antenna users to observe more 
effectively at more than twice the frequency range of the  FCRAO antenna. It will 
enable them to observe objects in the Southern Hemisphere tha t are  either  not 
accessible to the FCRAO antenna  (e.g. the  Southern Milky Way) or are so low on 
the southern Massachusetts horizon th at  observations are much more difficult to 
make (e.g. the center of our Milky Way Galaxy).

The advent of the 25 meter a nten na will not remove the need for millimeter wave 
anten nas in the Northern Hemisphere such as the FCRAO antenna. Both instru ­
ments are needed for as full a coverage of the northern and southern skies as 
possible.
Question. While on the topic of astronomy research, I was interested and proud to 

note mention in your budget justi fications of the announcement last year by three 
astronomers at  the University of Massachusetts of the first experimental evidence 
supporting the existence of g ravita tional  waves. Could you take a moment to ex­
plain in layman’s terms the importance of this discovery?

Answer. A prediction of Einstein’s theory  of general relativ ity is th at  energy can 
be carried off from any mass by a form of radiation known as gravitational radi­
ation (or waves). This radiation travels  a t the  speed of light. It carries energy, and is 
emitted  by any object whenever th e object experiences an acceleration. The amount 
of energy carried by gravita tional waves is extrao rdinar ily small, so it is extremely 
difficult to detect. It is an astronomical phenomenon (where one has very large 
masses and energies) that one has the best hope of detecting these waves. The 
discovery by the University of Massachusetts indicates tha t Einstein’s prediction is 
correct. Furthermore, the measurements enable relativi sts to discount some alter­
nate theories of rela tivity. This discovery lends impetus to attempts to build detec­
tors tha t would actually measure the gravitational radiation travers ing the  Earth 
(i.e. gravitational receivers). A century  ago sc ientists began the experimental study 
of electromagnetic radiation, which has r esulted in our current radio, television, and 
rada r technology. Today we are on the threshold of the experimental study of an 
entirely new type of physical radiation.
Question. On page 16 you list some of the  major research questions being ad­

dressed by NSF supported researchers. Among them is the question of how plants 
and animals  inte ract  with the atmosphere to control atmospheric carbon dioxide 
and respond to acid rain. $13 million is requested in your ecosystem budget for acid 
rain investigations. From previous testimony from EPA officials, we know EPA is 
allocating research resources to the acid rain problem as well. Is there  cooperation 
between your two agencies in the matter of acid ra in research?

Answer. The Nationa l Science Foundation supports researchers to investigate 
phenomena which rela te to “acid r ain”, but money is not set aside for acid rain as



125

such. A recent  survey of all programs throughout NSF tha t fund projects related to acid ra in placed the effort at  about $8.8 million. The $13 million requested is for the  total ecosystem studies which include a smaller  fraction related to acid rain. For example, ecosystem research is deemed impor tant because it examines ecological associations for individual plants  and  enti re communities that  mus t be understood before effects of acid rain can be understood. This work supports watershed meas­urements in several places of the U.S., detailed examination of nitrogen  and sul­phur cycles and budgets that  must be known in order to understand sources and sinks of NO„ and SOX, and basic studies in which detailed models of system funct ion are  being constructed. It is this work tha t will be needed by EPA and other- management  agencies before acid rain  can be put in perspective and before plans for the  specific studies on acid rain per se can be s tarted . At th is time, no projects on acid rain are  funded jointly. Cooperation is mainta ined through efforts of the Federal Interagency “Acid Rain Coordination Committee” and its subcommittees, as well as through contacts made by program managers  of EPA and NSF. Information available on the subject and on funded projects has been exchanged. NSF will continue to fund research fundamen tal to the overall problem of acid rain through studies on ecosystems and watersheds, plant and animal  effects, simulation model­ing, and other work proposed by the scientists of the U.S. that  passes the peer review system. This informat ion will be available at all times to EPA program managers and researchers.
Question. In addition to the  acid rain problem, concern is being expresssed in many quar ters about the level of carbon dioxide in the atmosphere  and particularly  about  the potential effect of increased carbon dioxide levels caused by synfuel production on global climate. Is NSF supporting any cooperative research with the  Department of Energy on this  matter?
Answer. National Science Foundation  is funding several major efforts related directly to the question of global carbon, as well as funding programs of total system nature  which are important for building and understanding gains or losses of carbon in various systems. Much of the work is centered in two divisions, ATM (division of Atmospheric Sciences) and DEB (division of Environmental  Biology). The level of research funded by NSF in 1979 was $4.25 million, much of that indirect ly related. Approximately $2.66 million was directly related  to global carbon questions. The work includes monitoring fluctuat ing CO2 levels on Mauna Loa, construction of complex climate dynamics models at National Center for Atmospheric Research in Boulder, Colorado, construction of world carbon budgets in oceans and nearly all terr estr ial biota where the  information exists, and highly specific laboratory re­search conducted at the Phytotron  of Duke University. In several instances, NSF and DOE are funding complementary phases of the  research at institu tions such as Oak Ridge National  Laboratory, Marine Biological Laboratory, and Scripps Inst itu­tion. Both MOAA and DOE have provided about $0.3 million to NSF for funding of basic problems. Program officers of both NSF and DOE coordinate many of the ir activities with one another , although in most instances funding of programs pro­ceeds independently. Interagency  coordination insures  appropriate responsibility between variously applied and fundamental science needs.

Question. Under  Engineering and Applied Sciences, mention is made of NSF supported research on the question of how national fiscal, monetary and regula tory policies affect the cost and management of  programs by sta te and local government. How much money is being used to support research in this area?
Answer. In fiscal year 1979, awards were made to seven (7) grantees in the Public Services Delivery and Urban Problems area  relat ing to the above topics. These seven awards totaled $882,888. It is expected that  approximately $500,000 will be spent in awards  on these  topics in fiscal year  1980.
Question. It strikes me tha t this is a mat ter that  is comfortably within the  research purview of the  Advisory Council on Intergovernmenta l Relations. What makes National Science Foundation uniquely capable of supporting this  type of research?
Answer. The Advisory Council on Intergovernmenta l delat ions is not a gra nt giving agency. Staff  conduct studies under direction of the Commission. Only occa­sionally will s taff  contract to members of the research community for work which directly supports sta ff analysis. The National Science Foundation closely coordinates its research on these  topics with the Advisory Council on Intergovernmental Rela­tions and they are  supportive of our  efforts to fund scholars for research  on these  topics.
Question. On page 55 under Program Development and Management, an increase of $25,000 is requested for consul tant compensation to fund approximately 250 more consultant days for outside experts to provide oversight  and advice concerning NSF.
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What is the total amo unt being requested in fiscal year 1981 for consultant 

services?
How many con sultant days were used by NSF last year?

Why is thi s increase necessary?
Answer. The total fiscal y ear  1981 request for co nsultant compensation, including 

compensation for members of th e National Science Board is $575,000.

In fiscal year 1979, approx imately 4,300 days of consultan t services (excluding 

NSB) were utilized in program oversight and the proposal review process.

The additional 250 days are  required  for the following: 50 days each for expanded 

oversight and proposal review in: Mathematical and Physical Sciences; Astronomi­

cal, Atmospheric, Ear th and Ocean Sciences. They will be used primarily to help 

reduce the total time between the  receipt of a proposal a nd final action. 50 days for 

programs in Engineering and Applied Science including the  expanded program 

directed toward greater involvement of small business in the Founda tion’s research 

programs; and 100 days for new or expanded Cross-Directorate programs such as the 

Universi ty Research Facilities Program  and the Industry/U nivers ity Cooperative 

Research Program.
Question. Under the Intergovernme ntal Programs, ther e is a mention of an 

Energy Management Program organized and operated by the New England Innova­

tion Group which uses new technologies to determ ine insulation characteristics in 

public and private buildings.
Firs t, what is the New Engl and Innovation Group and can you tell us more about 

these energy management efforts?
How is information about the ir research  discoveries being disseminated for practi­

cal application in oth er parts  of the  country?
Answer. The New England Innovat ion Group is a nonprofit intergovernmenta l, 

regional organization founded in 1975 under an NSF gra nt to the Rhode Island 

League of Cities and Towns to assist local and State  governments in the six state  

New England region and solve pressing problems through the application  of scientif­

ic a nd technical resources.
It is governed by a 19 member board of t rustees of elected and appointed State 

and local government officials and representativ es of pr ivate industry, federal labo­

ratories, and universities. Its Pres iden t is Vincent A. Cianci, Jr ., Mayor of the  City 

of Providence, Rhode Island. It employs a small core staff  of scientists, public 

administra tors, and technology agents to provide rese arch, technica l assistance, and 

information  services to government agencies in th e region. It  also provides a broker­

age function to link other resources such as the federal laborato ries and universities 

to governments with problems amenable to scientific and technological solutions.

It has conducted energy audits in a number  of schools a nd other public buildings 

in New England using thermography (an infra-red heat detecting device) to identify 

heat losses in buildings.
It plans to conduct workshops thro ughout New England to d isseminate the results 

of its work. Written reports are also available through its offices at  128 N. Main 

Street, Providence, Rhode Island, 02903. It also is currently  using the  “EIES,” 

electronic information  exchange system, (a computerized information retrieval and 

telecommunications system) to commun icate with other innovation groups around 

the country.
Fur the r information  may be obtained from its Executive Director, Mr. Robert A. 

Cox.
Question. Your environmental biology budget summary identifies advances in 

population genetics. Specific mention is made of using mathematic al modeling tech­

niques to study the inheritance of susceptibi lity to disease. Could you explain or 

provide me late r with additional information about this study?

Answer. From our present genetic base, the inheritance of variability in human 

tra its tha t we best understand can be described in terms  of genetic variabili ty at 

single genes or at  several genes affecting the  same tra it. As the numbe r of genes 

involved in a tra it increases, the under lying  genetic base becomes more and more 

difficult to assess and mathema tical modeling is necessary. But even more difficult 

is the understand ing of the inher itance and evolution of susceptibility to disease. 

This is due to the interaction of the  genetics of the susceptibility and the  transm is­

sion p atte rns of the  disease itself, i.e., whe ther  th ere is familial transmission (parent 

to offspring) or contagious transmission  (from one individual to another across the 

population). This problem is in contrast to th at  of congenital genetic disease caused 

by differences in the genetic information th at  directly affect metabolism or struc­

ture  of the hum an body.
This research  under taken by Dr. Marcus Feldman of Stanford Universi ty will 

develop a series of computer simulation models aimed at explaining  the interactio n
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of genetically inherited characterist ics and culturally transmit ted trai ts. The models are  based on non-linear statis tical distributions  of inherited tra its  in human and other populations. Par t of the basis for analysis of these data  is a more complete understand ing of how genetic inhe ritance is affected by fluctuating environments . Therefore, a large part  of Dr. Feldman’s modeling effort will sim ulate  the  effects of environmental variation on the interaction of culturally and genetical ly transmitted characteristics.
The class of trai ts selected for modeling are those diseases for which evidence suggests a genetically inherited susceptibility,  t'.e., disease and susceptib ility must co-occur before illness can develop, such as for hepa titis B. Non-linear models which describe genetic control will be integrated with statist ical models of non-genetic transmission dynamics. By developing computer models based on the  statistical frequencies of genetic and cultural  aspects of the disease, an understanding of th e fundamenta ls of disease transm ission can be developed. The larger question of “nature -nu rture” can also be approached using these techniques.Discussion of recent advances in theoretical models which combine epidemiology and population genetics a re extrem ely involved and  cannot be adequately  described and discussed in a short response. Details of the models can be found in two recent scientific articles: Uyenoyama, M. K. and M. W. Feldman. 1978. The genetics of sex ratio distortion by cytoplasmic infection under mate rnal  and contagious transmis­sion; An epidemiological study. Theoretical Population Biology, Vol. 14- 471-497 Uyenoyama, M. K., M. W. Feldman and L. L. Cavalli-Sforza. 1979. Evolutionary effects of contagious and familial transmission . Proceedings of National Academv of Science, Vol. 76: 420-424.
Question. Likewise, I am very interested in having additional information about the Science and Technology program to Aid the Handicapped under your Problem Focused Research activity.
Answer. To provide more information on the Science and Technology to Aid the Handicapped Program, we att ach  two documents. The first is a two-page program announcement tha t is in curre nt circulation. The second is a brief  description of cur ren t grants,  entitled  Science and Technology to Aid the  Handicapped: Program Summary (fiscal 1979).”

6 0 -7 7 0  0 80 9
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NATIONAL SCIENCE FOUNDATION 
DIRECTORATE FOR ENGINEERING ANO APPLIED SCIENCE 

DIVISIO N OF PROBLEM-FOCUSED RESEARCH

SCIENCE AND TECHNOLOGY TO AID THE HANDICAPPED

SUMMARY

The D iv is io n  o f Prob lem -Focused  Resea rch  o f  th e N ationa l Scien ce  Fo un da tio n 
w i l l  award appro xim ate ly  S2.3 m i l l io n  in  F is ca l Year 1980 to  con tinue  i t s  
m u lt id is c ip l in a r y  re searc h prog ram fo r  Sc ien ce  and Te chno logy  to  A id  the 
Ha nd icap pe d.  As de fined  fo r  pu rpos es  o f  th is  prog ram, hand ica pp ed  persons 
are  th ose  who have a phys ic a l o r  men tal im pa irm en t which  s u b s ta n t ia ll y  l im i t s  
t h e i r  v o c a ti o n a l,  e d u c a ti o n a l,  o r  s o c ia l a c t iv i t y .

ELI G IB IL IT Y FOR SUPPORT

Th is  prog ram w i l l  support  fu ndam enta l,  s c ie n t i f ic  re searc h which  may u l t i ­
m ate ly  le ad to  p ro duc ts , tr e a tm e n t me thod s,  o r s o c ie ta l and en vi ro nm en ta l 
cha nges o f  s ig n i f ic a n t  b e n e fi t to  th e  ha nd icap pe d.  To be e l ig ib le  fo r  
sup po rt  un de r th is  pr og ram, eac h pr oposa l must s a t is fy  bo th  o f  th e  fo ll o w in g  

c r i t e r i a :

1. S c ie n t i f ic  and Techn ic a l Q u a li t y .

The pro posed metho do logy  is  based on sound s c ie n t i f ic  p r in c ip le s  
and is  a p p ro p ri a te  fo r  a ch ie v in g  the s ta te d  o b je c ti v e s .

2 . U lt im a te  Im pa ct on th e  Han dica pp ed .

The need th a t is  ad dres se d by th e  pro posed re searc h is  o f  high  
p r io r i t y  to  th e ha nd icap pe d, and th e re  is  good p r o b a b i l it y  th a t 
th e  re se arc h w i l l  be succe ss fu l in  he lp in g  to  meet th a t need.

O th er  fa c to rs  th a t w i l l  be cons id ere d  are  p o ss ib le  d u p li c a ti o n  o f  re se arc h 
be ing fund ed  by o th e r agencie s; ev id ence o f  th e a b i l i t y  o f  th e  in v e s t i ­
g a to r s )  to  c a r ry  ou t the proposed  w ork ; and th e  p r o b a b il it y  th a t th e  
re se arc h w i l l  lead  to  im po rt an t d is c o v e r ie s  o r s ig n i f ic a n t  co nce ptu al 
g e n e ra li z a ti o n s  w it h in  i t s  own f i e l d  and p o s s ib ly  o th e r f ie ld s  o^  sc ie nce .

WHO MAY SUBMIT

U n s o li c it e d  pro posa ls  may be subm it te d  by U.S. c o ll e g e s , u n iv e r s i t ie s ,  p u b li c  
o r p r iv a te  re searc h fi rm s , and o rg a n iz a ti o n s  and in d u s t r ia l f ir m s ,  whe th er  
o p e ra ti n g  on a p r o f i t  o r n o t - f o r - p r o f i t  b a s is , and u n a f f i l ia te d  s c ie n t is t s  in  
th e  U nited S ta te s . C ost- sharing  is  re q u ir e d  and no fe es may be p a id .
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SUBMISSION DATES

Closing dates fo r submission o f proposals are :

March 25, Ju ly  25, November 25

Announcement o f awards w il l be made w ith in  si x months o f the ap pl icab le 
clos ing date. The requested s ta rt in g  date should allow  at  leas t s ix  
months from the ap pl ica ble clos ing date  fo r  processing and evalua tio n.  
Funding fo r  proposals received a ft e r  March 25, 1980 is  dependent upon 
continued congressional ap prop ria tio ns  fo r the program in Fis ca l Year 1981 
(beginning October 1, 1980).

SELECTION PROCESS

A ll  proposal w il l receive a comprehensive peer review that  is  based on 
c r it e r ia  es tablished by the Na tion al Science Board and sp eci fie d in  
Grants fo r  S c ie n ti fi c  Research (NSF 78-41) , pp. 9-10. Reviewers w il l 
be asked to judge each proposal on it s  s c ie n ti fi c  and tech nic al  mer it 
and on it s  po te nt ia l be nefit  ot  the  handicapped.

Bre vi ty  w il l fa c il it a te  rev iew . The pr ojec t de sc rip tio n normally  should 
not exceed 15 single-spaced pages; however, somewhat grea ter leng th may 
be ap prop ria te fo r m u lt ip le -i nves tiga to r proposals.

HOW TO SUBMIT

Proposals should be prepared and submitted in  accordance w ith  procedures 
se t fo rt h  in  NSF 78-41 which may be obta ined at  no cost by reques t to 
Forms & Pu bl ica tions  U n it , Na tion al Science Foundation, 1800 G Stree t, N.W., 
Washington, D.C. 20550. The NSF Grant Pol icy Manual (Revised October 1979) 
fo r  sale by the Superin tendent,  U.S. Government P rin ting O ff ic e , Washington, D.C. 
20402 at  $9.00 per su bscrip tion, may be consul ted fo r guidance as to costs 
which may be included in  the  budget.

F ift een  copies o f each proposal should be submitted to the  Central Processing 
Se ct ion,  National  Science Foundation, Washington, D.C. 20550. The cover 
page o f the proposal should inc lud e the no ta tio n: A ttention: Science and 
Technology to Aid the Handicapped Program. A Cover Page (Appendix I )  and 
Summary Proposal Budget (Appendix I I I )  are contained in  NSF 78-41.

REQUEST FOR ADDITIONAL INFORMATION

Add ition al  de ta ils  can be obtained from Donald R. McNeal, D iv is ion o f Problem- 
Focused Research, Nation al Science Foundation, Washington, D.C. 20550. The 
telephone number is  (202) 632-3027.
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SCIENCE AND TECHNOLOGY TO AID THE HANDICAPPED 

Program Summary

F is ca l 1979

T i t l e : Stu dy o f Fa st  Featu re  E x tr a c ti o n  fo r  B lin d  M o b il it y  

P ri n c ip a l In v e s ti g a to r : C o ll in s ,  C arte r C.

I n s t i t u t io n : S m it h -K e tt le w e l1 In s t it u te  o f V is ual Sc ien ces 

L o c a ti o n : San F ra nc is co , CA

Aw ard: $184,20 8, Standa rd G ra n t, PFR 79-06299 

D u ra ti o n : 24 months 

Targ et ed  D is a b i l i t y : B Iind

Thi s re se ar ch  w i l l  in v e s t ig a te  th e  f e a s ib i l i t y  o f  em ploy ing re a l tim e au to ­
m a tic  o b s ta c le  and lan dm ark re c o g n it io n  fo r  in c re a s in g  and im pro vin g the 
m o b il it y  o f th e b li n d . M o b il it y  co n tinues to  be a major  pr ob lem fo r  the 
b li n d ,  d e sp ite  the use o f  gu id e dogs and long  cane s. Data from  a m in ia tu re  
te le v is io n  camera w i l l  be, nroc es se d in  re a l tim e to  p ro v id e  in fo rm a ti o n  
ab ou t obsta c le s  and n a v ig a ti o n a l lan dm ar ks . Th is  da ta  w i l l  be pres en ted to  
th e  b li n d  pedestr ia n  by means o f  mac hine -g en erated  speech and t a c t i l e  codin g 
( in  th e  fo rm  o f a m a tr ix  o f v ib ra to ry  ele men ts in  con ta c t w it h  th e s k in ) .
A sm al l te le v is io n  camera is  c u r re n t ly  a v a il a b le . An a lg o ri th m  fo r  image 
re c o g n it io n  w i l l  be de ve lop ed  and imp lem ented  usin g th e la te s t  m ic ro pro ce ss or 
te chnolo gy to  ac hiev e th e  re q u ir e d  com pu ta tio na l speed in  a s m a ll , l i g h t ­
w e ig h t package. T a c ti le  co ding and mac hine -gen erated  speech are  c u r re n t ly  
a v a il a b le , bu t what in fo rm a ti o n  to  p re sent and how best to  do i t  must be 
de te rm in ed.

T i t l e : E le c t r ic a l S ti m u la ti o n  o f  th e  Sk in as a Bas is  fo r  Sensory  Prothe ses 

P ri n c ip a l In v e s ti g a to r : D obe lle , W il li a m  H.

I n s t i t u t io n : Columbia U n iv e rs it y  

L o ca ti o n : New Yor k,  NY

Award : $2 34 ,3 06 , C ontinu in g G ra nt.  PFR 79-17634

D u ra ti o n : 30 months

Ta rgeted  D is a b i l i t y : B li n d , Dea f,  N e u ro lo g ic a ll y  Im pa ire d and Amputee
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A systematic inve st igat ion of  elec trocutaneous disp lay methods w il l be 
conducted, using  psychophysical techniques, to  provide a body of  basic  
informa tion about the a b il it y  of  human observers to perceive complex, 
dynamic pa tte rns  o f input imposed on the  sk in. Al ternate sensory inpu t 
techniques are desparately needed fo r persons who have suffered  severe 
sensory losses (the blin d, the deaf,  and persons who have lo s t body 
sensation  through amputation or damage to  the nervous system). E le ctr ic a l 
cu rre nt  w il l be appl ied through an 8x8 matrix  of  electrodes imposed on the 
surface of  the skin. Stimulus parameters w il l be selected to y ie ld  optimum 
di sc rim in ab i1i t y  and id e n ti fy a b il it y  o f elect rocutaneous pa tte rns.  Questions 
re lated  to apparent movement on the sk in produced by sequential activa tion 
of  neighboring  electrodes  and masking in te ra ct ions  between se qu en tia lly  
presented stim uli w il l be inve st igated . In shor t, th is  research w il l id en ti fy  
parameters and techniques o f elecrocutaneous st im ulat ion to maximize the 
informa tion ra te  through a given set o f ele ctrodes.

T it le : An Ocular-Cont rolled In te ll ig e n t Speech Pros thes is 

Prin cipa l In vestigato r: Colby, Kenneth M.

In s ti tu ti o n : Un ive rs ity  of  Calif orn ia  - Los Angeles 

Loca tion: Los Angeles, CA

Award: $371,050, Cont inuing Grant PFR 79-17358

Du ration: 24 months 

Targeted D is a b il it y : Nonvocal

This research w il l inve st igate the  fe a s ib il it y  of  using oc ular -con trol  to 
generate synthetic-speech to provide a means of  communication fo r persons 
who are unable to speak in te ll ig ib ly .  Cu rre nt ly,  avai lable communication 
aids  are co nt ro lle d by a keyboard or a binary  sw itch . Many nonvocal 
persons do not have s u ff ic ie n t manual dexte ri ty  to  operate a keyboard, and 
a bin ary switch slows the inpu t so that  the co ns tru ct ion  o f even a simple 
uttera nce is  a long and d i f f ic u l t  task. Oc ula r-con tro l systems (using 
in frare d li g h t op tic s to mo nitor eye po si tio n re la ti ve  to head po si tio n)  
and in te ll ig e n t speech gen era ting  systems are currently av aila bl e.  The 
two systems w il l be in te rfa ce d and tested on various  nonvocal populations, 
includ ing those who have suffe red damage to language areas o f the bra in.
Key questions to be answered are the speed and accuracy o f speech generation 
using  oc ula r-co nt ro l,  the ease of  use, and the amount of  informa tion which 
can be transmi tted.

T it le : Automatic Measurement o f Laryngeal Vibratory Patterns  

Pr incipa l In vestigato r: Chi lder s,  Donald G.

In s ti tu ti o n : Unive rs ity  o f Flor ida  

Lo ca tion: Gaine sv ille,  F lorid a
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Award: $143,788, Standard Grant PFR 78-16965

Durat ion : 24 months

Targeted D is a b il it y : Deaf and Hearing Impaired

This study w il l es ta bl ish a re la tio ns hip between laryng eal vibr at or y motion 
and the sound produced. These resu lts  could even tuall y be used to design 
be tte r machine aids  fo r teaching speech to the deaf. Films of  laryngeal  
motion along wi th simultaneously recorded sound output  have already been 
obtained from sub jects w ith  a normal organ fo r voice produc tion  and normally 
func tionin g vocal cords. Hardware and software techniques  fo r the automatic  
processing and data redu ct ion of the laryngeal fi lm  data w il l be developed. 
These data w il l be analyzed and co rre lated  with  simultaneously  recorded 
phonations. The reduced data  w il l then be made av ai lable to people in  the 
s c ie n ti fi c  community who are interes ted in  te st in g hypotheses concerning the 
speech mechanism and developing a comprehensive theory of speech production.

T it ie : Replacement o f Sensory Cap ab ili tie s fo r the Physica lly  Handicapped 

Prin cipa l In ve st ig at or : Cowsar, Donald R.

In s ti tu ti o n : Southern Research In s ti tu te  

Award: $347,125, Con tinuing Grant PFR 79-15314 

Du ration: 36 months

Targeted D is a b il it y : Neu ro logica lly  Impaired

This research w il l develop a mater ia l which can be fabr icated  in to  a th in  
sheet to  p a rti a ll y  rep lace  the senses of  touch and pain in  ne urolog ical ly  
in jure d pa tie nts.  Loss o f these sensat ions produces severe func tiona l 
impairment and can cause inca pa ci ta tin g in ju ri es  because normal warning 
mechanisms of  the body are inac tiv ate d.  A conduct ive elastomer w il l be 
developed in  which the e le c tr ic a l conductance is  re la ted to s ta ti c  pressure . 
These pressure sensors w il l be fabr icated  in to  a 12x12 array  to form a 
th in  fl e x ib le  sheet that  can be used to determine a pressure p ro fi le  over 
a sur face on which i t  is  plac ed.  Highly  conduct ive s tr ip s  of elastomer 
w il l connect each sensor to  the measuring curc u it . Tne key research goal is 
to develop a conductive elastomer in  which the pressure-conductance re la tion­
ships is  rep rod uc ible,  hysteres is is  min imal, and recovery is  su ff ic ie n tl y  
rap id th a t the dynamics of  changing pressures in  various  c li n ic a l appli ca tions  
can be accurately  measured.

T it le : Neurophysio logically-Based Adaptive Co nt ro lle rs  fo r Ass is tiv e Devices 

Prin cipa l In ve st ig at or : Hogan, Nevill e
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In s ti tu ti o n : Massachusetts In s ti tu te  o f Technology 

Location: Cambridge, MA

Award: $138,038, Standard Grant PFR 79-17348

Du ration: 24 months 

Targeted D is a b il it y : Amputee

This pr oje ct  w il l develop a con tr o lle r fo r in te rfa cing  a disabled user wi th 
an ass istance  device (such as an a r t i f ic ia l  lim b) , tak ing  advantage o f the 
s ta te -o f- th e -a rt  in both technology and neurophysiology. My oe lec tric  
a c ti v it y  (the natura l e le c tr ic a l a c ti v it y  of  muscle) w il l be used fo r 
communication between man and machine. The con tro lle r w il l use the natural 
patte rns  o f simultaneous co nt ract ion  o f opposing muscles to  contro l the 
adjustment o f an a r t if ic ia l limb. The manner in which the human opera tor  
ad jus ts parameters of  his  musculoskeleta l system (such as it s  mechanical 
s ti ff n ess ) in  the performance of normal movements w il l be inve st igated , and 
the re su lts  o f th is  inve st igat ion w il l be used to design a con tr o lle r to 
provide  an upper -ex tremity pros the sis  with  the same ad jus tab le capab ili ties  
as the na tural limb. A wearable, ve rs a ti le  a r t if ic ia l limb sim ulator  which 
can be programmed to mimic the behavior o f any proposed a r t if ic ia l limb 
design is  av ai lable fo r th is  in vestig atio n. The fi n a l design w il l be 
implemented in  a se lf-contain ed  a r t i f ic ia l  limb.

T it le : Needs and Design Concepts fo r Voice-Output Communication Aids 

Pr incip al  In ve st ig at or : Boehm, Bruce J.

In s ti tu ti o n : Telesensory Systems, Inc.

Lo ca tion: Palo A lto , CA

Award: $156,020, Standard Grant PFR 79-17629 

Du ra tion: 18 months 

Targeted D is a b il it y : Nonvocal

Requirements and sp ec ifi ca tio ns  w il l be establ ished fo r low-cost vo ice-ou tpu t 
modules to aid vo ca lly  disabled individu als in  communicating more e ff ec ti ve ly . 
I t  is  estimated tha t the re are 750,000 persons in the United States who are 
unable to speak in te ll ig ib ly .  Machine generated speech offers  an opportunity 
fo r these individu als to communicate e ff ec ti ve ly , however, no one has yet  
inv es tigated  the basic research issues related  to the appropria teness of  a 
technology that  speaks fo r the user as opposed to a technology  that  speaks to 
the user. This projec t w il l id e n ti fy  those factors that  are important in 
the design of  voice prostheses fo r  nonvocal persons. Ex istin g communication 
aids  w il l be evaluated and consumer requirements w il l be analyzed. A lte rn at ive 
approaches w il l then be form ulated and tested . On the basis  o f re su lts  from 
t  ese te sts , design concepts fo r us ef ul , pr act ical  vo ice -outpu t communication
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aids  w il l be developed and disseminated.

T it le : Ap pli ca tion o f Personal Computing to As sist  the Handicapped 

Prin cipa l In ve st ig at or : Hazan, Paul L.

In s ti tu ti o n : Applied Physics Laboratory , Johns Hopkins Unive rs ity  

Loca tion: Lau rel,  Maryland

Award: $20,000, Standard Grant PFR 79-21124 

Du ra tion: 5 months 

Targeted D is a b il it y : General

The purpose of  th is  pr oje ct  is  to  manage and adm inis ter  the problem de fin it io n  
phase of  a second pr ojec t to  organize a ser ies  of  reg ional and nat ional 
com petitio ns among individu al  personal computer users.  These compet itions 
w il l d ir e c t the crea tive ima ginatio n of  a broad spectrum of the general 
pu bl ic  toward innovativ e uses o f home computers to as si st  the handicapped.
An Advisory Committee, which inc lude? handicapped in div id uals , w il l be formed 
to de fine the program, es ta bl ish the eva lua tion procedure and develop an 
ov er al l pu b lic it y  plan . Service  org an iza tions and pro fessional so ciet ies 
w il l be contacted to support and admin iste r the reg ional and na tiona l 
comp etit ions.

T it ie : Ch ild ren's  Auditory  Disc rim inat ion and Perception of  Monosyllab ic Words 

Prin cipa l In ve st ig at or : E l l io t t ,  Lois  L.

In s ti tu ti o n : Northwestern Uni ve rs ity

Locat ion : Evanston, I ll in o is

Award: $225,170, Standard Grant PFR 79-06496

Dura tion : 36 months

Targeted D is a b il it y : Hearing Impaired and Language Delayed Chi ldren

The ob ject ive of  th is  research is  to gain  increased understanding o f the 
processes th at underlie  child re n's  au di to ry  perception of  simp le, mono­
sy lla b ic  words. Although normal ch ild re n w il l be stu die d,  pr ojec t resu lts  
may have po te nt ia l ap p li ca b il it y  to  handicapped popu lat ion s, such as hearing- 
impaired (moderate loss) and language-delayed ch ild re n.  Previous research 
has demonstrated that  auditory perceptual  "th reshold " fo r monosyllabic 
nouns that  are standard ized to be w ith in  the rec eptive vocabu laries of  inner-  
c it y ,  three-year -o ld ch ild ren decrease as a func tio n of chronolog ica l age and 
do not asymptote u n ti l the age of ten yea rs.  This pr ojec t w il l seek answers
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to  the  qu es tion o f exa ctly what pe rcep tual  processes are  as socia ted w ith  th is  
developm ental change. Four hypotheses  perta in in g to  d if fe re nces between 
ch ild re n 's  and ad ul ts  pe rcep tio n o f words w il l be te st ed.  Re su lts  o f these 
experim ental  te st s w il l be used to  re fi n e  a proposed working model o f word 
pe rcep tio n.

T i t le : Vis ua l Feedback Speech T ra in in g fo r  the  Deaf 

P rinc ip a l In ve s ti ga to r: Gish , Wal te r C.

In s t it u t io n : In tegrated  Sciences Co rporat ion 

Loca tio n: Santa Monica, CA

Award: $118,801, Phase I I ,  Small Business S o li c it a ti o n  PFR 78-21347 

D ura tion: 18 months

Targeted D is a b il it y : Deaf and Hearing Impaired

Th is p ro je c t is  the in i t ia l  phase o f an e f fo r t  to  develop a v is ua l feedback 
system to  a ss is t in  teaching  the  de af  to  speak. Pre vious v is ua l aid systems 
nave no t been successfu l because they  were no t ab le to  e x tr a c t speaker 
in v a ri a n t featur es  o f speecn, p a r t ic u la r ly  fo r  the high pi tche d vo ice s o f 
women and ch ild re n . The aim o f th is  phase o f the  res earch  is  to  prov ide an 
analy sis  o f speech in to  components based on a li n e a r speech pro du ct ion model 
and an ac cu ra te  pa ra meter izat ion o f these components. The speech sig na l w il l 
f i r s t  be separated in to  voiced and unvo iced components. The vo ice d component 
w il l be fu rt h e r separated in to  two components co rrespondin g to  the g lo tt a l 
volume v e lo c it y  waveform and vocal t r a c t  impulse  response. F in a ll y , the 
spect ra l enve lope o f the  vocal  t r a c t  impluse w il l be pa rameter ize d.  The next 
phase o f th is  program would use th is  data to  de termine the  speaker in va ri an t 
fe atu re s o f  speech sounds.

T it le :  In te gr at ed  Elect ro -M ec ha nica l Transducer Systems 

P rinc ip a l In ve s ti g a to r: L in v i l l ,  John G.

In s t it u t io n : Stan ford U n iv e rs it y  

Loca tion: Stanf or d,  CA

Award. $150,000 , Co nt inuing  Grant . J o in tl y  funded w ith  the  D iv is io n  of 
Engineering ENG 78-22167

D ura tion : 36 months

Targeted D is a b il it y : B lin d and Vis ion Impa ired
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E le c tr ic a l, mechanical and piez oelect ric prop er ties of  the polymer po ly­
vinylidene fluo ride  (PVF2) w il l be studied  to determine the ma ter ial and 
fa bric at io n techno log ies necessary to bu ild  devices using PVFg. This 
polymer is  d if fe re n t from other p ie zo elect ric mater ia ls in  that  i t  can 
be manufactured in  th in , fl e x ib le  shee ts, exh ib it in g p ie zoe le ctr ic ity  in 
both the transve rse and thickness modes. Po tent ial  ap pl ica tio ns  fo r PVFg 
include ta c ti le  st im ul at io n elements fo r the Optacon (a reading aid fo r 
the bl ind)  and imagining array elements (f o r a m ob ili ty  aid fo r the b lind ).

T it le : Microprocessor-Based Pros thet ic Control 

Pr inc ipa l In vestiga to r: Gustafson,  Donald E.

In s ti tu ti o n : S c ie n ti fi c  Systems

Locat ion: Cambridge, MA

Award: $159,597, Phase I I ,  Small Business S o lic it a ti on  PFR 78-21670

Durat ion : 24 months 

Targeted D is a b il it y : Amputee

This research is  concerned wi th the design o f a system to provide contro l 
signa ls fo r a m ulti fu nct io nal prosthesis from a set o f myoelec tric  signa ls 
(signals  norm ally produced by cont racting  muscules) which are recorded 
from the surface of  the sk in . Techniques to contro l a m ult ifunctional,  
upper-extrem ity pros thes is ra p id ly  and re lia b ly  are not  currently  av ai lable.  
In th is  pr o je ct , temporal and spat ia l va riat io ns  in  my oe lec tric  signa ls 
recorded from at  le as t fo ur electrodes  w il l be analyzed in  an attempt to 
ex trac t a ll  av ai lable in fo rm at ion.  The sig na ls w il l be modelled as m u lt i­
va ria te  Markov processes. A mul tiple -model Kalman f i l t e r  w il l be designed 
to detect  and id en ti fy  each intended pro sthesis func tio n.  Electrode 
loc at ion s w il l be analyzed to maximize di sc rim inat ion accuracy and to 
determine the minimum number of requ ired electrodes. The optimal sampling 
ra te of  the my oelec tric  sig na ls w il l also be determined. The fe a s ib il it y  
o f microprocessor implementation  w il l be evaluated through sim ula tion.
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Question. There is growing concern about our seeming over-dependence on import­
ed mineral s and the need to move ahead to develop our domestic mineral  resources. 
Considering the fact tha t minerals play as important a role in our economic stabil ­
ity and national well being as domestic energy and water  supplies, comment on 
NSF suppor ted research in th is area,  including research to improve the efficiency of 
separating  minerals  from low grade ore. Expand on this.

Answer. NSF has recognized the importance of impending problems in this area. 
It is our view th at science and technology are vital components of a secure mineral 
future.

Although the problems of reliance on foreign sources of chromium, titanium, 
cobalt and manganese are quite evident, NSF supported research is not commodity 
oriented. Through a broad range of basic and applied research  programs, NSF 
fosters a flow of new scientific knowledge contributing to long range solutions to our  
mineral resource needs. Non-fuel mineral commodities are  the only subject of NSF 
research support  since energy resource topics are referred to the  Department of 
Energy.

NSF suppor t of non-fuel minerals  research has been implemented  as follows:
In Fiscal Years 1976-77, NSF supported problem focused research in mineral 

exploration, processing and economics and in waste resources, substitu te materials , 
and conservation. The program was discontinued in 1978.

In non-fuel mineral processing, NSF has provided $4 million of applied research 
support  over the period of Fiscal Years 1973-79. This research  entitled “Project 
Summaries: Mineral Resources Science and Technology,” is described in the mater i­
al supplied  for the Committee files.

NSF’s basic research contr ibutions in non-fuel minera ls have been coordinated 
and stimulated by its new program of Integrated  Basic Research (IBR). Under the 
topic Deep Mineral Resources, IBR in Fiscal Year 1979 has provided $1.2 million in 
new funds for basic research  rela ted to exploration of blind ore deposits and deep 
solution mining. These funds have supplemented basic research  program funds for a 
total of $5 million in minerals related research support. This research, entitled 
“Deep Mineral Resources,” is described in the information supplied for the  Commit­
tee files.

HIGH  ENERGY  PHYSICS

Mr. Boland. Give us a brie f summary at this  time of w hat the 
proposed funding levels are  for the  High Energy Physics Program 
in the  Departmen t of Energy.

Dr. Klemperer. Certa inly.  They provide over 90 percent of the 
funds in that area , while we provide only abou t eight or nine 
percent of the tota l budget.

Mr. Boland. How is DOE’s effort coordinated with the Founda­
tion’s effort?

Dr. Klemperer. In several ways. We are  invited  to and do att end  
meetings of the High Energy Physics Advisory Panel, (HEPAP). 
There is coordination at  the  program level. I am  in contact person­
ally  with Mr. Frieman who is the Director of Research.

Mr. Boland. Are any  o the r agencies involved?
Dr. Klemperer. In the support of high energy physics it is r eally  

the  Department of Energy tha t has assumed it as a national  
thrust .

Mr. Boland. In the  High Energy Physics area , does NSF prima r­
ily support the  operating funds for some of these  High Energy 
Physics capita l projects?

Dr. Klemperer. Only at the Cornell Elect ron Storage Ring. We 
do not  support operatin g funds a t the  D epartment of Energy ins tal­
lations.

Mr. Boland. There seems to be a tendency for NSF to request 
funds for construct ion of equipment and/o r facilit ies—and then we 
find that those funds are  incorporated into operating  funds of the 
various basic research  programs. For example, in the case of the
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Michigan State heavy-ion cyclotron, where construction is largely  

complete, fur the r program increases  are  being justified and it ap­

pears tha t these  incre ases are being melded into  the opera ting base 

of various programs without fur the r mentio n. The point is th at  
once the capi tal expendi ture  take s place, it shouldn’t be reflected 

in the base—at  leas t not automatically . Wha t about  tha t?
Dr. Atkinson. Let  me refer  to your ear lier  remark about the  

Cornell Electron Storage Ring. I pointed out  that NSF shifted  

funds from research  support into constructio n ther e because we 

felt th : construction was important.
In the  physics proposal, it is critica l to think  of a  set-aside th at  

we have decided to invest in high energy physics. The decision 

involves the optimum mix at any given time. And th at  is the  

problem we face.
The High Energy Physics Advisory Pane l th at  Dr. Klem perer  

discussed is a group  of scienti sts from all over the  country  with  

represen tatio n from DOE and from NSF. In a public way, the  

group reviews the  full range  of programs in construction and re­

search and makes recommendations on how thes e agencies should 

develop th eir  programs.
This year, for example, the  construction funding for the Michi­

gan State accelerator  was shifted to DOE. Th at was a calcula ted 

decision resulting from the  advice given by this  group to the  two 

agencies.
Mr. Boland. The bottom  line is once the  facility is built you are 

locked into operation.
Dr. K lemperer. Yes.
Mr. Boland. No.
Dr. Pimentel. In our  long range planning, we not only must  

conce ntrate  enough agency funds to complete the  construction but  
also must look to the  abi lity  of t he program  to operate the equip­

ment.
Mr. Boland. Is the re any  reason why NSF could not have some 

kind  of special accoun t for construction and operat ion of these 

large  facilities?
Dr. Atkinson. The key issue for NSF is a five-year plan pres ent­

ed to the  Nation al Science Board. Whenever NSF begins a major 
construction effort, it is exact ly clear wha t the  timing shall be and 

how the  funds shall be distr ibute d. The five-year plan  is cri tical for 

these major projects.
The Cornell storage ring  we believe represen ts a shifting of funds 

with in a pool set aside for physics. It is not a questio n of construc­
tion, but  a question of t he optimal mix of ac tivitie s within  a scien­

tific discipline.
Mr. Boland. Is the re any reason why the NSF should not have a 

sepa rate  line item in the budg et for acquisition of al l capital  items?
Dr. Atkinson. No. We could do so; we hav en’t organized our 

budge t t ha t way.
Mr. Boland. Would th at  be a problem if you had to stru cture it 

th at  way?
Dr. Atkinson. We could do it for the  FY 1981 budget if you 

would like.
Mr. Boland. You don’t have to do it for this budget.
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CHEMIST RY PROGRAM

On page A-IV-1, the just ifica tions detail the  chem istry  program 
subactiv ity. You are requestin g an increase of about $8 million 
above the  1980 cur ren t plan of $51.4 million to $59.5 million in 
1981. That is roughly a 17 percen t increase and it appears  to be 
almost evenly applied to all the program elements detai led on tha t 
page. Are all fields of chemistry equally needy and equal ly deserv­
ing? Weren ’t ther e any pa rtic ula r fields or sub-fields which seem to 
merit special attentio n on the  basis of the  promise of recen t discov­
eries?

Dr. Klemperer. Cert ainly the re are par ticula r exci tements in 
chemistry. The reason that  we see a relatively  uniform distr ibution 
in chem istry  is in prac tical ly all of these areas we are  unde rfund­
ing firs t rat e research activ ity, and we feel that  the  balance  in 
chemistry  has to be broad. It is not a field in which a single 
discovery is likely to so s ignificantly alt er the  whole field that  one 
should drop par ticu lar activi ties. I can give you an example, the 
field of analy tical chem istry  which you might feel is the most 
fundamental,  is vital to environmen tal concerns. The field of syn­
thesis of organic compounds is vital to the  pharmaceutical and 
biological area. The field of physica l chemistry  or q uan tum  chemis­
try  is the  unde rpinn ing of all advances in chemistry.

If we pull out of one area  to feed ano ther , we might really  do 
damage to the  field. We are tryin g to support the  best proposals 
across a broad front  in a field that has a lot of first-c lass work and 
is under funded and which we feel is of t remendo us impor tance to 
ultimately  national needs.

Mr. Boland. You say  i t is underfunded?
Dr. K lemperer. I feel it is; yes, sir.
Mr. Boland. Is that  the major recent th rust in chemistry that  

can ’t be pursued adeq uate ly because of the  lack of research sup­
port?

Dr. Klemperer. I think  th at  if we look a t our average grants  in 
chemistry  they run  at  about 70 percent of w hat we feel would be 
desirable. This slows rese arch  and it inhibits the  use of modern 
inst rumenta tion . I speak  of chemistry but this  is characteristic of 
other areas. We are  under funded in this  field compared to what 
investigators could profi tably  use in an efficient way. We tend to 
res tric t imagina tion there fore.

Mr. Boland. Let’s look at  the last  paragraph  on page A-4-4.
Dr. Klemperer. You mus t realize, Mr. Boland, I am a chemist.
Mr. Boland. On page A-IV-6, the  justi fica tions indicate that  

DOE, NIH, and DOD combine with NSF to support chemistry 
research. What are  the  specific plans of each of these othe r agen­
cies wi th respect to ch emis try research in fiscal year  1981?

Dr. Klemperer. With respect to the  Natio nal Ins titu te of He alth  
we are  very dependent on tha t agency to fund abou t 80 percent of 
synthetic organic chemistry,  a central  field in chemistry . With 
respect to the Dep artm ent of Energy, the  funding of chemistry 
the re is broad and is more in the are a of t he  physical chemistry.
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MATERIALS RESEARCH

Mr. Boland. On page A-V-5, the  justi ficat ions  outline the 
changes between the  original fiscal year 1980 budget request and 
the  fiscal year 1980 cu rre nt  plan. It is noted th at  the relative 
support of the materials resea rch subactivity was increased in 1980 
on the  recommendation of Congress. Wha t partic ula r committee of 
Congress indicated th at  increase in activity?

Dr. Klemperer. I believe this  was the  House Authorization Sub­
committee.

Dr. Atkinson. Congressman Brown’s Subcommittee.
Mr. Boland. What  was the  reason for the  recommendation?
Dr. Klemperer. I think  it  was the impor tance of mate rials  to 

national needs. One feels thi s is vital to the  question of critical 
mate rials .

Mr. Boland. If you were required to reduce the tota l NSF budget 
$50 million—would mater ial resea rch be one of the  areas that 
might possibly be affected?

Dr. Klemperer. It would do a lot of damage to cut  this  back in 
the  sense that  if we ask how do we underst and  problems such as 
corrosion where there are  billions of dollars in the  nationa l econo­
my involved, the problem is a lack of basic unde rstanding . I don’t 
see how we can solve these types of problems in an efficient 
manner without a serious study of the  na ture of mate rials . The 
cost of doing any new thin g is going to be very high if we don’t 
have a solid base of understanding.

Mr. Boland. Also, from where within  the  mathematica l and 
physical sciences direc torate would you be inclined to take  its 
share of the  $50 million pote ntia l reduction?

Dr. Atkinson. Our high prio rity  is basic research  in the  math­
ematical and physical sciences for the  reason I gave yesterday; tha t 
is the p lace where we would wa nt to preserve the effort.

Mr. Boland. You agree with that , George?
Dr. Pimentel. I want  to point out that  the  Mate rials Research 

Division has the  lowest percentage increase  within the directorate.  
That is the  resu lt of a delibera te, carefully weighed decision. I 
think a furth er  cu t would unbalance the program.

ASTRONOMICAL, ATMOSPHERIC, EARTH AN D OCEAN SCIE NCES

Mr. Boland. The Astronomical, Atmospheric, Ea rth  and  Ocean 
Sciences Directorate  is requesting a $23.4 million increase in 1981. 
Tha t increase is detailed on page B-l.

ASTRONOM Y RESEARCH

On page B-I- l, we find that  the  increase  for the  Astronomical 
Sciences Program subactivity is only $3.2 million in 1981. That  
repre sents  only a 5-percent increase—which, of course, is not keep­
ing pace with inflation. In fact, the  1980 level for this  subactivity 
did not keep pace with inflation.

Also, I notice on page B-I-7, you indicated that  ‘‘cost increases  
will require reduct ion in university research equivalent  to about 
five average-sized astronomy grants , and continued tightening of 
national center operations.”
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The thrust of th at comment and  when one looks a t the  numbers 
suggests th at  the  budget for the  Astronomical Sciences these past 
two years has been quite tight.

Dr. P imentel. The funding is c learly  related to our plans for the 
VLA; in the  original planning  the  VLA was not viewed as an 
increment to astronomy that  would be th ere  for all time. Then the 
VLA project was phased out. If those funds were evaluated for 
the ir best contribution  to the  scientific communi ty at  large, these 
reductions would represen t completion of the  VLA construction.

Mr. Boland. The tren d of allocations has been declining or at 
least  tightened in this area tha n in other  activities?

Dr. P imentel. No, I wouldn’t say it is tighter.
Dr. J ohnson. It is about the  same as it is in the  oth er divisions 

of the  directorate.  Overall, this is a request for nine  percent in 
addit ional  funds for th e dire ctorate  and—knowing w hat  inflation is 
that  represents some cutback and exists in all areas . Astronomy 
may look, with the numbers  you have mentioned, as if it had a 
bigger, more difficult situ atio n than the  other divisions. Tha t ap­
parent  situa tion is allev iated  by the release  of construction funds 
for the VLA—

Mr. Boland. What abou t the  opera ting budgets at  the  Centers? 
Are they  going to be quite tig ht  in fiscal year 1981?

Dr. J ohnson. All centers  virtu ally  have had to reduce the ir 
num ber of personnel. Overall the number of employees of all cen­
ters  has gone up. The VLA has affected t ha t. We have quite a large 
crew working on the  VLA so our tota l employees in cente rs has 
increased but at the indiv idual centers it has in general gone down.

Dr. Atkinson. I wan t to inject  a rema rk; it is important. We are  
reducing personnel at  some of the centers supported  by NSF. We 
want to ensure a wise balance between the  cen ter activities and 
the  res t of NSF’s activit ies. In a tigh t budget it is easiest to main ­
tain  laboratories  funded by NSF and to cut back on the  support of 
individual investigators. We are working very hard to avoid the 
easy cuts.

Mr. Boland. As I und erst and  it, the  budget for this  area is not 
any tighte r t han  it is for oth er Directora tes.

Dr. P imentel. The $4.5 million represen ts the  completion of VLA 
construction. If that  $4.5 million is subt racted, the Astronomy 
budget is going up 14.7 percent.  But we have addit ional  opera ting 
costs at the  VLA and those are  causing a general tightening.

25  METER DIAMET ER MILLIMETER WA VE  TELESCOPE

Mr. Boland. You indica ted that  the  centers are  being reduced, 
and the next question is, why then  are  you building a new major 
telescope?

You are proposing on page B-3 to ini tiat e detai led design for a 
new 25 mete r diameter millim eter wave telescope costing $27 mil­
lion. The point is why are we sta rtin g ano the r new major tele­
scope—when basically  you don’t have enough funds to operate the 
existing facility—including the new large arr ay  which is jus t being 
finished this year?

Dr. Atkinson. We intended to begin the planning  last year, but 
we delayed it a year. The telescope is high on our scientific priority
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list, and we may have to cut out other activities. The main purpose 
is to have inst rum entatio n at the advanced edge of the  art.

Dr. P imentel. A hi atu s was put in for exactly the  reason you a re 
asking about: we would be able to support  th e operation of this new 
facility. Pa rt of th e long-range planning discussion had to do with 
whether we should st ar t construction in 1980. We decided to delay 
not only construction but also planning, and in FY 1981 we have 
only a $1.7 million item for plans.

Mr. Boland. W hat do you need i t for?
Dr. J ohnson. Important research proposals which are now being 

limited by restr iction s in wave length coverage and the lack of 
sensitivity and resolu tion of the existing millimete r wave length 
telescope.

Mr. Boland. Why do you have to have it t his year?
Dr. J ohnson. There is the  opportunity  in this  spectral region to 

see w hat is going on in chemistry in space. There is a tremendously 
complicated amount of chemistry going on in space where jus t a 
few years back it was believed whatever that  was in space was 
very, very simple indeed.

There are a lot of molecules which seem to relate  to the possibil­
ity of t he generation of life, and all of th is has come out of radio- 
astronomy so this will be a very important inst rum ent . It should be 
noted that  by the time the  25-meter is built, over seven years will 
have elapsed.

Dr. Pimentel. It is one of the most exciting  fields in astronomy. 
We supported the existing 36 foot telescope which represen ts one of 
the  most important contr ibut ions  to this  field right now. It was a 
modest telescope investment and is definitely obsolete; it does not 
have the  advantage of access to the Southern Hemisphere, but we 
might be able to ar range for this  new point.

Mr. Boland. Can you indicate whether this  is a  t arg et for reduc­
tion under review?

Dr. J ohnson. It is ce rtainly a possibility.
Mr. Boland. It ’s a brand new facility.
Dr. J ohnson. There are  other telescopes at th at  site. As Dr. 

Pimente l has indicated, this  would basically replace an existing 
ins trume nt at a d ifferent site.

Mr. Boland. Is it essential that  we acquire  gre ate r capability 
with a new facility ea rly on?

Dr. J ohnson. It’s not real ly sensitive in time with  regard to 
making  the  observation. It is time  to make use of this  technology 
for be tte r astronomical observations.

Mr. Boland. Also, during the  budgetary review process, was 
there some concern expressed with respect to the reduction of 
opera ting telescope facilities?

Dr. Atkinson. Absolutely. The balance  is the  big issue here.
Dr. J ohnson. We must  give very careful attentio n to the  balance 

between the  individual gran ts and  t he expenditures in centers, and 
we try  to keep that at what  we judge to be an appropr iate  level.

Mr. Boland. Would the re be any serious consequences if we 
postpone this sta rt for two or three years until  the  economy s tarts  
to cool off?
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Dr. J ohnson. It would be a failure to take  advantage of an opportuni ty that exists to proceed. If we can ’t afford it, this is right. It could be delayed.
Mr. Boland. We will leave it righ t ther e and tur n to the  Atmos­pheric Sciences program subact ivity.

ATM O SP H ERIC  SC IE NCE S

You are  requesting $71.1 million in 1981—an increase  of $7,931,000 over the 1980 level.
On page B-II-4, ther e is an interesting notat ion und er significan t recen t achievements, which indicates  tha t, “in four spring storms in the  Northeastern  United States,  78 percent of the  acid in the rain  was accumulated in the  air  below the  cloud. This implies origins within  nearby regions rather than long-range tran spo rt by the air  above the cloud.”
Tha t is a kind of inte rest ing sta tement, because last  week we had Doug Costle before this  Committee, and your sta tem ent  seems to fly direc tly in the face of the  informat ion he told us. He clearly implied that  the major problem with acid rain  is the  long-range transp ort—part icula rly from the middle west down wind into the New England area. He pointed out for example, th at  the  average life of the  sulfur emit ted from the typical stack is roughly three days or 300 miles—but th at  a substan tial addit ional  amount of sulfur continues on up to 1,000 to 1,500 miles. I notice that your 

program is in cooperation with EPA—but it doesn’t appear as though the two of you ar e talking on the same wave length.
Dr. J ohnson. We work closely with them and with other agen­cies. The question that  you formulate the re is righ t at the heart  of our program. Our program is to develop a bet ter  unde rstanding  of wha t is really going on in these chemical cycles that  lead to acid rain;  the observation, as mentioned here, suggests that  it is nearby  sources with the  pollution  being washed out by rain  falling from clouds higher up, one could not argue with that  very much.
On the other hand, you are citing some observat ions somewhat  to the  contrary, and those are things which simply have to be be tter observed so th at  such statements can be made with greate r precision and one can determ ine with gre ate r precision how far away the sources a re on the average.
There is a lot of uncerta inty  in this  area  as to the cycles, espe­cially the sulfu r cycle.
Mr. Boland. Mr. Coughlin?

TRAN SP O R T OF  A IR  PO LL UTI ONS

Mr. Coughlin. Do you have a study involved in track ing sulfur emissions and trac king the atmospheric emissions?
Dr. J ohnson. Well, there are programs for track ing atmospheric  emissions, of course, but  for the actual transp ort  on a large scale of those pollutants, I don’t know specifically. The studies are more limited in a rea  r igh t now.
Mr. Coughlin. Wha t specific studies do you have in this  area?
Dr. J ohnson. I have to consult the  record to see what the  indi­vidual projects are  on this, but they are  aimed at bet ter und er­standing of the acid rainfa ll and the  atmosphere. This is confused a
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little bit by whe ther  you look ju st at  the  rainfal l or wh eth er you 

look at  the acidi ty in t he strea ms and lakes.
We are  concent ratin g on t he-----
Mr. Coughli n. I am talk ing about the  transp ort of pollute d air.

Dr. Atkinson. This is a major problem. Last August, the Pres i­

dent called for an interagency committee to ensur e coordina tion 

among the  various agencies.
Mr. Coughlin . Involved in internatio nal  relations, too?

Are you working on t ha t portion of the  problem?
Dr. J ohnson. Our concen tration  is on the  acid rain. Ther e are  a 

couple of inte res ting comments here, noting, of course, the tren ds 

towards gre ate r problems in this are a growing out of increased use 

of coal. Shiftin g from oil to coal on the  whole  is going to exac erbate 

the problem with acid rain, unless  the sulf ur is taken out of the  

coal.
Mr. Coughlin. Let me come back to wha t I asked first. The 

transp ort of a ir poll utants conta ining  sulfu r, in part icular, are  you 

doing studies on t ha t?
Dr. J ohnson. The studies do not recognize national boundaries. 

The long-range t ran sport  aspect is a sensitive topic in inte rna tional  

relations.
Dr. Atkinson. The answer is yes, we are.
Mr. Coughlin. When  will you expect those studies to be com­

plete?
Dr. J ohnson. Our studie s are on the  physics of the situation, the  

atmospheric behavior that is involved in this,  not the political 

aspects.
Mr. Coughlin. I am talk ing about  the  tran spo rt. Is that what  

the  physics is?
Dr. J ohnson. Yes.
Mr. Coughlin. The patte rns  of tra nsp ort  of ai r polluta nts.

understanding transport patterns

Dr. Atkinson. Our job would be to develop methods, techniques 

and approache s to the  stud y of those patt erns, to devise effective 

measuremen t procedures, and to unde rstan d the  phenomenon.
Dr. J ohnson. I would also say that the  und erst anding of it is s till 

at a fairly early stage, so the answers you are  seeking are not 

readily at hand. It’s going to be a while before this  is well-under­

stood, because it is a very massive und erta king  to reall y get a good 

observation on such a large  complex system as this.
Mr. Coughlin. There seems to be some dispute in the scientific 

community as to exactly wh at the tran spo rtat ion  pat terns of pol­

lut ants in the United Stat es are; th is is a fairly major  problem, a nd 

I would thin k your Foundation would be very heavily involved in 

studyi ng it.
Dr. J ohnson. This has to concentra te on the life time of the 

poll utants in the atmosphere. It ’s a question of w heth er the pollut­

ants live long enough before they  are  washed out.
Mr. Coughlin. You say t he re  is no dispute?
Dr. J ohnson. The wea ther  maps  adequa tely por tray  the  motions 

of t he air. What is unc erta in is how the pollu tants  disperse in the 

air,  and how far they are  carri ed, the dispersal of the  pollutants
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from sources, in which air  cur ren ts do they spread , and how fa r do they go before they get washed out by a prec ipita tion process.These are  massive thing s to investigate, and it takes a lot of field opera tion to answer quest ions of that  sort, and that  is why the  answers are  not forthcoming very quickly.
Dr. Atkinson. Tha t is why we have an app are nt conflict. One study can repor t 78 perc ent local pollution. Ano ther  inves tigato r can repo rt a longer-range  transpor t. The difference becomes an issue. If we had the  differen t invest igators sitt ing  at the  table, the re would be agreement.
Mr. Coughlin. How soon do you expect to get some answers?Dr. J ohnson. Some answ ers are forthcoming right now, such as the  one that  is cited  here . However, t her e is room for doubt or for con trary opinions based upon the present investigations . These will cont inue to improve, but  it is going to be a grad ual process.
There is no precise answ er to your question. We can’t say two yea rs from now we will be able to answer the  question to your satisfac tion. We will be able to answer it bet ter  tha n we can today, bu t there is still going to  be a lot of room for questions around such a complicated issue.
Dr. Pimentel. We are dealing with prior ity areas . To quote two places in our budget book, we indicated prio rity  areas , dete rmina­tion of the  sources and sinks  of tr ace  substances  in the  a tmosp here and the ir chemical, dynam ic and energ etic roles on the atmosphere and  on each other, and  ocean-atmosphere, ice-land coupling proc­esses that will aid in understanding and modeling the climate system. In other words, where do the  pol luta nts  come from, and where do they go when they  disappear?
The final network will permit an organized resea rch program to evaluate  the global scale dimensions as well as the  t ranspo rt in the atmosphere. We are  tryi ng to provide a fund ame ntal  und ers tand­ing that  will be used to answer  questions like yours. It would not be possible to say in two years we will have all the  answers you need.
Dr. Atkinson. The process will lead even tually  to regula tions,  and it is im por tant  th at  we fir st underst and  the  basic science. It is a mistake to generat e regulat ions based on isolated studies.Mr. Coughlin. Thank  you.

CLOUD PHYSICS

Mr. Boland. On page B-II-7, the  justifications indicate th at  the  increase  of $4,331,000 for the Atmospheric Sciences Project support, which is detailed in the  table on B-II-10,  will be used to restore basic resea rch such as cloud physics. Tha t was cut back when the  Applied Science and  Research Applicat ions Weather Modifications Program was te rmina ted  during fiscal year 1979.
As I recall that  program, it was term ina ted  because it received low marks  in a v ery critica l review a t the  Foundat ion. Why did you term inate that  program?
Dr. Atkinson. What was term inated, Mr. Chairman, was the program known as NHRE, the National  Hail Research Experiment. This was done at the  end of fiscal year 1978 because  the hypothesis  being tested, th at  is the one put  forward by the Soviets, did not
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seem to apply to clouds in Nor thea st Colorado. Actually, a great 
deal of knowledge was gleaned from NHRE, so from a scientific 
viewpoint it was not a failure. What failed was the  Soviet hypoth­
esis of cloud seeding to minimize hail damage. NHRE was a pa rt of 
the ASRA Weather Modification Program.

The remains  of th at  program were tran sfe rred to the  Division of 
Atmospheric Sciences in February  1978 in order to develop a pro­
gram in understanding the  basic physics and chemistry involved in 
modifying the  weather . Thus that  program, now known as the  
Experimental Meteorology and Wea ther  Modification Program, is 
being built up to achieve t ha t objective.

Still other rem nan ts of the Old Weather Modification Program 
were retained in o the r par ts of ASRA. Is n’t th at  r ight, Jack.

Dr. Sanderson. You are  correct, we termin ated that  program 
because of th e overall review of the RANN Program. At the  time 
we reviewed it, it was decided that  the  original concept which was 
to apply scientific capability  using a model developed by the  Rus­
sians  simply would not  work.

[Additional inform ation  follows:]
NSF support for basic atmospheric sciences research in such areas as cloud 

physics is estimated to total $9.0 million in fiscal year 1977; $7.9 million in fiscal 
year  1978; and $8.8 million in fiscal year 1979. These funds were provided by the 
program elements in Meteorology, Weather Modification and as a follow-on to the 
Weather Modification effort, Experimental Meteorology. With the establishment of 
the ASRA Directorate in February  1978, the  Weather Modification effort was te rmi­
nated and certain elements of the program trans ferred to AAEO to form the basis 
of the new Experimental Meteorology program.

Initia ted in the summer of 1972, the National Hail Research Experiment was the 
center piece of the research applications effort in weather  modification. By 1978 the 
Experiment indicated tha t the methods, patterned in part  afte r the Russian experi­
ence, employed to induce or alt er precipitation patterns  could not be demonstrated 
statistically. The cloud processes research effort indicated that  the Russian model 
was not applicable to the Colorado test site. Consequently, it was concluded tha t 
fur the r basic research would have to be undertaken to elucidate those mechanisms 
which might induce precitat ion in cloud formations and that  further applied re­
search  efforts were not appropria te at that  time.

GLOBAL ATMOSPHERIC RESEARCH

Mr. Boland. On page B-II-10, there is an indication that you are  
cont inuing support for the  Global Atmospheric  Research Program 
at the  same level in 1981 as 1980—$5,600,000. I though t that pro­
gram was going to be terminated in 1980?

Dr. J ohnson. I don’t know.
Mr. Boland. What about  t hat ?
Dr. Atkinson. We planned to terminate the  Inte rnat iona l 

Decade of Ocean Exploration. The question was whether the pro­
gram would be a sepa rate  item in our budget process or a mix of 
such resea rch supported by NSF. At the  moment, we have decided 
to mainta in the larger-scale research  exper iments in this  area  as a 
sepa rate  budget item.

Mr. Boland. We have it nex t year in 1981.
Dr. Atkinson. There is quite a bit of discussion on this issue. 

Some argue that if we don’t mainta in a separate item for such 
large-scale experim ents they will not survive.
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Others argue that as long as funds are  set aside for large-scale experiments , they will be done independently of th e qua lity of th e science.
We want to support large-scale experiments , but we also  want to support only those of high quality. The National Science Board has grappled with  this issue a t its last two meetings.
Dr. J ohnson. Mr. Boland, I have an answer to your question. What we are  referring  to is the  GARP Atlantic Tropical Exper i­men t (GATE). The field phase of GATE was completed in 1974.
Mr. Boland. But the  preceding paragraph says some of the major analysis projects will have been complete by fiscal y ear 1980. Therefore,  the  planned funding level of $600,000, a decrease of $630,000 for fiscal year 1981, reflec ts the plann ed phas ing out of this  effort.
Dr. J ohnson. Tha t is true,  yes, but what  we are  doing is phasing out the  analysis phase of GATE which we have supported for 5 or so years. Of course, analyses stil l are going on, but  the  level of activi ty is decreasing. GATE is only one project of the  Global Atmospheric Research Prog ram (GARP).
Mr. Coughlin. What percen t of the GARP project  does the United Stat es contribute?
Dr. J ohnson. I don’t know the  overall budget on th at.
It is not very extensive part icipation from other nations, so we don’t have the -----
Mr. Coughlin. Does the  Uni ted State s contribu te abou t 75 per­cent?
Dr. J ohnson. I doubt tha t. I don’t have the numbers to respond, but the re are a great num ber  of othe r countries contribu ting  air ­craft.
Dr. Atkinson We will supp ly that for the  record, but we know the United States  contr ibutes less than half.
[The information follows:]



CO STS  FOR THE FIR ST  GARP GLOBAL EXPERIMENT (FG GE) ALSO KNOWN AS THE GLOBA L WEATHER EXPERIMENT (GWE)
The GWE f ie ld  phase te rm in ate d in  December 1979 a f te r  ha vin g run  fo r  one yea r 
(1 December 1978 to  30 November 1979) and a f te r  a warmup ye ar  fro m 1 December 
1977 to  30 November 1978.  The da ta pr oc es sing  phase and some o f th e a n a ly s is  
phase w i l l  be s ta r te d  in  FY 1980 and w i l l  con tinue fo r  a minimum o f f iv e  ye ars

The fo ll o w in g  in fo rm a ti o n  has been asse mbled by th e Wo rld Weather Program 
O ff ic e  o f th e N ationa l Ocean ic and Atmos ph er ic A d m in is tr a ti o n  and th e GARP 
Program a t th e NSF.

FY 1979: NOAA & NASA (GWE) $ .8 ,7 12,0 001

------------  NSF GARP Program (MONEX) 3,34 3,00 0
NSF GARP Program (GWE) 612 ,000
NSF Ocean ograph y & P ola r Program (GVJE) 322 ,000
NSF In te rn a ti o n a l Programs (MONEX) 1,40 0,00 0*

TOTAL U.S .
TOTAL GWE (n on-U .S .)

$1 4,38 9,00 0
$2 00 ,000 ,000  (e s tim ate )

U.S.  C o n tr ib u ti o n  6.7%

FY 1980: NOAA & NASA (GWE)
NSF GARP (MONEX)
NSF GARP (GWE)
NSF Oceanogra phy & Pola r Programs (GWE) 
NSF In te rn a ti o n a l Programs (MONEX)

$ 3,8 35 ,000 ^ 
2, 60 0,00 0 

600,0 00  
100,000 
250,0 00

TOTAL U.S.
TOTAL GWE ( no n- U .S .)

$ 7, 385 ,0 00  
$5 0,00 0,00 0 (e s tim a te )

U.S. C o n tr ib u ti o n  12.9%

1 Th is  number does no t in c lu d e  p la tf o rm s such as s a te l l i t e s  th a t have been 

ju s t i f ie d  fo r  o th e r pu rp os es.

*  Th is  is  th e d o ll a r  e q u iv a le n t o f spec ia l fo re ig n  curr ency fun ds  -  In d ia n  rupees
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NATIONAL CENTER FOR ATMOSPHERIC RESEARCH

Mr. Boland. On page B-I I-18, the  budget for the  Natio nal 
Center for Atmospheric Resea rch is displayed. You are  requestin g 
$29.9 million, an increase  of $3.3 million over 1980.

The Nat iona l Center for Atmospheric  Research is tota lly sup­
ported  by NSF. Has the  NSF or OMB or OSTP ever atte mp ted  to 
enli st joint suppo rt for NCAR from agencies such as NOAA, 
NASA, EPA, and DOD?

Dr. J ohnson. There  is some such suppo rt going to NCAR now. 
There is some work t hrou gh oth er agencies being done. Some of  the 
scien tists are  involved in NASA projects. We are  also embarking  
upon a program for cost recovery at  NCAR for all activ ities  done 
for o ther agencies.

At the  pres ent time, involv ement with NCAR, for example, by 
NASA, occurs when the re is a simultan eity of intere st and NCAR 
cont ributes to the  tota l effort. NASA may provide a good deal of 
money for some scientists  in the satel lite program.

Ordinar ily up unti l the  pre sen t time the  sala ry of NCAR Senior 
Scien tists involved was paid by NCAR; we are  workin g on asking 
for t ota l cost recovery for any  efforts of thi s sort.

Dr. Atkinson. For the  past two years, we have been discussing 
with NCAR the possibility of pulling  in more supp ort from other 
agencies, and I think we will see movement in th at  direction. Our 
main concern is to prote ct th e center as a basic rese arch  facility for 
univers ity scientists, so we want them  to have a broa der base of 
support  from other agencies.

But we don’t wan t the m to become Beltway bandits, seeking 
funds from wherever they can get them  and undermining the  
capability  to perform basic research.

Mr. Boland. Unt il this yea r the adm inis trat ion  of this Center 
and th at  of the Univ ersit y Corporation for Atmospheric Research, 
which manages NCAR und er suppo rt from NSF, have been 
thro ugh  the same indiv idua l with presum ably the  same suppo rt 
staff. However, begin ning this  summer, the re will be a separation  
of these functions, with  the Pres iden t of UCAR located in Washing­
ton and the Director of NCAR located in Boulder.

Wh at was the  rat ion ale  for estab lishin g those separate offices?
Dr. J ohnson. From the very beginning, the  concept has been 

th at  the  Corporation UCAR would be represe ntative  of the univer­
sity  community. Its Board of Trust ees is made up of rep rese nta­
tives  from the univ ersi ty community. UCAR’s responsibility is to 
oper ate NCAR. Those two functions, the  Pre sident  of UCAR and 
the Director of NCAR should really be s epa rate activities.

They have been filled by the same individual in the past. This 
has  given rise to man agem ent questions. We often ask in wha t 
capacity the individual is acting, as a represe ntative  of th e univ er­
sity community, as Preside nt of UCAR, or as a repr esen tativ e of 
the  NCAR efforts, Director of NCAR.

We thin k it is a hea lthy move to sep ara te those two functions.
Mr. Boland. Wha t abou t the adm inis trat ive  suDport services and 

the  mana gement fee for opera ting NCAR? Are they going to be 
increase d as a res ult  of th is change?
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Dr. J ohnson. We are  not anticipa ting  any  increase  at this  time, 
although this may have a small impact on it. It ’s th e sala ry of one 
individual that  is involved which I think  has been split between 
the two accounts  in the  past.

EARTHQUAKE  RESEARCH STUDIES

Mr. Boland. For the  Earth  Sciences Program subactivity, you 
are  requesting $27.9 million in 1981—an increase of $2.6 million 
above the 1980 level. I noticed th at  the  largest single program 
increase under  Ea rth  Sciences is th e Ear thquake Related Research 
area which on page B-II I-6 increases $600,000 to $7.2 million in 
1981.

As you know the U.S. Geological Survey has a large Earthquake  
project which includes geological resea rch and  ear th movements 
and earth quake predic tion. How is this  work on prediction that  
NSF is funding coordinated with the  work of the Geological 
Survey?

Dr. J ohnson. Well, the  NSF program is not an earthquake pre­
diction program. It ’s a program to study the fundamental  nat ure  of 
the  earthquake process. The Geological Survey program is concen­
tra ted  on the prediction problem. We work very closely with them.

Mr. Boland. Is this  the  total, $7.2 million, of all earthquake 
research  supported by the  Foundation th at  is not carried under  the 
Earthquake  Hazards  Mitiga tion Program which is funded throu gh 
ASRA?

Dr. J ohnson. Yes, this is the  tota l of t he work that  is done on 
fundamental ear thquake studies. The Hazards Mitigat ion Program 
is funded in anoth er direc torate.

Dr. Atkinson. The a nswer is yes.
Mr. Boland. Since ear thq uak e resea rch is carr ied out in detail 

by the  U.S. Geological Survey—why is such a large part of N SF’s 
geophysical budget used for ear thquake rela ted research?

Dr. J ohnson. This is the means by which the  unsolicited ideas of 
the  academic community are brought to bear  on this  problem. The 
Geological Survey does not support funda mental research  in the 
academic community  in the  same degree that  NSF does. We are  an 
Agency for marshalling the  s tren gths of that  community.

Mr. Boland. Are there oth er areas of geophysical research  which 
may merit funds—but  which are not being supported because of 
the heavy emphasis on earthqu ake  related  research?

Dr. J ohnson. There is budg etary  pressure on all areas . In that 
sense, the  answer would be yes but we are  able to keep it appropri­
ately  balanced. Earthquake research  is good research  that  cuts 
across all the  areas of geophysics.

SHIP CONSTRUCTION

Mr. Boland. On page B-IV-1, it indicates  that  the  request for 
the  Ocean Sciences Program Subactivity is $9,381,000 above the 
1980 level. Tha t is a 14 percent increase in operat ing funds. Howev­
er, in the  discussion under “progress in ship construction /conver- 
sions” on page B-IV-3, it a ppears that  $3 million was spent on ship 
construction in 1979 and in 1980 and will no longer be needed in 
1981.
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Does this  mean that the  actual  increase in 1981 is more like $12.4 million rat he r than the  $9.4 million sta ted —because the  $3 million spen t on ship cons truction in 1980 was buil t into  the  base in 1981? Is that  correct?
Dr. J ohnson. No; I am not sure where the  item is, but this budget, as presen ted here, includes funds for an  oceanographic ship as a replacement for a  larger, more expensive ship cur ren tly  being operated.
We have a real problem in oceanographic ships associated with the  increased cost of fuel, and some of our ships are larger  t han  we 

need. Therefore we need to replace them with new ships of a somewhat smal ler size. When we do this we can  recover the  cost of this lower operat ing cost in about seven years, but as fuel prices increase, we are  apt to recover  the costs in more like five years. We do have this program for build ing replacement of exist ing ships.Mr. Boland. The actual 1981 increase  would be about  $12.5 million, the  $9.4 million plus  the  $3.1 million, ra ther  than the 
increase that  you have indicated in your justif ications. Would t ha t be correct?

Dr. J ohnson Yes, sir; 3.6 of that  is for a replacem ent ship in 1981.
Mr. Boland. The paragraph  indicates  th at  “The review and the  assignment of both fiscal year 1979 and fiscal year 1980 ships has as its firs t consideration the  achievement of the  best possible im­provement  of th e overall academic  fleet inven tory and a concomi­tant  savings in ann ual  operating costs.” It doesn’t say anything  about a  new ship here.
Dr. J ohnson. I realize  that , and $3.6 million for a replacement ship is included in the amoun t that you a re referring to.
Mr. Boland. If it  is, do you thin k it should have been mentioned somewhere in the justifica tions? You say t ha t it was-----
Dr. Atkinson. B-IV-22. We mentioned it only in the  highlights.  The second parag raph from the bottom.

U.S . ANTARCTIC PROGRAM

Mr. Boland. Turn to the  U.S. Anta rctic  Program. On page C- l you are  requesting $63,400,000 in 1981, an increase of $7,560,000 above the cur ren t level. Would it be fair  to say th at  this issue on where do we go from here in the Anta rctic  is beginning to come to a head?
Dr. J ohnson. As to our  fu ture  presence in Anta rctica?
Mr. Boland. As to the  amount and duratio n of activity  th at  we are  engaged in there?
Dr. J ohnson. This is a special responsibilty th at  the  NSF carrie s out by direction  of the  National Secur ity Council.
We are the  American agent  for presence  in Antarcti ca and by national policy we have  the four permanen t stations that exist there.
What  we have before us is essen tially  the  cost of maintaining  th at  presence, at  a constan t level of effort.
Mr. Boland. Where do we go from here? We have been involved in an awful lot of re search down there .
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Didn’t the  Treaty signatories get toge ther  last year in Washing­
ton and discuss the exploita tion of Antarct ica’s mineral  and 
marine  resources?

Dr. J ohnson. This has been discussed and if things turn  in the 
future  to explo itation of the resources in Anta rctica at th at  time 
NSF should be discharged from its special responsibl ity on this  
program.

Mr. Boland. Wh at was the  outcome of t ha t meeting among the  
Treaty signatories?

Dr. J ohnson I don’t have the answer on tha t. I can get for you a 
statement of what the  outcome of those discussions was.

[The information follows:]
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CONSERVATION AND MANAGEMENT OF RESOURCES 
DISCUSSED AT TENTH ANTARCTIC TREATY 

CONSULTATIVE MEETING

A n ta rc t ic  m in era l re sourc es, mar ine l i v in g  re sourc es, and th e fu r th e r  
p ro te c ti o n  o f  th e a n ta rc t ic  envi ro nm ent were among th e  m ajo r co nc erns  
a t  th e  Te nth A n ta rc t ic  T re a ty  C o n s u lt a ti v e  M ee tin g, 17 September to  
5 Octob er  1979 , in  Was hing ton,  D.C.

Nin e recom me ndations were ad op ted un an im ou sly a t th e  m eeting , b r in g in g  
th e number o f  recom me ndations made s in ce  the f i r s t  c o n s u lt a t iv e  mee tin g 
(196 2)  to  127. The recom me ndations are  in te nde d to  fu r th e r  th e  p r in c i ­
p le s and o b je c ti v e s  o f  th e  A n ta rc t ic  T re a ty . By fa r  th e  la rg e s t  
number o f  rec om me ndations (71 o f  127) augment th e t r e a ty 's  p ro te c ti o n  
o f  th e a n ta r c t ic  envi ro nm ent.

A t th e te n th  mee tin g the re p re s e n ta ti v e s  re a ff ir m e d  t h e i r  com mitment  
to  con tinued  ecosystem  re se arc h and to  the de ve lopm en t o f  a Con ve nt ion 
on th e  C onse rv atio n o f  A n ta rc t ic  M ar ine L iv in g  Resources based on a 
s e ri e s  o f  mee tin gs  a lr eady  held  to  e la b o ra te  th e convention .

O th er  d is cuss io ns  focu se d on th e  e f fe c ts  o f  p o s s ib le  e x p lo ra ti o n  fo r  
and e x p lo it a t io n  o f  m in era l re sou rc es . The re p re s e n ta ti v e s  co nc lude d 
th a t  a regime fo r  th e management o f  a n ta rc t ic  m in era l re so urc es is  o f 
pr im e im por ta nce  and th a t  i t  mus t in c lu d e  means fo r :

° ass ess in g the p o ss ib le  im pact o f  m in era l re so urc e a c t i v i t ie s  on 
th e  a n ta r c t ic  environm ent;

de te rm in in g  wheth er m in e ra l re so urc e a c t iv i t ie s  w i l l  be accept­
a b le ; and

govern in g th e e c o lo g ic a l,  te c h n o lo g ic a l,  p o l i t i c a l ,  le g a l,  and 
econom ic as pe cts o f  m in era l re sourc e  a c t iv i t ie s  i f  th ey are  de te rm ined  
to  be acce pta b le .

The regime would  in c lu d e  ru le s  p ro te c ti n g  th e  a n ta r c t ic  en vi ro nm ent 
and re q u ir in g  th a t any m in era l re so urc e a c t iv i t ie s  be in  co mpl ianc e 
w it h  th ose  ru le s .

Specia l m eetings,  s im il a r  to  th ose  he ld  to  d is cuss th e  Con ve nt ion on 
th e  Conse rv atio n o f  A n ta rc t ic  Mar ine L iv in g  Res ou rces , w i l l  be ar ra ng ed  
so th e  t re a ty  na ti o ns  can be gin work toward a d r a f t  regime fo r  m in era l 
re sourc es.

Text s o f  th e n in e rec om menda tions  adop ted un an im ou sly a t  th e mee tin g 
ap pe ar  in  th e December 1979 issu e o f  th e  A n ta rc t ic  Journ a l o f  th e 
U n ited  S ta te s .
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EXPLOITATION OF ANTARCTIC  RESOURCES

Mr. Boland. I am looking at the Business  Week of Aug ust 27, 
1979, where  it said:

“N ext month the Trea ty signatories are to get together in Wash­
ington and discuss exploitation of the Antarctic ’s minerals and 
marine resources.”

Is there anythin g at this time that preven ts 15 or 20 of the oil 
companies from forming a consortium to begin exploratory dril ling  
in the Weddell Sea?

Dr. Pimentel. There is. I believe that meeting took place, and 
there was no change in the present status. Such exploration is 
precluded by the signatories.

Dr. Hack erm an. By their mutual agreement  to exercise volun­
tary restraint.

Dr. Atkin son . Of  course other countries are fishing for kri ll in 

Anta rctic  waters.
Mr. Boland. I tak e it that  the position of the NSF and also the 

State  Department is that we should not permit exploitation of 
natural resources, particu larly oil at this time. Is that a fair  stat e­

ment?
Dr. Hack erm an. Excessive exploitation of other resources, in­

cluding marine life, should not be permitted.
Mr. Coughlin. Mr. Chairman, but other countries are harvesting 

kri ll down there.
Dr. Johnson. Yes,  but not in great quantities. Japan and 

Russia-----
Dr. Hack erm an. They can use fair ly sophisticated techniques.
Dr. Atkinson. They are large takes.
Mr. Coughlin. This is in violation of the Treaty?
Dr. Hackerm an. No; the Treaty does not address resource issues. 

Tha t is why special conventions on resource conservation and use 
are now under negotiat ion.

Mr. Coughlin. Are we harvesting any krill down there?
Dr. Johnson. No; nor is it perceived likely tha t we will have the 

desire to do so.
Dr. Atkinson. Tha t biological world in Antarctic a drives the 

biological structure of much of the oceans. If it is severely  dis­
turbed, it may have an impact throughout the world. We need a 
deeper understanding of the driving features in tha t region before 
something is done that  migh t destroy the whole ocean marine life.

Dr. Hackerman. The major concern is that it is part of a food 
chain which encompasses a good part of the Earth.

Dr. Johnson At  the Ten th Consultative Meeting it was agreed to 
init iate  a series of infor mal discussions regarding issues raised in 
prel iminary negotiation of a possible convention for mineral re­
source exploration and exploitation in Antarctica.

None of the meetings hav e yet been scheduled.
Mr. Coughlin. Why aren ’t we harvesting krill?
Dr. Johnson Well, I don’t  think  there  is much economic incen­

tive. It’s too far down there. We are not that  interested in the use 
of kri ll as a Nation is my belief.
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Dr. Atkinson. Private indust ry has not identified the  Antarct ic as a n are a for fishing. It may well be tha t it requires a country  like  Poland or Japan  to put toge ther the  so rt of equipment.
Dr. J ohnson. It is also tru e there exist strong concerns about it, growing out  of the view th at  it is important first  to examine the food chain in Antarctica waters, and be sure  one doesn’t severely upset the  ecology down there.
Dr. P imentel. It ’s appar ent ly not appropr iate  for hum an food consumption; so the pote ntia l immediate uses contemplated are ferti lizer  or animal feeding, and  currently the  situ atio n would not be economical.
Dr. Atkinson. The animal the n has the  same tas te as the krill.

L C -1 3 0  AIRCRAFT

Mr. Boland. Unde r the  Opera tion and Support Program on page C-II-5, the  budget request contains an increase of more tha n 13 percent for this program. About 85 percent of th at  increase is in the operat ion and suppor t program—all of which is not actua lly performing any research. About 40 percent of th at  operat ion sup­port increase  is for the  rep air  to two LC-130 airc raf t. How many LC-130s are you cur ren tly  operating?
Dr. J ohnson. Seven, 2 of which are  near the  end of the ir legal life. They are the two to undergo service life ex tensions-----Mr. Boland. Hav en’t you operated the  program with four planes in the  past?
Dr. J ohnson. In actual fact, of this  num ber of seven, only five were available for use d uring the past season.
Mr. Boland. How old are  the LC-130’s?
Dr. J ohnson. Some are  old a irplanes. I don’t know the dates  on which they were p rocured.
Dr. Hackerman. Some of them are  fairly new. There are two of them  that are  two or thr ee  years  old, three are six years  old, and, the  o ther  two a re twenty-two years old.
Mr. Boland. On page C-II-5,  it says that  t he  “maintenance costs are  largely fixed depending on the  number of aircraft, the ir age, and the hours of opera tion, however, fiscal yea r 1981 funds will support the post-recovery repair of the  damaged LC-130 aircra ft that  will be recovered from East  Antarc tica  in 1980 and 1981.” What do they cost?
Dr. H ackerman. The number I remember  is about $13.5 million.Mr. Boland. Of those, is that  the only one you are repa iring ?Dr. J ohnson. The re are two of the  planes now opera tional  th at  require service life extensions in order to be good for anoth er 10,000 hours  of operat ion or ten years  whichever comes f irst. This  one tha t we inte nd to recover in Anta rctica, which has been there  since 1971, would const itute the  e ighth  a ircraft.
Dr. Atkinson. This area  is a major problem for us: the LC-130s and the helicopters. We are re-examining the  situa tion since the  milit ary is changin g over to ano ther type of helicopter. The issue of airc raft  support is before us now in the  planning  of th e program; it is a five to 12-year issue.
Dr. J ohnson. Three  of our older planes including the  one th at  crashed were built in 1958.
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The others were bui lt from 1973 to  1977.
Mr. Boland. We have  been putt ing $50 to $60 million into this  

program for many years . How would you ra te the basic resea rch 
return  on that  expenditure  of money?

Dr. J ohnson. Well, I thin k that  is well regarded in terms of th e 
science ou tput  and th at  it stands up well in comparison with other 
projects. It is good qua lity  research . It is a  $9.3 million program of 
research grants . Of the remaining  $54.1 million for operations, $9.5 
million is for direc t support  of those science projects during the  
period the scient ists are working in Anta rctica, $9.3 million is for 
major construct ion and procurement and $35.2 million is the  cost 
of main taining the  bases, etc. That is, the  cost of being there .

Thus, buried in “operations support,” or the  cost of being the re 
are  some services rend ered  to the research program tha t one would 
have to pay if the  same thin g were done outside the Antarctic. It 
might be bet ter to th ink of it as a $20 million research program, 
with the rema inder being  the  costs associated with being in the 
Antarctic, and operatin g and repa iring  the bases, transportation 
and life support system.

Mr. Boland. Our being there is something more than basic re­
search?

Dr. J ohnson. It ’s the ma tte r of nat iona l policy th at  we maintain  
the  level of presence we have there.

Dr. Atkinson. Exciting  science is going on there, and Dr. Hack- 
erman may want to speak to it. In the  past two years, we have 
been much more pleased with  th e q uality  of science.

Dr. Hackerman. The las t couple of years  have indeed been very 
good, part ly because the re are some very able young people who 
have chosen to go down there, that makes a gre at deal of d iffer­
ence.

It ’s a unique place. It’s one of the only good places to study ice, 
which I thin k is of value. It ’s an imp orta nt place as far as atmos­
pheric  charact istics  a re concerned.

Mr. Coughlin. How much  can you study ice?
Dr. Hackerman. Nine ty percent of all of the fresh water in the 

world sits down there in the  world of ice, and you can study its 
movement and the way it  gets into the ocean, what th at  does as far 
as ocean currents  are concerned, what impact it has fur ther north,  
even beyond the equator,  the effect it has on the  atmosphere, and 
the tem perature changes th at  i t causes.

Dr. Atkinson. Six or seven years  ago, we had not identified the 
critical role played by th at  are a of the  world in driving the atmos­
phere. We are beginning to estab lish the  same kinds of links in the 
food cha in; the work is exciting.

Dr. J ohnson. The ice down there is worth noting. There would 
be climate changes resu lting in melting some of t ha t ice; it won’t 
take  very much of a th rust in th at  direc tion to be underwater  here.

Dr. Atkinson. A major conference sponsored by the  Saudi gov­
ernment considered the  idea of moving icebergs from Antarctica 
into other areas as a source of water.
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U.S. ANTARCTIC PROGRAM BUDGET

Mr. Boland. Under your ZBB exercise, is the  1981 level a mini­
mum, cur ren t, or improved funding for the  Anta rctic  Research 
Program?

Dr. J ohnson. The Antarctic  Prog ram hardly fits und er the  ZBB 
very well. We have those other cons train ts with regard to that 
program. We don’t have the  same oppor tunities for trade-offs there 
th at  exist in other programs. If we are  going to be there, we have 
got to m eet the  logistic expenses.

Dr. Atkinson. We have though t about closing a station, and we 
may do so. But there is a minimum level of operation supp ort that  
must  be main tained; not to have  an appropriate level of science, 
given that  operating support,  would be a mistake.

Dr. J ohnson. Probably the  biggest alte rnative  there, or the one 
that  would make the most difference, would be if we decided to 
abandon the  opportunity  for ai r support. Tha t costs a good deal, 
but it adds important ly to our  presence there . We are  the  mobile 
nation in the  Antarctic, and th at  is by virtue of air  support.

Mr. Boland. Who drives the  budget for this  activity, the  NSF or 
the  Nation al Security Council?

Dr. J ohnson. Well, they don’t take  part in the  individual project 
decisions or in the  preparatio n of the budget, but it is the ir deci­
sion which basically establish es the  c onstant level of activity which 
we m aintain  there.

Because of the  great increase in cost of fuel and  the  fact that  
that  makes significant increases  in the cost of th is activity, we are 
looking at  options, and we may be looking at  questions as to 
whether the re are other levels or othe r modes of presence in Ant­
arct ica th at  would be acceptable.

It is not an easy problem. If you are  going to be there, it does 
take  this minimum level of presence in order to be able to operate  
in a  significant way.

Dr. Pimentel. NSF’s program there is driven by the  science we 
see an d can afford there.  It ’s important  science, i t is a  unique place 
and the  problem is th at  operat ion support makes  it expensive.

If we were to propose a major change  in U.S. presence and 
scientific level, questions would be asked, and we would have to 
give good answers. But I think  we are  dete rmining  the level in 
response to what  we consider to be extrem ely imp orta nt science 
accompanied by a large program of operations suppor t.

OCEAN MARGIN DRILLING CONTINUED

Mr. Boland. The ocean drilling programs are  displayed on D- l, 
where you are requesting $27.3 million in 1981—an increase  of 
$7,825,000 above the cu rre nt  1980 level. We have already discussed 
in some detail the  Ocean Margin Drilling project. Apparently, most 
of t he  deep holes using rise r and well control  would take  abou t a 
yea r each to drill. If th at  much time and expense per well is 
involved, why do you wan t to drill off-structure? I know that  the  
oil companies wan t to drill  off-structure—possibly so the re is no 
problem of the government being in on the  oil drilling business— 
but can ’t you get excel lent basic science by dril ling  on-s tructure— 
as well as off-structure?
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Dr. J ohnson. Well, if one were to run  into a petroleum deposit 
with large commercial potential it could eliminate the  prospect of 
completing the  scientific investigation  so, from a scientific view­
point, it would be be tte r to drill  in locations where oil and gas are  
not likely.

From the technological point of view in going into this  much 
deeper water,  you wan t some experience  with  this equipment oper­
ating in such deep wate rs before you encounter petroleum.

You avoid on-structure unti l you have acquired  enough expe ri­
ence until  you feel sure  you can hand le problems that  arise. Even 
if you drilled on-s tructure, and by so doing found petroleum, th at  
in itself would only be a very small step towards the  evaluatio n of 
what  pe troleum is there.

You would have to drill  many more wells before you have any 
real concept as to the  extent  of the  reservoir, so I think th at  all of 
those things  add up to make it a very wise decision in this program 
to avoid d rilling on-stru cture .

DEEP SEA DRILLING PROGRAM

Mr. Boland. We will turn  to page D-6. Last  year we asked if th e 
fiscal year 1981 would be the last  year  for the  deep sea dril ling  
project. Your response was ra ther  “iffy”—but has n’t the  Glomar 
Challenger begun to exhaust the potential good science ret urn in 
that  program? Are we not beginning to have a problem here  of 
diminishing margina l retu rn?

Dr. J ohnson. No; th at  is not the  case. Over 700 holes have been 
drilled and this  sounds like a lot but  in term s of th e area  th at  is 
being investigated thi s corresponds to dril ling  one hole in an are a 
the size of California plus Oregon plus W ashington State.

Another thing which has a big impact on this program is the  
recen t development of the  hydraulic piston core. It is something 
which only now has come into use and has proved to be a very fine 
new inst rum ent  for gett ing undisturbed samples from the ocean 
bottom, and these are especially useful to paleoclimatic invest iga­
tions.

The community th at  is inte rested in that is very  distressed at  th e 
prospect of the Chal lenger operat ion ceasing at the  end of 1981.

Mr. Boland. I noticed on page D-6 that  j us t two years ago the  
net  cost of this  program to the  United States  was only 
$10,600,000—afte r you deducted the foreign contribution . Now, the 
net  cost is $17.3 million. Tha t is a 70 perc ent increase in just 2 
years. What about  th at?

Dr. J ohnson. Tha t yea r was an anomaly. I would have to get  the 
schedule over the year s to subs tant iate  that  stateme nt, but the re 
was one year where the  appropriated funds were part icula rly low, 
and the  use of foreign funds was part icularly high in order to c arry  
the  program along.

Mr. Boland. It would seem that we are  continuing to pick up the 
larg er share of a program that  was supposed to end in fiscal year  
1980?

Dr. J ohnson. When the internation al part icipa tion started, the 
inte rna tion al par tici pan ts were paying $1 million a y ear each. That 
now is at the level of $PA million, and if the re is an extension of
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the Challenger beyond 1981, probably jus t for one year , we are 
talk ing in terms of $2 million.

Well, Germany has indicated their  willingness to pay a $2 mil­
lion fee if the  program could be continued in 1982, and  England 
had indicated the likelihood of it. We are conducting discussions 
with the French today.

BIO LO GI CA L,  B EH A V IO R A L AND SO CIA L SC IE NCE S

Mr. Boland. We will tu rn  to the Biological, Behavioral and
Social Sciences directora te.

The budget request for fiscal year 1980 was $172,250,000 and the 
cur ren t plan is $166,531,000. That is a drop of $6 million. Then on 
E-2 you indicate why in one sentence you dropped that  figure $6 
million. It indicates that  the  cur ren t level in 1980 reflects adjus t­
ments  resul ting from funds a ctua lly appropriated .

What about this?
Dr. Clark. The $166 million was the  appropria ted, it is the 

amount authorized on the House Floor.
Mr. Boland. So the authorization  bill held it to $166.5 million in 

1980?
Dr. Clark. That is right. I have a question mark by tha t number 

myself. I will have to supply the  informat ion for the record.
[The information follows:]

Difference in Funding Levels Between the Fiscal Year 1980 Budget Request 
and the Fiscal Year 1980 Current Plan in the Fiscal Year 1981 Budget for 
Biological, Behavioral and Social Sciences

The original fiscal year  1980 budget est ima te to the  Congress for the  Biological,
Behaviora l, and Social Sciences  was $173.5 million . This  est im ate  has been reduced 
in th ree steps  sta rting  with  P.L. 96-44, the  NSF Authoriza tion  Act for fiscal yea r 
1980, which limited Biological, Behaviora l, and Social Sciences to $170 million. The 
second step  resulted from the  tra ns fer of $1.25 million in est imates for regional 
ins tru me nta tion facili ties and  sim ila r programs to the  new Cross-Directora te Pro­
gra ms  activity. The thi rd  step adju sted  the  result ing  es tim ate s ($168.75 million) to 
ope rate with in amoun ts actua lly  appropr iated . Thu s an app rop riat ion  reduction  of 
1.3 per cen t ($2,219,000) r esu lted in the  c urrent plan  of $166,531,000.

BASIC  RE SE AR CH  FU N D IN G

Mr. Boland. The appropria tion for the National  Science Founda­
tion reduced the tota l request for basic resea rch by only $7 million. 
It would appear that  most of that  reduction was applied to this  
Directorate. Is th at  r ight?

Dr. Atkinson. We didn’t have a choice in t ha t matter.
Mr. Boland. Each yea r the Congress makes some effort to at ­

tem pt to determ ine whe ther  basic scientific research is well-bal­
anced, non-duplicative, and properly attu ned  to the  needs of soci­
ety. We have been told repeatedly in recen t years tha t our techno­
logical advantage over Japan and Western Europe is slipping 
away—even in the face of subs tanti al increases in basic research 
budgets in the  past 3 or 4 years. Both of those trends lead to 
the  suspicion that  we are not runn ing our basic R&D program 
properly.

What about the  biological area?  What major changes in your 
approach to basic R&D would you make in this Directorate  in 
order to improve our technological posture in the  world?

6 0 -7 7 0  0 - 8 0 - 1 1
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Dr. Clark. This may be where an article from this week’s News­
week, called, “How Molecular Biology is Spawning  an Ind ust ry” 

demon strates wher e the  resear ch progra ms come in. Developments 

in these fields ar e happ ening at  a n incredib ly fast pace.
Dr. Atkinson. NSF has a unique role in the history of supp ort of 

recombinant DNA rese arch  and cloning resea rch. These are  areas 

with dramatic implicat ions.
Dr. Clark. It ’s cle are r th at  more and more, in terms  of popular 

phrasing, bio-technology is going to find its way into the industr ial 

sector.

RE CO MBI NAN T DN A RE SE AR CH

Mr. Boland. Yesterday, you talked briefly about the DNA recom­

bin ant  research. Wh at new developments in this area  have tran ­

spired in the past yea r?
Dr. Clark. The synthesis of interfero n and insulin using these 

methods, are two new developments.
In addition, wha t we have discovered about  the  composition and 

function of chromosomes from higher cells, includ ing the kinds of 

cells in the human being  are dramatic. These findings were also 
developed from the  use of recombinant DNA techniques . It has 

been shown th e genes hav e spaces in them; they  occur in segments, 
and we don’t know why, this means the re are much more compli­

cated genetic stru ctu res  and expressions of biochemical activities 

than  we had been aware of before.
Dr. Atkinson. This issue of Newsweek magazine has a good 

accou nt of these events.
Dr. Clark. One of t he most significant things th at  the  Commit­

tee should be aw are of is th at  ear lier  the re had been a fair amou nt 
of concern  and discussion because of the  potential  har m that might 
res ult  from such techniq ues, and now over the  las t five ye ars ther e 
is now evidence to suggest th at  the  specula tion was way off base. 

The NIH guidelines, und er which all the  research  is done, have 
now been modified and biological and physical containm ent levels 

have been lowered.
Mr. Boland. I presum e you have been in compliance with the 

NIH resea rch guidelines?
Dr. Atkinson. It is more tha n compliance; we worked closely 

with NIH in planning the  guidelines.
Mr. Boland. You probably helped to e stabli sh them.
Dr. Clark. Yes, we did, as a ma tter  of fact. Or provided support 

for th e firs t conference t ha t led to them.
Mr. Boland. Were controls  over this resea rch adeq uate  prior to 

the establish men t of the guidel ines?
Dr. Clark. Yes, sir; I th ink  they  were adequate.
Dr. Atkinson. In retrospect they were adequate. This is a beauti­

ful example of the scientific community aler ting  society to prob­

lems. Many people have said the  scient ists overreacted. At the 
time, I thin k, it was an app ropriat e reaction.  Society and the 

scientific community have resolved the  issue and have come to an 

app ropr iate  arran geme nt.
Dr. Clark. I would say the  important thing about the  guidelines, 

even though they set down conditions unde r which experim ents
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should be done, were really not restrictive  guidelines at  all in terms of stopping research.  They just developed a cautionary ap­proach as to how the  experiments should be carried  out.
Dr. Atkinson. If there hadn’t been rational discussion of these mat ters , if the  guidelines had become more restr ictive oth er coun­trie s would have advanced in this are a of research. Many scient ists were concerned, and there was some indication of such advances in other countries.

LAN GUAGE ACQUISITION

Mr. Boland. On page E-I I-4,  under the  Behavioral and  Neural Science Program subactivity, there is a description of the  math­ematical theo ry of learnabil ity. The justification describes this as a “major  advance.”
It also stat es on page E-I I-5 , that  “a valid theory of language acquis ition will be a g ian t advance.” I t is a litt le difficult to unde r­stand wha t is so te rribly signi fican t about this  research? Children learn  a language—basically I would assume because they associate it with their  peers and their  parent s who a re speaking it. What  is the  gr eat  “major advance” here?
Dr. Clark. These two inves tigato rs are  writ ing a very lengthy book. They have developed an enti rely  new th eory  t ha t atte mpts to model or sta te in mathem atical terms some of the rela tionships of language. It appears their  empi rical data suggests th at  the  math­emat ical approach they  have pioneered toward  understand ing this level of language acquisition is accurate .
Dr. Atkinson. Tha t we can begin to think  of a mathematica l theory of language acquisi tion is a conceptua l brea kthrough .Mr. Boland. Why?
Dr. Atkinson. Not everyone learn s to read, and no one can learn to read  unti l he or she has acquired  a language . Learning how a language is acqui red-----
Mr. Boland. How does one learn  to read?
Dr. Atkinson. We don’t know. That  is one of the problems. That is why we have the issue—and the theor ies about  it.
Dr. Clark. It is also tru e that  language, of course, is one of the unique character istics  of th e human being, and insofar as it is, it is also one of the men tal activ ities that  the  brain uses. So by the  study  of language we also begin to get a hand le on how the mind works, so tha t ther e is a very  definite rela tionship  for understand­ing m enta l processes.
Mr. Boland. What are  the  specific propert ies th at  the language mus t have in order to make  it possible for a child to learn a language?
Dr. Clark. I don’t believe we can define it in quite such precise deta il but I would like to provide an amplified answer for the record.
[The information follows:]
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RE SE AR CH  ON LANGU AGE A C Q U IS IT IO N
Research on language acquis it io n is  one of  the most important areas 
in understanding the development of  the ch ild . Learning of an e ff e c ti ve ly  
useable language is  the  basis  fo r a ll  co gn iti ve  processes, inclu ding  
read ing and tho ug ht --tho se  th ings  which may make human beings unique.

While most ch ild re n, although not a l l,  do lea rn a basic  language at 
home through in te ra ction  w ith  paren ts and s ib lin gs , the  process by 
which th is  occurs is  unknown. What fa ct ors  in the pa rent 's  spoken 
in te ra ct io n wit h the ch ild  are most importa nt fo r the process of 
ac quis ition to  occur? What chara ct eristics of  the ch ild , bi olog ical  
and psycho log ica l, are es se nt ia l?  What are the  chara cte rist ic s the 
language must have to  make i t  poss ible to  acquire? These questions 
have no cle ar  answers. They represent  three aspects of  the problem 
of  language acq uis iti on. The la tt e r  question is  being addressed by 
Drs. Wexler and Cu licover . They are engaged in a task  of  immense 
d i f f ic u l ty  and slow rewards, but one whose importance fo r  the fi e ld s  
of  lin g u is ti c s  and developmental psychology is  enormous. They have 
developed a forma l, ma the ma tically precise theo ry , of  the  le a rn a b il it y  
of  language, from which prec ise  pred ic tio ns  may be tes ted em pir ic a lly . 
Th eir  book: Formal P rin ciple s of  Language A cquis it io n, curr en tly  
in  press,  w il l exp lore  a number of  li n g u is ti c  p rincip le s govern ing 
the  growth of language in the  young ch ild . Such princip le s derived 
from the the ory , appear to  be un ive rsa l p rinc ip le s, app lying to  a ll  
languages,  and are not spec if ic  to  English. The cu rren t research 
is  important to  li n g u is ti c  theo ry  ge ne ra lly , since the dis covery of 
un ive rsal  li n g u is ti c  prop er tie s is  a fundamental goal of  li n g u is ti c  
scie nce . What sp eci fic  prop er tie s must a language have in  order fo r 
a ch ild  to  learn it ?  We do not ye t know in d e ta il , but the  th eore tic al 
p rinc ip le s being investi ga ted by Drs. Wexler and Cu lico ver prov ide 
a basis fo r discovering  those pro pe rt ies.
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Mr. Boland. How much did this research cost?
Dr. Clark. I will provide th at  for the  record.
[The informat ion follows:]

Cost of Resea rch  on Language Acquisition

Drs. Wexler and Culicover have been supported for a number of years by NSF. From July  1, 1977 to Ju ne 30, 1979, they were supported by a gra nt of $25,000 (BNS 74-23469 A01). Because of th e excellence and grea t promise of thei r research, they were awarded a 5-year contin uing gran t beginning July  1, 1979 (BNS 78-27044) which provided funds at an average annual rate  of about $26,000.

DEE P LAKE CORE PROJECT

Mr. Boland. On page E-II-11, unde r t he Anthropological Science 
Program Element,  you are  reques ting an addi tional $900,000 to 
allow for a deep lake core project in tropica l Africa in the search  of 
hum an origins. W hat is the  to tal cost of thi s program?

Dr. Clark. The Anthropology Program?
Mr. Boland. The deep lake core project und er this program.
Dr. Clark. It is und er review now. The planning  phase is on the  

orde r of about  $200,000. The plans envision probably a four to five 
yea r effort funded at about a million dollars  a year. It is a project 
th at  has been und er development for some time. There was a 
conference in 1977 on improving  the research  approach. It involved 
a group of scien tists th at  included geologists, ecologists, and ar ­
chaeologists, so it will be an interdisc iplinary undertaking.

TIME USE STUDIES

Mr. Boland. On page E-II-3 , under Signi ficant Recent Achieve­
ments, ther e is a discussion of a study which apparen tly has re­
vealed that bet ter  educated pare nts will spend more time for child 
care on an average t ha n less educated parents.

It is difficult for me to underst and—why we need to spend 
money to study tha t. The conclusion of the  study should have been 
obvious before the  study was made. What about that? I suppose 
bet ter  educated paren ts would spend more time and money for 
child care. But I am not sure that  is always the  case.

Dr. Clark. I don’t th ink  th e study says more money.
Dr. Pimentel. It is more time. The question is how im por tant  is 

tha t? I th ink  t ha t is a n important aspect of try ing  to bring more of a population into the  reaches of education.
Dr. Clark. You know the kind of question that  you are  rais ing is 

one tha t is of ten leveled against projects in the  social sciences as I 
expect you know as well as I. Tha t resu lt is provided ju st as one 
example from a long series or ra ther  a time use study that  has  
been conducted at  the Univers ity of Michigan.

It is a  repeated  time series study. About 15 years  ago th e init ial 
study was made; it was repeated in 1975. What is being found is 
that overall patte rns  of time use have changed in the inte rvening 
years. Of course, we know that , too, compared  to ten years ago or 
15 years ago, but through such studies  we are  able to improve our 
plann ing and to provide quantitativ e inform ation that we might 
not otherwise have.
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Dr. Atkinson. This stud y is designed to give us  an unde rstan ding 
of how the typical Amer ican in diffe rent groups spends his or her 
time. One issue th at -----

Mr. Boland. Don’t we alrea dy know t ha t?
Dr. Atkinson. No, I don’t thin k we do. This study gives an 

indication of how much time  young people spend in front of the TV 
set as a function of family background  and as a function of age. 
Tha t is impo rtant to know. This type of s tudy provides such infor­

mation.

understanding productivity

Let me give you an oth er example: productiv ity. How productive 
is the  American work er? This time survey has produced an int er­
esting finding. In cert ain indu stries—where it is s aid the American 
work er is no t productive—he is n ot productive because of the tra in ­
ing time  involved.

These studies help to unra vel some of the  issues involved in 
understanding matter s like productivity.

Mr. Boland. H ow does your stat ement  about  produc tivity rela te 

to this study?
Dr. Atkinson. The study  involves samples of the  workers, and 

pa rt of the study asks how a worker spends his time. They are 
brea king  time on the job into  time spen t in production versus time 
spen t in training and so on. The brea kout  has established some 
relat ionsh ips we were not awa re of.

In certain industries it is said product ivity is low; it may be 
because an unusua lly long tra ining  t ime is involved.

Dr. Clark. The Michigan study  is a  study th at  has  touched on a 
num ber of factors in an individu al’s life.

Mr. Boland. I am still a bit  confused as to how the  productivity  
study rela tes to the lear ning  study ?

Dr. Atkinson. I am spea king of only one study; the  time re­
search is part of the  learnin g study. It asks how does an individual 
spend his time: How much time  for eatin g brea kfas t, for visiting 
with his wife, for working  on the  job. When he is at work how 
much time  is spent on production, on coffee breaks , on train ing,  or 
on ta lkin g to union officials.

It is an effort to underst and  how an American dist ribu tes his or 
her time. And to note how the distribution changes over time can 
be im portant. What has happened, for example, with the  amount of 
time spen t before a TV se t?

PA RE NT S AN D CH ILD  CA RE

Mr. Boland. I thou ght the  study  indicated th at  bet ter  educated 
parents spend more time  for child care on an averag e tha n less 
educated paren ts.

Dr. Atkinson. That finding resu lts from the  stud y’s questioning 
of parents;  for example, how does your child spend his time? The 
time record will show how much  time the par ent  spent with the 
child.

Mr. Boland. Probably 95 perc ent of the people would know tha t 
in the first  place.
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Dr. Atkinson. I am not sure  this is an intu itive example. Is it 
clear to you tha t parents from lower educational backgrounds nec­
essar ily spend less time with  the ir children?

Mr. Boland. What about the  ch ildren who are placed in day ca re 
centers where perhaps the  education  and tra ining may be better?

Dr. Atkinson. Tha t is something the  t ime records also can show. 
How much of the time is sp ent  in day care centers, how much with 
the  p aren t?

COST OF TIME USE STUDIES

Mr. Boland. Has the  s tudy  been completed?
Dr. Clark. Yes, sir.
Mr. Boland. How much money was spent on this study?
Dr. Clark. Let me give you this for the  record. The study was a 

comprehensive time use study.  This example represents only one 
elem ent of th e total study. I can provide that  and also atte mpt to 
answer what  the per question cost might have been. It is a large 
data series.

Dr. Atkinson. The series is in a data bank  so t ha t investigators 
may analyze i t from the ir diffe rent  perspectives. I am  fami liar with 
this study  because I was in Germany about five months ago; 
German scientis ts are  repl icat ing the study and examining  cultural 
differences between G erman and American use of time.

Mr. Boland. Are you planning any extension of this  work?
Dr. Clark. I hope so. It is considered one of th e most important 

data  bases.
Mr. Boland. How much are you estimat ing in this budget for 

addit ional  funding? You may supply that  for the  record.
[The info rmation  follows:]
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N a ti o n a l Time-Use  S urv ey o f  1965 -6 6:
NSF share  o f  c o s ts  = $40  .0 00  ove r tw o y e a rs .
NSF support ed  th e  U .S . p o r t io n  o f  a m u l t in a t io n a l  co m p a ra ti ve  
ti m e -u s e  p r o je c t  in v o lv in g  th e  F ed e ra l R e p u b li c  o f  Germany, th e  
German D em ocra tic  R e p u b li c , B u lg a r ia ,  C z e c h o s lo v a k ia , H ungary , 
P o la nd , Y u g o s la v ia , B e lg iu m , F ra nce , and Peru .
The sa mple was s m a ll  and th e  su rv e y  in s tr u m e n ts  r a th e r  c ru d e .
Aim s:  To e s ta b l is h  a bo dy o f  d a ta  on  th e  c h a r a c te r is t ic s  o f  

every day l i f e  under d i f f e r e n t  so c io -e c o n o m ic  and  c u l t u r a l  
c o n d it io n s .  To g a th e r  e m p ir ic a l in fo rm a t io n  w hic h co u ld  
se rv e  as a b a s is  f o r  t e s t in g  th e o r ie s  and hypoth eses about 
c ro s s -n a t io n a l d if fe re n c e s  and s im i l a r i t i e s .

N a t io n a l Time-Us e S urv ey o f  1975 -7 6.
NSF share  o f  c o s ts  = $ 5 5 4 ,5 0 0 . O th er ag en cy  c o n t r ib u t io n s  =
$ 4 2 ,0 0 0 . T h is  was a r e p l i c a t io n  o f  th e  e a r l i e r  s tu d y  perfo rm ed in  
th e  U .S ."  I t  in v o lv e d  a rfluc'h la r g e r  sa mple o f  househo ld s  and 
ex pa nd ed  th e  ra ng e o f  da ta  c o l le c t io n  te c h n iq u e s  by e x p e ri m e n ti n g  
w it h  d i f f e r e n t  m eth ods.
A im s: To c re a te  t im e -s e r ie s  da ta  on t im e -u s e . To d e ve lo p  more 

r e l ia b le  da ta  b y  com paring  d i f f e r e n t  c o l le c t io n  m eth ods.  
To experim en t w it h  new  m eth ods.  To expa nd  th e  amount o f  
d e t a i l  in  th e  in fo rm a t io n  c o ll e c te d .

N a t io n a l Time-Us e Surv ey o f  1980-8 1.
NSF s u p p o r t fo r  th e  p la n n in g  o f  th e  su rv e y  = $154,0 00 . P ro posa l 
f o r  f u l l  s tu d y  un de r re v ie w .
A im s: To c o n ti n u e  th e  t im e - s e r ie s ,  b u t a t  a f i v e  r a th e r  th an  a 

te n  year In t e r v a l  ow in g  to  th e  a c c e le ra t io n  r a p id i t y  o f  
s o c ia l and ec on om ic  e v e n ts .  To te s t  hypo th eses em anatin g 
fr om  th e  e x is te n c e  o f  t im e - s e r ie s  d a ta  and th e  subsequent 
p o s s ib i l i t i e s  f o r  m o d e lin g  t im e -u s e . To in t ro d u c e  new 
v e r i f i a b i l i t y  c h e c k s .  To in t r o d u c e  a l o n g i t u d i n a l  
d im ens io n  in to  th e  t im e -3 e r ie 3  by  r e -3 tu d y ln g  a sa mple o f  
th e  19 75 -7 6 re s p o n d e n ts .

F u tu re  o f  Ti me-Use  S tu d ie s

I t  is  expec te d  in  th e  lo ng  ru n th a t  th e  c o l le c t io n  o f  ti m e -u s e  
d a ta  w i l l  be ta ken  ove r by one  o r  more govern m enta l s t a t i s t i c a l  
a g e n c ie s— p o s s ib ly  th e  new ly  e s ta b li s h e d  D iv is io n  o f  E n v ir o n m e n ta l 
and No nm ar ke t Eco no m ics,  in  th e  Bure au o f  Econom ic A n a ly s is  o f  th e  
D epartm ent o f  Commerce, a n d /o r  th e  Bu reau  o f  th e  Cen su s.  These 
agenc ie s  a re  re p re se n te d  in  a l l  th e  p la n n in g  and , to g e th e r  w it h  
one o r mo re p r iv a te  fo u n d a t io n s ,  may jo in  in  th e  s u p p o rt  o f  th e  
1980-8 1  r e p l i c a t i o n .  N o n e th e le s s ,  th e  m e a su re m e n t and 
u n d e rs ta n d in g  o f  tim e  a l lo c a t io n  s t i l l  re q u ir e s  much e x p e ri m e n ta l 
w o rk  in  th e  n a tu re  o f  d e v e lo p in g  r e l i a b l e  e s t im a te s  f o r

in d iv id u a ls ,  t e s t in g  th e  in c re m e n ta l v a lu e  o f  match ed  n o n -d ia ry  
in fo rm a t io n ,  and th e  l i k e .  The N a t io n a l S cie nce F ounda tion  th u s  
c o n ti n u e s  to  hav e an im p o r ta n t r o le  in  fu r th e r in g  th e  m e th odo lo gy 
as w e ll  as In s u r in g  th e  v i a b i l i t y  o f  th e  h ig h ly  s ig n i f i c a n t  t im e -  
s e r ie s  i t  has fo s te re d  t h is  f a r .
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TIME USE STUDIES BACKGROUND

Dr. Atkinson. Mr. Boland, we ought to put a few questions  to 
ourselves-----

Mr. Boland. Why d on’t you put the  questions  to yourselves and 
answer them for the  record.

[The questions follow:]
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TIME-USE STUDIES

Question:

Answer:

Why c o l l e c t  ti m e -u s e  d a ta ?

A com pre hens iv e  m et ho d o f  a c c o u n ti n g  f o r  s o c ia l  phenom ena m us t 
u n d e r li e  b o th  u n d e rs ta n d in g  and in t e r p r e t a t io n  o f  change . In  th e  
s o c ia l  s c ie n c e s ,  t h e r e  seem t o  be  o n ly  t h r e e  p o s s ib le  

" c u r r e n c ie s " — m on ey , p e o p le , and  ti m e ——in  w h ic h  such an a c c o u n ti n g  
m ig h t be  ma de . D at a on money t r a n s a c t io n s  a re  s y s te m a t ic a ll y  

g a th e re d  by  a v a r ie t y  o f  gove rn m e n ta l a g e n c ie s , and  s ta n d a rd  s e ts  
o f  f e d e r a l  s t a t i s t i c s  on  m o n e ta ry  t r a n s a c t io n s  a re  p ro d u c e d  

r e g u la r ly  by th e  U .S . D epart m en t o f  Commerce and th e  U .S . Bu reau  

o f  th e  Cen su s.  Su ch  d a ta  a re  th e n  us ed  f o r  a v a r ie t y  o f  s c h o la r ly  

and p u b li c  p o l ic y  p u rp o se s  by  academ ic , b u s in e s s , an d gove rn m ent  
a n a ly s ts .  Dat a on  p e o p le  a re  o b ta in e d  p e r io d ic a l ly  by th e  U .S . 

Bure au o f  th e  Cen su s,  an d th e  r e s u l t in g  m a te r ia ls  a re  ana ly zed  
e x te n s iv e ly  by g ro ups o f  u s e rs  in  th e  academ ic , p u b l ic ,  and 

p r iv a te  s e c to rs .

Data on ti m e  a l lo c a t io n  a re  n o t ,  a t le a s t  c u r r e n t ly ,  p a r t  o f  any 

p e r io d ic  d a ta  c o l le c t io n  e f f o r t  w it h in  th e  fe d e ra l s t a t i s t i c a l  
e s ta b li s h m e n t.  The two m a jo r d a ta  c o l le c t io n  e f f o r t s  in  t h i s  are a 
ha ve  been conducte d  by  th e  S urv ey Res ea rc h C en te r a t  th e  I n s t i t u t e  
fo r  S o c ia l R esearc h , U n iv e r s it y  o f  M ic h ig a n ; b o th  were p a r t i a l l y  
fi n a n c e d  by th e  N a t io n a l S c ie nce  F ounda tion  in  c o n n e c ti o n  w it h  i t s  
i n t e r e s t  in  p ro m o ti n g  new and b e t te r  re s e a rc h  re s o u rc e s  fo r  th e  

s o c ia l  s c ie n c e s .

Question:

Answ er:

Wha t q u e s ti o n s  ca n th e se  d a ta  an sw er?

E conom is ts  in te r e s te d  in  m e asu ri n g  p ro d u c ti v e  a c t i v i t y ,  th e  ra te  

o f  ch an ge  in  r e a l  o u tp u t ,  and th e  le v e l  o f  m a te r ia l w e l l - b e in g ,  
need  to  ta k e  in t o  a cc o u n t a w id e r ra nge o f  a c t i v i t i e s  th a n  th o se  
encompassed  by  p a id  em plo ym ent.  Thus, housew ork , c h i ld r a is in g ,  

v o lu n t e e r  a c t i v i t y ,  m a in te n a n c e  an d r e p a i r  o f  d u r a b le s  and 
h o u s in g , e t c . ,  a l l  re p re s e n t a c t i v i t i e s  w h ic h  e n te r  s i g n i f i c a n t l y  

in t o  an y re s o n a b le  n o t io n  o f  inco me and  o u tp u t .  To th e  e x te n t 
t h a t  th e se  a c t i v i t i e s  ta k e  p la c e  o u ts id e  o f  th e  m a rk e t,  th e y  
c a n n o t  be  m e asu re d  o r  a n a ly z e d  w i t h  th e  a id  o f  f i n a n c i a l  

t r a n s a c t io n  d a ta . An o b v io u s  s u b s t i t u te ,  im p e r fe c t b u t  s t i l l  

u s e f u l ,  i s  d a ta  on  th e  a l l o c a t io n  o f  ti m e .

F a m il y  s t r u c tu r e  i s  an is s u e  t h a t  ha s lo n g  been  o f  co nce rn  to  b o th  

s o c io lo g is t s  and s o c ia l  p s y c h o lo g is ts .  The r o le  o f  women in  
A m erican s o c ie ty ,  th e  r o le  o f  p a re n ts  in  th e  s o c ia l iz a t io n  o f  
c h i ld r e n ,  th e  im po rt a n ce  o f  th e  c o n t r ib u t io n s  o f  ex te nded  fa m il y  

members to  th e  h o u se h o ld , e t c . ,  a re  a l l  to p ic s  th a t  can be 
a na ly ze d  much mo re e f f e c t i v e l y  w it h  d a ta  on  th e  a l lo c a t io n  o f  

t im e .
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Q u e s ti o n :

Answ er:

What f in d in g s  ha ve  em erged?

In  a d d it io n  to  th e  it e m s  m entioned  d u r in g  th e  te s ti m o n y __t h e
s ig n i f ic a n c e  o f  w h ic h  were n o t known b e fo re  th e s e  s tu d ie s __th e re
a re  exa m ples  in  ma ny a re a s  su ch  as  th e  in f lu e n c e  o f  ch an ge s in  
household  te c h n o lo g y  on  ti m e  and  th e  r o le  o f  le is u r e  a c t i v i t i e s .  
Two a d d i t io n a l  t o p ic s  o f  c u r r e n t  co nce rn  a re  e ne rg y  and la b o r  
s u p p ly .

A. Energ y

The e x is te n c e  o f  b a s e li n e  d a ta  in  ti m e  us e meas ure m ent  op en s 
im p o r ta n t o p p o r tu n it ie s  f o r  a s s e s s in g  th e  e f f e c t s  o f  h ig h  
e ne rg y  p r ic e s  on  th e  dyn am ic s o f  th e  hou se h o ld  and  f o r  
u n d e rs ta n d in g  th e  l i k e l y  modes o f  a d a p ta ti o n  to  th e  new energ y  
e n v ir o n m e n t o f  th e  1 9 8 0 's . For exam ple , th e re  a re  p re s e n t ly  
no r e l i a b le  d a ta  on sy ch  b a s ic  m eas ure s as  th e  numb er o f  
d w e ll in g s  uno ccu p ie d  fo r  exte nded p e r io d s  o f  ti m e  d u r in g  th e  
day— d a ta  w it h  im p o r ta n t im p l ic a t io n s  fo r  p o t e n t ia l  r e d u c t io n s  
in  e ne rg y  used  f o r  h e a ti n g  and  c o o li n g — and l i t t l e  data  
a v a i l a b le  on th e  s i m i l a r l i t y  o r  d i s s i m i l a r i t y  o f  w ork  
schedu le s  in  m u lt i- p e rs o n  househo ld s— d a ta  w it h  im p o r ta n t 
im p l ic a t io n s  f o r  c a r - p o o l in g .  The p re s e n t ti m e -u s e  d a ta  base  
p ro v id e s  th e  b e s t mea su res we ha ve  f o r  th e s e  e n e rg y - re la te d  
a c t i v i t i e s .  Th ey  a ls o  fo rm  th e  b a s is  f o r  b e in g  a b le  to  
mea su re  w hat ch anges ha ve  ta k e n  p la c e  in  th e s e  a re a s  o f  
a c t i v i t y  du e to  th e  energ y  s h o r ta g e .

B.  Labor S upp ly

V i r t u a l l y  a l l  a n a ly s e s  o f  hou se h o ld  la b o r  s u p p ly  have been 
c a r r ie d  o u t  u s in g  a mea su re  o f  "h o u rs  w o rk e d " th a t  was 
o b ta in e d  e i t h e r  fr o m  e s ta b li s h m e n t s u rv e y s  on  h o u rs  o f  pa id  
employ men t re p o r te d  b y  th e  e m p lo ye r,  o r  fr o m  househo ld  su rv eys  
on  re p o r te d  h o u rs  wor ke d " la s t  wee k"  o r  in  a " t y p ic a l  week " 
A na ly ses co n d u c te d  w it h  th e  19 65-7 5 ti m e -u s e  d a te  ba se  sugges t 
th a t  b o th  th e s e  c o n v e n ti o n a l m eas ure s a re  s u b je c t  t o  an up wa rd  
b ia s ,  and a re  n o t a c c u ra te  ass essm ents  o f  a c tu a l  h o u rs  w ork ed. 
The ti m e -u s e  d a ta  show th a t  a c tu a l hours  s p e n t a t th e  wor k 
p la c e  has in c r e a s in g ly  in c o rp o ra te d  p r o p o r t io n s  o f  ti m e  sp en t 
in  o n - th e - jo b  le is u r e  o r  in  o n - th e - jo b  t r a in in g  and  le a r n in g .  
Thus th e re  appea rs  to  be a  s u b s ta n t ia l  d e c li n e  in  r e a l  la b o r  
m ah ke t hou rs  s p e n t in  p ro d u c ti v e  a c t i v i t i e s — d e c li n e s  th a t  a re  
n o t p ic k e d  up by  c o n v e n ti o n a l m eas ure s o f  n om in a l wor k h o u rs . 
T h is  may h e lp  to  e x p la in  some o f  th e  d e c li n e  in  th e  ra te  o f  
g ro w th  o f  la b o r  p r o d u c t iv i t y  w h ic h  ha s been re p o r te d  fo r  th e  
p a s t te n  y e a rs .
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BASIC RESEARCH IN POLITICAL SCIENC E

Mr. Boland. On page E-II I-7, you indicate th at  the  1981 budget 
of $15,800,000 for Economics, Geography and Political  Science will 
include work on the  effects of Federa l urban policies and the 
political processes of urban county communities. How does that  
resea rch differ from the  research supported and conducted by the 
Department of Housing and Urban Development?

Dr. Clark. One key difference is we are  the  only source of 
support for providing basic research in the  area . We provide the 
support for projects th at  come to us, unsolicited  from the universi­
ty academic community. We do no t identify in advance  a par ticu lar 
policy or project on which to conduct research.

Mr. Boland. You are  providing basic research. How do you differ 
between basic and applied in this kind of activity?

Dr. Atkinson. The requ est for proposal (RFP) concept is some­
thin g keep in mind here. We are the  only Agency that supports 
research  independent  of RFPs. We want work of a  specific charac­
ter  and form.

Mr. Boland. They are  a  p arty  to it and you ar e not.
Dr. Atkinson. T hat  is exactly the way I would have liked to have 

put  it.
Mr. Sabo. One of t he las t items listed for your research in this 

area is the  impact of alt ernativ e bure aucratic inst itut ions  in  policy­
making and the delivery of public services.

What did you have in mind?
Dr. Clark. There are  any  number of examples, no specific one 

identified by the comment. But it is intended to include studies of 
complex organizations by combinations of political scientists, soci­
ologists, economists, who might examine the organizations from th e 
point  of view of optimal size, or efficiency or whatever. On what 
the  impact or the  influence of rota ting  the  managem ent of the 
organization might be for its long term viability.

Mr. Sabo. Who are  m akin g these studies?
Dr. Clark. Unive rsity scient ists, for the  most par t. In fact we 

supp ort strong groups at Minnesota in bo th geography and political 
science.

Dr. Atkinson. An example  is ju ry trials. Several experiments  a re 
being conducted on the size of juries, the use of TV tapes by juries, 
and the  impact of TV tapes on jury  decisions.

Mr. Sabo. Do you have freedom to experim ent with  that?
Dr. Clark. Yes.
Dr. Atkinson. Quite a bit of work is going on in that area.
Dr. Clark. I know it tu rns out that  you cannot have a jury 

smaller tha n five people. That is one of the consequences of tha t 
work. There  are some cour ts that  are  working with  five-member 
jury panels.

Mr. Boland. With respec t to the study on the  effects of Federal 
urban policies and the  political  processses of urban county commu­
nities,  how many studies have  you conducted in thi s area  over the 
last  five years? You may supply that  for the  record if you don’t 
have it here.

Dr. Clark. Not very many. Our geography program is a small 
one but  we will certainly give you the  number for the  record.

[The information follows:]
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EFF ECT S OF FEDERAL URBAN PO LI CIE S ON THE PO LI TI CA L PRO CESSES OF URBAN COMMUNITIES
A q u e s ti o n  o f  c o n t in u in g  b a s io  in t e r e s t  in  th e  s o c ia l s c ie n c e s  concern s 
th e  e f f e c t s  o f  s o c ia l  and p o l i t i c a l  i n s t i t u t i o n s  on  on e a n o th e r.
The g ro w in g  F e de ra l p re sence  g o v e rn in g  u .S .  u rb an  a re as
p re s e n ts  a n a ly s ts  w it h  an o p p o r tu n i ty  t o  s tu d y  th e  in f lu e n c e  o f  
th e  n a t io n a l  g o ve rn m e n t' s  p o l i c ie s  on th e  lo w e r l e v e l ' s  d e c is io n  
p r o c e s s e s .  T h is  p a t t e r n  o f  in f lu e n c e s  i s  r e a l l y  v e r y  
u n d e rs tu d ie d . M is s io n  a g e n c ie s  devo te  s u b s ta n t ia l  re s o u rc e s  to  
th e  e v a lu a t io n  o f  th e  e f fe c t iv e n e s s  o f  s p e c i f ic  p ro g ra m s; how ever,  
th e re  ha s been l i t t l e  s u s ta in e d  a t t e n t io n  to  th e  Im pac t F e d e ra l p o li c ie s  
ha ve  on th e  la r g e r  an d more e n d u ri n g  p o l i t i c a l  p ro ce sse s  o f  

th e  s ta te s  and c i t i e s .

An ex am ple o f  wor k a d d re s s in g  t h is  need i s  an NSF s u p p o rt e d  s tu d y  
o f  te n  San F ra n c is co  Bay a re a  c i t i e s  o ve r a f i f t e e n  ye a r p e r io d .
T h is  s tu d y  se ek s to  co mpa re  a c ro ss  m is s io n  ag en cy  p o l ic ie s  (M od el  
C i t ie s ,  Comm unity  D evelo pm ent B lo ck G ra n ts , and g e n e ra l Revenue 
S h a r in g ) to  as se ss  t h e i r  d i f f e r e n t i a l  e f f e c t s  on m in o r i t y  ac ce ss  
to  lo c a l  govern m enta l i n s t i t u t i o n s ,  and th e  re s p o n s iv e n e s s  o f  
th e se  ur ba n i n s t i t u t i o n s  to  m in o r i t y  in t e r e s t s  under d i f f e r e n t  
ty p e s  o f  p ro gra m s. O th e r re la te d  p r o je c ts  ex am ine c i t y  re ve nue 
p a t te r n s ,  m ig r a t io n  dynam ic s  and r a c ia l  s e g re g a ti o n , a l l  o f  w hic h 
a re  in fl u e n c e d  by F e d e ra l p o l ic ie s  and p ro g ra m s.

Ove r th e  la s t  f i v e  y e a rs  th e  D iv is io n  o f  S o c ia l and Ec onom ic 
S c ie nce  has su p p o rt e d  o v e r f i f t e e n  p r o je c ts  th a t  a re  re le v a n t  to  
th e  g e n e ra l q u e s ti o n  o f  th e  n a t io n a l g o v e rn m e n t' s  p o l ic ie s  e f f e c ts  
on  lo c a l  s o c ia l  and p o l i t i c a l  p ro c e s s e s . The s c i e n t i f i c  q u a l i t y  
o f  p r o je c t s  i s  in c r e a s in g  an d i t  i s  e x p e c te d  t h a t  new  
c o n t r ib u t io n s  in  t h i s  im p o r ta n t re s e a rc h  a re a  w i l l  be re a l iz e d  in  
th e  n e x t fe w y e a rs .
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MIGRAT ION PATT ERN RESEARCH

Mr. Boland. I notice on page E-III-9, you have listed as a topic 
area  the “assim ilation of recent imm igrant groups and the ir ada p­
tion to U.S. socie ty.” Tha t doesn’t sound like basic research.

Dr. Atkinson. It is. Again, it depends upon the definition. From 
a sociologist’s viewpoint , understanding migration pat tern s is cri ti­
cal. I comment on thi s firsthand because the  Mexican government 
is studying migration from the ir view. Under the U.S.-Mexico Sci­
ence Agreement, we believe this research  should become a  bi late ral  
effort.

BASIC RESEARCH BUDGET FOR EPA

Mr. Boland. On page E-IV-1, you are requesting $40.7 million 
for environmental biology programs subact ivity. That  is an in­
crease of $3,336,000 over the  current program. On E-IV-6, in the  
second paragraph, you discuss the  coordination in relationship to 
other efforts—parti cul arly the  Depa rtments of Agricu lture, Int eri ­
or and primarily  Energy and the  Envi ronm enta l Protec tion 
Agency.

You indicate that  they  largely support applied environmental 
research. Roughly how much of the  $300 million EPA resea rch 
budget would you estimate is basic resea rch ra ther  than applied?

Dr. Clark. At that  level, no. I can supply the  information for th e 
record.

Mr. Boland. If you don’t know the answer , how can you make 
this  s tatement?

Dr. Clark. Again, the  answer Dr. Atkinson indicated, EPA does 
not have a general program for unsolicited research  proposals. 
They genera lly specify th at  they wan t certain pollution  measures 
in such and such a  s tream or watershed or so forth. But they are  in 
the  1981 budget to encourage stronger universi ty research,  and I 
think  ther e is a $14 million program for universi ty centers, so th at  
for the  fu ture  th ere  may be major area s of overlap with us.

[The in formation follows:]



173

ENVIRONMENTAL PROTECTION AGENCY SUPPORT OF BASIC RESEARCH

As r e p o r te d  In  th e  S p e c ia l  A n a ly s e s  -  Bud ge t o f  th e  U .S , G ov er nm en t -  
FY _8 i;  EPA o b l i g a t i o n s  f o r  b a s i c  r e s e a r c h  w i l l  in c r e a s e  $5 m i l l io n  to  
$19  m i l l io n  in  FY 81 . The b a s i c  r e s e a r c h  e f f o r t  in  EPA 's  i n t e r ­
d i s c i p l i n a r y  p ro gra m  wa s e s t a b l i s h e d  in  19 78  to  i d e n t i f y  an d 
c h a r a c t e r i z e  em er g in g  e n v ir o n m e n ta l p ro b le m s b e f o re  c r i s e s  a r i s e ,  
p ro v id e  a  co mmitm en t o f  s u p p o r t  to  im p o rta n t lo n g - te rm  s t u d i e s ,  an d 
s u p p o r t  th e  develo pm en t o f  new  know le dg e ab o u t fu n d am en ta l e n v iro n ­
m e n ta l p r i n c i p l e s  an d c o n c e p ts . Pro gra m  em p h asis  in  FY 81 w i l l  be  
p la c e d  on  c a r c in o g e n s , e n v ir o n m e n ta l b e n e f i t s ,  b i o l o g i c a l  m o n i to r in g , 
i n t e g r a t e d  a s s e s s m e n ts  o f  em erg in g  o r  l a t e n t  e n v ir o n m e n ta l p ro b le m s. 
In  a d d i t i o n ,  EPA w i l l  be  c o n t r i b u t i n g  to  a m u lt ia g e n c y  e f f o r t  on 
a c id  r a i n *

The f o l lo w in g  t a b l e  p ro v id e s  an  e s t im a te  o f  EPA b a s i c  r e s e a r c h  
d o l l a r s  g o in g  f o r  e n v ir o n m e n ta l b io lo g y  an d to  u n i v e r s i t i e s  -  
f o r  a l l  d i s c i p l i n e s  in  FY 80 and  FY 81 .

EPA FY 80 ( e s t . ) FY 81 ( e s t

T o ta l  b a s i c  r e s e a r c h ^ $14M $19M

B a s ic  R e sea rc h  in  
E n v ir o n m e n ta l B io lo g y ^ / (9M) (13M)

B a s ic  R e se a rc h  in (3M) ( 4M)
u n i v e r s i t i e s  f a l l  
d i s c i p l i n e s ) ^ /

a /  S o u rc e : S p e c ia l  A n a ly s e s  -  FY 81 Bud ge t 
W  E s ti m a te  based  on FY 78 ( a c t u a l )  s u p p o r t In  th e s e  a r e a s .
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ASTRONOMY CENTERS OPERATIONS

Mr. Boland. Going back to the Astronomy Center Operat ions— 
one of the problems I am concerned with is t he fact tha t you have 
cut back operation of the  centers and also the  operation of the  
Very Large Array facility to only 17 antennas .

Dr. Johnson. Perhaps only 19 at the  moment but there are  27 
and they will all be in operation by the end of 1980.

Mr. Boland. Could they  al l be in operat ion now?
Dr. Johnson. There is insta llation of some gear on them ——
Mr. Boland. Then the re are more tha n 17 that could be in 

operation?
Dr. J ohnson. Yes. Nine teen are in operat ion and about 24 have 

been outfitted with electronics.
Mr. Boland. But a re n’t you cutting back in this  a rea.
Dr. J ohnson. Not in-----

NATIONAL RESEARCH CENTERS

Mr. Boland. As I underst and  it you are cutt ing back the oper­
ation  of the  centers.

Dr. J ohnson. Yes.
Mr. Boland. Tha t brings us back again to th e $27 million for the 

new 25 meter diam eter millim eter project. You are cutting  back in 
the  operation of the centers in order to make provision for this new 
facility. I don’t understand why you need the  new facility at this 
time, particular ly in view of the res traints  th at  are  going to be 
imposed on the budget.

Could this new project be delayed for a couple of years?
Dr. J ohnson. Budgetary rest rain ts, I th ink, might make it neces­

sary  to delay that project. Ultimately I thin k we need to construct 
th at  inst rument because we can follow these argumen ts to say we 
should never replace any instruments. But as a matter  of budge­
tary stringency at this time, I can accept that we cannot afford to 
go ahead with that  inst rum ent .

As I have indicated with  some cuts  of the size mentioned in this 
room, I cannot see any possibility of our proceeding with it.

Dr. Atkinson. I would ra ther  approach it in a different way and 
say, “Look, we are going to allocate so many dollars  for astronomy. 
The scientific community  should spend those wisely.” It may mean 
we would go ahead with this  project and close down three centers. 
We don’t want to get in a position where we just continue to 
operate centers.

Mr. Boland. Tha t sounds like a good approach. Are there any 
centers tha t may have outlived the ir usefulness?

Dr. Atkinson. Never in the  absolute sense, but  it is the balance 
that  counts. NSF fought hard to maintain this  balance and to 
reduce some of th e center activities , in the best inte res t of science.

The NCAR scientis ts have  been unde r stress  because of person­
nel cutbacks there;  some are  unhappy. But we are  proud of t ha t 
program, and again, it represen ts a balance  of the  total  effort in 
atmospheric science. The same argumen t applies to research in 
astronomy.
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Mr. Boland. I suppose the  bottom line is—that it doesn ’t make 
much sense to fund bet ter  ins truments  if you can’t alloc ate enough 
funds to opera te them.

Dr. Atkinson. That  is true .

TR IB UTE  TO  DR . N O R M A N  H A C K E R M A N

Mr. Boland. I understand th at  this is the last  appearance of Dr. 
Hackerm an before this Subcommittee as a member of the National 
Science Board. He is leaving the  National Science Board after 12 
years.

Dr. H ackerman. Tha t is right.
Mr. Boland. Twelve yea rs is a long period of time. He first  

testified before this Subcommittee on February 29, 1972, eight 
years ago. He has been a member of the  Nat iona l Science Board 
since 1968; serving as its chairman since 1974. I guess that  mem­
bersh ip on the Board embraces as long a period a time as any 
member has ever served.

Dr. Hackerman. I think  one or two of the  ear lie r ones might 
have served longer.

Mr. Boland. In the  judgm ent  of this  Subcommit tee—and I know 
I speak for Members of the Subcommittee—I thin k Dr. Hackerman 
has been a tower of str ength  to the  Nat ional Science Founda tion 
over the  years. He has cont ributed substan tial ly to the  growth and 
the  impact the Foundatio n has had upon the  policy that  our gov­
ernme nt has engaged in with  respect to the  scientific endeavor in 
the  U nited  States.

He brings to this  Committee a magnificen t professional back­
ground,  and, of course, has  spoken with deep knowledge and under­
stan ding of the problems that  the  Foundation has  faced in the 
year s that  he has been on the  Board.

Dr. Hackerman. I don’t know wha t the  budget was 12 year s 
ago. Whatever it was, it  was  a lot less.

Mr. Boland. You can tak e grea t pride in the  fact that  the budget 
is now almost a billion dollars. I don’t know what it is going to be 
with  the budgetary cons train ts. On behalf of this  Subcommittee,  I 
want to express our appreciation to you for your many appea rances 
before this Committee and  the expertise and direction you have 
given in t ha t period of time.

In 1972, the budget was $622 million. You can take  pride in the 
fact that  you have doubled it. You can go back to Rice U nivers ity 
and  tell them you are  responsible for at least  developing in that  
section of the  country the  knowledge of the Nat iona l Science Foun­
dation that no one has ever had in that  area.

Good luck to you and  I am sure  you will be back sometime. You 
are  always welcome.

Dr. H ackerman. T han k you very much. I ap prec iate  that.
Mr. Boland. With th at  we will recess and reconvene at 2 o’clock 

this  afte rnoon.

AFT ERN OON SE SS IO N

Mr. Boland. The Committee will come to order. We will tu rn  to 
the  Engineering and Applied Science direc torate.

6 0 -7 70  0 - 8 0 - 1 2
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ENGINEE RING  AND APPLIED SCIENCE

Last year the Congress placed a limitation  of $60.9 million on th e 
old ASRA (Applied Science and Research Activity). Is that  limita­
tion being complied w ith in the  new budget s truc ture ?

Dr. Sanderson. Yes, sir, if you look a t the cu rre nt plan for 1980 
after readjustments of activities, $59.4 million of the tota l EAS 
budget of $111.8 m illion for fiscal year  1980 is for applied science. 
There has been, within the  approved reprogram ing auth ority for 
the  directorate, some very minor shifts in recognition  of the in­
creased emphasis on the need for innovation and improving our 
competitiveness in science and technology.

EAS BUDGET REVIEW

Mr. Boland. I presume this  area was looked at  very carefully 
with respect to your budget review. Was the re any  thought given 
here  to any par ticula r reductions that  might be applied to this 
directorate?

Dr. Atkinson. You m ean in the recent discussion?
Mr. Boland. Yes.
Dr. Atkinson. Yes; some key aspects of the  Pre side nt’s innova­

tion review led to the  special thrust in small business research, 
some of the  university -industry programs, and some of the in­
tergovernmental programs. They are high on our list of possible 
reductions.

Dr. Pimentel. We are  trying to sustain the  initiative  but of 
course we will not be able to accelera te it as fast.

Dr. Sanderson. As I am sure you are  aware , all significant 
increases are always the  f irst  th ings looked at.

Mr. Boland. Tha t is tr ue . I do not think  anybody would disagree  
th at  advances in indust ria l technology depend to some degree on a 
strong basic and engineer ing research. For this  reason it would be 
in the  best inte rest  of indu stry  to support the development of such 
a research  base.

Dr. Sanderson. Yes, I th ink it is; b ut I believe the re are areas of 
research  t ha t do not q uite meet  th e basic resea rch requ irement and 
are  still not clearly enough  defined in term s of mission or in terms 
of a  business development but  need to be pursued . It is t ha t open- 
window approach to Engineering and Applied Science that we a re 
tryi ng to look a t in this direc torate.

university-industry research

Mr. Boland. Why should NSF fund resea rch th at  would be pri­
mar ily of value to indus try?

Dr. Sanderson. The research  we fund will be of signif icant inter­
est and value to the  industry and the  economy, but rare ly of any 
capturable  benefit to any one company. It is longer- term research. 
With the  exception of the  small business program, it is almost 
invariably academic resea rch. There  have been a number of studies 
carried out on the ret urn on investment in R&D and it has been 
found in many cases the  re turn  to the society as a whole is sub- 
stanta lly  greater tha n any one company can captu re.
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Mr. Boland. Wouldn’t it be be tter  to  offer incentives to industry,  
for example  throu gh tax  policy, to fund more basic and applied  
engineering research at  un iversities?

Dr. Sanderson. I th ink  it would be perhaps very valuable if we 
could develop a tax policy to provide incent ives to industry to do 
longer- term resea rch and par ticu larly  to support longer-term re­
search in universities  relat ive to the  needs of indus try. While the 
industry needs this  rese arch  five to ten years  away and they  wan t 
to be associated with  the  team doing the work, there is no way 
they  can justify using their  own resources to do it.

Mr. Boland. What  is the  a ttitude  of ind ustry with respect to the  
resea rch that  you do? Or does industry  feel t ha t there ought to be 
more done in this  a rea?

Dr. Sanderson. I can comment on this in a number of ways. I 
am in fairly close contact with the  Industr ial Research Ins titu te 
which represen ts some 250 to 300 R&D-producing companies in the  
United States. They are  strongly support ive of w hat we a re doing. 
For example I have a number of industr ial participants; among 
them on the EAS advisory committee, Dr. Place, vice president for 
R&D of Proctor  & Gamble. There  are  also a number of others who 
believe this program war rants increased emphasis . There have 
been a number of papers wri tten  argu ing for Federa l support of 
innovative applied  research which builds the  core of knowledge 
with an ultimate applica tion. This is s till too far from the  develop­
ment of a  final product or process so th at  no company can do it.

Mr. Boland. As I understand it, one of the  objectives of the  
direc torate  is to improve cooperation in rese arch  between univ ersi ­
ties and indus try.

Dr. Atkinson. The indus try-university program is dist ribu ted 
throughout NSF. Chemistry and applied engineering are  special 
thrust s of the Foundation.

Mr. Boland. Is it your feeling that  the  Federal  governm ent 
should get  involved in this relationship?

NATIONAL TECHNOLOGY FOUNDATION

Dr. Atkinson. Pa rt of the  discussion suppor ts the  legislation 
offered by Mr. Brown. He argues there should be a  National Tech­
nology Foundation , composed of this  direc torate, portions  of Com­
merce Dep artm ent and a few other programs. The argument  is 
that the Federal government is not doing enough in pushing tech­
nology and applied research.

Mr. Boland. Why should the  Federal government get involved?
Dr. Atkinson. I think the  step we are  taking is a step in the  

right direction and a good one. I oppose a National Technology 
Foundation. If the  Federal governmen t organizes itse lf in such  a 
way, it  would slow efforts that  could be more productive and inno­
vative on their  own. I dislike the  idea of government-run  labo rato­
ries. But bridging operations  can be pursued, such as NSF’s effort 
in small business research and in the  indus try-university coopera­
tive resea rch program.

Mr. Boland. If you established a Nat ional Techology Foundation 
could you give us any idea of what the  growth might be in the 
years to come?
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Dr. Atkinson. I could not. But frankly, as I look at  the  bill, 
many other part s of NSF could be included. Our  m aterials research  
program has an applied element. So does our computer  science 
program. Rather  than  startin g ano ther foundation, NSF needs a 
broader base of support  without injury  to the  basic research pro­
grams.

Dr. P imentel. The national technology foundation might star t at  
$500 million and grow to $800 million.

INDU STRIAL  INN OV AT ION EFFORTS

Mr. Boland. Und er this activity, you a re requesting $137 million 
in 1981 as opposed to $111,834,000 in fiscal yea r 1980, an increase 
of $25,166,000. The elect rical  compu ter and system engineering 
increases to $22.5 million from $17.6 million in 1980; and small 
business  innovation and  indu stria l technology increases to $18.2 
million from $6 million in 1980. This subac tivity  has tripled in two 
years.

Dr. Sanderson. Yes, s ir, you r emem ber the  Pre side nt’s Domestic 
Policy Review on Indust ria l Innova tion emphasized a number of 
key programs in government. Two of those key activit ies are locat­
ed in the  small business innovation and indu strial technology cate­
gory. The generic cen ter is scheduled for a $2 million increase and 
the small business program is scheduled for a $10 million increase  
to $13 million. Both have been identified for diffusion across the 
government, which would represen t a new and a vital  role for NSF. 
The Pres iden t’s program from the  indu stria l innovation review 
resul ted in about a $55 million budget package of which some 
$12x/2 million are represen ted in this  one line item, small business 
innovation and indu strial technology.

PROBABILISTIC DESIGN

Mr. Boland. On page F-5 , the  civil and environmental engineer­
ing subactivity shows an increase of $825,000 in fiscal year  1981. 
The NSF also proposes to increase civil and environmental engi­
neer ing by $2,770,000 in fiscal year  1981, and emphasize research 
on struct ura l mechanics directed toward offshore environments.

It would seem that  this research  would primarily  be of benefit to 
the  oil companies that  dri ll offshore and that  make  substantia l 
profits. Why couldn’t the oil companies support this  research?

Dr. Sanderson. This is basic research. The oil companies in 
gene ral do not support this type of basic research. It is done in 
universities,  which receive very little support.  Also, it is im portant 
to recognize we are not talkin g about design of specific struc tures 
but probabilistic design methods which can be applied  not only to 
oil rigs but  to such th ings  as  offshore barricades.

Mr. Boland. Offshore bar ricades?
Dr. Sanderson. Offshore construction  facilities of all types, not 

jus t the  “Texas tower” we all  think about.
Mr. Boland. I can und ers tand  the tower and the  offshore dri lling 

mechanism, but not offshore barricades. It would seem to me even 
this par ticula r research is h ighly beneficial to those drilli ng for oil 
offshore and perhaps they ough t to  be spending the  money.
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Dr. Sanderson. It will be of benefit over the long term , but this 
is much more basic research. It is development of generic  skills and 
will also be a benefit to offshore docking and a varie ty of structures 
which have to exist in extreme environments.

Dr. Atkinson. A few yea rs ago, people doubted the  value of 
probabil istic design and some methods for optimization. Now the re 
is pressure on the Foundation to do more in compu ter based proba­
bilistic design. Only a few years ago, that  was an innovat ive ap­proach to these areas.

Dr. Pimentel. One of the  possibilities is that  offshore siting of 
nuclear power plants migh t be practical.

INDIRECT COST RATES

Mr. Boland. On page F-9, the justif ications indica te indirect  
costs are  increasing in 1981 by 23 percent above 1980—from $29.3 
million to $36 million. Why this  la rge increase  which exceeds infla ­tion?

This is an area  we have been over many times in the past and 
have tried to solve the problem of indirect cost rates.  Now we have 
an increase of some almost $6 million in this area . One quickly 
gets the  idea that the  unive rsities are really gett ing in ther e with 
both hands. Would a reduced  appropriation help NSF and universi­
ties count the ir Federa l dolla rs more carefully?

Dr. Sanderson. I would be very concerned if we felt changing 
the  level of appropr iation could change  the indirect cost rate s 
which are all audited cost rates  which are  given to us, in the case 
of universities, by the  Departm ent of Health , Education, and Wel­
fare. We do not dete rmine the cost, indirect cost rates  for these  activities.

The increase which you see reflects the increase which universi­
ties have had to absorb for things like light, heat , and fuel. There 
is also a higher indi rect  cost rate  for a lot of industria l firms, 
universities  and small business firms. You see both of these effects 
taking place in this  l ine item.

Dr. Atkinson. Mr. Boland, ther e is an increase in the budget, 
but the percent of direct costs and indirect costs is the same in 
both fiscal year 1979 and  fiscal y ear 1981. I would be disturbed if 
the re were a major increase .

COMPUTE R EN GINE ER ING

Mr. Boland. On page F-I-6 , the computer engineering  program 
element you are asking for $2,150,000. This is a 150-percent in­
crease. If thi s program is of such high priority , why did you reduce 
the  request in 1980 f rom $1,200,000 to $1,000,000?

Dr. Sanderson. The budget reques t to the current plan reduction 
was necessary as a pa rt of an overall adju stment to live with in the budget.

Mr. Boland. But why does a high-priority engineering program 
element have to ta ke part in the reduction?

Dr. Sanderson. Until the tran sfe r of engineering into the new 
directorate, it was not identified as a separa te program element 
and in fact was d istributed  in a variety of other  parts of wha t was 
then  the engineering division. It was simply the  impact of the
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overall reduction required within the  directorate that  t ha t par ticu­
lar  a rea took the  cut. I can  give you a more detailed explanation if 
you like; however, overall, the electrical, compute r, and systems 
engineer ing pa rt of the  budget is the  fastest-growing part of the  
direc torate’s budget and within  tha t, computer engineering is the  
most rapidly growing. With technical brea kthroughs and with the  
move toward smalle r and smaller components, one can build on a 
computer chip the equivalent computing capac ity of literally rooms 
full of equipment.

Dr. Atkinson. It is a mistake to think the  industry  can do i t on 
its own. The submic ron labora tory at  Cornell University has been a 
leader in the development of new approaches to submicron elec­
tronics. Any of the  m ajor companies will point to this labora tory as 
one of the  best in the country. Several oth er unive rsities—with 
the ir own funding from industry—are estab lishing labora tories like 
the  one at  Cornell. Stanford University, in conjunction with a 
group of univers ities in the  West, has established  such a lab.

Dr. Pimentel. Mr. Boland, even after the cut, the  program was 
increased by 55 percent; this  indicates that  we were reserving a 
high priority in that  a rea.

Dr. Sanderson. A couple of areas are  worth  noting. Now that  
you a re putting the  en tire  computer on a chip you begin to have to 
program into the  chip some of the  software functions and some of 
the  algorithms that  would have previously been implemented in 
software. As a result , the re are major research issues on the best 
way to build these  computers-on-a-chip; whe ther  it is better to 
build them with specialized functions or programmable connec­
tions. There are other strategic  issues which are  beginning to 
emerge which have to be addressed in this  element of the  program. 
For example, how one hand les an interactive system where not 
only one par t of the  computing power but part s of the informat ion 
dist ributed in different locations and these  elements are interact­
ing in a real time mode for analys is and shar ing of data. This is a  
ma tte r of vital and cu rre nt  concern to indus try, government and 
almost every application of computers. The tren d is toward distrib­
utive systems of computing and the  algori thms are  not developed 
for eff icient use of these  computers.

INDIRECT COST RATES

Mr. Boland. The increase for the Engineering  and  Applied Sci­
ence activi ty appears to be substan tial ly gre ate r from 1980 to 1981. 
For example, greater  tha n the  biological directorate which in­
creased 10 percent  from $40.5 million to $44.3 million.

Dr. Pimentel. The increase in indirect costs in this  direc torate is 
in d irec t proportion to th e increase in th e tota l budget.

Dr. Atkinson. There is a different mix of act ivities in this direc­
tora te. I do not think the  indi rect  costs are  higher in indust ry 
projects.

Mr. Boland. Would you expla in that again?
Dr. Atkinson. In our indus try-university projects, industry gen­

erally pays for a major part of the ir effort. If they  do not, the 
indirect cost rates are  not any higher tha n those of universities.
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Dr. Sanderson. They are sometimes, in small business. Indir ect 
cost rate s are  calcula ted by a  vari ety  of mechanisms. Some o rgan i­
zations calcu late on total direct costs. Some organizations calcu late 
on salaries and benefits. Histor ically , the numbers which you see 
here have evolved. In part—this may reflect the  fact that  the re is 
not a tremendous amount of capital equipm ent purchased with a 
few exceptions in this directorate.

Mr. Boland. Do you review the  guidelines established by the  old 
Departm ent of Health, Education and Welfare?

Dr. Atkinson. NSF has provided input to the  guidelines. Let us 
do an  analysis of these  indirect costs and provide it for the  record.

Mr. Boland. Fine. Provide the  information for th e record.
[The info rmation follows:]

Indirec t Costs of the  Engin ee ri ng/A pplied Scien ces  Budget

As is noted  on page F-9 of the fiscal ye ar  1981 Budget Request, the ind irect costs 
of th e EAS budget increase  from $29.3 mil lion in fiscal year  1980 to $36.0 million in 
fiscal yea r 1981. However, this increase of $6.7 million is in dire ct prop ortion to the  
increase  in th e en tir e EAS budget ove r fiscal yea r 1980. Or, pu t an othe r way, 
ind irec t costs as a proportion of the to ta l budget are the  same in fiscal  yea r 1980 
and  fiscal year  1981, namely 26.2 percen t.

SOLID STATE AN D MICRO STRUCTURES PROGRAM

Mr. Boland. Another large increase occurs in the  solid s tate  and 
micro stru ctu res  engineering program element appearing on page 
F-I-8. The explanation  on th at  page talks abou t solar  energy  con­
version. Why isn’t the  Departme nt of Energy funding these appli­
cations—or al ternately, industry?

Dr. Sanderson. The solid sta te and micro struc ture program 
element is working at  the  underst and ing of the  limi tatio n of the 
struct ura l mate rials and fabrication techniques used in electronic 
components.

The he ar t of this  program, in terms  of demon strat ing the  poten­
tial  for resea rch here, is the  submicron facilities struc tur e at Cor­
nell. They are experimenting  with a number of techniques  while 
working with components of hundred ths of micrometers in size, 
and it is a unique facility. This is the only place in the  country 
with the  capabili ty—academic research capability—to carry  out 
these types of experiments. They are working in a vari ety  of area s 
including some areas of new mate rials  and new ways to fabricate 
materia ls that  will contr ibute to a number of areas  including com­
puter sciences, solar energy and all the other area s which you have 
identified here.

CHEMISTRY AND CHEMICAL EN GI NE ER IN G

Mr. Boland. On page F-I I-1 , unde r the  Chemical and Process 
Engin eering Subactivity, it states that  “the  chemical and process 
engin eering program provides support for basic engineering re­
search relevant  to the  en tire  range of chemical, petrochemical, 
nuclear, et cetera. According to o ther NSF s tatis tics,  the  CPI indus­
try  is one of the large st indu stria l sources of funding for basic 
scientific research.  Given this , why is it necessa ry for NSF to have 
a major program or rese arch in this area when it appears that  
industry is doing the job by itself?
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Dr. Atkinson. We do not thin k it is doing the  job, and I do not 
think industry thin ks it is doing the  job. Industr y scientists are  
concerned that the  Uni ted States is under-invest ing in basic re­
search. The Soviet Union  devotes more of its research investment  
to chemistry and chemical engine ering tha n does the United 
States. There is no quest ion th at  indus try strongly supports an 
expanded program. It is not th at  engineering  has not had good 
support; it is t ha t too much  has been directed  at specific goals, and 
the  open window compo nent of engineering  science has been ne­
glected.

EARTHQUAKE RELATED RESEARCH

Mr. Boland. On page F-I II-2, the  para grap h at the  bottom of the  
page details significa nt rec ent achieve ments and you indicate th at  
you are looking at buildin gs subjected to dynamic loads such as 
earth quak es, et cetera. Why isn’t this  activity funded unde r the 
Ear thqu ake  Hazards Mitiga tion Program?

Dr. Sanderson. I thi nk  you are identifying one of the key bene­
fits th at  resulted  from the  recen t estab lishm ent of t he enginee ring 
and applied science directorate.

Ther e is a natural transi tion from civil engineering work from 
the  basic to the applied work which is going on in the  eart hqua ke 
engin eering program. The work here is in gene ral much more 
fundamen tal, much more concerned with the  theoretic al develop­
men t of basic capability which can be applied, as the  section indi­
cates, to a varie ty of problems  of dynamic loading such as earth ­
quakes, tornadoes, and oth er dynamic loadings of stru ctures.

The earthqua ke program attempts to deal with  frequency re­
sponse distributions  which are  appropria te to buildings exposed to 
earth quak es. There are  projects  th at  could be identif ied in eith er 
category  th at  could go back and forth; th at  is why it was important 
to g et these  activities side by  side.

Mr. Boland. How much earth quak e-rel ated  research  has the 
Foundation been funding  und er the engine ering progra m activity 
in the  past thre e fiscal y ears?

Dr. Sanderson. Tha t is a hard definitio nal question because the 
resea rch here is much more funda mental in cha racter and could 
apply to many dynamic deflection problems othe r than  earthquake.

Dr. Atkinson. The phra se refer ring to eart hqu ake s is unfortu­
nate. It is the type of applic ation th at  would res ult  from this 
research, but it was not motiva ted by an effort to understand  
earth quakes.

Mr. Boland. Frank ly, we are  concerned th at  as we have held 
down the  eart hqua ke mitig ation  research program , you have 
simply offset those decreases by corresponding increases in other 
area s of the Foundat ion?

Dr. Atkinson. That  is n ot tru e at all.
Mr. Boland. Last year, we asked you wha t the ear thquak e re­

search  levels were in the  ea rth  sciences program. It is interestin g 
to know th at  your response  on page 160 of the  hear ings  gives 
credence to a bit of our concern. Eart hquake  research  was funded 
at a level of $3.5 million in 1977 —but  jumpe d to $6 million in 1979.
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Now I would like to get from you wha t the  tota l amo unt for 
ear thqu ake-rela ted resea rch is by program sub-element  with in the 
Foundation outside of the  Ear thquak e Hazards Mitigation Pro­
gram,  for fiscal years 1977, 1978, 1979, 1980, an d 1981.

Dr. Atkinson. We will give you those data , and it is important  to 
provide them  for those years . We can characterize some of this 
dat a as rela ted to e arth qua ke research, and it is im por tant that  we 
use the same concept for a comparison.

Mr. Boland. It would be good to have this  for the  record before 
we complete the hearings .

[The informat ion follows:]
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FU ND AM EN TA L EN GI NE ER IN G RESEARCH

Mr. Boland. How much of the  engineer ing piece of thi s director ­
ate is categorized as applied research?

Dr. Sanderson. None of it. This is the  basic engineering  re­
search. In budgeting, the  engineering programs are carried along 
with the other basic research  programs of the Foundation.

Dr. Atkinson. This  has always been fund amental  research, and  
we consider it as impor tan t as the  rest of the  Foundation’s basic 
research activities. We believe this  shift was important in bala nc­
ing the activities  and  bringing applied research  closer to the  basic 
work. I would be uneasy if any problem this  Committee may have  
had with the RANN program in the  past would in tur n lead to 
special problems w ith engineering  research. I thin k this Committee 
and everyone else has  always regarded NSF’s program of eng inee r­
ing research as firs t-ra te.

Mr. Boland. If it was appropria te, why did you not do it two 
years  ago?

Dr. Atkinson. I tr ied  to do it two years ago.
Mr. Boland. That is a  good answer.

APPLIED  SOCIAL AN D BEHAVIORA L RESEARCH

On page F- V-l , the Applied Research subact ivity is described. 
You are asking for $18.7 million in 1981. On page F-V-2, the  
justifications  indica te you are supporting work in the “critical 
policy areas of infla tion accounting and company pension liabil ­
ities, accounting standards, . . . work in psychology, political sci­
ence, law . . .” et cetera.

This description of applied research appears to be very similar to 
the  description under the  Social Science a rea  of what is supposedly 
basic research. What crit eria do you use to differentiate these  
efforts?

Dr. Sanderson. Fir st, we coordinate very closely between the  
work which goes on in the  applied social and behavioral science 
are a and the work in Dr. Clark’s shop. We are  working in a real 
world environment in which one is concerned both with the  quality  
of the  research going on and the  poten tial for more immediate 
payoff. We are generally  working on shorter-te rm activities. One of 
the  ways to recognize the  distinction rather tha n try  to ext rac t an 
idealized description, is to look at the  projects which we are sup­
porting. You see not a sha rp break between the  two, but a clear 
shif t in emphasis. These are  probably the best  coordinated pro­
gram s in th e Foundation  at the time.

Mr. Boland. In this area , is any of the  applied social research 
program intended to suppor t the missions or task s of specific agen­
cies?

Dr. Sanderson. We do not carry out any supp ort of the  work of 
an agency with a rese arch  component. Some of the  work we do is 
of immediate inte res t par ticu larly to other agencies such as the 
Departm ent of Treasury, financial insti tutions, the  Federal  Reserve 
Board and various regu lato ry agencies.

But we do not set our prior ities on the  needs of other agencies.
Mr. Boland. So your activ ity in a sense does not support the 

mission agencies?



Dr. Sanderson. It provides the  knowledge base they use. One of 
the  interest ing things is our area  of telecommunication policy. I 
looked in the  phone book and noticed most of the top Federal 
officials were former gran tees  of ours. If you believe in transf er of 
knowledge through people, I would say we have probably provided 
a lot of suppor t in that area.

Mr. Boland. You are not reimbursed for support initiative s in 
these  areas?

Dr. Sanderson. No. These people were not officials when they 
received NSF support. I’m refe rring to the long term  impacts  of 
past funding as a way to understand what  we do.

Dr. Atkinson. It has made a difference in the design of high-rise 
buildings, but we have been try ing  ha rd to ge t HUD to pick up this 
work. However, HUD says, “This is your job; we do not do basic 
resea rch or applied research.” They felt it was too basic, even 
though we called it applied, for HUD to support. Yet the  research  
on high-rise buildings activ ity is im portant . I have worked with Dr. 
Press to persuade  HUD of the  importance of these issues.

Mr. Boland. What is the  proportion of solicited as opposed to 
unsolicited research  in the  applied social research area?

Dr. Sanderson. These are  all unsolicited projects. What we have 
identified as a coherent are a is based on evolution of proposals, 
cert ain areas have proved interesting. A lot of scien tists  want  to 
work in, for instance, telecom munica tions policy. When there is a 
clust ering  of th is type we will support special workshops to bring 
scien tists together in the  field for an exchange of ideas and infor­
mation . This tends to be a self-reinforcing process but  we do not 
send out program solici tations in this area . We announce our int er­
est in these coherent areas through workshops and meetings of 
grantees.

RE SE AR CH  ON  TH E EF FE CT S OF  G O VER N M EN T REGU LA TI ONS

Mr. Boland. On page F-V-4 , the middle of the  page, you indi­
cate  that the Applied Research Activity plans to undertak e a new 
program to study the effects of government  regulations  on various 
economic sectors.

Why is the NSF funding this research? We touched on this last 
year. This is nea rly ident ical with the ju stificatio n for the existence 
of the  Regulatory Council—which we also fund.

How much are  you plann ing to devote to this activity  in 1981, 
and why are  you involved in th is research?

Dr. Sanderson. Primarily  because the  academic community is 
interested  and excited about it. Othe r organizations, such as those 
you mentioned do not  provide support for unsolicited proposals. We 
are  a disinte rested  party  in the type of research  that can be sup­
ported. The resea rch community has identified a number of very 
interesting examples to study. For example, a comparison of the  
changes in the rail road indus try in Canada, which has been deregu ­
lated, with the sta tus  of status of the  ra ilroad industry in the U nited  
States, which continues to be heavily regulated , is a natura l experi­
ment. The changes  in air tran sportat ion because of the  air line 
industry dereg ulation is a noth er experiment which one can study.
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We anticipate the  total  in these  categories to be $5.24 million 
next year. Of tha t, I would guess t ha t something on the order  of $2 
to $2V2 million will be in the  regulation end of it.

Dr. Atkinson. The  distribution  of research  support among un i­
versities, the  Fede ral government, and industry across all fields of 
science appears to be constant, except in the  social sciences. In the  
past 10 years, the re has been a shift  to in-house government re­
search or to the  various firms that  engage in research activities. 
NSF is virtually the  only agency in the  Federal government th at  
approaches social science research without specific end results in 
mind. In the regu lato ry area, it is imp orta nt that  at least one 
agency responds to the best ideas without rega rd to agency objec­
tives.

REDUCTION IN FU ND ING FOR APPLIED SOCIAL SCIENCES RESEARCH

Mr. Boland. On page F-V-5, you are  requesting $9 million for 
the  Applied Social Behav ioral Sciences Program Element. Frankly, 
the  jus tificat ions descrip tion suggest that  all of these areas should 
be funded by those agencies having  prim ary responsibility. If we 
reduced this by $3 million, approx imately one-third, where would 
you take the reduction?

Dr. Sanderson. I am not sure at this  point where I would take 
the  reduction. I would have to give you that  information for the  
record. I would say, if you reduce it by a  third, with the hope that  
other agencies will pick it up, you should resign yourse lf to the fact 
that  you are simply cuttin g out resea rch because other  agencies do 
not, as a rule, support this  type of research. One of the area s of 
concern to me and to the  Foundation is t he inter face between our 
research and the  research  of other organiza tions. I have had some 
study  made of the  social science support coming from othe r organi ­
zations  and we a re about the  only agency in town that  will respond 
to the  academic comm unity  in an open, unsolic ited proposal mode 
for the best research available.

Most of th e social science research which is supported by other 
agencies is oriented toward large experimen tal programs or specific 
policy needs of th e agencies involved where they  need the answer 
to prove, subs tanti ate, or develop a policy decision that they are 
faced with.

If you w ant an answer, I would have to supply it for the record.
[The information follows:]
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EF FE CT S OF A ON E- TH IR D RE DU CT ION IN  THE A PP LI ED SO CI A L AND BEH AV IOR AL SCI EN CE S PROGRAM ELEMENT
Th e A p p l ie d  S o c ia l  an d B e h a v io r a l  S c ie n c e s  P ro g ra m  E le m e n t 

i s  a u n iq u e  re s e a rc h  p ro g ra m  w i t h i n  th e  F o u n d a ti o n  an d th e  
F e d e r a l G o v e rn m e n t.  I t s  p r im a r y  p u rp o s e  i s  t o  p r o v id e  s u p p o r t  
f o r  s c i e n t i f i c a l l y  m e r i t o r io u s  re s e a rc h  on p ro b le m s  o f  th e  
i n v e s t ig a t o r s  own c h o o s in g  w h ic h  f a l l  be tw een th e  b a s ic ,  
d i s c i p l i n e - o r i e n t e d  w o rk  an d th e  fo c u s e d ,  m or e m is s io n - o r ie n t e d  
w o rk  s u p p o r te d  e ls e w h e re  by  g o v e rn m e n t.  T y p i c a l l y ,  t h i s  i s  w o rk  
w h ic h  i s  to o  " a p p l ie d "  o r  " p o l i c y  o r ie n t e d "  to  r e c e iv e  h ig h  
p r i o r i t y  in  b a s ic  re s e a rc h  p ro g ra m s  an d to o  " lo n g - t e r m "  o r  
" r i s k y "  t o  be s u p p o r te d  by  o th e r  F e d e r a l a g e n c ie s .  I t  may a ls o  
go  u n s u p p o r te d  be cause  i t  c h a ll e n g e s  e s ta b l is h e d  a g e n cy  p o l i c i e s  
an d p ro g ra m  a s s u m p ti o n s  o r  e ls e  f a l l s  o u ts id e  o f  th e  n a rro w  
p ro g ra m  c a te g o r ie s  w h ic h  f r e q u e n t l y  c h a r a c te r iz e  th e  s u p p o r t  
g iv e n  to  th e  a p p l ie d  s o c ia l  an d b e h a v io r a l  s c ie n c e s  e ls e w h e re  in  
g o v e rn m e n t.

T h e re  i s  a c le a r  an d im p o r t a n t  p u b l ic  i n t e r e s t  in  th e  
e x is te n c e  o f  such  a s t r o n g  a p p l ie d  c a p a b i l i t y  w i t h i n  th e  NSF . I t  
a c c e le r a te s  th e  r e a l i z a t i o n  o f  s o c ia l  b e n e f i t s  fr o m  th e
F o u n d a t io n ’ s s u p p o r t  o f  b a s ic  r e s e a r c h  in  th e s e  s c ie n c e s .
E q u a ll y  im p o r t a n t ,  th e  s u p p o r t  i s  in d e p e n d e n t o f  th e  e c o n o m ic , 
t e c h n o lo g i c a l ,  o r  p o l i c y  a s s u m p t io n s  an d p r e fe r e n c e s  o f  
m is s io n  a g e n c ie s .  W h il e  p r o p o s a ls  a re  c a r e f u l l y  c o o r d in a te d  w i th  
r e le v a n t  b a s ic  an d m is s io n - o r ie n t e d  p ro g ra m s  t o  m in im iz e  th e  
l i k e l i h o o d  o f  d u p l i c a t i o n  an d t o  in s u r e  t h a t  b e s t a v a i l a b l e ,  
in c r e m e n ta l  in v e s tm e n t  o f  a p p l ie d  re s e a rc h  d o l l a r s ,  f u n d in g  
d e c is io n s  a re  made s o le l y  on  th e  b a s is  o f  s c i e n t i f i c  q u a l i t y  and 
th e  p o t e n t i a l  u t i l i t y  o f  r e s u l t s .  Those  who  a re  fu n d e d  a re  f r e e  
t o  p u rs u e  an d p u b l is h  th e  r e s u l t s  o f  t h e i r  r e s e a r c h ,  g u id e d  o n ly  
by th e  ca n o n s  o f  s c i e n t i f i c  e v id e n c e  and th e  p r o fe s s io n a l  
ju d g m e n ts  o f  t h e i r  p e e rs .

T h e re  ha s be en  an e x t r a o r d in a r y  re s p o n s e  fr o m  a p p l ie d  
r e s e a r c h e r s  in  th e s e  s c i e n t i f i c  d i s c i p l i n e s  s in c e  th e  
e s ta b l is h m e n t  o f  t h i s  p ro g ra m  e le m e n t in  J a n u a ry  1978. Th e 
num ber o f  u n s o l i c i t e d  p r o p o s a ls  r e c e iv e d  s in c e  FY 19 78  has 
in c re a s e d  by 60 p e r c e n t .  In  a d d i t i o n ,  a R e se a rc h  I n i t i a t i o n  
p ro g ra m  f o r  you ng  s c i e n t i s t s  i n  th e  s o c ia l  an d b e h a v io r a l  
s c ie n c e s  in t e r e s t e d  in  a v a r i e t y  o f  a p p l ie d ,  p o l i c y  p ro b le m s  was 
i n i t i a t e d  in  Nov em be r 19 79 . T h is  y e a r  a t o t a l  o f  165 p r o p o s a ls  
w e re  r e c e iv e d  in  re s p o n s e  to  t h i s  an noun cem e nt a n d , ju d g in g  by  
th e  l e v e l  o f  i n t e r e s t ,  th e  nu m ber c o u ld  w e l l  be d o u b le d  by n e x t 
y e a r .  M o d e le d  a f t e r  a c o m p a ra b le ,  h ig h ly  s u c c e s s fu l  p ro g ra m  o f  
R e se a rc h  I n i t i a t i o n  f o r  You ng E n g in e e rs  w h ic h  ha s been  i n  
e x is te n c e  f o r  o v e r a d e c a d e , t h i s  new I n i t i a t i v e  r e p r e s e n ts  an 
e f f o r t  by  th e  F o u n d a ti o n  t o  i n t e r e s t  young s o c ia l  an d b a h a v io r a l  
s c i e n t i s t s  in  a p p ly in g  t h e i r  k n o w le d g e  an d t r a i n i n g  t o  a w id e  
ra n g e  o f  s o c i a l ,  e co n o m ic  an d p o l i c y  is s u e s  o f  s i g n i f i c a n c e  to  
th e  N a t io n .
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S in c e  t h e  A p p l ie d  S o c i a l  an d B e h a v i o r a l  S c i e n c e s  P ro g ra m  
e le m e n t  h a s  r e c e i v e d  c l o s e  t o  l e v e l - f u n d i n g  f o r  FY 19 79  an d 
FY 1980 , t h i s  h a s  m e a n t t h a t  r e q u e s t e d  s u p p o r t  h a s  ha d t o  be  c u t  
by  an  a v e r a g e  o f  2 5?  and  o n ly  a b o u t  1 o u t  o f  5 p r o p o s a l s  c o u ld  be 
s u p p o r t e d .  I n c r e a s i n g l y ,  a num ber  o f  s i g n i f i c a n t  r e s e a r c h  i d e a s  
a r e  b e in g  d e c l i n e d  f o r  l a c k  o f  f u n d s .

A b u d g e t  c u t  o f  t h e  m a g n i tu d e  p r o p o s e d  in  t h i s  q u e s t i o n  
w o u ld  s u b s t a n t i a l l y  c o n s t r a i n  t h e  a b i l i t y  o f  t h i s  P ro g ra m  E le m e n t 
t o  be r e s p o n s i v e  t o  t h e  e x t r a o r d i n a r y  i n t e r e s t  and  e x c i t i n g  
a p p l i e d  r e s e a r c h  id e a 8  c o m in g  fr o m  t h e  s o c i a l  an d  b e h a v i o r a l  
s c i e n c e  r e s e a r c h  c o m m u n it y . S in c e  i t  i s  a u n iq u e  p ro g ra m  w i t h i n  
t h e  F o u n d a t io n  and  t h e  F e d e r a l  G o v e rn m e n t,  t h i s  w o u ld  a l s o  s lo w  
down  o u r  a b i l i t y  t o  c a p t u r e  t h e  b e n e f i t s  f lo w in g  fr om  F e d e r a l  
s u p p o r t  o f  b a s i c  r e s e a r c h  in  t h e s e  f i e l d s .  G iv e n  t h e  " o p e n "  
n a t u r e  o f  th e  P ro g ra m , i t  i s  n o t  p o s s i b l e  t o  t a r g e t  a s p e c i f i c  
a r e a  w h ic h  w ould  be d ro p p e d  i f  s u c h  a c u t  w ere  m ad e . Th e P ro g ra m  
w o u ld  s t i l l  make e v e r y  e f f o r t  t o  s u p p o r t  th e  m o st p r o m is in g  
a p p l i e d  r e s e a r c h .  T h u s , s u c h  a c u t  w o u ld  be  f e l t  a c r o s s  t h e  
P ro g ra m  in  th e  fo rm  o f  s m a l l e r  b u d g e t s  an d  a v e r y  lo w  s u c c e s s  
r a t i o ,  c o n c e iv a b ly  r e a c h i n g  1 o u t  o f  10 .
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EARTHQUAKE HAZARDS MITIGATION  PROG RAM

Mr. Boland. On page F-V I-1,  the problem focused research su­
bactivity, you are  requestin g $30.5 million. It appears  that  most of 
the increase again occurs in the Ear thquake Hazards Mitigation 
Prog ram element.

It also appears that  most of tha t increase occurs in the societal 
response sub-element—which as you know, the  Committee has not 
supported in the  past. How much have you spen t on the societal 
response sub-element since its inception?

Dr. Sanderson. I would have to supply th at  for the record. 

SOCIETAL RESPONSE STUDIES

Mr. Boland. Also, how many studies  have you conducted in this 
area?

Dr. Sanderson. I know we have supported abou t 25 to 30 percent 
of the amount that  was recommended for societal response by the  
Newm ark advisory committee, for the  ear thquak e hazards mitiga­
tion program.

Mr. Boland. How many more studies do you feel you have to 
conduct in this area?

Dr. Sanderson. There are  a varie ty of studies which I thin k are  
important . I would like to emphasize that  the  societal response 
elem ent has a num ber of ac tivities in which the re is a  g reat int er­
est by both the  research  communi ty and public officials. We are  
seeing cases where we believe it may soon be possible to make 
predictions of ear thq uak e hazards. However, the  liability laws may 
make  it difficult to inform  the public. On this topic, we have an 
inte rest ing project being  completed on the  west coast with the 
cooperation of the  Association of Bay Area Governments  (ABAG). 
The State  law in California  made it less likely that  a State official 
would issue an ear thq uak e warning even if he received a credible 
prediction because of th e question of liability. One of the  resu lts of 
the  ABAG project has  been the passage of legislation which it 
recommended th at  reduces the liabili ty of Sta te officials when they 
take appropria te actions, including issuing public warnings to 
reduce  the impact of earthquakes.

The major part of the  societal response programs, which has 
been very sharp ly decreased as a resu lt of recent budget cuts is 
wha t one would describe  as the policy aspects: how do you delive r 
warnings, how do you aid a community in responding to a warning, 
and how do you del iver aid i f a d isas ter occurs?

[The inform ation follows:]

60-7 70  0 - 8 0 - 1 3
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AWARDS MADE IN  THE SO CI ET AL  
RE SP ON SE  PROGRAM ELEMENT 1 9 7 2  -  1 9 8 0

I . Relevant  Pro je ct s Supported by NSF P rio r to  Es tabl ish men t o f So cietal
Response /Po licy  Ele me nts :

U n iv ers ity  o f Co lorado ; G. White  and J.E . Haas; "Assessment o f 
Research on Natural  Hazards" ; A p ri l 1972, $723,900; 26 months.

U n iv ers ity  o f  Co lorado; J.E. Hass; "The Rela tio n o f Pos t-D isas te r 
Community P o lic y Issues to  R est ora tio n, Rec on st ruct ion and Future  
V u ln e ra b il it y " ; May 1973, $234,700; 15 months.

T o ta l:  $958,600

I I .  Pro je ct s Supported hv ^SF in  Soc ie ta l Respnnsp /Pn lir.y  Elements Since Inception

U n iv e rs ity  o f Pe nn sy lva nia;  H. Kuneuther ; "Reducing  Losses 
from Se lec ted  Na tura l Hazards : Role o f the  Pub lic  and Priva te  
Sect or" ; March 1975, $14 8,850; 12 months.

Northw estern  U n iv e rs it y ; H.P. Frisema ; "Long-Range Economic 
D is lo ca tio ns and Other Consequences o f Na tura l D is aste rs ";
June 1975; $91,150;  A p r il  1976, $45,200 ($13 6,35 0) ; 8 months.

Lewis and Clark  Col lege ; J . Huffman; "Legal  Const ra in ts  on the  
Plann ing  and Development o f D isaster Home Warning Sys tem s";
Ju ly  1976; $16 ,400; 7 months.

U n iv e rs ity  o f Co lorado; G. White ; "N atural  Hazards Research and 
Applic ations In fo rm atio n Cen te r" ; $200,500 ; March 1976; A p ri l 1978, 
$130,394; Jan. 1978, $24,800; June 1979, $18,340 ($37 4,03 4) ;
48 months.

U n iv e rs ity  o f Co lorado, E. Haas; "Socioeconomic and P o li t ic a l 
Consequences o f Earthquake P re d ic ti o n ";  May 1976; $427,100;
15 months.

U n iv e rs ity  o f Ma ssa chusetts; P. Ro ss i; "Research Program on 
Na tura l D isas te r Recovery Processes : R e li e f,  R e h a b il it a ti o n , 
and Preparedness" ; May 1976; $496, 575; May 1977, $367,550 
($86 4,12 5) ; 28 months.

U n iv e rs it y  o f Pe nnsy lva nia ; H. Kuneuther; "M it ig a ti o n  and Recovery 
P o lic ie s  fo r  Na tural Ha zards "; September 1976, $197,600; 12 months.

U n iv e rs ity  o f Washington; M. Mar ts ; "S oc ia l Im plications o f  Volcano 
Hazards "; Ju ly  1976; $45,000; 16 months.



193

Colorado State U n iv e rs it y ; H. Cochrane ; " In fl a ti o n a ry  Changes in  
Con st ru ct ion Costs Created by Earthquake Damage; Im p lica tions fo r  
Government P o licy ";  March 1977, $52 ,500; 12 months.

U n iv e rs it y  o f C a li fo rn ia , Santa Barba ra;  D. Mann; "Seismic Sa fe ty  
Preparedness by Local Governments in  C a li fo rn ia ; June 1977;
$11 0,400, June 1978, $118,265 ($22 8,66 5) ; 24 months.

U n iv e rs it y  o f C a li fo rn ia , Los Angeles ; R. Tu rner ; "Community Response 
to  Earthquake Threat in  South ern  C a li fo rn ia " ; November 1976;
$299,100;  January 1978, $19 1,511; Jan. 1979, $168,862 ($65 9,47 3) ;
37 months.

U n iv e rs it y  o f Ge org ia,  F. Ba tes;  "A Lo ng itu dinal and Cross 
C u ltu ra l Study o f the  Post  Impact  Phases o f a Major Nat iona l 
D is aste r:  The Feb ruary 6, 1976, Guatemalan Ea rth quake" ; Ju ly  1977, 
$163,400; June 1978, $22 3,520; June 1979, $191,677 ($57 8,59 7) ;
48 months.

U n iv e rs ity  o f Denver; T. Drabek; "Search and Rescue Miss ion s in  
Na tura l Disas te rs  and Remote S e tt in gs";  Sept.  1977; $261,300;
24 months.

U n iv e rs ity  o f Min nesota;  R. Le ik ; "Community Response to  Na tura l 
Hazard Wa rnings "; A p ri l 1978; $492,899 ; Ju ly  1977; $260,750 ;
March 1979, $231,925 ($ 98 5,57 4) ; 36 months.

Counc il o f State Governments; "H. Su tto n;  "S ta te  Government Polic y 
Options fo r  the U t il iz a t io n  o f Earthquake P re d ic tion  Techno log y";  
January  1977; $177,500; August 1978, $86,930 ($26 4,43 0) ; 19 months.

U n iv e rs ity  o f Delaware ; D. Wenger; "D is ast er Knowledge and B e lie fs  
and Emergency Pla nnin g";  June 1977; $34,300;  12 months.

In s t it u te  fo r  P o lic y Research;  A. Crawford; " In v it a t io n a l Workshop 
on Comprehensive Emergency Preparedness";  March 1978; $14 ,632; 6 months.

Na tiona l Academy o f Sc iences , C. F r it z ;  "Study o f the Role o f the  
Mass Media in  D isast er Report in g";  Sept. 1978; $147,549 ; Sept.  1979, 
$150,485 (298 ,034 ); 24 months.

Midwest Research In s t it u te ;  B. L iu ; "Ea rthquake Risk  and Damage 
Fun ctions -  An In te gra te d Preparedness and Pla nning  Study fo r  Central 
USA"; January  1978; $105,493; 12 months.

As so ciat ion o f Bay area Governments; T. Margerum; " L ia b il it ie s  o f 
Local Governments fo r  Earthquake Hazard Re du ct ion" ; January  1978; 
$125,200; 12 months.
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o f Pennsy lva nia ; L. M il le r ;  "E xtentio ns  and 
o f  Community Flood  Mo del"; March 1978; $192,930;U niv ers ity 

U ti li z a ti o n  
12 months.

U niv ers ity o f Co lorado; R. Palm; "D iss em inat ion o f In fo rm at ion 
on Na tural Hazards in  the  Urban Ar ea "; September 1978; $104,397; 
18 months.

B a tte lle  Memorial In s t it u te ;  R. Perry;  "Fac to rs  A ff ec ting  the  
Design and Imple men tat ion  o f Community D isaster Eva cua tion  Plans ; 
February 1978; $233,82 9; 18 months.

Ohio State U n iv e rs it y , E. L. Q u a ra n te ll i;  "S ocial Behavio ral  
Responses to  Chemical Hazards" ; August 1978; $213,915;  June 1977, 
$188,600; August 1979, $182,209 ($58 4,72 4) ; 36 months.

Nor th Dakota Sta te  U n iv e rs it y ; R. B o lin ; "The Impact o f D isas te r 
Aid  Programs on Long-Term Fami ly Recovery; A Longi tu din al Comparison 
o f a Rural  and Urban S it e ; January 1980; $10 3,015; 18 months.

T o ta l:  $7,036,552
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STATE SCIENCE ENGINEERING AND TECHNOLOGY PROGRAM

Mr. Boland. On page F-V II-1 , you are requesting $7 million for 
the  Intergove rnmenta l Prog ram Subactivity. The increase occurs in 
the  S tate  Science, Enginee ring and Technology element. Was this a 
Congressional initia tive and if so, from where?

Dr. Sanderson. This was a  Congressional init iativ e when it s ta rt ­
ed. It has been supported very strongly recently by the  White 
House and by ISETAP, the  Intergovernmental Science Advisory 
Pane l to Dr. Press. The firs t concept came from the  Congress. We 
provided a series of plan ning grants, approximately  $25,000, to 
both the  legislative and execut ive branches of Sta te governments to 
aid them  in examining ways to build scientific and  technological 
capability  in the State government and to develop an implementa­
tion plan for doing this.

What you see he re is experim ental .
Mr. Boland. How much of that have you obligated to date  in 

1980?
Dr. Sanderson. Essential ly none of it. There is a program an­

nouncement soliciting proposals which was approved  by the Na­
tional Science Board at  the  Jan uary 1980 meeting. It will be obli­
gated before the end of this fiscal year, but as of now, none of th e 
funds have been obligated.

Mr. Boland. Do you have an idea how long you will request 
support for th is activity  and at wha t level?

Dr. Sanderson. The State Science Engineering and Technology 
SSET Program was e stabli shed as an experim enta l program. It was 
designed so that  Federal  programs would not exceed two-thirds of 
the  cost in the  first  yea r and will decline to zero somewhere be­
tween the fifth and sixth  year. So, I would anticipate that  the  
funding level will decline unless the  num ber  of States involved 
increases. The program lifetime is projected to be about 5 to 7 
years. In fact, the  size of th e program depends on how many Sta tes 
become involved in this  activity  and on our experience  in the  firs t 
year  or so.

Mr. Boland. Have  you any idea how many projects the  $3 mil­
lion will suppor t?

Dr. Sanderson. We hope to star t 15 to 17 with the  first  $P/2 
million this year.

Mr. Boland. How long will these projects last?
Dr. Sanderson. The ent ire program is planned for a lifetime of 

5-7 years  with an intermediate evalu ation  afte r two years. If  per­
formance is unsat isfactory, they  will be phased out early. Projects 
in individual Sta tes  a re expected to be supported for ab out 5 years.

Mr. Boland. Do you conduct a ZBB exercise within the  dire ctor­
ate?

Dr. Sanderson. Yes.
Mr. Boland. How does th is program rank in that ZBB exercise?
Dr. Sanderson. It is within our minim um budget.
Mr. Boland. At this par ticu lar  level?
Dr. Sanderson. I think the $3 million level was within  the 

budget level finally established by th e President.
Mr. Boland. Dr. Sanderson?
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Dr. Sanderson. I simply  wanted to state the  SSET, a t the time 
the  zero base budget was developed las t May, was shown in the  
cross-directorate category of programs although it is operated as 
pa rt of the  intergovernm ent activity  in my directorate.  A decision 
was made subsequent to the  preparation of t he  ZBB package last 
time to show it along with  the  other intergovernm enta l activities 
ra ther  th an in th e cross-d irectorate activity.

Dr. Pimentel. We felt SSET as a par ticu lar  program had to be 
judged in our ZBB process again st all our programs, not jus t the 
subprograms within  EAS.

SMALL BUSIN ESS INNO VA TION  AN D IND USTR IAL TECHNOLOGY

Mr. Boland. On page F-VIII-1, the  Small Business Innovation  
and Industria l Technology Sub-activity is requesting $18.2 million 
in 1981, an increase of $10.8 million above the 1980 level. The 
program is actually treb ling  from its 1980 budget request of $6 
million.

The $10 million is a  sizeable increase. I guess it can be said that  
pas t experience has shown th at  when programs undergo  such rapid 
growth , money is often wasted. If the  Preside nt reduces your 
budget request, is t his an are a where you would probably cut back 
on.

Dr. Atkinson. Yes, but  I must tell you in the  ear lier  phases of 
the  program we were only funding  12 percent of the  proposals we 
received.

Mr. Boland. How many proposals did you receive?
Dr. Sanderson. In the  las t solicitation  we received 528 proposals.
Dr. Atkinson. We funded 12 percent. The quality of th e propos­

als has been remarkably good. Consequent ly the  program drew the 
atte ntion of the Domestic Policy Review, and more money was 
recommended for NSF in support of innovation research  by small 
businesses.

Dr. Sanderson. We have  run  the  small business  program with 
very limited categories of rese arch in which we would accept pro­
posals in order to cut down the  number of proposals received.

I have no serious rese rvat ion about our ability  to wisely expend 
these  sums.

Mr. Boland. The goals of this  program as described on page F- 
VIII-1 sound almost ident ical to those of NASA’s technology utili ­
zation program. Are you fam ilia r with that  program?

Dr. Atkinson. Yes. I t on ly sounds a lot like it.
Mr. Boland. Can you d istinguish between these programs?
Dr. Sanderson. In fact, the y are  dras tically different. The tech­

nology utilization program of NASA is designed prim arily to take 
technologies or engineering  capabi lity which was developed for 
aerospace applications and make  it available  to small business or 
small companies so it is in fact  an effort to take  NASA developed 
technologies and package them in such a way that  a small com­
pany can utilize it.

What  we are doing in our program is to support research in 
small business or to support research  in universities  which is cou­
pled fairly  tightly with the  needs of industry so t ha t we are estab­
lishing  the  priorities for our research  in par t based upon the pro-
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gram mat ic conten t of the  directorate but  also based upon a per­
ceived market for the  research  activities . It is a total ly different 
concept.

EXAMPLES OF SMALL BUSINESS AWARDS

Mr. Boland. Can you give us a few examples of the proposals 
you have received?

Dr. Sanderson. Yes, sir. I can give you a couple of very good 
examples. One example started  on research  on high resolution 
photographic plates  because of the need for such film in research 
in spectroscopy. A small business scien tist developed a new concept 
for depositing  photosensitive silver direct ly on a surface without 
the  subst rate. From his point of view this  would make a much 
more precise resolution of spectral lines.

He attem pted to develop this himse lf for a num ber  of months. In 
response to our first  solicitation he submitted a proposal to us; we 
became interested  in this . In this program, we encourage  and give 
a point of merit in the  evaluation  to those proposals to the second 
phase of the research  th at  contain  a comm itmen t from a ven ture  
capital  firm.

He tried to contact several ven ture  capi tal firms and finally 
contacted the micro electronics indus try. It tu rns out the major use 
for this  process was not  the  spectral plates for which he originally 
developed this process bu t it provided a real  b reakthrough to make 
very precise electronic  components a t the  sub micron range.

In the most recen t solicita tion we made 54 awards .
Mr. Boland. For the record, you may supply some of t he other 

proposals.
[The inform ation follows:]



AWARDS MADE IN  THE SMALL
BU SI NES S INN OV AT ION AND IN DUS TR IA L TECHNOLOGY SU BA CT IV IT Y

Energy Conse rvation in the Building Industry Using Industria l Waste; Mir A.  Ali, Glass & Ceramics 
International Inc., Lomita, CA 90717; $24,996 for 6 m onths beginning Oc tob er 1, 1979.

Waste  management and the use of industria l by­
produc ts are impo rtant  and vital aspects of energy 
savings , environmental protection  and conservat ion 
of natura l resources. The object ive of this projec t is 
to investiga te a unique and synergisti app roach to 
utilize flyash and  California  pozzolans in the i 
manufac ture  of building prod ucts like bricks, con- 
cerete blocks, tiles and pipes. Research  will be carried  [ 
out to develop bonded building products  based 
prim arily on flyash and  pozzo lans as the  cemen­
titious components and thus to minimize or  element 
the am oun t of Portland cement  which is an energy in ­
tensive product. The research will include (1) 
chemical and mineralogical  char acte riza tion  of 
vari ties of flyash and natu rally  occurring  pozzolans 
(2) evaluation of cement itious characte rist ics and

development  of optimum  curing treatm ents,  (3) 
form ulation of m ixtures of flyash,  natural pozzolan, 
sand or  other lightw eight  materials  and fab rication of 
bonded  test specimens. Proper ties of the specimens, 
such as compressive strength, specific gravi ty, par ti­

cle size, pozzolanic activ ity and freeze-thaw will be 
measured.  An estim ate will be made of the energy 
needs and  costs of manufacture of such building 
products . Efforts will be made to establish the  supply  
and  economics  of these materials.

X-Ray Optics for Projec tion Litho graphy; Michael J. Boyle, Advanced Research & Applica tions Corpora tion , 
Sunnyvale , CA 94086; $24,993 for 6 mo nths beginning Oc tober 1, 1979.

The objective  of the project  is to investiga te the 
feasibi lity of an advanced x-ray  litho graphy  system 
tha t should eliminate the presen t prob lem areas. 
X-ray litho grap hy is an advanced app roach for  p ro­
ducing the submicron structures necessary for  large 
scale and very large scale integrated semiconductor 
devices. The problem areas to be addressed include  
app rop ria te x-ray  sources, fabricatio n of x -ray  mask

Magnetic Sheet Steel Lamina tion Detection; Forest J. Carignan, Advanced Mechanical Technology, 
Newton, MA 02158; $25,000 for  6 mo nth s beginning O ctob er 1, 1979.

The  object  of this project is to dete rmin e the 
feasibi lity of a technique to detect  the presence of 
laminations  in steel sheets at the time of p roduct ion . 
The technique to be validated consis ts of subjecting 
the sheet to magnetic fields and  measuring the 
residual magent ism. The res idual m agneti sm is an  in­
dicat ion of the degree of lamin ation  present. The 
theoretical limita tions  of the method  will be in­
vestigated so tha t recomm endations c an be m ade  for 
a p rototy pe test unit.  The approach  consists of both

Com pute r Model ing of Electromagnetic Responses from Deep Mineral Resources; Shu-Kong Chang, Emtech 
Engineering Inc., Berkeley, CA; $24,691 for  6  m onth s beginning O ctober  1, 1979.

The objective  of this project is to prov ide badly  
needed theoretical data  for geophysical  prospect ing.  
A new com puter modeling technique will be  studie d 
for the analy sis of the electromagnetic response  of 
ore bodies in the earth . This new technique uses a 
high efficiency finite element method which acc ura te­

sup por t subst rates a nd masks,  alignment  of  multiple 
masks and  impro vement in x-ray  resist sensitivity.  
Analyses  will be made of an x-ray  imaging system 
with demagnifica tion based upon grazing incidence 
optics.  The p roject will de termine the valid ity of this 
approach as a means of solv ing the present problems 
involved in x-ray lithography.

theoretical analyses and  experimental verification of 
the technique.

Results of the project, if successful, should lead to 
the development of a relat ively  inexpensive detector 
for the sheet steel industry tha t would allow early 
detect ion of hidden laminations.  Such detection  
would eliminate the present needless waste of 
material, time, and  energy due  to defective steel 
sheets.

ly and econom ically predicts the electromagnetic 
response of deep mineral  resources. Results of this 
study will provide infor mation needed  to improve 
the accuracy of geophysical prospecting techniques 
utilizing the e lectromagnetic propertie s of buried ore 
bodies.



Mini Arc Weld ing/Brazing Technique ; Ad ria no  Duccatti, Amex Systems Inc., Haw thorne, CA 90250; 
$24,031 for  6 months beginning Oc tober 1, 1979.

There are  several types of plasma discharges, i.e.,  
corona, glow, arc, etc. The principal defin ing com ­
ponent for  each type of discharge is curren t density . 
The norm al arc discharge has cu rren t densities  which 
are orders  of magni tude greater than other types of 
plasma discharges. The mini arc process propos ed 
has the same basic current density characteristic s of 
an  arc  discharge, but  the mini arc  tota l cur ren t is 
small com pared to large arc welding or arc  brazing 
devices. The  proposed mini arc colum n is on the 
order of a millimeter  in diameter, and  total currents  
are on the order of 10 amps or  less. Norma l arc 
welding devices operate at  hundreds to thousands  of 
amps . The mini arc has operating  regimes  tha t are

optimal  for mater ials joining  a nd unique  to arc pro­
cesses. The presen t techniques for  mater ials joining 
the electronics assembly may limit the use of op­
timum mate rials or induce  high costs to meet 
materials specifica tions. The  use of mini arc welding 
and braz ing cou ld permit the use of optimal materials 
for perfo rmance as well as have  d ramatic impact on 
manufactur ing costs.

The app roach is to utilize  existing arc technology 
and scale the design to meet manufacturing  criteria. 
The mini arc mode  of opera tion  will be considered 
for significant welding or  brazing manufacturing 
requirements.

Photovo ltaic Detectors  for High Intensity  X-Ray Measurement; Gerald Entine, Radiation Monitoring Devices 
Inc.,  Watertown, MA; $25,000 for  6  months beginning Oc tober 1, 1979.

The  objective of  this p rojec t is to analy ze the basic 
physics of the newly inven ted cadmium-te llurium 
(CdTe)  photovoltaic  cell as a func tion  of its crystal 
proper ties  and the structure of the  device. The 
feasibi lity of using this cell as a d etector of high inten­
sity ra diat ion flux levels will be determ ined . Analyses

will focus on limi tations to its speed of response and 
perfo rmance in high fields and the nature  of its 
photovo ltaic mechanism. The results of the project 
should indicate  the means of obtaining  a very  sen­
sitive compact solid  stat e X-ray detector for high 
speed nuclear instruments.

New Instrumentation for Tempera ture  Measurement ; James L. Fergason. American Liquid Xtal Chemical  
orpo ration, Kent, OH 44240; $25,000 for 6 months beginning Oc tob er 1, 1979.

The objective of the project is to study methods 
and  techniques to produce nonconvention al liquid 
crysta l temperature sensors  w ith both electron ic and 
visual outpu ts. The result s will be a sensor  that can 
accurately  measure tem pera ture  in the presence of 
electrical, magnetic,  an d/ or  sonic fields. Newly

de veloped en ca ps ul at io n techniq ues wil l be 
employed.

The need for these devices in medical and  
biological  applica tion s is becoming critica l pa r­
ticula rly in the use o f local hypo thermia in the treat­
ment  of cancer.

A Novel Technique for Fabr icatio n Optoelectronic Materi als; An ton C. 
Bedford, MA 01730; $25,000 for 6 months beginning Octobe r 1, 1979.

The objective  of this project is to investigate the 
application of high-current ion impla ntation and 
pulsed electron  beams to fabrica te optoelectronic 
materia ls for  he te rostr uc tura l, injection  elec­
troluminescent devices and dete ctors. A high-current 
ion implan ter will be used to implan t P +  , A1 +  , 
Ga + , and As+  ion species into gallium arsenide  
(GaAs) to concent ration sufficienly high to alter  
thesto ichiometry afte r imp lan tation.  A large-area

Greenwald,  Spire Co rporat ion ,

pulse electron  beam  will be used to melt only  the 
deposited radiation -dam aged  implanter laye r, caus ­
ing it to undergo rapid epitaxial regrow th upon cool ­
ing. Using this  technique,  it may be possible to pro­
duce materia ls which exhibit bette r unifo rmity ove r 
large areas. Also, new and as yet undefined 
hete roep itaxy  structures may also be achievable for  
advanced  device fabrication.



200

Affinity Crosslinking for Enzyme Technology; Patrick E. Guire, Bio-Metric Systems Inc., Minneapolis, 
MN 55435; $24,989 for 6 m onths beginning Oc tober 1, 1979.

The  specificity of binding an d efficiency of 
catalysis of enzymes and oth er binding proteins  pre­
sent large potential  benefits  to the economics and 
capabil ities of catalyzed chemical  convers ion and 
analy tical or detection systems. The  ob jective of this 
projec t is to develop a new class of stepwise affinity  
crosslinking reagents tha t will covalen tly immobilize 
and stabilize enzymes and other bin ding proteins 
selectively from crude mixtures. Tr i- and poly­
functional stepwise cross-linking reagents  that  con­
tain both photoreactive and  ligant  gro ups  will be 
synthes ized. The photoaffinity carrier pro duc t will

be designed to be hydrophi lic and nonion ic in  order 
to minimize  its propensity  for  nonspecific binding of 
proteins  and thereby increase its specificity in the 
photochemical immo bilization  of antibody against 
the din itropheny l (DNP) group will be tested by com- 
panin g the amount of anti-DNP antibody immobil­
ized from equal concentrat ions  in purified  solu tions, 
known mixtures  and  crude antiserum. One or more 
enzymes will be included in the mixture. The im­
mobi lization product will be  assayed fo r DNP, bind­
ing capaci ty, enzyme activ ity and for total protein.

Cor rela tion  of the Materia l Propertie s of Tungsten Carbide with Drilling Performa nce in the Field; Rober t R. 
Hendrickson, Terra Tek, Inc.,  Salt Lake  C ity, UT; $148,891 for 12 months  beginning August 1, 1979.

This awar d provides incrementa l fund ing t o a p roj­
ect previously approved as a  continu ing grant (DAR 
77-13273).

The  objective of the research is to cor rela te the 
tungs ten carbide insert's full-scale field perform ance  
with materia l properties. Sufficient evidence exists to 
indicate that  such a project wou ld pro vide quan­
tita tive  guidelines for new carbides in rock  fragmen­
tation applications. Recent test technique i nnova tion  
assures that  pertinent material  propertie s can  be 
determined with  test specimens prepared fr om the ac ­
tual carb ide inserts, thus elimina ting any err ors  in­
duced by  separa te pressing and  sinter ing. Several

drill-bi t and carbide  manufac turing companies are 
par ticipating  in the project.

A number of test bits of part icular grades will be  
selected from the  par ticipat ing companies,  and types 
of insert loads for the various b it applications will be 
analyzed. Inserts  for the test bits  will be selected in 
con junc tion with  the drill-bit manufacturers. Non­
destr uctive tests will be performed on all inserts to 
avoid  flaws,  and sixteen mater ial properties tests will 
be conducted  on each carb ide grade . Field tests will 
then be conducted  and  the results  analyzed to pro­
vide crite ria for carbide inser t selection.

Grow th of Ruby Crystal s by the Heat  Exchanger Method; Chandra P. Khat tak,  Crystal Systems Inc., 
Salem, MA 01970; $25,000 for 6 m onths beginning October 1, 1979.

Solid State laser systems are presen tly being  con­
sidered for laser fusion applications. Two of the main 
obstacles  in this area are the availabi lity of large size 
crystal s and uniform dopant dist ribut ion. This  
research  is direc ted to grow ruby crysta ls by the Heat 
Exchanger Meth od (HEM) for laser appl ications. At 
the present time rub y is grown com mercial ly in sizes 
up to one  in ch diameter. Besides lack of avail abil ity 
of large sizes, the distr ibution of Chromium dopan t 
in the crys tals is non-uniform making it d ifficult  for 
use in stringent optica l app lications. In the  HEM pro­
cess, cry stal  gro wth occurs under stabi lizing 
tempera ture  gradients  with no movement of crystal , 
crucible  or  hea t zone. The solid-liquid interface is 
submerged and  surro unde d by the melt; therefore.

very uniform temperature gradien ts exist at the inter­
face. These features allow un iform  distr ibution of do­
pant , homogeneity in grown crys tals and  controlled  
cool down to minimize norm al stresses  and prevent  
shatter ing.

During the proposed Phase 1, it is intended to grew 
three-inch diameter ruby crysta ls by HEM and con­
centra te on the evaluation of crysta l 'qua lity , 
distribution of chromium  d opa nt,  and  uniformity of 
refractive index. Samples will be tested at the 
Lawrence Livermore Laboratory for stringent optical 
qual ity. The feedback from the qua lity  assurance will 
be used to improve crys tal growth process  to achieve 
the desired objectives.

Semiconduc tor Processing by Electron Beam Pulse-Induced  Surface Reactions; Allen R. Kirkpatr ick, 
Spire Co rporat ion , Bedford, MA 01730; $25,000 for  6 months beginning October  1, 1979.

New processing techniques  are needed by the sophist icated devices to be fabricated with reduced
semiconductor industry to allow smaller and more sequence complexity, improved yields and  lower
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costs. The phenomena associated with  tran sien t pro­
cessing by pulsed beams can be directed  towards 
fulfilling this need. An extremely  ve rsati le concept of 
total  device fabrication can be based upon general 
replacement of stan dard thermal processes by  ap­
plica tions  of pulsed electron beams.  By controlling 
pulse- induced surface reactions, it sh ould  be  possible 
to utilize electron beam techniques for  such pro­
cedures as dopant introduc tion,  damage annealing, 
materia l growth, mater ial alteration and etching . All 
processes can be conducted  at amb ient  temperature 
and  localized to any specific region selected.  The 
overall objective of this project is to  confirm the

validity of this general  process ing concept.  The con­
ceptual feasibi lity will be established from the in­
vestig ation  of: (1) cont rolled silicon surface doping 
by electron beam pulsing in residual  gas contain ing 
the selected dop ant  species, (2) controlled growth of 
thick (>1 000 A) oxide layers on silicon by pulse 
methods,  (3) each of the abov e with a mask used to 
separate  areas in which  the part icular processes do 
and do not  occur,  and  (4) all  of the abov e without 
allowing the silicon sub stra te temperature  to exceed 
arb itrary  maximum values of say room  temperature 
and  600°.

Laser-Purification of Silane; Rober t T. Kung, W. 
$23,350 for 6 month s beginning Oc tob er 1, 1979. 

Mate rial purification is a general are a in which the
im po rtan t charac ter ist ics  of lase rs , such  as 
mon ochromaticity , high intensity,  and short pulse 
length can be fully utilized to dest ructive ly interact 
with undesi rable impuri ties. Such a process can be 
highly cost effective and  energy efficient, since 
generally little energy is consumed  by the bulk of the 
desirable materia l. The objective o f this projec t is to 
inves tagate laser induced pur ific atio n of silane 
(SiH4). High puri ty SiH4 is very desir able in the

J. Schafer Assoc iates, Wakefield, MA 01880;

fabrication of high efficiency solar  cells. In general,  
pur ity is very imp ortant  in the performance of most 
semiconductor  devices. This projec t will iden tify the 
purity  level of SiH4 atta inable using the multi-  
frequency laser puri fica tion  scheme. Concurrently,

laser specif ications  and  the range of operating  
pressures, required for a purification process  consis- 
tan t with var ious  kinetic rate  considerations, will be 
determined.

Vacuum Deposited Silver Halide  as an Electron Resist; Joseph I. Masters, Ionomet Company , Wab an, 
MA 02168; $24,987 for 6 m onths  beginning O ctober  1, 1979.

The objective of this project is to investigate the 
utiliz ation  of vapor-depos ited thin layers  of silver 
halides  as a microlithographic  resi st mater ial in the 
product ion of in tegrated ci rcuits . These materials  are 
expected to be capable of very  high  resolu tion and 
are  known to possess signi ficantly greater electron,  
ion, or x-ray sensitivity than the  pho topolyme r 
resists now used. The goal is to demonstrate the

Clonal  Propagation of Jojoba Via Tissue Culture; Jiro Matsuyam a, K. M. Nursery Inc.,  Carpint eria , 
CA 93013; $24,724 for 6 months beginning Octobe r 1, 1979.

Previous studies ha ve resulted in propos ing that  jo­
joba will someday become a significant source  of 
super ior quality oil. Moreover, it will be cultivatable 
as a "new" crop in the va st a reas of  land that are now 
idle because of poo r clima te and soil. Successful jo­
joba culture  will result  also in new employment  op­
portunities and  new sources of revenues for the 
relatively  impoverished regions . But successful exten­
sive culture of jo joba  will require  resolution  of  some

feasibi lity of evaporated silver halide as an electron 
resist by reconfirm ing high electron  sensi tivity  on 
silicon substrates and  de termining the chemical com­
pat ibil ity and  etc h resistance of the th in film of silver 
halide.  If successful, the results should lead to a new 
technique to increase the miniatur ization and  pro ­
duction  speed of integ rated  ci rcuit chips.

major crop p roble ms. For example, how can superior  
genetic selections b e reproduced quickly  in the large 
numbers  tha t are needed to fill plan tation-size 
acreages? The  proposed  project is inten ded to 
generate wi thin  the period  of investigation a tissue 
cultu re metho d that  will answer the  ques tion satisfac­
torily.  The envis ioned  procedure  will involve two 
steps: (1) rap id multip lication of shoots, and  (2) 
root ing of individual shoots.
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Research on the Optimization  of  Viscous  Fluid Mixing; An thon y Prentakis, Amoec Corporat ion, Cambridge, 
MA 02139; $20,475 for  6 months beginning October 1, 1979.

The  recent explosive advances  in solid-state  
technology have resulted in drama tic and continuing 
decreases in the cost of electronic  com pone nts. The 
cost  of finished devices, however,  is often con­
stra ined  by the cost of packaging  (often exceeding 
50% of the cost of the finished device)  which is 
genera lly labor-in tensive.  AMPEC Corpo rat ion  has 
deve loped techniques  for  packaging a  wide variety of 
electronic devices in sol id epoxy castings (Autom atic 
Monolithic Packaging of Electronic Componen ts) 
whic h havi  resulted in cons iderable  savings to 
clients. Widespread acceptance of these  techniques  
depen ds largely on the availability of reliable and in­

expensive  epoxy mixing technology.
The mixing of viscous fluids is very imp orta nt in

many areas  besides  epoxy handling. However, a 
comple te theory  of mixing a t low Reynolds numbers 
has n ot been formulated. This research is intended to 
identify the basic para meters impo rtant to mixing 
and to develop a theory  sufficiently complete to (a) 
allow the identi fication of a single calculated 
parameter which can serve as an accurate  index of 
the qua lity  of mixing in any  fluid systems and (b) 
iden tify the minimum theoretical energy re­
quirem ents and mixing devices which approach that  
minimum.
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SMALL BUSINESS AWARDS AND VEN TUR E CAPITAL

Dr. Atkinson. The ven ture  capital  component is unique. Many 
small businesses are eager to get the NSF approval, not because of 
the money, but because approval draws atte ntio n to them in the 
ven ture  capital markets.

Dr. Sanderson. One of our grantees in the  small business award 
jus t received the New York State  prize in engin eering for the 
resea rch conducted under the  project which we funded. This is 
ano ther index that  these  projects represen t very high quality  re­
search.

Mr. Boland. Do you want to describe that  here?
Dr. Atkinson. The program has three phases. NSF supports  a 

firs t phase at $25,000 for preliminary pilot research. If t ha t proves 
worthwhile, NSF enter tains  a proposal for the second phase of 
suppor t. The second phase proposal must  be accompanied by an 
identif ication  of ventu re capita l willing to suppo rt development of 
the  new process or product, if the second phase is successful.

Mr. Boland. Phase  three ?
Dr. Atkinson. Phase  three  is a non-NSF phase. It is pursued by 

the  company on its own. By then the capital should be so clearly 
identified and the  application so clearly developed that  the compa­
ny knows how to proceed.

IND USTRIAL TECHNOLOGY PROGRAM

Mr. Boland. On page F-VIII-6, you are askin g for $5.2 million in 
1981 for the indu strial technology program element. In your view, 
Dr. Sanderson, does thi s program have a high priority? It appears 
that  it does because you are doubling your money from the 1980 
current plan is th at  correct?

Dr. Sanderson. Yes, sir. This is a very imp orta nt activity. If you 
are  familiar with all of the discussions that  went on, the need for 
the  support of generic technologies which unde rlie a variety  of U.S. 
industr ies, that  was a major component identified in the Presi ­
dent’s Domestic Policy Review. The increase which you see here is 
to provide the Foundation with resources to sta rt at least one 
additional such center.

The Department of Commerce also has in their  budget the  funds 
for three such centers. The primary model for this concept is the  
center which the  National  Science Foundation had star ted earl ier. 
You have heard me describe before the Polymer Processing Center 
at MIT. Tha t was one of the most widely discussed prototypes for 
the enti re concept o f generic technology centers.

Dr. Atkinson. This is one of the  big debates  in this government, 
and from one government to another. The Germans and the Japa ­
nese have pressed ahead  on cente rs of this  sort. In this government 
we have debated  whether the  governmen t should be runn ing such 
centers or whether they should be run via another framework.

We think we have the right  answer here. We would like to press 
ahead with not only one additional center but possibly three or 
four. If the cooperative automobile  research  proposal were ap­
proved, I thin k our approach would be two or three join t univer ­
sity-industry cente rs, where NSF provides more funding  to get 
projects underway.
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Dr. Sanderson. This package of activities  a long with the Founda­
tion-wide unive rsity- indus try cooperation really represents  a 
unique approach of the  Foundation and the  U.S. Government to 
building the bridges between the brain  tru st which we have devel­
oped in our basic research  community the univers ities, and U.S. 
industry,  which is the  motiva ting force to develop new products 
and processses and bring them to the market.

With our societal struct ure , I believe it represents a very sound 
approach. It is not the  approach the  Germans used, or the Japa ­
nese, because they  have  much more direct government involve­
men t in the ir programs. Unless we wan t to change our value 
system drastical ly, I don’t thin k we can adopt their  solution, but  I 
think  what  we are  doing here  may represent a U.S. approach to 
the  problem of building back this communication between the basic 
research  community and U.S. industry.

An interesting stat istic , one major Massachusetts technical uni­
vers ity of which I am aware, in the  forties and fifties, about 12 V2 
perc ent of th eir funds were  coming direct ly from industry . At the 
presen t time it is down to about  three percent.  Not only does th is 
represent  a change in the source of support which changes the 
cha rac ter  of the research  activit ies but  also it represen ts a real 
breakdown in communication between the  economically productive 
sectors of the economy, the priva te production sector  and the re­
search community.

Dr. Atkinson. Tha t was our real  input to the  Domestic Policy 
Review, namely, the  role of bridging this  gap. We have proposed 
the  generic technology concept as one step in that  direc tion.

Mr. Boland. Why did you take  a reduction in 1980 in this area?
Dr. Sanderson. Last yea r the  appropria tion had a ceiling on the 

programs in the ASRA direc torate. Tha t ceiling was below the 
request. If you add to that  the Congressional requ irem ents  to  initi ­
ate new programs, we were squeezed.

Mr. Boland. What  abou t the  1981 ZBB levels for this  program?
Dr. Atkinson. Almost everyth ing rela ted to the Domestic Policy 

Review does not have a high rank ing for NSF. We feel our mission 
is fundamental  research. This  effort would be near the  edge of the 
cuts.

Dr. Sanderson. In the  ZBB mate rial an enti re package  of mate­
rials  rela ted to Domestic Policy Review was submitted as a sepa­
rate package.

GEOLOGICAL SURVEY EARTHQUAKE RESEARCH

Mr. Boland. The Inte rior Subcommittee is interested in earth ­
quake resea rch funding. What is your tota l funding to the  United 
State s Geological Survey for research on ea rthquakes .

Dr. Sanderson. The budget for this year is about  one million one 
hundred-thousand dollars. I will provide the  tota l amount for the 
record.

[The information follows:]
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NSF FUNDING OF U .S . GEOLOGICAL SURVEY EARTHQUAKE RESEARCH
As a v it a l component o f the National Earthquake Strong-Mot ion program, 
the Foundation has provided support to the USGS to ma intain  and operate 
a na tio na l strong-mo tion  ins trume nt network. The princ ip a l e ff o rt s  o f 
th is  research program are to :

o Design appropria te strong-m otio n ins trument networks and arrays 
to prov ide data on reg ion al atten ua tio n,  loca l s it e  e ffec ts , and 
so il  fa il u re s ;

o Design approp ria te ins trumen tat ion  to study the response o f 
represen tative types of st ructures  at p o te n ti a ll y  damaging 
leve ls o f response;

o Evaluate  procedures fo r inst rument maintenance, and develop new 
ins trume nta tion to  improve ins trume nt qua li ty  and r e l ia b i li t y ;

o Develop an e ff ic ie n t system fo r co lle c ting  and labe lin g records 
from a major  earthquake;

o Catalogue and arch ive the exi st in g strong-m otion records, and

o Es tab lish a system fo r standard pro cessing , management, and 
dissem ination  o f the strong -mo tion  data.

During the eigh t Fis ca l Years 1973 through 1980, the  suppor t to USGS by 
NSF to ta ls  $5,330,404.
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ACQ UISITION  OF SEISMIC DATA

Dr. Sanderson. We support the strong  ground motion arra^,  the 
ins trume nts  which are insta lled and main tained by the USGS in a 
number of seismically active are as in order to get more exper imen­
tal data on the  strong ground forces which actua lly occur as a 
result of earthquakes.

It turns  out that data  is very scarce and it is very imp orta nt if 
you are inte rested in designing struc ture that  can with stand earth ­
quake  forces.

It is a very  complex problem underst and ing the actual forces a t a 
given building site.

Dr. Atkinson. One of our active components is the  U.S.-China 
exchange.

SCIE NTIFIC TECHNOLOGICAL AND INT ER NA TIO NA L AFFAIRS

Mr. Traxler [presiding]. Tur n to the  Scientific, Technological, 
and Intern ational Affairs sub-activity . You are  requesting $28.8 
million for the  Scientific, Technological, and Internatio nal  Affairs 
Direc torate.  That is an increase of about $2.7 million above the 
current plan  for 1980.

On page G-II -1 and 2 can you explain why the  NSF is perform­
ing studies of inte rnat iona l spread of innovations via the  foreign 
subsidiaries of U.S. based ente rpris es; and the  futu re regional dis­
tribu tion  of national synthetic fuel facilities—an area of definite 
inte rest  and responsibil ity in the Dep artm ent of Energy?

Dr. Averch. NSF also has responsibil ity for providing S&T policy 
research and analysis to the  Office of Science and Technology 
Policy and to OMB. We are  in energy policy to the  exte nt that  it 
suppor ts the Executive Office of th e President. The Dep artm ent of 
Energy, of course, does have access to our work and it provides an 
alte rnative  source of informat ion for decisionmakers.

Mr. Traxler. Is that  an alt ern ative  or a duplicate source of 
information?

Dr. Averch. An alternativ e.
Mr. Traxler. Are you aware  of the  many studies  th at  have 

already been performed in th is area?
Dr. Averch. Years ago th e Science Adviser was within the  NSF 

and there was an inte rnal  Office of Energy R&D Policy. NSF was, 
necessarily , quite active in th e science and technology policy aspect 
of energy.

Our current thr us t looks at larger  national trade-offs and does 
not infringe upon the specific domain of the Energy Depar tment .

The number of energy studies  has  dropped markedly since the 
Science Adviser left.

Mr. Traxler. We know “energy” research  is a  buzz word. I want 
to make sure  we are not dupl icat ing resea rch and spending the 
same dollar twice.

Dr. Averch. No. Our energy rese arch  has to do with science and 
technology policies concerned with energy . We do not have a gene r­
al purpose program in energy.

Mr. Traxler. Good. Did you obta in reviews of the  proposals of 
these  studies from the Department of Commerce and the Depart­
ment of Energy?
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Dr. Averch. The budget proposals?
Mr. Traxler. No; the  proposals for th e studies.
Dr. Averch. Oh, yes. The re is a practice  in the policy resear ch 

domain of obtaining both technica l reviews from the  scientific com­
mun ity and also consulting with  agency personnel. So, any energy 
proposal considered by us would have been coordinated with, and 
in man y cases reviewed by the  cognizant expe rts in the  Depart­
men t of Energy.

I should  make clear  th at  such reviews are  not formal agency 
reviews. The agency has no control over the  work. Rather,  we ask 
the  exp ert in the Energy  Dep artm ent for comments or perspective.

INTE RN AT IONA L ECONOMIC POLICY PROGRAM

Mr. Traxler. On page G-II-6, it states th at  an  Inte rnation al 
Economic Policy Pr ogra m has jus t been establ ished to address such 
questions as “in what  directions might  the  intern atio nal  monito r­
ing system proceed to insure  a stable economic envi ronm ent for 
inte rna tion al and domestic  commerce.” And, “is inte rna tion al co­
ordin ation  of domest ic economic policy having major internation al 
repercu ssions feasible.”

Why are you mou nting a new program th at  clear ly duplicates 
the  work that the  Tre asu ry Dep artm ent and the  departm ents  th at  
the y are  responsible for and  have undoub tedly majo r study projects 
in existence  over t he past several  y ears ?

Dr. Averch. This is an  initiative  th at  came at the  reque st of th e 
White House and dire ctly  from those in the  White House who have 
responsibility for inte rna tional  economic policy. Again, cutt ing 
across the agencies, it was felt th at  alt ern ative sources of in forma­
tion were needed. In thi s par ticu lar case it was also believed th at  
the  university comm unity had been moving away from this kind of 
social science research .

The White House felt tha t, given the  intern atio nal  economic 
problems we face, some incentive  should be provided for the  aca­
demic commun ity to engage in larg er issues of internation al eco­
nomic policy th at  are not so much a concern to Trea sury or to 
Commerce b ut to the  coun try as a whole.

It was p ut in NSF I think, because we have done work on aspects 
of inte rnat iona l economic policy, par ticu larl y technology tran sfer . 
Also, our record of dealing fairly with both decisionmakers and 
with the  unive rsities is well known.

BEHAVIO RAL ASPECTS OF INFORM ATION TRA NSFER

Mr. Traxler. Tur n to page G-IV -6, the  ju stifications discuss the  
major resea rch questions of the behavioral aspects of informatio n 
transfer for which you are reque sting $1.6 million. We talk ed about 
this last year. You indicated here th at  the  thr ee main direc tions 
for researc h remaine d unchanged.

How much money have you spen t on this  activity since its incep ­
tion?  Also give us some examples of what you have learn ed and  
how long do you suppose you’ll have to continue funding this  are a 
of research?

60-7 70  0 - 8 0 - 1 4
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Dr. Averch. We have spent  in propor tion to the budget. Info rma­
tion science is considered a basic science and we expect to support 
it as long as it competes  well with othe r sciences.

A number of d ifferent examples of information science rese arch  
are listed for you in our significant achievements. One might say 
that information science is perhaps closer to application tha n most 
basic research . When the Congressional members use computers 
and the Congressional Research Service uses indexing schemes, 
they are based on fundamental work in information science and 
that is th e kind of work we would expect to continue  to support. I 
will supply addit iona l information for th e record.

[The information  follows:]
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A to ta l of $1 , 26 7,  2 67  h as be en  aw ar de d fo r th is  ac ti v it y  si nce  it s  
in ce pt io n.

Th e B eh av io ra l A sp ec ts  of  In fo rm at io n T ra n s fe r p ro g ra m  el em en t 
is  co nc er ne d with  the  hu m an  fa c to rs  in vo lv ed  in  in fo rm at io n tr a n s fe r,  
and es p ec ia ll y  with  im pr ov in g the  tr a n s fe r  of in fo rm at io n be tw ee n 
pe op le  and m ac hin es .

Th e Ke me ny  R ep ort  an a ly si s of the  T h re e  Mi le Is la nd ac ci de nt  (R ef  1)  
ci te d as  m ajo r cau se s poo rl y de si gn ed  co nt ro l p an els  ha ving  in fo rm a­
tio n tr a n s fe r ra te s  an d o th e r fe a tu re s in co m pa ti bl e wi th hu m an  p ro c e s s ­
ing  ab il it ie s.  A re c en t a r ti c le  (R ef  2)  c it es the  u rg en t ne ed  fo r b e tt e r 
und er st an di ng  of how  d is p la y s,  co n tr o ls , and  p ro ce d u re s sh ou ld be 
de si gn ed  to pr ov id e th e in fo rm at io n ne ed ed  to co n tr o l co m pl ex  and  
da ng er ou s sy st em s in cl ud in g bu t no t li m it ed  to n u c le a r po w er  pla nts  
and a ir  tr af fi c co n tr o l,  and s tr e s s e s  the  la ck  of dat a on hu man  e r r o r s . 
A ll fo urt ee n p ro je c ts  fund ed  un de r the  B eh av io ra l A sp ec ts  of In fo rm at io n 
T ra n sfe r p ro g ra m  el em en t a re  s ti ll  in  p ro g re s s  and al l a re  co nc er ne d 
wi th th es e and  s im il a r  hu m an  fa c to rs  p ro b le m s.  T h eir  ti tl e s  ar e:

o "D ec is io n- m ak in g and in fo rm at io n p ro cess in g  in re a l- ti m e  ne tw or k 
m od el s.  "

o "M ode lin g of hu m an  be ha vi or  in  se ek in g and  gen era ti n g  in fo rm at io n.  " 
T hi s p ro je c t' s  go al  is  to de ve lo p an aly ti ca l te ch ni qu es  fo r th e des ig n 
of  co m pu te r sy s te m s wh ich  ca n ad ap t th e hu m an -c o m p u te r in te rf a ce  
to b est  m ee t th e ne ed s of the  p a r ti c u la r  sy st em  u s e r  a t th e m om en t.

o "H um an re q u ir e m e n ts  in in fo rm at io n re tr ie v a l.  " Th e pri n ci p al  
in v est ig ato r is  a  di st in gu is he d hu m an  fa c to rs  ex p ert , pas t 
P re si d en t of  th e Hu ma n F a c to rs  So ciety an d of the  So cie ty  of 
E ng in ee ring  P sy ch o lo g is ts . Th e p ro je c t se ek s to ob ta in  q u an ti ta ­
tiv e da ta  on a s p e c ts  of hum an -i nf or m at io n re tr ie v a l sy st em  
in te ra cti o n s.

o "D es ign ing  in fo rm at io n  sy st em s fo r m ore  ef fe ct iv e use  in dec is io n 
m a k in g . , r



'A re li a b il it y  th e o re ti c  c o n s tr u c t fo r docum ent u sa g e  an d in fo rm a ­
ti on  flow . "

'R e se a rc h  on  b e h a v io ra l v a r ia b le s  re la te d  to  in fo rm a ti o n  sy s te m s . 
T h is  p ro je c t' s  goal is  to  devel op an  in te ra c ti v e  in fo rm a ti o n  sy s te m  
fo r  u se  by  r e s e a rc h  s c ie n t i s ts .

"H um an  a tt en ti on  an d p e rfo rm a n c e  li m it a ti o n  in  p ro c e s s in g  v is ual 
in fo rm ati on . "

"R e se a rc h  in  n a tu ra l la nguage  m an -m ach in e  in te ra c ti o n . "

"R ep re sen ta ti o n , r e t r ie v a l , an d re o rg a n iz a ti o n  of  conceptu al 
in fo rm ati on . " In te nded  to  p ro v id e  ne w in s ig h ts  in to  m em o ry  
an d cogn it iv e p e rfo rm a n c e  w hi ch  w il l y ie ld  b a se li n e  d a ta  fo r 
a s s e s s in g  in fo rm a ti o n  p ro c e s s in g  sy s te m s .

"T ex t p ro c e ss in g  e ff e c ts  an d m em o ry  re c a l l.  " C o n cern ed  with  
th e n a tu re  of  m e c h a n is m s  capab le  of  p e rf o rm in g  in fe re n c e s  
s im i la r  to  hu m an  re a so n in g  w ith th e goal  of  dev elo p in g  in fo rm a ­
ti o n  sy s te m s  a tt uned  to  u s e r  kn ow le dg e re q u ir e m e n ts .

" in fo rm a ti o n  p ro c e s s in g  of lo gog ra ph ic  an d a lp h ab e ti c  w ri ti ng  
s y m b o ls ."  Sh ou ld w ord s o r  sy m bo ls  a p p e a r on  c o n tr o l p a n e ls ?  
T h is  p ro je c t is  ex p ec te d  to  co n tr ib u te  to  th e desi gn  of m o re  
e ff ic ie n t m an -m ach in e  in te r fa c e s .

"E le c tr o n ic  in fo rm a ti o n  exchange in r e s e a rc h  on  d e v ic e s  fo r 
th e  d is a b le d ."

"C o m p u te r te rm in a l re q u ir e m e n ts  fo r o n -l in e  ca ta lo g s  in  
l i b r a r i e s . "

"A NS I C om m it te e  Z 39 . " C om m it te e  Z3 9 of  th e A m e ri c a n  
N ational S ta ndard s In s ti tu te  develo ps s ta n d a rd s  re le v a n t to 
in fo rm a ti o n  sy s te m s , l i b r a r y  a c ti v it ie s , an d in fo rm a ti o n  an d 
d a ta  ha nd ling  in  a ll  m e d ia .

R e fe re n c e s

R ef 1. R ep o rt  of  th e  P r e s id e n t 's  C o m m is s io n  on th e A ccid en t 
a t T h re e  M ile Is la n d , W as hin gto n, DC , O c to b e r,  1979 .

R ef.  2.  "H um an  e r r o r  in  n u c le a r  pow er  p la n ts , " T ec hnolo gy 
R ev iew , F e b ru a ry , 1980 , pp . 22 -3 3 .
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STIA ZBB BUDGET

Mr. Traxler. Dr. Averch, do you also use ZBB within your 
Directora te to ran k the  programs and the  various program levels 
with in those programs?

Dr. Averch. Yes.
Mr. Traxler. For the  record, would you provide us with your 

own ZBB analysis of you r programs from top to bottom with the 
highest rank ing program throu gh the  bottom ranking program.

[The informat ion follows:]
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Mr. Traxler. We spent a great deal of money on this  activity . 
Dr. Averch. Not rela tive  to its impor tance  in the  economy.
Mr. Traxler. We are  talk ing about  spending $25-30 million a

year.
Dr. Averch. You are talking about two to three percent of the  

NSF budget.

CROSS-DIRECTORATE PROGRAM

Mr. Traxler. Let’s tu rn  to the  new cross directorate programs 
tab  which is displayed  on page H -l.  You are  requesting $51.9 
million for this activity —an increase of roughly 100 percent or 
$26.4 million above th e current plan for 1980. It would appear  that  
in the  budget exercise last  fall OMB gave you some additional 
funds and that you pu t it in this  new cross directorate program 
activity. I would now suspect that  since OMB is about ready to 
take some money away—and I know you may have  cur ren t infor­
mation on thi s-----

Dr. Atkinson. We have  brought Mr. Boland up to date; the 
information is tentative.

Mr. Traxler. Yes. Would you bring me up to date  on this exer­
cise?

Dr. Pimentel. I can recapitula te briefly. It is tru e that some of 
the  intiat ives appear in the  Cross-Directorate program; if NSF 
sustains  a large budget cut, the  initiative s will be susceptible to 
such a cut.

Dr. Atkinson. An example is the  special facilities line item in 
the  budget.

A big par t of that  line item is a new effort in the  Founda tion for 
the  renovation of research  laboratories.

Last year, HEW S ecretar y Califano argued for improved labora ­
tory facilities. This year, thro ugh  the  budget process, the  initia tive 
was given to the National  Science Foundat ion.

Mr. Traxler. But this  activ ity is new so it doesn’t have a large 
consti tuency  yet.

Dr. Atkinson. We d idn’t quite see it that  way.

industry/ university cooperative research program

Mr. Traxler. Let’s tur n to page H-2 which describes the Indus­
try/Un iversit y Cooperative Research Program. You are  apparently 
placing a very high prior ity on this activity. Why is tha t?

Dr. Atkinson. The program emphasis resu lts from the  Domestic 
Policy Review on industrial  innovation. A key concern of tha t 
review is th e estab lishm ent of close links between indu stry  and the 
university science community.

This funding is designed to ensure cooperative research  efforts 
between industry and universit ies where the  joint  research  would 
also help to build relat ionships  between industry  and university 
scient ists. This is the  component for which we received support.

Mr. Traxler. Is it j ust  basic  research?
Dr. Atkinson. Some applied work can be done und er this pro­

gram,  but, we thi nk  of it  as basic research with  an added require­
ment: a cooperative rela tion ship  between a universi ty and an in­
dus try laboratory.
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The universities  are  enth usia stic  abou t the  program because 

their  grad uate stud ents  are  moving not  into universi ty positions 
but into industry; the  program gives the  univ ersi ty scientist and 
university grad uate  studen t a closer tie to the industr ial research 
world. The indu stria l world has the benefi t of seeing the lates t 
work being done in the  univ ersi ty and of working cooperatively 
with university sc ientists.

NSF has been funding this effort for several years, exciting 
projects have been done, a nd we are  reestablish ing links  tha t previ­
ously existed between universit ies and indus try.

The program could be susceptib le to budget cutting, but we wouldn’t want  to elim inat e it.
Mr. Traxler. Your just ifica tions indicate that  t he  budget request 

in 1980 from 1979 was reduced by about 30 percen t or $1.4 million.
Dr. Atkinson. I believe ceilings and constra ints  were placed on some programs. That is true?
Dr. Sanderson. That was perhaps part of it but also in both 

fiscal years  1979 and 1980, the  current plan is higher tha n the 
budget  request. The same thing occurred in 1979. We started off 
the  program not ant icip atin g the high degree of intere st and sup­port  i t would receive from the  research communi ty.

REPROGRAMMINGS

Mr. Traxler. You have  asked for two reprogrammings for this  
program in 1980—the first last December and the  second one is 
cur ren tly before us in the amount of about $1.4 million. Of course 
we haven’t made a decision on th e second reprogramming.

Since you only asked  for $4 million for this  activity , I cannot 
understand why with only thre e months of the  fiscal year behind 
you, you began to do a flip-flop here. Where is the  pressure coming from for thi s money?

Dr. Atkinson. The firs t reprogramming was based on what we 
judged to be the  rem arkable flow of quality proposals. The second 
reprog ramming resu lted  from the  Domestic Policy Review. We 
knew we would have a large increase in fiscal year  1981, and we 
sought to develop a smooth  tran sition in funding from fiscal year 1980 to fiscal year 1981.

Mr. Traxler. One of the  things we are  concerned  about is the 
rapid  expansion of th e program we a re going to see an inability to 
manage it properly? With this dram atic  increase, is i t possible th at  
indu stry  will back away when they know and the  Federa l govern­
men t will assume the  dominant basic research  suppo rt role.

Dr. Atkinson. We have worried a great deal about the manage­
ment.  I personally have  been involved in the  selection of the man ­
ager  and t he development of guidelines for the  program.

In answer to your  second question, we requ ire applicants  to 
certify  tha t these  are new projects—projects th at  would not have 
been conducted in the cur ren t resea rch budget of the indus try.

Dr. Sanderson. One of the  more inte rest ing things Dr. Pimenta l 
and  I have been part icipating in is an effort with the chemical 
indus try. The chemical indus try has become quite concerned about 
the  decline in communications  with the  university research  
community. They have  made strong commitments , thanks  to this
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program, to provide addit ional  funds on top of what they would 
normally  have provided in order to be more responsive to this 
opportunity to work with the university resea rch community.

Mr. Traxler. Frankly , the  funding level in this  program sug­
gests tha t the prior ity it enjoys was not in your  own budget but 
someone else’s. Is the re any tru th  to that?

Dr. Atkinson. The program has a high prior ity in the Domestic 
Policy Review. In that  sense, it has added money to NSF’s budget 
because the President decided he should pursue this  program.

We would not argue th at  the program should replace basic re­
search programs, but we would want  a core of activi ty even at the 
expense of the  unive rsity research programs.

Mr. Traxler. If the Commit tee does not reauthorize your second 
reprogramming, what  would you do with  tha t activity?

Dr. Atkinson. It is programmed out of th e basic research  area; 
the funds would still be directed at this industry-universi ty cooper­
ative  effort. I would not want the second reprogramm ing if the 
program would grow only at  th e cost-of-living rate  o r less.

Mr. Traxler. Even if you are subject to revisions this week or 
next  week?

Dr. Atkinson. Yes. The funding comes out  of th e basic research 
programs.  It would still go to universities in this  program but 
cooperative research would be required.

Mr. Traxler. Mrs. Boggs. Feel free to int err up t at any point.
Mrs. Boggs. Thank you, Mr. Traxler.

SPECIAL FACILITIES IMPROVEMENT PROGRAM

Mr. Traxler. On page H-5, you are requesting $20,250,000 an 
increase  of $12,150,000 for Special Facilities  and Instrumentation. 
Is th is a new program and if so, tell us why it is necessary  to s tar t 
a brand  new program?

Dr. P imentel. The Faci lities  Improvement Program was initially 
proposed by Mr. Califano in HEW because over the  past decade 
none of the  Federal agencies has mounted any significant programs 
of facilities  improvement at  universities—specifically research  
facilities.

The proposal for th is program was concentrated on fundamenta l 
research, and consequently NSF was considered the proper place to 
lodge such a program. The funding, $14.25 million, indicates tha t it 
is only a  beginning on a s ignific ant accumulated need.

We would use th is funding  for modernizing and improving exist­
ing resea rch facilities to handle the modern, sophisticated ins tru­
mentation  that is now being used in research. If th is program gets 
under way, it is likely to require additional funding in future  
years.

Mr. Traxler. How much other instrume ntat ion and facility 
money is available?

Dr. Atkinson. This is not inst rum entatio n money. And it is not 
for new buildings but, for renovat ion of laboratories.

Dr. Pimentel. Safety precau tions,  ventilation and similar items. 
Another of the ross-directorate programs, one expressly directed at 
research inst rumenta tion but  limited to two- and four-year col­
leges, is being continued at the  $3 million level.
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Mr. Traxler. Mrs. Boggs?

SCIENCE EDUCATION  PROG RAMS

Mrs. Boggs. The excit ement about the  program th at  NSF had 
init iated in the  jun ior  high schools was that  the  app etite of the 
young people would be so whet ted that  they  would begin to 
demand bet ter  laboratory  conditions,  bet ter  ins trum entatio n and 
bet ter  envi ronmenta l conditions within  the  laborator ies them ­
selves.

I am just distressed the re are  no funds in HEW th at  can match 
the  kind of new learning  and new techniques th at  these  young 
people could pick up if the y were able to be a pa rt of the  NSF 
program.

Dr. Atkinson. You will have  an able representative  in the De­
partm ent of Education in the person of Dr. Ruthe rford . He is to be 
the  Assistant Secre tary for Educational Research and Improve­
ment in the  new departm ent.

Mrs. Boggs. Mr. Chairman, as you know, we have  a television 
series that  will be geared to the  young people who a re a littl e more 
ma ture with the hope th at  young people will become interested  in 
science.

There is not much poin t in training the  teac hers and having  the  
show to excite these intere sts  unless we have the  facilities in the  
schools to carry through  on this.

I would hope to  see throug h a coordina ted and cooperative effort, 
some progress be ing m ade next  year in this  area.

Dr. Rutherford. It is not only lack of facilit ies but also ins tru ­
mentation . There  was a time when the  Office of Education pro­
vided apparatus for the high schools. They no longer do tha t.

The television show seems to be working. It has already the  
second highest chi ldre n’s audience next to Sesame Street .

Mrs. Boggs. Pardon a personal reference, but  my granddaughter 
who is nine has become not only more inte rested in science but  in 
mathematics as a  resu lt of the show.

As you well know, I feel very strongly th at  the  only way we a re 
going to get more young  women into positions in the  scientif ic field 
is by making  opportuni ties available to them early enough so tha t 
they will choose science as a career.

Dr. P imentel. You are  c ertain ly right ; the  need for equipment in 
the  junior high schools is going to be very grea t. There  is no chance 
the  NSF could mee t it. With so many jun ior  high schools the  
program must  be a Dep artm ent of Educat ion activity.

Mrs. Boggs. If I may add this  one thought: with the decrease in 
the  school popula tion wre are  beginn ing to see a tren d toward 
bet ter  utiliza tion of high school facilities. They are  now beginning 
to use a four-year high school system, instead of thre e years, in 
order  to more efficien tly use the  physical  facilities of the  high 
schools.

Dr. P imentel. We might bridge the  gap a bit.
Mrs. Boggs. Yes.
Mr. Traxler. Afte r all this conversa tion, if the  P resid ent reduces 

your budget request, is th is an area that  will be impacted severely?
Dr. Atkinson. Yes. Facilities improvement is one of the  items.
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PROGRAM DEVE LOPM ENT AN D MA NAGEME NT

Mr. Traxler. Turn to Program Development and Management 
on page 1-1. You are requesting a limitation  of $60,800,000 and 
1,293 positions for fiscal yea r 1981. This is an increase  of $236,238 
over 1980 when $2,547,762 in carryover funds and $84,000 tra ns­
ferred to th e Departm ent of Education are  considered.

You are requesting an additional 19 positions above fiscal year 
1980?

SENIOR EXEC UTIVE SERVICE POSITIONS

Last yea r’s detai led schedule of permanen t positions indica ted 
137 Excepted Executive (EE) positions in fiscal year 1980. This 
year’s detailed schedule  of permanen t positions shows twelve EE 
positions and 129 Senior Executive Service (SES) positions in both 
1980 and 1981.

How did you determine  which EE positions would be converted 
to the Senior Executive Service? Why were not all EE positions 
converted to the Senior Executive Service?

Mr. Ubois. All the  grades were reviewed first  w ithin the  Nat ion­
al Science F ounda tion and then negot iated with the Office of Pe r­
sonnel Management with regard to the  tota l number of positions 
that we would have  within  SES and as to the ir special cha rac ter  
and so on. On a position-by-position basis OPM reviewed and ap­
proved our request for SES positions.

Dr. Pimentel. It was a detailed  negotiat ion, position-by-position, 
with OPM.

Mr. Traxler. Why does the  tota l of EE and SES positions for 
1980 (141) shown in this  y ear ’s budget increase over the num ber of 
EE positions for 1980 (137) shown in last  ye ar’s budget?

Mr. Ubois. Prog rams  come and go and the  level of effort and 
responsibility required for management changes  over time. We 
have adjusted many of those downward, and we have elim inate d 
some in connection with  p rogram matic  em phasis  and changes.

Mr. Traxler. Can you te ll us how much is inc luded in your 1981 
reques t for SES bonuses and compare that  with fiscal year  1979 
bonuses for EE positions?

Mr. Ubois. There were no bonuses for EE positions in 1979. I 
thin k ther e is something less tha n $400,000 included in the  1981 
request for bonuses.

Mr. Traxler. Fine, for the  record, provide the  amount budgeted 
for fiscal year 1981.

[The information follows:]
SES Bonuses in Fiscal Year 1981

The  amou nt budgeted for SES bonuses  in fiscal yea r 1981 is $397,000.

SUPERGRADE AND SES POSITIONS FILLED

Mr. Traxler. The number of “supergrades” at the Founda tion 
continues to increase. The NSF had 130 in 1977, 131 in 1978, and 
the  budget indicates 141 for 1981. How many “supergrade” posi­
tions  are curr ent ly filled?

Mr. Ubois. I would have to supply that  for the  record.
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[The informat ion follows:]
Supergrade Positions Currently Filled

Currently, 111 SES and 12 non-SES supergrade  positions a re filled.

COMPETITION FOR SES POSITIONS

Mr. Traxler. Do you think  th at  is an unreasonable  increase in 
your  sup ergrade positions?

Mr. Ubois. We c erta inly  don’t think so and we are  deligh ted to 
say OPM doesn’t think  so. As you may know, 0PM  had a limited 
number of SES positions to dis tribute  government-wide. There was 
in effect competition among agencies for how many  SES positions 
each agency would be able to have out of th at  pool. We have to 
just ify on a  position-by-position basis a ll of our SES positions.

Mr. Traxler. Do you ant icip ate  furt her  increases  for 1982?
Mr. U bois. Not a t this  time.
Mr. Traxler. T hat  was a good answer.

STAFFIN G STUDY

On page 1-4 is ment ion of the  Agency staffing study completed 
last  fall. We discussed th is briefly last  year .

Has the  Founda tion used this study  to shif t resources between 
program directo rates?

Dr. P imentel. Yes, sir. Our ent ire discussion of bil let needs with 
0MB was based on the  staff ing study. We had listed billets, posi­
tion-by-position, directly  from the sta ffing  study.

Mr. Traxler. Do you feel that  each of your program direc torates 
is properly  and adequately  staffed according to the  study?

Dr. Pimentel. Our staff ing study identif ied a need for 31 addi­
tional billets in FY 1981.

We were permitted  a n increase of 19 bil lets. I would say t ha t any 
difference  between FY 1980 and FY 1981 represents additional 
need. The Preside nt’s init iatives  added very signif icant  programs to 
NSF activities, and we diverted to new activiti es some of th e billet s assigned to us.

Dr. Pimentel. We asked  for 31 but  received 19. Tha t represen ts 
the  documented  need and  the  new initi atives such as the  Ocean 
Margin  Drilling  program and the  very large expans ion of the  in­
dustry-universi ty cooperative effort caused us to divert 12 of the  
assigned positions just ified  by the  staffing study to the  new pro­grams.

Mr. Traxler. In view of your shortage of adm inis trative posi­
tions, do you feel you can adequately adm inis ter the  programs?

Dr. Pimentel. We are  managing sta ff carefully  to make sure  
th at  the qual ity of NSF’s review process is maintained , even 
though we feel NSF would benef it from those additional billets.

CU RR EN T STATUS OF POSITIONS

Mr. Traxler. Your justi fications on page 1-1, indicates 1,274 
perm anent positions in 1980 and 1,293 in 1981. This is a n increase  
of 19 perm anent positions. How many positions are currently 
filled—both perm ane nt and other?
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Dr. P imentel. Do you mean of those 19 positions?
Mr. Traxler. No; yo ur tota l perm anent positions.
Mr. Ubois. We have 1,253 people cu rren tly on board of the  1,274. 
Dr. P imentel. T hat  is an estimate.
Mr. Traxler. Those are  p ermanent positions?
Mr. Ubois. Yes, sir.
Mr. Traxler. Do you have any temp orary  positions?
Mr. Ubois. Yes, we do.
Dr. P imentel. We will provide the number for the  record.
[The information follows:]

Numb er of Temporaries

On February  29, 1980, the  Foundation  had 10 employees on-board in temporary 
positions. Three employees were working part-time and seven were working full­
time. The seven temporary employees working full-time are included in the 1,253 
total  on-board strength figure.

HIRING  FREEZE

Mr. Traxler. What would be the effect of a hiri ng freeze on the  
National  Science Foundation?

Dr. Pimentel. Let me assume th at  the  hirin g freeze will be like 
the  one we had a year ago in which we were perm itted to b ring in 
one for each two who left. We would use the  replacements where 
the  pressures are greates t, and we would use tempora ry positions 
while we await the num ber  of people required to meet the need in 
a specific area.

It was difficult last time; it is plain it will be difficult again this 
time.

But if NSF takes a large budget cut in FY 1981 some of the 
initiative s will be cut. Th at would mean the  personnel diverted 
from othe r programs could be retu rned—unpleasan t but some 
relief.

personnel compensation and lapse rate

Mr. Traxler. Wha t lapse rat e is assumed in the  funds for both 
1980 and 1981? What was the actua l lapse rat e in 1979 and 1978?

Dr. Pimentel. The assum ption  is 3 percent for the  positions 
carr ied over from 1979. We assume  a 33 percent lapse rate  for the 
20 new positions, added in FY 1980, 3 percent for th e positions tha t 
we alre ady have.

Mr. Traxler. Did you give me the lapse rat e for 1978?
Dr. Atkinson. Tha t is rough ly how we based our percents. It ’s 

5.5 percent .
Mr. T raxler. And for 1979?
Dr. Atkinson. It was 6.5 percent. Because of the hiring freeze it 

was higher in 1979. Obviously, our 3 percent lapse rat e projected 
for 1980 will be higher if there  is a hiring freeze.

Mr. Traxler. Again, wha t is the lapse rat e that  you are  assum­
ing for 1980 and 1981?

Dr. Atkinson. For permanen t positions, 3 percent. But for new 
positions, a s Dr. Pim entel said, 33 percent.

We have a problem with recruitment. We requ ire a national  
search with national advert ising,  so we cannot fill those positions
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as quickly as we might like, the  assumption of 33 perc ent is about 
right.

Mr. Traxler. In the  even t that  the Pres iden t reduces  your 
budget, could the number of new positions also be reduced? Is there  
a corre lation between that  increase and the  funds available for 
grants?

Dr. Pimentel. As I indica ted, NSF would need those  people in 
the activ ities from which the y were taken, so the re is no immedi­
ate correlation.

Mr. Traxler. Of your  20 additional positions th at  you were 
granted in 1980, how many have  been filled?

Mr. Ubois. Approx imately  14 of tha t 20, sir.
Mr. Traxler. Can you provide for the  record when they were 

filled?
[The information follows:]

60-7 70 0 - 8 0 15
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NEW FY 1980 POSITIONS CURRENTLY FILLED

Cur rent ly,  14 of the 20 posi tions  are fil le d. These posit ions and dates they were 
fi lle d  are as follows:

Pos ition  T itl e Grade Entry  on Du ty

1. Ass istant General Counsel
2. Program Assistant
3. Program Office r
i t . Secretary
5. Professional Assistant
6. Program Manager
7.  Secretary
8. Section Head
9.  Section Head

10. Program Assistant
11. Secretary
12. Program Manager
13. Specia l Assistant
14. Secreta ry

EE-11 2/10/80
GS-7 10/22/79
EC -13 7/19/79
GS-6 7/2 /79
GS-9 1/28/80
EC -14 8/15/79
GS-5 8/27/79
ES-4 8/6/79
ES-4 7/16/79
GS-7 8/5/79
GS-7 3/16/80
EC-13 11/1/79
GS-14 2/10/80
GS-5 9/17/79

Positions fi lle d  prior to  October 1, 1979 were in an tic ipa tion of the 20 positions being 
author ized in FY 1980. If the pos itions had not been authorized,  they would have 
been o ffs et  from  vacancies of  e xis ting low er priori ty  positions.
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COMPENSAB LE WORKYEARS

Mr. Traxler. This year’s personnel summary table  shows 1,380 
staff-years in 1981, an increase of 93 over 1980. Why the large 
increase in the  staff-years in 1981? Your permanen t positions only 
increased by 19.

Dr. P imentel. Repeat th e question, please.
Mr. Traxler. Your personnel summary table, which we got out 

of the  budget book, shows tota l number of positions for 1981 at 
1,293, and your total  compensable staff-years at 1,380, an increase  
of 93 staff-years over 1980. The question is why the  large increase  
in staff-years in 1981? Perma nen t positions only increased by 19.

Dr. P imentel. Dr. Wilson is the head of NSF’s Office of P lanning 
and Resources Management.

Dr. Wilson. The total  includes par t time, tem pora ry and consult­
ants as well as full-time permanen t staff.

Mr. Traxler. What type  of work is going to be accomplished 
with this  increase?

Dr. Pimentel. Are you talk ing about the  new billets?
Mr. Traxler. Your 1,380 staff-years in 1981.
Dr. Wilson. Total staff-years, in addition to full-time permanent, 

include consu ltants  th at  we bring in to advise on programs and 
part -time people we b ring  in for c lerical and secreta rial  help with 
the  workload during peak  periods.

Mr. Traxler. Why do you need 93 more staff-years in 1981?
Dr. Wilson. I cannot answ er that  in detail.  I will have to supply 

th at  for the record.
Mr. Traxler. Fine. Is NSF being controlled by both positions and 

staff-years? Next year,  I unde rstand th at  all agencies will be con­
trolled by staff-years.

Dr. Wilson. No. It will sta rt in fiscal year  1982.
[The information  follows:]

Increase in Compensable Workyears 1980-81
The 93 increase referred to is the difference in compensable workyears between 

fiscal year 1980 and 1981 shown in the National Science Foundation’s Personnel 
Summary  in the Appendix to the Budget of the U.S. Government—fiscal year 1981.

Compensable workyears are  calculated according to instruct ions contained in 
OMB Circular No. A -l l.  They are actual workyears based on fiscal year  1979 
payroll records and estimated workyears for fiscal year 1980 and fiscal year 1981 
based on the amounts included in the budget for perm anent personnel, temporary 
and part-time employees, studen t aides, consultant  compensation and terminal 
leave. In calculating the estimated compensable workyears for fiscal year 1980, the  
$2.5 million car ryover of fiscal year 1979 funds which the  Foundation was d irected 
to apply to the  fiscal year 1980 costs of the October 1979 pay raise was inadverten tly 
omitted. When this amount is included in the calculation, the increase in compensa­
ble workyears in fiscal y ear  1981 is 17 rather than 93. The 17 compensable workyear 
increase results  from the 19 additional positions lapsed for part-year funding and 
approximately one additional  workyear of consultan t compensation.

Mr. Traxler. Tha nk you.'

OFFICE OF SCIENCE AN D TECHNOLO GY POLICY

On page 1-2, looking at the  middle of the page, the just ifica tions 
indicate that  the  Founda tion does work for the Office of Science 
and Technology Policy.
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Wha t type of work do you do for the  Office of Science and 
Technology Policy?

Dr. Atkinson. Dr. Averch is responsible for much of th at  effort; 
he can describe it.

Dr. Averch. The kinds of studies  we do are  analytic  back-up 
studies for policy issues th at  confront  Dr. Fra nk Press  and others  
in the  White House. For example, we are  currently reviewing the 
procedures used by agencies to factor in scientific and technological 
information in the regu lato ry process.

Some in-house staff work would address  that  issue. There are 
also energy questions, but  I will give you more examples for the 
record.

[The information follows:]
NSF Policy Work in Support of OSTP Staff

Some exam ples  of  stud ies and  ana lyses car ried  out  by STIA sta ff at  the  request of 
OSTP are: Inte ragency Study of Nonfu els Mine rals;  Domestic Policy Review of Solar  
Energy; Annua l S&T Report, 1978, 1979, 1980; Ind ustrial Innova tion  Domestic 
Policy Review; and Five-Year Outlook I, II.

Dr. Atkinson. This is a Congressional requ irem ent for policy 
analys is in support of th at  Office.

Dr. Averch. Another good example  was the  analysis that we 
helped them do for the  Pre sident ’s Domestic Policy Review of 
Industr ial Innovation.

Mr. Traxler. We ap prec iate  your break ing down the  cost—both 
in term s of funds and staff-years—associated with this  effort for 
the  record. Also, what did the  Office of Science and Technology 
Policy do for NSF in 1978 for $30,000?

[The information follows:]
STIA FINANC IAL AND STAFF SUPPORT TO OSTP

Staff e ff o rt 2  

C ost1 (person - 
yea rs)

Fiscal year 197 8. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3  $549 ,411 8

Fiscal year 19 79 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34 0,1 60
Fiscal year 1980 (current  year es tim ate) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 58 5,9 16  9

1 Inc ludes cos ts to r gran ts , contracts,  and consultan t support.
2  Covers all di rect  st a ff  tim e, inc lud ing supervis ion,  man agement, and oversig ht of  pro jects.

3  H igher level re fle cts 2-year cyc le of "Five -Yea r Out loo k"  report

NSF AWARDS TO FEDERAL AGENCIE S

Mr. Traxler. I am advised th at  Mr. Conte may have touched  on 
this  subject this  morning, b ut let ’s proceed with it anyway.

You made 93 gran ts and/o r contrac ts total ling over $41 million 
to othe r Federal agencies in 1979—primarily the  Dep artm ent of 
Defense. Und er what other  circumstances does NSF make  gran ts 
and/o r make  contracts with other Federal agencies? You can pro­
vide th at  for the  record.

[The informat ion follows:]
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NSF Guidelines for Support of Research Performed by Other Federal 
Agencies

National Science Foundation policy guidelines outlining the circumstances under 
which NSF makes grant s and contracts with other  Federal agencies are  contained 
in NSF Circular No. 108 (Revision 3), dated March 6, 1979, title  “Support of Re­
search, Science Education, and Related Activities Performed by Othe r Agencies. 
This C ircular is quoted below:



NATIONA L SCIEN CE FOU NDA TION
Office o f  the Direc tor 

Wa shington, D.C . 20550

NSF  CIR CULA R NO. 108
(Revision No. 3)

ADMINIS TRA TION AND MANA GEMENT Ma rch6. 1979

Subject: Support of Research, Science Educatio n, and Related Activities Perform ed by Other Agencies

1. Purpose . This Circu lar establi shes  general rules to 
govern the use of NSF  funds to sup port research, 
educa tion,  and o ther rela ted act ivities to be performed 
by othe r Federal agencies.

2. Cancellation.  This Circula r cancels  NS F Circular 
No. 108 (Revision No. 2) dated Octobe r I, 1977.

3. Scope. The term “Federal  agency" as used herein 
refers to all elements of the Federal Government, as well 
as the Smithsonian  Institution , and Federally- funded 
research centers, such as the Oak Ridge National 
Laboratory , and others.

4. Policy. The Fou ndation  is expressly authori zed by 
its own statu tory authority to sup port research 
performed by other Federal agencies. (See Section 14(f) 
of the  NSF Act.) The Foun dation assumes however, 
tha t each agency in pursuit of its own mission, and  with 
due regard for  the provisions of Executive Order 10521 
relat ing to the support of basic research, requests 
appropria tion s for the support of research appropriate 
and necessary to tha t mission. Therefore, it is Foun da­
tion  policy not to encourage research p roposa ls from 
othe r Federal agencies except in pursuit of specific NSF 
objectives. Other Federal agencies, the ir employees or  
facilities contractors are not eligible tocompete for NSF 
suppor t unless a proposed  project meets one or more  of 
the exceptions  in parag raph 6., below.

5. Background. In supporting individual scientific 
projects,  the  Foundation seeks to accomplish a  variety 
of object ives in ad dition to the accomplishment o f the 
specific proje ct. These include the stren gthe ning  the 
research staf f of perform ing organ izatio ns, training 
graduate and  unde rgraduate students; and otherwise 
providing sup por t to educa tional and nonprofi t or 
other private organizat ions in a way which will advance  
the general progress of scientific research. Generally, 
these broad objectives are best accomplished if 
Fou nda tion  fund s are allocated to the sup por t of  
scientific research at academic and othe r nonpro fit 
organiza tions , or othe r private organizat ions as set 
forth  in NSF Circular No. 113, “Pa rtic ipation  of 
Industry in N SF Pro grams.”

6. Exceptions.
a. Scienti fic Research Projects. Research pro jects 

from Federa l agencies that enable NSF to serve more  
efficiently the research needs of scientists from 
academic  or othe r insti tutions may, on occasion, be 
recommended for sup por t. Such proposals must be 
presented to the app rop ria te Assistant Director for 
prior  concurrence before  the proposal may be reviewed 
or considered for possible  funding.ln order  to  qualify  
under this category the proposing agency should 
demonstrate  a substantial interest in the project by 
agreeing  to con tribute a  significant  port ion o f the total 
project  costs. Prefe rably this cost  sharing commitment 
should cover the salaries and employee benefits of 
senior research personnel .

This policy is no t intended to bar the occas ional 
action of progr am directors in the National Science 
Foundation  in con junc tion with laboratory chiefs or 
program direc tors of o ther agencies jointly to suppor t 
othe r scientific activities, such as research projects, 
perform ed by third parties, conferences , and symposia 
tha t are of mutual interest . The best method for pooling 
funds should be determ ined in each individual case. 
However, Fou nda tion  funds are not to be used to pay 
for rental  or use charge  for audi toria , projection 
facilities, etc., owned and  operated by other  Federal 
agencies.

b. Military Service  Academies. Research pro­
posals submitted on beha lf of  faculty  members of the 
various  military  service academies such as the U.S. 
Military  Academy at West Poin t, the U.S. Coast Guard 
Academy, the U.S. Naval Postgrad uate  School, etc. 
should be accepted and subjected to competitive review 
and evaluation  in the same way as proposal s from other  
academic  institu tions.  However,  it is considered 
inappropriate  to include major capi tal facilities in 
awards  to such institu tions .

c. Join t Appointments.  Scientis ts conducting 
research under a jo int appointmen t with a university 
and a Federal agency, such as a Veterans Administra­
tion (V A) Hosp ital, shall submit the ir proposals via the

Please include this Circula r in NSF  M anu al No. 16, “Hand book for Program Officers'



university.  Suppor t is available  only where the 
investigator is a bona fide faculty  member of  the 
university,  though part of thesa'a ry may be provided by 
the Government agency.

d. New Facilities. When the possibleestablishment 
of major new facilities  or research capabilities  is being 
considered,  either in pursuit of a specific (research) 
objective of an NSF prog ram or to serve the general 
inst rumenta tion,  observatio ns orlogist icsn eeds ofU.S. 
science, full considera tion  should  be given to the use of 
capabi lities  or facilities in existing Federal lab orato ries 
and Federa lly-funded research and development  
centers  as well as capabili ties that  may be available in-  
commercial organiza tions p rior  to the creation  of new 
or ad ditional capabilit ies.

e. Internationa l Travel Awards. Under certa in 
conditions , staff scientis ts of other Federal agencies are 
eligible for international travel awards for attendance at 
interna tionalco nference sand  visits to laboratories . The 
conditions under which such support may be offered are  
described in N SF Circular No. 50, “Sup por t of Foreign 
Travel throu gh Inte rnational Travel Sup por t, Project 
Grants and Fellowships.”

f. National and  Interna tional Programs. The 
Founda tion  provides funds for research and logistic 
supp ort activit ies at other Government  agencies  as 
appropriate to the objectives and goals of nat iona l, 
inte rnat iona l, or  specific research programs from which 
the support funds are to be derived. For  example, the 
Fou nda tion  bear s special responsibil ities for cert ain  
progr ams such as the United States Antarctic Research

Program , the Arctic Research  Pro gram and the 
Internat iona l Decade of Ocean Explora tion . It also 
plays a central role for a number of inte rnational science 
and  technology programs with other countr ies. 
Proposals  for research from scientists in Government 
laboratories may be considered for su ppo rt on anequal 
basis with university scientists when such support will 
lead to the accomplishm ent of prog ram objectives. 
Furthermore, funds  for special services, including 
logistic supp ort to several of these programs, are 
provided under memoranda of agreement with various 
Government  agencies.

g. Science Education Programs. Provided specific 
eligibility requirements of particula r prog rams are met. 
Federal agencies and Federally-funded facilities may be 
considered  in eq ua l co m pe tit io n wi th all  ot he r 
proposals except tha t in the case o f service academies, 
( I) awards solely for the  benefit of the academ y will not 
be made when derived from  their futu re appro pria tions, 
and (2) awards will not be made for  service academy 
functions  tha t are properly allowable to their normal 
activities and the purposes of their ownappro pria tions.

d , , *»v-

Richard C. Atkins on 
Dire ctor

Distr ib ut io n E
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Mr. Traxler. Do other Federal agencies compete for the awards?
Dr. Atkinson. Let me detail that  for the  record. We direct  our  

effort a t the universi ty community, but unde r special conditions we 
fund work in government laboratories. We will put the list toge th­
er for the Committee files.

ADVISORY COMMITTEE TRAVEL

Mr. Traxler. Last yea r we discussed the increase requested for 
personnel costs and travel for the  National Science Board, the  
Advisory Council and other advisory committees and consultants. 
The increase reques ted totalled over 130 percent in two years. I 
note the cur ren t 1980 estimate  is lower than that  requested last 
year. Still, the 1981 request is 39 percent higher than  the 1979 
actual cost. Why should this  increase  39 percent in two years?

Dr. Wilson. There  is continued oversight, par ticu larly  with some 
of th e new programs. We use the exte rnal  scientific  community as 
consu ltants  in the  proposal review process as well as oversight.

NSF TRAVEL COSTS

Mr. Traxler. Your trav el cost is $2,555,696 in 1979. The 1981 
justification,  on page 1-8, indicates $3,145,000 for travel in 1981. 
That increase is 23 percent  in two years.

There is a genera l effort on the part of the  Administration to 
reduce travel costs. How can you feel justif ied and comfortable by 
increasing the trave l budget by 23 percent?

Dr. Wilson. One reason is th e increased cost of trave l, in higher 
per diem and transportat ion. More and more of the  cities where 
our program officers visit gran tee insti tutions are  becoming high- 
rate cities. It is required th at  the program officers pay the actual  
costs over $50 per day.

Dr. Atkinson. In fiscal yea r 1980 the re was an 8 percent reduc­
tion in actua l expenditures from the budget request. We are sta rt­
ing fiscal year 1981 at a somew hat lower base tha n we would have 
had in fiscal year 1980 if our  original reques t had been approved.

OFFICE SPACE RENTAL COSTS

Mr. Traxler. The table  on page 1-8, unde r the  Office Space 
Rental , shows $3,280,508 in 1979, $3,360,000 in 1980 and $3,560,000 
in 1981.

Why is the 1979 Office Space Rental cost $70,000 less than  
planned?

Mr. Ubois. Those estimates are in response to interactions with 
the General Services Administration  which acts as the  landlord 
negot iating  renta l prices as best they can with the  owners of the 
priva te buildings in which we ar e housed.

They submi t to us what  mus t be one of the  ugliest acronyms in 
the  Federa l goverment, SLUC rates, standard  level user charges. In 
English th at  means rental charges , and we jus t respond to the 
kinds of estimates  that they provide for us. We find normally tha t 
in fact these  estimates are very close to reality, as the  budget year 
becomes the  curre nt year.



231

Mr. Traxler. Why does t he increase  for Office Space Ren tal go 
up $200,000 in 1981 but only $80,000 in 1980. Do you have  new 
space?

Mr. Ubois. No, as I said, the  General  Services Adm inist ration is 
in negot iations  with the landlord.  We are in private buildings 
leased to the  Federal government, and  we responded to negot iated 
rate s agreed to between GSA and the private landlord.

Dr. Atk inson. We have no new space.
Dr. Pimentel. We have been advised by other Congressional 

committees th at  we should try  to move the science education direc­
tora te into closer contact with the  other basic research  director ­
ates. The science education directorate  is housed on Wisconsin 
Avenue, and the  odds are  ren tal  charges  would be higher  if we 
were able to find space. The higher  rental would affect the  fiscal 
year 1981 budget.

STA FFING FOR INSTRU ME NT AT ION PROGRAM

Mr. Traxler. On page 1-20, und er Executive Management, is 
mention of a new program of inst rum entatio n and research  facili­
ties. Tell us a little bit abou t this new program. What is to be 
accomplished that  has not alre ady  been done; how many new posi­
tions are  involved, and how much money?

Dr. Pimentel. We would assign  thre e positions to th at  activity.
Mr. Traxler. And how much money would support  that  pro­

gram?
Dr. Atkinson. It is a $14.25 million program.
Mr. Traxler. How does this  differ from the  supp ort for research 

facilities and equipment for which $126 million is reques ted in 
1981.

Dr. P imentel. Would you repeat  that?
Mr. Traxler. How does thi s new program differ from the sup­

port for research facilities and  equipment.
Dr. Wilson. T hat type of activ ity is spread around througho ut all 

the  programs, and those proposals are  handled by the  regular 
program officers. Most of the  facilities and inst rum entatio n are 
part of the  regular research  proposals.

NA TION AL  MEDAL OF SCIENCE

Mr. Traxler. Also in the same paragraph  is mentioned that  the 
costs associated with the  presentation of the  Nat iona l Medal of 
Science is increasing by $3,000 in 1981. Why should costs increase?

Mrs. Boggs. Is i t gold?
Dr. Atkinson. The medal is gold.
Dr. Wilson. I am not  sure  whether it is ju st increased adminis­

tra tive and othe r costs or whether the  committee is meeting twice. 
This is th e selection committee that  recommends the  medal recipi­
ents.

Dr. Atkinson. Let us supply that  for the  record.
[The information  follows:]

Increased Cost Associated With the P resentation  of the  Medal of Scie nce

The $3,000 increase reques ted  for FY 1981 will prov ide sufficient funds  for the  
Na tional  Medal of Science Select ion Committee to meet twice  a year , if requ ired ,
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two days each meeting. These funds cover the Committe member’s travel and per 
diem expenses to and from Washington and while they  are  in Washington. The 
members are not otherwise compensated for their services.

The Committee provides advice and recommendations to the President in the  
selection of the Medal of Science recipients.

NSF OBLIGATION TRENDS— FISCAL YEARS 1977-1 979

Mr. Traxler. Also, provide for the record a table for fiscal years  
1977, 1978 and 1979, indicatin g—on a percentage  basis—the obliga­
tions by month for each account.

Dr. Wilson. Yes.
[The information follows:]
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OFFICE AUTOM ATION

Mr. Traxler. Las t year  there was some discussion about  thi s 
NSF’s computer activ ities and employee productivity. A table  was 
included in the  record regarding ann ual  computer costs. Can you 
bring  us up to date  on your computer activit ies, including increases 
in employee productivity?

Dr. Atkinson. We are  satisfied with th at  effort, and we will 
provide it  for the  record.

[The inform ation follows:]
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NSF EMPLOYEE PRODUCTIVITY
IMPROVEMENT RESULTING FROM AUTOMATIC DATA PROCESSING

U n t il  FY78 th e  F ounda tion 's  A uto m atic  Da ta Pro ce ss in g (ADP) support  
cons is te d  p r im a r il y  o f  a Management In fo rm a ti o n  System (MIS) which p ro v id ed  
in fo rm a ti o n  to  th e  s t a f f  in  th e  ar ea s o f  f in a n c ia l management, g ra n ts  and 
c o n tr a c ts , p ro posa l s ta tu s , pers onnel s t a t i s t i c s ,  and a d m in is tra t iv e  
fu n c t io n s .  I t  was then  de cide d to  augment th is  MIS by  th e  a d d it io n  o f  a 
ti m e -s h a ri n g  f a c i l i t y  fo r  th e  Fou ndatio n s t a f f  which  would  p ro v id e  them 
w it h  th e a b i l i t y  to  u t i l i z e  th e  MIS in te g ra te d  data  base in  th e  o n - li n e  
p re p a ra ti o n  o f  co rres po nd en ce . Th is  e f f o r t  became known as O ff ic e  
Auto m ation.

O ff ic e  Aut om at ion in vo lv ed  th e  au tomated  genera tion  o f  le t t e r s  to  pe er  
re v ie w ers  and enab led th e Fou ndatio n to  re f in e  th e  pe er  re v ie w  fu n c ti o n  
c o n s id e ra b ly . In  th e past  ye ar th e  p ro je c t has reached f r u i t io n  and is  now 
u t i l iz e d  in  90X o f  th e F ounda tion 's  D iv is io n s . I t  has p ro v id ed  th e  
mechanism to  in cre ase  th e  number o f  re vi ew s fo r  each pro posa l in  an 
e f f i c ie n t  and ti m e ly  manner.  In  fa c t ,  in  th e past 18 months th e  averag e 
number o f  re vie w s has double d. D a il y  p ro d u c t iv it y  has
in cre ased from  30 to  75 p ro posa l re v ie w  in i t ia t io n s .  A d d it io n a ll y ,  th e  
f l e x i b i l i t y  o f  th is  au tom ate d e f f o r t  has en ab led pro gra m managers to  
r e f le c t  t h e i r  in d iv id u a l s ty le s  in  co rresp onde nce , and th is  pers ona l to uch  
has been a s ig n if ic a n t  fa c to r  in  th e  incr ea se d resp on se  ra te  fro m 
re v ie w e rs .

In dependen tly  co nd uc ted ana ly ses in d ic a te  th a t  O f f ic e  Auto m at io n has been 
an in v a lu a b le  asse t to  th e  F ou n d a tio n 's  p ro d u c t iv it y .  In  a pe riod  o f  
gr owth  when ou r bu dg et  has deve lope d s te a d il y ,  and th e  re qu irem en ts  fo r  a 
more compreh en sive  pro posa l t r a c k in g  sys tem  have in c re a se d , ou r c le r ic a l  
s ta f f in g  has rem ained s ta b le  because o f  our au tom ate d c a p a b i li t ie s .
The p ro je c t  con tinues to  e v o lv e . We ar e now lo o k in g  a t new metho ds o f  
re fi n e m e n t and a n t ic ip a te  th a t  by next ye ar we w i l l  have ac hieve d some 
m aj or  m ile s to n e s  in  our e f f o r t  to  redu ce  th e  pa pe rw ork burd en .

Employee p ro d u c t iv it y  was a ls o  enhanced by m ajo r ac hiev em en ts  in  ou r 
Management In fo rm a tion  System . We re c e n tl y  au tom ate d th e  genera tion  o f  
award le t t e r s  (1 0,0 00 pe r yea r)  and th is  has redu ced th e  p ro duc tion  proc es s 
s u b s ta n t ia ll y .  Im pro veme nts  to  our F in a n c ia l Acc ountin g System have 
re s u lt e d  in  a s ig n if ic a n t  de crea se  in  th e  tim e needed by acc ounta nts  and 
accounting  te c h n ic ia n s  in  cod in g  e xp e nd itu re s . In  th e  p a s t,  th ey were  
re q u ir e d  to  p ro v id e  d e ta il e d  coded in fo rm a ti o n ; now th ey  su bm it a m in im al 
number o f  e n t r ie s ,  and th e bala nce o f  th e  in fo rm a ti o n  i s  ge ne ra ted by th e 
sy stem . Furtherm ore , im prov em en ts  to  p ro posa l and award pro cessin g have 
enhanced p ro d u c t iv it y .  For  exam ple,  pro gra m o f f ic e r s  fo rm e r ly  m on ito re d 
each in c re m e n ta ll y  funded  g ra n t in  o rd er to  en su re  th a t  pro gre ss re p o rts  
were re ce iv ed  in  tim e to  make a d e c is io n  on fu r th e r  fu n d in g . Moreo ve r, 
p ro posa l in fo rm a ti o n  fo r  th ese  g ra n ts  had to  be ente re d in to  th e  da ta  base 
when in cre m en ta l fu nd in g  was p ro vi ded th a t  ye a r.  Now th e  comp ute r a le r ts  
th e  pro gra m o f f ic e r  to  th e  need fo r  rene wal  a c ti o n , and a u to m a ti c a ll y  
pr od uc es  th e pro posa l in fo rm a ti o n  fo rm s and c re a te s  th e  a p p ro p ri a te  re co rd s  
on th e  dat a base .

A lthough thes e de ve lopm en ts  in d ic a te  th e  genera l tr e n d  towar ds  impro ved 
employee  p ro d u c t iv it y ,  th e  Fou nd at ion does no t have th e  means fo r  ass ess in g 
th e  in cre ase in  p ro d u c t iv it y  q u a n t it a t iv e ly .
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COM PUT ER ACTIVITIES COST

Mr. Traxler. How much is the 1981 request for the  Foundation s 
compu ter activities?

Mr Ubois. For dat a processing  equipment we are  reques ting 
$830,000 in fiscal y ear 1981 in contras t to $965,000 for the cur ren t 
year, and $1,847,000 in actual cost in fiscal ye ar 1979.

Mr. Traxler. How many personnel are  assigned to your comput­
er activities?  , rm •

Mr. Ubois. Something on the  order  of 50. There are  about 70 in 
that  tota l division, b ut not all of them devoted to dat a processing.

Dr. Atkinson. We hired a new director for th at  division. We 
conducted a national search, and hired  an extraordinarily compe­
ten t individual. .

Mr. Traxler. What is the  future  for the  Foundation s computer 
activities?  Will the  compu ter budget soon be reduced to just operat­
ing costs or do you see a continuing acquisition of new hardware?

Dr. Atkinson. We will cont inue  to acquire new hardware , but 
the cost will be cheaper and cheaper.

Mr. Traxler. Update  the  table found in las t year’s hearings on 
ann ual  computer costs for th e record.

[The information follows:]
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Appropriation Language Change

Mr. Traxler. The NSF is requesting a number of changes to the 
appropriation  language, some of which have been requested  before 
and denied.

Let’s discuss the new proposals. You a re requesting language to 
lease one a ircraf t with an option to purchase.

What type of an airc raft  a re you refe rring  to?
Dr. Pimentel. A research air cra ft at NCAR, the Nat iona l Center 

for Atmospheric Research.
Dr. Atkinson. It is to be used to replace one of two much older 

aircra ft th at  are not capable of doing the job.
Mr. Traxler. Supply us with a fact sheet on the proposed new 

NCAR a ircraf t for the record.
[The info rmation follows:]

60-7 70 0 - 8 0 - 1 6



NATIONAL SCIENCE FOUNDATION

FACT SHEET 
On The

Proposed New NCAR A ir c ra ft

The Nat ional Center fo r Atmospheric Research (NCAR) is  resp onsib le fo r conducting 
research in  the atmospheric sciences at  NCAR and fo r pro vid ing  fa c il it ie s  fo r 
atmospheric research to both the un iv e rs ity  community and to NCAR sc ie n tis ts .
One of the fa c il it ie s  mainta ined to  support  research is  the Research Av iat ion  
F a c il it y  (RAF). The cu rre nt  RAF f le e t  consists of  2 Queen A ir  planes, one 
Sa breline r fo r high a lt it u d e  research , and one Elect ra , a long-range 4 engine 
a ir c ra ft .

In 1977 NCAR convened a small ad hoc group of sc ie n tis ts  to review the cu rrent 
capab il it ie s  of the RAF and make recommendations fo r a ir c ra ft  needs and requ ire ­
ments fo r research in the decade o f the 1980*s . The study  involved about 70 
ac tiv e sc ie n tis ts  from un iv e rs it ie s , several government labora to ries,  the pr ivate 
se ctor , and NCAR.

Their  fin ding s were that  the exis ting  fl e e t was inadequate to sa tis fy  the requ ire ­
ments of the atmospheric sciences research community fo r the fu tu re  in many areas 
where the atmosphere plays an im po rta nt , and in some areas a cr uc ia l ro le , in 
our na tiona l goals and p r io r it ie s .

The NCAR Queen Ai rs  are too small to ca rry  a ir  motion ins trume nta tion and part ic le  
measuring systems simultaneously. They are lim ite d in the e le c tr ic a l power they 
can prov ide  fo r instrument  opera tion and are se rio us ly inadequate in th e ir  opera­
tio nal capab il ity . The Sa breline r is  too fa s t fo r pa rt ic le  measurements and is  
re s tr ic te d  from f li g h t  in ic ing co nd ition s.  The Ele ctra is  too large and too 
expensive to operate on si ng le -investiga to r type pr ojec ts .

While the RAF fl e e t was satisf act ory  fo r the 1970’ s, new requirements fo r research 
in the 1980's and the a v a il a b il it y  o f new a ir c ra ft  wi th increasing ca pabil it ie s 
led to  the fo llowing  recommendations:

1) th at NCAR upgrade the ca p a b il it y  of  the Research Av iation F a c il it y  by 
phasing out  one Queen A ir  and replac ing i t  in FY T980 wi th  a medium 
we igh t, twin turboprop ai rp lane  wi th  added ins trume nta tion fo r measure­
ments of cloud physics, cloud dynamics and gas/ pa rt ic le  chemistry 
parameters.

2) th a t top p ri o r it y  be provided fo r  the acq uisi tio n and development of  the 
a ir  motion and sensing systems and the basic  data handling system fo r 
the new pla tform  such th at in s ta ll a ti o n  can begin as soon as the new 
plat form  is  av ai lable.
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The urgency fo r acqu irin g the new a ir c ra ft  is  dictated  by several fa ctors:  
the need fo r moving ahead on a broad front of  atmospheric  studies fo r which 
th is  plane w il l be a key observa tiona l component; the need to prepare fo r a 
se ries of experiments and stu dies  of weather and m id -la tit ude cy clon e- an ti­
cyclone sub-s tructu res  which is  expected to occur dur ing the 1980's'? and the 
necessity to replace the olde st  Queen A ir  because of age (15 yea rs) and a ir  
frame hours (6700) about the time  a new plane can be read ied.

The sp ecif ic  programs fo r which the new a ir c ra ft  is  required are :

1) severe storms and mesoscale research such as the Cooperative  
Convective P re cip ita tion  Experiment (CCOPE) planned jo in t ly  
wi th the Water and Power Resources Serv ice of the Department of  
In te ri o r,  and the Severe Environmental Storms and Mesoscale 
Experiment (SESAME) fo r  ope ration jo in t ly  with  NOAA, NASA and 
oth er Federal agencies;

2) the low lev el boundary layer-oceanography program fo r inve st igat ing 
coas tal upwelling and ai r-s ea  in te ra ct io ns;

3) the acid  ra in -a ir  chem istry program fo r measuring and tra cing  
chemical a ir  po llu ta nts  wi th  th e ir  po tent ia l e ff ec t on the 
atmosphere and ecology inc luding  the fo rests and lakes ;

4) atmospheric turbu lence research wi th it s  app lic at ions  to  a ir c ra ft  
st ructures  and mixing o f the atmosphere;

5) clouds physics research  fo r it s  po tent ia l ul tim ate payo ff in 
weather m od ifica tio n ap pl icat ions .

A comparison of  the importa nt performance capab il it ie s  fo r atmospheric  research 
is  provided in the attached table fo r the Queen A ir  vs a twin turboprop type 
a ir c ra ft .

The estimated cost ' o f ou tr ig h t purchase o f a twin  engine turboprop a ir c ra ft  
possessing the chara cte ri s tics described in the attached ta ble  is  approximately 
S1.5M. Procurement o f the same a ir c ra ft  on a lease/purchase basis over a 5 
yea r period  is estimated a t $2.3M. An ad di tio na l S0.5M is  req uired fo r 
ins trume nta tion. The FY 1981 NSF budget request inclu des  S0.4M to commence the 
procurement of  th is  a ir c ra ft  on a lease/purchase bas is.
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AIRCRAFT CHARACTERISTICS

Queen A ir  
(O ld )

Twin
Tu rb op rop

(New)

1) Range , n a u ti c a l m ile s  ( f u l l  fu e l load 
w it h  IFR’ re serv e )

1,0 00  fe e t a lt it u d e 750 nm 1030 nm

10 ,000  “ 900 1420

20 ,0 00  " 950 1830

30 ,0 00  “ - 2170

2) A l t i t u d e ,  maximum ( fe e t ) 25 ,000 35 ,000

3) Enduran ce (w it h  IFR fu e l re se rv e ) 
ho ur s a t opt imum a lt it u d e 5.7 8 .8

4)  Cab in  volume (c ub ic  fe e t) 184 305

5) W eigh ts  (po unds)
Maximum fo r  ta k e o ff 8800 14 ,000

Empty 6200 8,2 50
Pa ylo ad  ( in s tr u m e n ta ti o n ) 580 1,65 0

6)  C ru is e  speed (k no ts  TAS1 2 ) 165 215

7) E le c t r ic a l  power a v a il a b le  fo r  re searc h  
in s tr u m e n ta ti o n  (am peres a t 28 v o lt s ) 240 600

The above co mpa ris on  does n o t adequa te ly  dem on st ra te  th e  s u p e r io r it y  o f th e  tu rb o ­
pr op  a i r c r a f t  in  c r i t i c a l  ar ea s o f o p e ra ti o n . For exam ple:

a) W ith  95°F a i r  te m pera tu re  on th e  runw ay a t Den ve r, a tu rb opro p  can  take  
o f f  w it h  a f u l l  load  o f f u e l ,  3 crew  members and 700 pounds o f  in s tr u m e n ta ti o n  
and s t i l l  have 450 fe e t per m in ute  ra te  o f  c lim b  on one engin e. A Queen A ir  by 
co mpa ris on  mu st o ff lo a d  800 pounds o f  fu e l to  m a in ta in  a 150 f t /m in u te  ra te  o f 
c lim b  ( th e  minimum nec es sa ry  fo r  NCAR s a fe ty  re qu irem ents ) thus  re duc in g  range to  
340 nm and endu rance to  2 .2  hours .

b) Per form an ce  in  ic in g  c o n d it io n s  (e nc ounte re d o ft e n  in  c e r ta in  ty pes o f 
a tm ospheric  re searc h ) in d ic a te s  even g re a te r  s u p e r io r it y  fo r  th e  tu rb o p ro p  w it h  
th e  Queen A i r  una ble to  c a rry  o u t se ve ra l m is si ons la s t  year ove r th e  Rocky 
M ou ntains  because o f inad eq ua te  per fo rm ance  a t  12-16000 fe e t  a l t it u d e  in  ic in g  

c o n d it io n s .

A lthough th e  in s tr u m e n ta ti o n  pa yload fo r  th e  new a i r c r a f t  is  g re a te r by  a fa c to r  
o f  th re e  and th e  ran ge  is  a lm ost double  th a t  o f th e  Queen A i r ,  tb e fu e l co nsum pt ion 
per  hou r is  o n ly  ab ou t 1 /3  g re a te r . The re d u c ti o n  in  mainten an ce  c o s ts  is  ex pe cted  
to  a lm ost 'Compensate fo r  th e  in cre ased  fu e l co ns um pt ion.  Thus a co n s id e ra b le  
in cre ase  1n u se fu l wo rk is  ex pe cted  a t a s l ig h t  in cre ase  in  o v e ra ll  c o s ts  o f 
o p e ra ti o n .

1.  IFR -  in s tr um e n t f l i g h t  ru le s
2. TAS -  tr u e  a i r  speed
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Official Reception and Representation Expenses
Mr. Traxler. Why do you wan t $5,000 for official reception and represen tatio n expenses in 1981 where the  am ount  is only $2,500 in 1980.
Dr. Atkinson. No funds from th at  account will support any thin g for th e NSF staff, including me. W henever we have foreign visitors, we pay our share, but we have about 20 formal bila tera l science agreements with  other countries and visitors from all over the world. Fran kly,  the $5,000 really pinches; we are now in an embar­rassing si tuation.
Dr. Averch , do you want  to  add anything?
Dr. Averch. We are  treated very well when we go overseas, especially to China. When foreign visitors come here, we are unable to reciprocate on the  same  level. I do know that  whenever we have foreign visitors, our own staf f members dig into the ir own pockets to pay for lunches or dinn ers and many other costs associ­ated  with hosting those people.
Mr. Traxler. Last yea r the  Committee did give you what you asked for, in fact you requested that  the  reception allowance be reduced.
Dr. Averch. Yes, but  the  ra te  of activity, especially with  China, has gone way up.
Dr. Atkinson. We can provide for the  record a list of the func­tions.
Mr. Traxler. No, spare  us.
Mrs. Boggs. As a hostess, I would like to say I think  it is a  very minimal request.
Mr. Traxler. Advise us for the  record how much was spent  in 1979 for official receptions a nd represen tatio n expenses.
And how much have you spen t in 1980 to  date?
Dr. Atkinson. We will provide that for the record.
Mr. Traxler. Thank you.
[The information follows:]
Na tio na l Science Fou ndation  reception and  representation fu nd expenditures

Fisca l y ea r 1979 (including unuse d fiscal yea r 1978 lim ita tion).................  $3,514.80Fisca l year  1980 lim itat ion  (to Mar. 19, 1980)...............................................  $1,342.72

TRENDS IN FUN DING SCIENCE EDUCATION

Mr. Traxler. Turn to Science and Education. In 1981 you are requesting $85.7 million. That is a n increase of $7.5 million above the  cur ren t plan for 1980. There was a stim ulating  artic le in the  New York Times on Janu ary 29th of th is year concerning Science and Education. Dr. Zacharias, whom I am sure  you are  fami liar with, has made some r athe r strong charges in the  articles.  He says and I quote “the  scien tists  have ret rea ted .” In another  quote he indicates tha t, “The Fede ral government is no source of education ­al reform; it ’s jus t a check-writ ing operat ion, and the NSF wants  the  big amounts for re search and peanuts  for education .”
Frank ly, when we look at the levels for science education over the  past ten year s—it would appe ar that  the  au thor’s comment is fairly accurate . Clearly; science education has not kept pace with infla tion—and clear ly the  Science Foundation  has not felt th at  it
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was necessary to have  science educatio n keep pace with inflat ion. 
Could we have you r comments on Dr. Z acharias’ rema rks?

Dr. Rutherford. There are  several things happening. It does not 
have a grea t deal to do with inflation. At the  end of the 1960s the re 
was kind of a sense th at  developed th at  the  job had been done, th at  
the  g overnm ent had invested in a very interestin g and imag inativ e 
way in helping the  schools to crea te new kinds of curr icula  and 
course mater ials.

The ratio nale  was the  creatio n of science and engineers, and it 
appeared to many th at  that job had been accomplished, so th at  
along with some politica l difficulties, it resul ted in a rapid, over 
about a three or four  yea r period, reduct ion of support from wh at 
the  budget originally  had been.

It, as a ma tte r of fact, was cut in hal f and inflation  made it less 
tha n tha t. The trou ble was that when a budget gets down, as it did, 
to such a low point  in the  early  pa rt of t he  1970s, it then  became 
very difficult to incre ase it again because the public rationa le 
didn ’t seem to be the re.

The trouble is, in th e 1950s and 1960s the  case was wrongly put. 
It is not sufficient in our  kind of society just to produce scien tists 
and engineers. All people have to underst and  science and also we 
have  to find ways to brin g into the  ente rpri se more minorit ies and 
othe rs who have in the past been passed over.

So once funding was down the re were problems  to get it raised  
again , but  the Foun dation was th en facing the  fact tha t it began to 
have  trouble gettin g rese arch  dollars. The concept, I thin k perha ps 
in Congress, perhap s in the  Foundation was th at  those things were 
competi tors for the  s ame dollars.

It ’s always difficult for education to stand  up again st things th at  
are  more concrete like the  need for resea rch money, so the re are  
lots of factors there .

The problem is th at  science educatio n inve stme nt is really  
buying  research , only buyin g it 20 to 25 years  from now, and it has 
not  been looked at  like  tha t, so the  Foundation’s problem and 
Congress’ problem is not  to believe th at  a new Departme nt of 
Education is going to solve th at  problem, but  to decide whether or 
not  in fact it is im porta nt that people und erst and  science and 
technology, and th at  women and minor ities become involved and 
wheth er they think somebody else ought to do it.

Mr. Traxler. I will forgo my long speech abo ut the importance 
of the  relatio nship of t he  research scien tist at the  univer sity level 
in the  instruc tion of th e teac hers  at  lower levels—from elementary 
schools to a college level.

resource centers

Dr. Atkinson. Mr. Traxler , we have an excell ent example in the  
resource centers  in At lan ta and in New Mexico. University  profes­
sors and scientists jo in with high school and grade  school teache rs 
in plan ning  curric ula, program s, and special activ ities designed to 
draw  minor ity stude nts into  the  sciences.

Dr. Rutherford. Mr. Zach arias  is correct in the  sense tha t the 
scien tists are back in the  laboratories, not working with school 
people tryin g to improve educatio n, but th at  is not primar ily the
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fault of t he scientist. Where he is wrong is when he refers to the 
Founda tion as a money-pumping exercise. The Science Education 
Program has very few dollars  and is doing very imaginative  things with it.

As to the  middle school children, we are now invest ing about 15 
percent of our funds at this level. We are doing some first-rate 
research and beginning to reach the teachers again, but  it’s the 
case th at  the total resources available  for such a huge job are far 
too small.

Dr. Atkinson. When I recruited Dr. Ruthe rford for the  Founda­
tion, I told him the science education budget would be $120 million. 
That  was the plan put forth  by the National Science Board. Three 
years  l ater, we are still a long way from tha t $120 million.

Mr. Traxler. You request it and OMB denies it?
Dr. Atkinson. You can see our ZBB effort and the  priorities,  the 

cuts in science education have  tended to be deeper than  elsewhere.
Mr. Traxler. Mrs. Boggs?
Mrs. Boggs. One of the new thru sts is the  involvement of business 

and industry  into the  programs, and also I notice th at  you have an 
outreach program for small businesses.

W OM EN  AND MI NO RITIES  IN  SC IENC E

So often you will read stories such as I did last  weekend about 
the  g rea ter  New O rleans  metropoli tan area where  the  women were 
not really trained for the  computer sciences, and the  various types 
of scientific training programs tha t could be opened up to them. 
They were, therefore, more or less pushed into job categories that  
were tradi tionally of female job categories, and were having a very 
difficult time break ing out  of this type of syndrome.

I do think this is som ething we all have to think  about. We have a g rea t initiative this  ye ar if it goes through.
I attended the first  of the  demonstration projects in the Pres i­

dent’s Rural Initia tives  last  week in Shreveport, Louisiana, where 
the re are large Federa l projects. We are going to  try  to involve all 
areas of government along with business, industry,  and labor in 
order to have some of t he  spin-off benefits from these big projects 
impact upon the  ad jacent communities.

I really think if we can presen t science educat ion with all of its  
pract ical applications of productivity and a be tte r quality  of life for 
the  people who are  affected part icula rly bringing women and mi­
norit ies in the main stream,  then we will be be tter able to jus tify 
the  need for science education to the Congress and to the people.

Dr. Atkinson. I see the  Pres iden t’s study of science and engi­
neer ing education—the one due July 1—as impor tant to this effort.

Dr. Rutherford. Here is a sense of the dimension of the prob­
lem. For fiscal year 1981 we are asking $86 million. A decade 
before tha t the science education budget was $86 million. A decade 
before that it was $84 million. It went up in between and came 
back down again, so it had a decade when it was up. But $86 
million today cannot be compared to 20 yea rs ago. We have the  
same dollar figure but  t he job is much larger.

Twenty years ago we jus t thought we had to find some brig ht 
people and make them scientists. Now we know we have to think
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more broadly; to reach girls  and others unde rrepresented  in science 
for example.

Mrs. Boggs. The study of mathematics is no longer required,  for 
instance. I sit on the  Pre side nt’s Council of a priva te universi ty, 
and I know the  difficulties we had with our engineering  dep art­
ment.  It had gone down so badly that  we were faced with having to 
take speedy action in o rder to  m aintain accreditation.

I was very interested in the  comment of a young woman involved 
in a study of th e curr iculum among the  colleges and universities  
who insisted that math ematics  be a major part of t he curricu lum.

She said everyone should know how to competently feed comput­
ers as well as to analyze what they say. Even people who never 
expect to have any exper ience  w ith computers need to know about 
them , ju st so th at they won’t be concerned about  them.  I hope that  
we can provide more money for science education.

I commend you for your steps in the right direction.

SCIE N CE ED UCATI ON BU DGET

Mr. Traxler. You indicated that  you had proposed a $120 mil­
lion science education budget thre e years ago.

Dr. Atkinson. Tha t was the  Board’s recommendation; I don’t 
think  we ever got to OMB wi th that  number.

Mr. Traxler. What percen t would that  have been of your 1978 
budget?

Dr. Atkinson. It would have represented 14 percent of the  Foun­
dation’s budget.

Mr. Traxler. How does science education  break out in terms  of 
your budge t percentage for 1981?

Dr. Atkinson. Science educa tion would represent 7 percen t of 
the fiscal year 1981 budget.

T EA C H ER  ST AT IS TI CS

Mr. Traxler. How many science teach ers do we have at the 
middle school level and the  h igh school level?

Dr. Rutherford. I couldn’t give you exact figures now, bu t I can 
supply them for the  record.

[The information follows:]
Statist ics on teachers in kindergarten through grade 12

Numbers  o f

Grade levels: ,eac hers

Teachers grades kindergarten to 4 ......................................................  623,200
Teachers grades 5- 8.............................................................................  521,500
Teachers grades 9 to 12.......................................................................  1,021,000

Note.—Estim ate s as of 1978.

TU RN OVER RA TE  FO R SC IE N CE TE ACH ER S

Mr. Traxler. What is the  average career life time for a science 
teacher?

Dr. Rutherford. It is lengthening. It used to be somewhere 
around 7 or 8 years, but since the  last decade what  has been 
happening  is that  there have been lay-offs of teachers  in the  cities
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and the  younger teachers  have moved out of the  profession all 
together and the older teachers have stayed in.

But during the  1960s and pa rt of the 1970s the re used to be 
alte rnat ive jobs for science and mathem atic s teache rs, so the tu rn ­
over was ra ther  rapid.

Mr. Traxler. How many inexperienced science teachers  do we 
have coming into our school systems each year?

Dr. Rutherford. In the elem enta ry grades  it isn’t clear what a 
science te acher is and whether you include the social science teach­
ers or not. It is probably down to something  like a few thousand a 
year. I could get some data  on th at  for you. It ’s fairly  static , 
because the  schools of education and  universities  have trimmed 
back on the ir programs.

It ’s very difficul t to att rac t good people into teach ing care ers in 
science and  mathematics these  days.

Dr. Pimentel. The problem is not so much numbers but the 
qual ity of the  readiness to teach  science at this  junior high school 
level.

Dr. Rutherford. It ’s the  problem of att rac ting people into the 
profession where they see they are not g etting  support, no labora to­
ries, no equipment, salar ies are  not that good, so tha t is the  situa­
tion.

Mr. Young. It is not jus t a simple case of new hires. Frequent ly 
individuals are  tran sfer red  from other teach ing positions not close­
ly associated with science and math ematics because of the  tenu re 
system in many large school systems.

Dr. Rutherford. On a nat ional basis, however, the re are  a large 
number of jobs available for science and mathem atics teachers  at 
the  high school and jun ior  high  school level on the  books, but they 
are  not being turned out in large numbers,  and if t hey  are  turned 
out and are  quite good, they are  attr acted to industry very often.

SCIENCE TEACHER INSTRUCTION

Mr. Traxler. On page J-I -18 , you sta te that  12,500 teachers 
received instructio n—what does tha t mean?

Is th at  an hour of lecture  on a topic in science—or is it some­
thin g aimed at improving both the ir teaching  skills  and subject 
knowledge?

Dr. Rutherford. These are  in the sciences. In some cases it 
migh t be a topic like energy that would include physics.

MINORITIES, WOMEN AND PHYSICALLY HANDICAPPED

Mr. Traxler. On page J-I-12,  we see th at  the minorities, 
women, and physical ly handicapped element is slated  for an in­
crease  of 61 percent.  Is the  NSF’s ent ire  effort aimed at providing 
special opportunities for a few exceptional pre-college students  to 
study  or conduct rese arch  a t universi ties?

Dr. Rutherford. The  large increase of about  $1 million is for a 
new program for minority  studen ts. It is pa rt of a larger effort 
involving several agencies  to identify bright young minor ity kids to 
work with scientists during the summer.
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Mr. Traxler. What have you done to ensure that these  stud ents  
actually  learn some science as opposed to running errand s and 
doing other  m enia l tasks?

Dr. Rutherford. We have had quite a bit of experience in 
making such arra nge ments  at the  Foundation. We have been doing 
it for over two decades. It ’s a ma tte r of identifying those scientists 
at the universit ies who really care about  young people being scien­
tists.

Then one follows up and sees what happens by interviewing the 
kids. Each universi ty is in charge of seeing that that happens.

Dr. P imentel. There is follow-up.
Dr. Rutherford. The experimental pa rt next summer will be to 

see if younger kids can be involved in labora tory work. Th at is 
something other than  a  cleaning job.

USE OF CALCULATORS BY STUDENTS

Mr. Traxler. On page J-I II-3, under the  Science, Education, 
Development a nd Research Subactivity, the re is a stat ement  that  a 
recent  five State team  of invest igators has studied the  impact of 
calculator use by 1,500 elementary students. Apparen tly, this  s tudy 
suggests t ha t the re are no d etrimen tal effects of using calcula tors. 
Are you in  agreemen t wi th the  findings in this study?

Dr. Rutherford. Yes, I do. As a ma tte r of fact, I th ink  th ey have 
positive effects, if proper ly used.

The concern is the youngsters will not be able to do the  basic 
functions. The rese arch  reveals they  learn basic arith met ic very 
well, and in the  hands of a good teacher they  learn  mathematics.

Mr. Traxler. How can a child in elem enta ry school who relies 
on a calculator ever learn  how to add, subs tract, multip ly and  
divide or do fractions?

Dr. Rutherford. They can, and the  added benefi t is they can do 
20 times as many problems in a given period of time  with a hand­
held calculator .

Mr. Traxler. If his batt ery goes dead can he add manually?
Dr. Rutherford. No; he  gets ano ther  one.
Dr. Atkinson. No one will learn to do a square root again.

DECLINE IN student’s MATH ABILITY

Mr. Traxler. Your next comment involves—improving math 
problem solving, the re is a stateme nt that  is somewhat puzzling. 
You indicate  t ha t there is considerable evidence that basic ski lls in 
mathematics  among Americans have stead ily improved over the  
past thi rty  years . It was my un ders tanding th at  a ll of the scores on 
tests  across the coun try over the  past  ten  years  have shown a 
significant decline in a studen t’s ability to do math—or for that  
ma tte r to read—or w rite —or spell—or wha tever. What about tha t?

Dr. Rutherford. The decline has only been in recent years. 
Sta rting in the  1950s and especially in the 1960s there  was a very 
dram atic increase in the SAT scores well above those of the  1940s. 
In spite of the  decline, the  average scores a re still bet ter tha n they 
used to  be in th e 1940s.
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Some of the people who a re compla ining were themselves educa t­
ed in the  1940s where the  scores were lower. We tend to forget tha t.

Fur ther more, we have now m any more youngs ters going throu gh 
school than  before. So you have  an effect of tes ting  on large r 
numbers  of  students and you have  a reduct ion through  tha t.

You have  Spanish studen ts in large numbers tak ing  examina­
tions th at  often are  not in bilingual form. Tha t depresses the 
scores.

There is some real decline. There  is a worrisome decline in the  
last  few years  in a large  num ber of tes t scores in a varie ty of 
subjects, but it seems not to be among our best students. Thei r 
scores seem to be as good as ever.

BUDGET ADJUSTMENTS

Mr. Traxler. On page J-IV-4, you indica te th at  the  NSF Au­
thori zation Act for 1980 earm arke d an amount for “Ethics and 
Values  in the  Science and  Technology Prog ram,” which was in 
excess of the budget request. You also in dicate th at  since additional 
funds over the budget requ est were not appropriated , adjustments 
were made to be responsive to Congressional intent . Apparent ly an 
additional $400,000 was allocated to this  p rogram.

Is that  reallocation of the  $400,000 in accord with  the appropr i­
ation  language  which is carried in the  appro pria tion  bill?

Dr. Rutherford. Yes, sir; that  is to say we used a proportional 
concept to make such adjustments.

science museums

Mr. Traxler. I notice on page J-IV-7, you are  proposing the  
largest single increase in the directorate for public understanding 
of science. You are asking for $5 million in 1981, an increase of 
$1.1 million above the  cur ren t level and $3.9 million in 1980. The 
legend on th at page indica tes that  t he increase will “perm it g reat ly 
increased support for t he  activities of science museums.”

We discussed this  some last year. Is this  tru ly an area that  we 
should be put ting  additional funds in?

Dr. Rutherford. I believe so.
Mr. Traxler. Shouldn ’t the  National  Endowment for the Arts  

support the bulk of this?
Dr. Atkinson. A clea r policy ha s been enunciated by the  White  

House in conjunction with the  various agencies: the science muse­
ums are to be funded through NSF, and the  ar t museums a re to be 
funded through the  Endowment.

Mr. Boland. I couldn’t agree more.
Dr. Rutherford. Our funding is not for maintenance  or staff b ut 

for the development of new ways of present ing materia ls to im­
prove th e impor tan t educational function  of museums. So our inpu t 
is substant ive as opposed to management.

Dr. Atkinson. That  is why the  Ins titu te of Museum Services has  
a somewhat difficult role. It supports some science museums, in 
addition  to the  ar t and history museums because the  funding is for 
opera ting expenses—not new exhibits,  o r new act ivities.



250

ZBB BUDGET

Mr. Boland. How does this additional funding rank on your ZZB 
GXGrClSG?

Dr. Rutherford. I should add that  in some ways tha t is dif ficult 
because the programs serve a variety of purposes, tha t is to say, 
very often our purposes cut across programs so our funding at the  
early adolescence level, for example, we consider  to be the  leading 
item on our agenda, stil l there is no program by that name.

It is imbedded in a variety of o ther programs so when we trim  
back it may be we tri m out of a  variety of programs rather tha n 
cutting tha t whole.

Mr. Boland. All ou t of this one directorate?
Dr. Rutherford. Yes; so ju st listing programs does not give an 

accurate picture  of our priorities.
Mr. Boland. How ca n we prior itize these  p rograms. . , .
Dr. Rutherford. We will list them  for you but I note it s a littl e 

more complex.
[The information follows:]
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Dr. Atkinson. There is a debate in the  science museum commu­
nity; its leaders are  upse t because they feel NSF is not supporting 
the  museums at a level comparable to the  support provided by the 
Endowments for the ar t and  history museums. It is a problem that  
mus t be resolved.

SCIENCE TV PROGRAM— “ 3 - 2 - 1  CONTACT”

Mr. Boland. Ju st one las t question or maybe two. You indicated 
in the  hear ing yeste rday  th at  the small increase in Science Educa­
tion for 1981 will probably be a victim of the  budget reduction 
exercise. Will that  be you r decision or will OMB or the  White 
House make the cut?

Dr. Atkinson. The decision will be made by OMB. The cuts will 
be by general level of act ivity—basic research, applied reseach and 
science education—and we will not be able to move funds across 
those categories.

Mr. Boland. Is this  the  program area in which you are  funding 
“3-2-1 Contact,” a majo r new children’s television series about  
science?

Dr. Rutherford. Yes.
Mr. Boland. What do you estimate for 1981?
Dr. Rutherford. It is about  $1.5 million.
Mr. Boland. What amount does the United Technologies Corpo­

ration contr ibute to this program?
Dr. Rutherford. They put  in about  $2 million.
Mr. Boland. How long will th e program run?
Dr. Rutherford. It will run  throu gh this  school term.
Mr. Boland. What has the reaction been to the TV series?
Dr. Rutherford. Really bet ter tha n we anticipated. It looks like 

abou t 2 2̂ million children  are watch ing it already. It has had the  
fastest growth of any program, even Sesame Str eet  at the begin­
ning, and it ’s already approaching in volume t ha t program.

The feedback from teach ers already indica tes that they are 
making a very wide use of it in th e schools.

Mr. Boland. What  has  the  reaction been to the  Friday  wrap-up 
session? As I und ers tand  it, the series runs Monday through Friday 
and ther e is an evaluatio n of the program on the  l ast day.

Dr. Rutherford. T ha t is correct.
Mr. Boland. I would think  tha t this  would be a n excellent tool to 

tes t the  success of the program.
Dr. Rutherford. I hav en’t seen the  studies yet but tha t is one of 

the  things  that is being looked at. My guess is that  is the day the 
teachers  choose preferen tially to show the program in the school.

Mr. Boland. I want to commend the  Foundation for the ir spon­
sorship of thi s program. Also the United Technologies Corporation 
for the par t it plays in the  development of “3-2-1 Contact.” I have 
seen the program and feel tha t this  will play an important role in 
the  development of the  scientists of the  fu ture.

Dr. Atkinson. Mrs. Boggs said someth ing today I h adn’t thou ght  
about. We have been pressing industry-university cooperation 
througho ut all our programs. This is an example. Maybe we can do 
more along this line.
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U.S .-U .S .S .R . COOPERATIVE RESEARCH PROGRAM

Mr. Boland. Let me ask you a question abou t the U.S.-U.S.S.R. 
Cooperative Agreement. When Dr. P ress was before the Committee 
I asked, “Do you know whether funds for fiscal year  1980 are still 
being obligated und er th at  ag reement?”

The response was: “I think essentially the ra te of expenditure  on 
that  has dropped to a ha lt because of th e policy I have described.”

Then I went on and asked about a specific program, $600,000 for 
computer  applica tions in management. I asked: “Are we st ill obli­
gating funds unde r th at  agreement for this par ticula r technology?

The response was: “I would be surprised if any money is being 
spen t in this area at  this  time because of the  deferra l of the 
program.”

Dr. Atkinson. These hear ings  help to clarify some of these pro­
grams. We will be in touch with Dr. Pres s’ office to learn  wha t he 
had in mind.

Mr. Boland. After you discuss the detail s with  Dr. Press, there 
won’t be any chance to obligate additional money at this time.

Dr. Atkinson. We have obligated only about $120,000 of the $3.2 
million.

Mr. Boland. But th at  leaves $3 million left unobligated.
Dr. Atkinson. Tha t is right . As I said, we will tal k with staff  on 

the  details.
Dr. Averch. I was in communicat ion with OSTP. They are 

tak ing  a case-by-case look at the various  programs in the U.S.- 
U.S.S.R. cooperative science program. Some will be stopped and 
some are  of such benefi t to the United States th at  the  OSTP feels 
it doesn’t want them stopped. The OSTP s taff  cited the example of 
magnetohydrodynamics in the  Energy Department. This is a case 
where  Soviet research is ahea d and we apparently want  to contin­
ue. But we have a good deal of lati tude at  the  moment because 
only $120,000 has actually been obligated.

CONCLUSION

Mr. Boland. Mrs. Boggs?
Mrs. Boggs. I don’t have any  questions, tha nk you.
Dr. Atkinson. Mr. Boland, one of the problems is in the  deep sea 

drilli ng program. We expected  a $2.5 million contr ibution for this 
year  and last year from t he U.S.S.R. We may not get th at  contribu­
tion given the recent events.

Mr. Boland. I guess you can take  book on that .
Mr. Sabo?
Mr. Sabo. No questions.
Mr. Boland. We have come to the  end of a very plea sant  couple 

of days. I t is always a pleasure  to  have you here.
I want to express my appreciation to Dr. Atkinson and the 

Assistant Directors here for t he  responses to the  difficult  questions 
that have been propounded over the  last few days.

It is a pleasu re to deal with the  Foundation.
This Subcommittee doesn’t always give wha t it desires. I think 

those in the  Foundation realize tha t. This is a difficult  year for 
those of us who serve in the  Congress, a difficult yea r for the
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Administration , for the Foundation,  and all the  agencies of govern­
ment.

Having  that in mind, we will be looking at this  budget closely 
and make  an effort to come up with funding  which keeps this 
Foundation  at its high level and in helping it to assis t in the 
objectives and the  mission the Founda tion has which is a  t errif ical­
ly im por tant one for th is Nat ion in every aspect.

So we are delighted to have  you, and we will be open to sugges­
tions when some of the  budget review comes up.

Thank you all very much. The National  Science Foundation’s 
justif ications will be inse rted  in the record at this  point. The Com­
mit tee stands adjourned.

[The justification follows:]
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THE NATIONAL SCIENCE FOUNDATION’S 
FY 1981 BUDGET DOCUEMENT

FOR THE READER: The NSF Budget Docum ent is subdiv ide d into four parts:

• Budget in Brief

• Summ ary and  Analys is Tabl es

• Budget Activity Just ificat ions

• Grants an d Contracts  Aw arde d Data (Tab A)

I. BUDGET IN BRIEF

This section includes the Director’s S tatemen t whic h reviews the highlights of 

develop ments,  advance s, and achievem ents  in sc ienc e, and in the Fou nda tion ’s 

activities in part icu lar , during the 1970's, an d ou tline s some of the cha lleng es an d 

oppor tunit ies for sc ienc e, today and in the year s a hea d. It prov ides a view of the 

NSF FY 1981 budg et in that context.

The Budget in Brief also provides a complete over view  of the NSF1 Budget. 

It focuses on goals, obje ctive s, rationale for the prog ram balan ce, incr eases and 

decre ases,  and summar y data.

II. SUMMARY AND ANALYSIS TABLES

The Summary and Anal ysis Tabl es section includes  the NSF appropria tion  l an­

guage a nd provides a comp lete summ ary of ap pro priatio n and obligation levels , 

and selec ted qu antita tiv e data.

III. BUDGET ACTIVITIY JUSTIFICATIONS

The budget activity just ific atio n section provides det ailed explanatio ns of the 

budget reque st. The gray  tabs in the budget docu men t identif y the 11 major  

budget activities: e.g., Mathematical and Physical Sciences: Astronomical, Atmos­

pheric , Earth, and Oce an Sciences; Science Education: etc. The 11 activi ties are 

subdi vided into 34 sub acti vities (white  tabs ), and thes e, in turn, are fur the r 

subdivided  into progra m elem ents  and sube lements . For ex ample , the Chemistry 

subact ivity incl udes sev era l program elements:  Stru ctural Chemistry and Th er­

modynamics, Qua ntum  Chem istry, etc.

The budget is designed  so that gene ral summ ary info rma tion  is in clude d at the 

beginnin g of each bud get activity. More detaile d information  on subact ivities, 

program elements,  and program sube leme nts follows each of the budget activity 

summ aries.

IV. GRANTS AND CONTRACTS AWARDED IN FISCAL YEAR 1979 (Tab A)

This section inclu des da ta on the num ber and doll ar amount of awa rds made 

to institutions in the various  states and territories  of the U.S. and foreign countries. 

It provides the lates t act ual  data avail able for a comp lete fiscal year.
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NATIONAL SCIENCE FOUNDATION

Direc tor ’s Statement

We enter  this decade with a k een  aw are nes s that science has a vital role to play 
in the yea rs ahea d. Our nat ion ’s futu re is closely tied to the  s treng th of ou r s cientif ic 
ent erp rise . In such essentia l are as as food for the wo rld ’s growing populati on, new 
sources of fuel to replace  dwin dling oil rese rves , the fight agains t dise ase,  and the 
assurance  of ade qua te nati ona l sec urit y, we are profoundly dep en dent on the new 
know ledge a nd technologies that grow out of sc ienti fic rese arch. Beyond these  fu nda ­
mental conc erns,  scienc e must pro vid e the technological developme nt nece ssary to 
mainta in our economy in the face of incre asing comp etitio n from abroad  and must 
show us how to protect  the life-giving bala nce of the planet.

The past  10 ye ars have been a time  of extr aordin ary  activity in scien ce, with the 
pace of discovery being described as “explosive” in many fields. In the macro laboratory 
of outer  space, startling discoveries that add to the clues about the origin of the universe 
have  b een  made. At the micro level, our understand ing  of the  bas ic b uildi ng blocks of 
atomic  and m olecular s tru ctu re h as a dvanced  rap idly  with th e aid of ne wsoph isticated 
tools such  as lasers , sync hrot ron rad iat ion  sourc es, and high-spee d computers.

Our grasp  of the geop hysica l his tory  and dy namics of our pl ane t has  unde rgone the 
gre atest revolution  since Cop ernicus with the theo ry of plate tectonics and its c onfi r­
mation in the oce an co res of the Deep S ea Drilling Project.  This, in turn,  has  enh ance d 
our und erst and ing  of the dynami cs of ear thquak es and  climate, as well as of the 
form ation and location  of fossil fuel and min era l deposits on lan d and und er the 
sea. The decip herin g, just  te n y ear s ago, of the ge netic  code for  DNA and RNA has led  
to a f erment of activity in cell biology and immunology. This same d ecade  has witnessed 
a re ma rka ble  exp ansio n in the com puter sciences, as pu re mathem atic al theories have  
bee n combine d with the silicon c hip  to advan ce th e solid state techno logy of high-sp eed 
computers. Whole new fields of sc ience have emerged, while the boundaries separating  
others have begun to disappear. Research cutting across disciplinary  lines has increased, 
a reli abl e sign of vital ity in sc ienc e, and there has been a co nver genc e of the  scien ces 
of living and non-living mat ter.

New basic knowled ge today  often has quit e imm edia te impl ications for society. 
Our un ders tanding of the g ene tic code has great  significan ce for agric ulture and m edi­
cine, is making possible prev iously unima gined in dus tria l techno logies , and may even 
cre ate  new energy  source s. Priv ate indu stry is alre ady  engaged in the prod uctio n of 
synthet ic ins ulin and int erf ero n, using reco mbinant  DNA techn iques, a nd sim ilar tech ­
niq ues  are being applied  to the study of nitrogen fixation in plants. New knowled ge 
of the earth’s crust not only has  laid the basis for f urthe r work in the continental margins, 
of grea t scient ific imp orta nce , but also has dire ct and imm edia te appl icati on to the 
sea rch  for oil. Rese arch on th e chemistry of the up per  at mo sph ere  has  made us aw are 
of potential long-term changes in the ozone shield that can have significant consequences
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for our health and, ultim ately , for life on Earth. With advances  in computer and 
materia ls sciences , we are  now able to install a com plete microcomputer on a single 
chip, a fraction of the s ize of a thum bnai l, while the cost of a chip has  rema ined  almost 
constan t. Still further drama tic advances lie ahead with imm edia te relevanc e to our 
productivi ty and inte rna tional  tra de. For example, organic compounds have been p re­
pared with elect rical  conductivit ies approach ing that of coppe r.

This drawing together of basic and applied research is not merely fortuitous— 
rather, it reflects the increas ing  role of science  and technology in all aspects  of our 
daily life and the growing urgency of nat ional  problems  containing s ignificant s cien­
tific components. In any even t, it cannot be said that scien tific  knowledge today 
consist s of dusty rep orts  lying forgotten on a library  shel f—too many people are  eagerly 
awai ting the latest developments in fund ame ntal  knowledge.

These deve lopments  in the seventies  have been  possib le because of the Nation s 
inves tment in basic science and in the train ing of scientists  over the past 35 years. 
An important result  of that investment has been  the avai lablilit y to scientis ts of a 
rem arkable a rray  of ins trum ents, from labora tory  spe ctro meters to radio and infr ared 
telescopes , from picosecond  time mea suremen ts to remote sensing  satel lites, from 
lasers to synchrotron radiation  facilities, from ever-smaller to ever-faster, more power­
ful compu ters. On both the macro and micro levels, this inst rumenta tion has given 
scientis ts access to new rea lms  of the unive rse. The seventi es have shown us how 
important this access is to advanc es in scien tific theory and application.

Just as science has been changing dramat ically, so has th e society  in which science 
operate s. The growing complexity and interd epe nde nce  of our cultu ral institut ions 
have  placed new demands  on science and new respons ibil ities on government. No 
longer can we say, as was said  100 years  ago in the Washington Post editoria l of 
January 1, 1880, that “We can count up on the fingers of one hand all misfortunes of 
national  magnitude.  Beyond the yellow fe ver at Mem phis and the outbreak among the 
Ind ians  there  has been  nothing serio us.” As s cience has increas ed the options for 
dea ling  with challenging prob lems, society has resp onded by ac tively  reaching for new 
knowledge, rath er than wait ing passively for the private sector to develop and use it. 
The challenge today is to furthe r an active par tne rsh ip of governm ent, the universities, 
and industry  in supporting  rese arch . NSF and the Administ ration expect to play 
lead ing roles.

Thirty-five years ago the Vannevar Bush repor t, Scie nce—The  Endless Frontier, 
laid the groundwork  for the post -war cooperation betw een science and government. 
It is striking to be reminde d again how it foresaw the need s of today. Its st ress on 
the role of science  as one member of a team, at the same time recognizing that 
"wi thout scient ific progress no amount of achievement in oth er direct ions can in sure  
our health, prosperity, and securi ty as a nation in the modern world,’ is as valid 
today as it was when it was wri tten . Its call for the Nation to explo re the fron tiers  
of s cience is as imperat ive today as ever.

Finally, there  have been im por tant developments in the N ational Science Fou nda­
tion during the 1970's, and the fiscal year 1981 budget builds on these  developments . 
Despite record infla tion in recent  years,  there  has been real growth  in the Foundation's
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res ear ch bu dget durin g the 1970’s, although this ha s, unf ortun ately, be en offset in many 
are as by a d ecline in basic rese arch  s upp ort  by other  F eder al agencies . NSF support 
has played  a majo r role in the dram atic  deve lopm ents  men tione d ear lier . During 
the s event ies, the search for fund ame ntal  k nowledge was singled  out by ea ch Admin­
istra tion as b eing increasingly i mpo rtan t to th e Nation. Most recently , the Pre sid ent’s 
Science  and Technology Message of 1979 note d that “most of the great unde rtakings 
we face today as a nation have a scientifi c or technological componen t.”

NSF’s app lied  rese arch  effort  was form ally  init iate d at the begin ning of the 
decade, build ing on the Foun datio n’s exte nsiv e programs in the physica l, biological, 
and behavio ral scien ces, and engin eering. This marke d the b eginning of NSF sup port 
for appl ied res ear ch in universit ies and non profit organ izations and also in industry 
when  the r ese arc h address ed critica l na tion al problem s. The new e ffort  stres sed  int er­
disciplinary resea rch and cooperation among different  types of organizations—university, 
industry, and  State and local government. The inclusion of engineering in a recently-cre­
ated  Eng ineer ing and A pplied Science D irec tora te is in tend ed to stimu late still f urther  
interact ion betwee n basic and a ppl ied prog rams and among diff ere nt types of researc h 
perf orm ers,  the value of w hich h as prov ed so importan t to th e vita lity of our  scien tific 
enterp rise .

Other deve lopm ents  of the sev enti es incl uded  i ncreased Foun datio n support  for 
the social sciences  and a recogni tion that this a rea  of science  is coming of age. Congres­
sional ame ndm ents  to the NSF Act in 1968 made explici t th e Fou nda tion ’s m andate to 
support  the s ocial sciences . Today, NSF is the only agency of the Fed eral G overn ment 
with the mission to suppo rt basic  res earch  in the social scien ces and car ries  almost 
the enti re respo nsib ility  for Fed era l sup por t for this field.  The imp orta nce  of this 
supp ort is amply dem onstr ated , for exampl e, by the work of N obel lau rea tes  in  eco­
nomics who have  rece ived  NSF gr ants.

A significant growth in international cooperation in science also marked the decade 
just ende d. Bila teral  scientific an d technical  agreements wer e signed w ith many coun­
tries. The increas ed exchang e of scie ntif ic and techn ical informati on laid the ground ­
work for many other types of exchange and communication. The most recent agreement 
with the People's Republic of China contribu ted to improved relations with that country. 
The Natio nal Science Foundatio n has bee n responsi ble for implementing over twenty 
of these agree ment s on behalf of the U.S. Government.

Science has always been int ern ational in natu re, as basic knowledge trans cend s 
natio nal boundar ies. A growing num ber of l arger  coop erat ive undertaking s with other  
nation s occu rred  in the seventies , many  of them manag ed by NSF. T his incr ease in 
large inte rnation al Undertakings  has  bee n due, in part , to the global natu re of many 
scien tific  efforts,  such as stud ies of the wor ld’s oceans and atmosph ere,  and in part 
to new  d evel opments  in inst rum ent atio n which ena ble  us to study these pheno mena. 
The I nte rnation al Biological Program , the Inte rnat iona l D ecade of Ocea n Exploration , 
the De ep Sea Drilling  Project, and the Global Atmosp heric  Research  Program are some 
of the significant la rger-scale  u ndertak ings  of the seve ntie s by NSF. In the 1970’s, NSF 
also assumed full responsi bility for managing the U.S. A ntarc tic progra m, which en­
comp asses  a broad range of scienti fic rese arch  in the p hysical and  biological scienc es
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and involves coo pera tion  with  other signatory na tion sof  the A ntarc ticTreaty. A thom e, 

NSF’s manag ement  of the const ruction of the Very Large Array  radio astronom y fa­

cility, initia ted in the seve ntie s, extended capabil ities  for ground -based astronomy.  

The Foundat ion cont inue s as lead agency for grou nd-based astronomy that it sup ­

ports at several natio nal cen ter s and obse rvator ies.
During this dec ade , as school enro llme nts decl ined  and the need to im plement 

real  growth in the Nat ion’s fundam ental rese arch assum ed higher priority , funding 

of NSF science educ ation  p rograms  d eclin ed rela tive  to the overall budget. Increased 

atten tion  was dire cted  at res earch  in scienc e education  to improve its effectiveness, 

and,  a t ed ucation for n on-scient ists, to increase the public 's understa ndin g of scien ce. 

There  has been a par ticula r focus on the juni or high school level, since this is wher e 

general  scientific liter acy can be incr ease d and whe re imp orta nt choices occur on 

the road to science  car eers. Speci al atten tion has also been given to increa sing the 

part icipation of women  and mino rities  in science to reduce  the significant loss of 

tale nt to the Nation from the ir under rep res ent ation in scien ce careers. The link 

betwee n rese arch  a nd teac hing  in s cienc e and the effective ness  of NSF’s scienc e e du­

cation  programs over the yea rs played an impo rtant part in the decision to tran sfer  

only a small portion of the Found atio n’s education  programs to the new Department 

of Education.
The NSF budget request of $1,148 million for fiscal yea r 1981 bui lds on our extensive 

exp erie nce  of suppo rting scie ntif ic rese arch  and scienc e educat ion in a va riety of or­

ganiz ation s over the past 30 year s. The specific emphase s in the 1981 budget reflect 

many months of d elib erat ion  a nd exchang e of views and recomme ndat ions on the part 

of the National Science Board, the Foundation  s taff, advisory committees, the Office 

of Science and Technology Policy, and the Office of Man agem ent and Budget. Planning 

for this budget began in ear nes t almost 20 months ago, at the June 1978 meeting of 

the National Science  Board, and  the balan cing of prio ritie s has contin ued down to 

the la st possible moment. C oncerns  for the Nati on's fu ture  and for the taxp ayer ’s dollar 

hav e weighed  heavily  in thes e decisio ns.
While NSF is not among the largest  R&D agencies,  the NSF Act places upon it 

the key respon sibility for strength enin g the scien tific ent erp rise , nationwide; for 

foste ring  the highest cali bre of scientist s and engineers; and for encouraging the ap­

plication  of sc ience to nat iona l conce rns. The 1981 budget has been developed with 

this in mind. •

Richa rd C. Atkinson 
Direct or

Janu ary 28 ,1980
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Natio nal Science Foundation

Washington , D.C. 20550

FY1981

Budget in Brief

Congress

NEW OBLIGATIONAL AUTHORITY:
FY 1981 Budget R equest .............................................................. $1,148,000,000
FY 1980 Appro priation (P.L. 96-103) ..............................................996,250,000
Prop osed Su pp lemen ta l1 ......................................................................... 840,000

Less Transfer  to Department of E duca tion ................................ -6,584,000
FY 1980 New  Obligational A uth orit y ....................................990,506,000
Inc rea se in New  Obliga tion al Autho rity

FY 1981 /FY1 98 0...................................................................... 157,494,000

PROGRAM LEVEL:
FY 1981............................................................................................ $1,148,000,000
FY 1980:

Prior Year  Carryo ver 2 ....................................................................  3,343,893
Prop osed  Pay Sup ple me nta l .............................................................840,000
FY 1980 Ap pr op riat ions ..............................................................  996,250,000
Transfer to Dep artment o f Education ........................................ -6,584,000

FY 1980 Program L evel............................................................  993,849,893
Inc rea se in  Program Level FY 1981/FY 1980 ......................  154,150,107

'Prov ides  for  increased pay costs of A ntarctic logistics support.
‘ Includes $2.5M PD &M  carryover earmarked for  October 1979 pay raise per House Appro priat ion 

Subcommittee guidance.
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ABOUT THE NATIONAL SCIENCE FOUNDATION—

The National Science Foundation  is the principal Fed era l agency for the support 

of basic research across  all fields of science and science  educat ion at un iversities and 

colleges. NSF accounts for about 34 percent of all Federal suppor t for basic rese arch  

going to academic inst itut ions . In some fields,  NSF p rovides  the dominan t share of 

Federal  basic rese arch  s upp ort : more than 69 percen t in ground-based astronomy, 60 

percent  in environmental sciences and over 50 percent in mathematics and engineering.
More than 2,000 colleges , univ ersi ties,  indus tria l firms, and other institutions and 

organizations partic ipate in NSF programs. Additionally,  over 200 small business f irms 

are  involved in NSF suppo rted rese arch , mostly in applied  rese arch areas.
NSF is an ind epe nde nt Federal agency. It accompli shes  its mission prim arily  

through grants and contracts. It operates no in-house labora tori es.
The Foundation was estab lished  as an outgrowth of President Franklin D. Roosevelt s 

desire for a science agency that could con tribute to a peac etim e economy by enhancing 

U.S. scient ific strength.  In 1944, Pres iden t Roosevelt ins truc ted Dr. V annevar Bush, 

then Director of the Office of Scientifi c R esearch and Deve lopme nt, to find a way for 

the Nation to benefit from sc ience in peacet ime as it had in w artime and to assu re U.S. 

scientifi c strength for reason s of national pros per ity and security.
Dr. Bush’s report, Science, the Endless Frontier, led to the establishment of the  

National Science Foun dation . Pre sident  H arry S Truman signe d the NSF Act in 1950. 

NSF's mission under the Act is to st reng then  U.S. science and engineer ing through the 

sup por t of bas ic research and science  education  programs.
In 1968, the NSF Act was ame nded to give the agency addi tional authority to 

support applied research and to clarify and strengthen the Foundation's responsibilities 

in science educat ion, inte rna tional cooperative science, and science policy. NSF is 

respons ible  for s treng thening scie nce  education at all educ ational levels.
NSF determines the qua lity of researc h and science educ ation projec ts through a 

system of peer review.  More than  30,000 scientis ts, engineers, and science educators in 

all par ts of the United States particip ate  in the NSF peer  review process each year. 

They provide a yardstick for excellence, giving their views and evaluations of proposed 

projects. NSF staff members who are experts  in science, engineer ing, or science  

edu cat ion make the final dec ision on awards.
Through contrac ts with universit ies  or un ivers ity consor tia, NSF supports severa l 

national research centers. These include  the National Center for Atmospheric Research, 

Boulder, Colorado: Kitt Peak Nati ona l Observato ry, Tucson, Arizona ; Cerro Tololo 

Inte r-Am erica n Observatory, Chi le; National Radio Astronomy Observatory, Green 

Bank, West Virginia, Kitt Peak, Arizona, and Socorro, New Mexico; the Sacramento 

Peak O bserv atory , Sunspot, New Mexico; and the National Astronomy and Ionosphere  

Cen ter,  Arecibo,  Puerto  Rico. Major facil ities also include the National Scientific  

Balloon Facility, Pales tine, Texas; Cornell Electron Storage Ring and the Submicron 

Research Facility at Cornel l University; and the National Magne t Laboratory at the 

Massachuse tts Institute of Technology,  among others.

6



269

NSF, by law, cons ists of the D irec tor and the National Science Board. The N ational 
Scie nce Board is the NSF policymak ing body and has 25 mem bers, including the 
Director as an  ex officio m emb er. The Direct or and Board mem bers are appoint ed by 
the Pre sident  and conf irme d by the Senate for 6-yea r terms. The terms of the Board 
mem bers  a re arra nge d so that the  terms of one-th ird of the members  expire every  two 
years .

The presen t Chairma n of the National Scien ce Board is Dr. Norm an Hack erman, 
Pre sid ent  of Rice Univ ersity . The NSF Direct or is Dr. Richard C. Atkinson.

The Foun dation  has about 1,274 employees. The Direc tor, Deputy  Director , and 
four  Assistant Direct ors are app oin ted  by the Pre sident  an d confirm ed by the  S enate . 
Th ree  othe r Assistant Directo rs are  appo inted  by the NSF Direct or. More than 30 
per cen t of the NSF staf f are experts  in the v arious fields of science , engin eering , and 
scie nce  educat ion. About five per cen t of the staf f are  s cien tists serving as "ro tators” 
from academic  and othe r nongovernm enta l institution s. The se rota tors  work for the 
Fou ndat ion for 1 or 2 yea rs and  then retu rn to the ir home insti tutions. They help  
provide  a contin uous influ x of up-to-date  informat ion and fre sh viewp oints on the 
nee ds and opp ortu nitie s for science and scien ce educ ation.

NSF Responsibilit ies

• Stren gthen  basic  r esea rch in the mathem atica l, phys ical , environ men tal, engi­
neering, biolo gical, so cial and other sciences.

• Initiate  and  su ppo rt app lied rese arch  at ac adem ic an d nonprofit instit utio ns and 
at profit-m aking a nd oth er a ppr opr iate  orga nizati ons.

• Stren gthen  scie nce  education  progra ms at all levels.

• Stimulate intern ationa l scientific cooperation between U.S. and foreign scientists.

• Increase U.S. researc h potential through cooperative industry/univers ity resear ch.

• Assist in providing the Nation with highly trained  scientists and engineers through 
a program of fellowsh ips for science  and engineer ing.

• Gathe r and pub lish  scientific and technica l dat a pertinen t to national  scie nce  
policy decisionma king.

• Manage and f und the U.S. Antarctic Program.

• Recommend and enco urag e the pur suit  of national policies for the pr omot ion of 
basic resea rch  an d education  in the sciences.
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T ot al .......................................... 9 2 6. 9 1, 0 0 6. 0 9 9 3. 8 1, 1 4 8. 0 1 5 4. 2

1 I n cl u d es pr o p os e d s u p pl e m e nt a l of $ 8 4 0, 0 00 f or i n c r e a s e d p a y c osts of N a v y p er s o n n el e n g a g e d i n t h e U. S. A nt ar c ti c Pr o gr a m  
a n d e x cl u d e s $ 6, 5 8 4, 00 0 t r a n sf e rr e d t o D e p a rt m e n t of E d u c ati o n.

I n cl u d e s $ 2.5 milli o n c a rr y o v er e a r m ar k e d f or O ct o b er 1 97 9 p a y r ais e.
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NATIONAL SCIENCE FOUNDATION 
BUDGET SUMMARY

(Millions of Dollars)

Budget Activity
FY1979
Actual

F Y 1980 Differences

FY 1980 "
Program
Funded

by
Congress

Prior
Year

Funds
Carried

Over

FY1980
Current

Plan

FY 1981
Ne w
Obl i-

gationaf
Authority

Ne wO bli-
gatinnal

Authority
FY 1981/80

Total 
Program 

FY 1981/80

Research and Related Activities 
Appropriation:

Mathemat ical and Physical Scien ces........... $208.9 $226.2 $.2 $226.4 $264.2 $38.0 $37.8

Astronomical.  Atmospheric, Earth, 
and Ocean S cien ce s.................................... 211.6 217.9 217.9 241.3 23.4 23.4

U.S. Antarctic  Pro gram .................................... 51.1 55.8 _ o_ 55.8 63.4 7.6 7.6

Ocean Dri lling Programs ................................ 11.6 19.5 —0_ 19.5 27.3 7.8 7.8

Biological, Behavioral , and
Social S cie nces............................................ 154.7 166.5 - 0 - 166.5 182.0 15.5 15.5

Engineering and Applied S cien ce ................. 109.9 111.6 .2 111.8 137.0 25.4 25.2

Scientific, Technologica l, and
International Affairs .................................... 23.6 26.1 _ X)_ 26.1 28.8 2.7 2.7

Cross Directorate Program s.......................... 16.8 25.1 .4 25.5 52.0 26.9 26.5

Program Development and Mangement . . . . 54.7 58.1 2.5 60.6 60 8 2.7 .2

Subtotal  ......................................................... $842 9 $906.8 $3.3 $910.1 $1.056.8 $150.0 $146.7

Science Education Activities Appropriation: 
Scientific Personnel  Im provem en t............... $33.1 $31.6

_ Q _ $31.6 $35.2 $3.6 $3.6

Science Education Resources
Improvement ............................................. 28.6 24.0 - 0 - 24.0 24.2 .2 .2

Science Education Development
and Research ............................................. 12.0 14.9 14.9 17.5 2.6 ?■«

Science and Society  ...................................... 6.3 7.7 —0— 7.7 8.8 1.1 1.1

Subtotal  ....................................................... $80.0 $78.2 —0— $78.2 $85.7 $7.5 $7.5

Special Foreign Currency Appropriaton . . . $4.0 $5.5 - 0 - $5.5 $5.5 - 0 -

Tota l, N S F ................................................ $926.9 $990.5 $3.3 '$993.8 $1,148.0 $157.5 $154.2

Includes proposed supplemental of $840,000 for increased pay costs of Navy personnel engaged in the U.S Antarctic Program
and excludes $6,584,000 transferred Io the Department of Education.
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F Y 1981 B U DG ET O VERVIE W

Amount Requested

The Nat iona l Science Found atio n’s FY 1981 budget requ est  is $1,148 million. The 
requ est includes $1,056.8 million for Researc h and Re lated  Activities, $85.7 million  for 
Science Educat ion, and $5.5 million for  Special Foreign Currency.  The FY 1981 request  
is $154.15 million or 15.5 percen t abov e the FY 1980 Current  Plan of $993.85 million. 
The overall increase in basic  res earch  is 16.9 percent , which takes into account the 
U.S. Antarct ic Research Program and a major initia tive in ocean dril ling  on the 
cont inen tal margins. This budget allows for real growth in the level of effort of most 
NSF s upp orted activitie s and is a fisca lly sound response  to sc ienc e need s and op­
portuni ties.

Research and Related Activities

Research Perspectives
The National Science Founda tion  supports research in all areas of sc ience  and 

engineering. The bulk of the Found atio n’s basic rese arch s upport is pro vided through 
individual research project grants in the Mathematical and Physical Sciences; Biological. 
Behavioral, and Social Sciences; Astronomical, Atmospheric, Earth, and Ocean Sciences; 
and the Engineering  and Integra ted Basic Research Program s in the Engineering  and 
Applied Sciences activity. Toge ther , basic rese arch  support in these areas incre ases  
from $647.2 million to $737.4 million or 13.9 percent.

Basic rese arch  rema ins the ess ent ial cornersto ne of U.S. scien ce and its suppor t 
is the prim e mission of NSF. Basic Research is the critica l building  block for new 
knowledge. For example , fu nda me nta l under stan ding in mater ials  rese arch, e lectr ical 
and mechanical engineering, neural  biology and processes taking place at the submicron 
level may combine to crea te an  in tegrate d sta te of knowledge that ca n lead to benefits  
for the hand icapped through more sophistica ted com pute rized pros theti c devices. 
Increasingly, advances in science are  in terd epe nde nt. A b reak thro ugh  in a seemingly 
esoteric area of mathematics or physics can trigger new avenues  of rese arch  in o ther  
are as such as chemistry, biology, a nd as tronomy, and the reve rse of this  phenom enon is 
also true.

In FY 1981 the Foundat ion's basic  research  effort is designed to keep supporting 
science  at a pace tha t will cont inue to give the U.S. a scientif ic edge among the nat ions 
of the world. It involves a new dimension in experimenta l computer  research, accelerated 
research in mathematics and chemistry, strong support for research on microstructures, 
and expanded  efforts in the neurosc ienc es and on ecosys tems and other area s of 
environmen tal research . The program also prov ides  for the first  major step leading 
to the construction of new 25-meter diame ter mil lime ter wave telescope  for astronomy 
rese arch .

11



274

Overa ll, basic res earch  in the physical scien ces and  engin eering is settin g the 

pace for the NSF program in FY 1981. Basic research is of extrem e imp orta nce  in 

providing the fun dam ent al knowledge in mathematics, astrono my, physics and othe r 

scienc e areas  to stre ngt hen  and extend the base  of scien tific  knowledge nece ssary 

for future progress. In such areas as computer  scienc e, chemistry, and materia ls 

rese arch , it also holds pro mis e for advan ces that can lead  to practical appl ications.

NSF-supported basic res earch  is conducted  prim arily  through unive rsitie s and 

other research institutions in every State and through various international cooperative 

scienc e programs on all con tine nts  of the world. Sever al natio nal rese arch  centers 

supp orted  by NSF are ava ilable  to outstanding visiting scientist s on a comp etitive  

basis  and provide these  scie ntis ts with access to some of the Nation s most adva nced  

instruments and facilit ies.
NSF also provides sup port for appl ied res ear ch in se lec ted  areas whe re there is 

good potent ial for the res earch  results to contr ibu te over the long term to improved 

technology and productivity, both essential in ou r national efforts to deal with infla tion 

and to provide more and b ett er jobs for U.S. workers.  A signif icant pa r, of NSF appl ied 

rese arch  deals  with fun dam ent al res ear ch aimed at expa ndin g our unde rstan ding  of 

phen omena and proce sses. Con sequ ently , NSF appl ied resear ch is a step removed 

from specific field appl icat ions , dem onstr ation , and  develo pme nt which are  the a ppr o­

pri ate  respon sibility of missi on agencies and indus try.

Other Budget Highlights

In addition to the inc rea ses  in variou s are as of basic resear ch descr ibed above, 

the following special thru sts and  emphases dese rve par ticula r considerat ion.

Industry/University Cooperative Research—A  special challenge for the U.S. is to utilize 

fully the resea rch cap abi litie s of indus try and univ ersi ties  in activities that can lead 

to a stren gthened,  more vigorous U.S. rese arch  effort. Intern atio nal  competi tion and 

the practice of other  ind ust ria lized nations  that combine the resou rces  of in dustry , 

univ ersit ies, and the gov ernment in concerted R&D ef forts in certain marke ts have  

create d new challenges for America. This competition demands more cooperative efforts 

among industry, universities, and government to increase  U.S. productivity and improve 

servi ces.  The NSF, in FY 1981, in response  to a Pre side ntia l dire ctive, is increasing 

its industry/university coopera tive research  efforts markedly. These efforts are designed 

to s timu late the research prog rams of both indu stry and univ ersit ies. They will also 

hel p provide app rop riat e ince ntiv es to ensure  that ther e are improved opportunitie s 

for unive rsity  and indu stry  res earch  labo rato ries  to keep American  science  at the 

cuttin g edge of progress, thus giving our indu strie s a tech nica l edge in world wide 

competitio n.

Small  Business Researc h Effo rts—NSF is also moving aggressively to strength en re ­

sea rch  direc ted at increasing  the opp ortu nitie s for small bus inesses  to make grea ter
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contributions to the natio nal researc h effort in FY 1981. The Found atio n’s program 
has been augmented by $10 mill ion for this purpose, bringing the total amount for 
small  business  par ticipation, prima rily  in applied r esearch  efforts , to approximately 
$13 million.

Technology Centers—There  a re a variety  of are as which  re qu ire  advances in science 
and enginee ring  to en han ce our  technolog ical capabilit ies. Corrosion prevention and 
control, high impulse welding and  joining, non-destructiv e testing and various other 
so called “generic ” technologies req uire fur the r advances  to improve subs tantially 
our pre sen t technology cap abi litie s. In many of these gene ric are as advances  depend 
on soph isticated  unde rsta nding of materials , sur face  corrosion,  and heat  transfer. The 
Foun dation will estab lish one or more generic technology cen ters in FY 1981 as part 
of a larger Fede ral effort  designed to enhance technology in basic science and engi­
neer ing.  The centers will be jo intly fun ded by indu stry  and go vernment, and su bsta n­
tial public benefits are expe cted .

Improving University Research  Laborator ies— The FY 1981 program reques t inc ludes 
$14.25 million to upgrad e universi ty resea rch labo ratories.  Many of these lab oratories 
hav e ou tdated facili ties which  limit the rese arch  techniq ues  or ins trum enta tion which 
can be used. This freque ntly resu lts in less than optimal return on the investmen t 
of F ederal dollars  for sup por t of resea rch.  The FY 1981 budget reques t rep resent s a 
begining to allev iate this situation. This is planne d to be  a matching grant program  
where  Fede ral funds will  be m atch ed with an equal amount of non-Federal funds from 
academic institut ions.

Interagency Cooperation and Science Policy— In recent  years , the  Foundation  has sub ­
stan tial ly expa nded  its effo rts to improve the effectiveness of cooperation  with othe r 
Federal agencies. This has been  accomplished through  a variety  of mechanisms, inclu­
ding formal and informal inte ragency coord inating comm ittees and panels. Perhaps 
the most effective mecha nism  is the con tinual , day by day consulta tion among program 
officers in the various agencies.  There is also a vastly expand ed effort to extend 
cooperation in the f ield of sc ience educa tion, with a view toward aiding in the est ab­
lishm ent of the new Depar tme nt of Science Education.

NSF also provides important science policy analyses and science manpower  studies 
that are beneficia l to the entire scient ific community and to various government 
agencies, the Congress, and the President's Science Adviser.

Interna tional  Scie nce  Ac tiv ities— Many NSF science activitie s are inte rnation al in 
scope, and internationa l cooperation through science has become increasingly important 
in the past decade. In FY 1981, the Foundation  will establish a promising cooperative  
rese arch effort with the Peop le’s Republic  of China. NSF also hopes to inc rease its 
cooperative work with the advan ced coun tries  of Wes tern  Europe.  Our experie nce  
in the Antarctic for the pas t 24 years has dem ons trated that science can main tain 
an effective means of inte rchange and friendly communic ation even in times of
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sev ere  political stress among nations . NSF hopes to co ntin ue to conduct a wide range 

of rese arch  suppo rt activ ities  that involve the coop erat ion of many nations in all 

par ts of the world and will con tinu e its ef fort to enha nce  U.S. science  for the bene fit 

of all peoples.

Oce an Margin Drill ing — Th e FY 1981 budget requ es t inc lud es  $10 mill ion,  to be 

matc hed by the U.S. pe trol eum  ind ustr y, to em bark  on a 10-year Oce an Margin Drilling 

Program. The scientific resu lts from this program are expected to be as revolutionary in 

scope as those from the NSF fund ed Ocean Sediment Coring Program. Further light will 

be shed on continenta l dri ft and  the history of the con tinental  margins. Significa nt 

new drilling capa bilit ies un der the ocean should resu lt from this project. It should 

also provide knowledge  of the  geologic fram ewor k for pass ive margins, specif ically  

the U.S. Atlantic margin  that contain s potential  petro leum  rese rves.

The likely drilling pla tfor m is the U.S. Gove rnme nt own ed ship, the Glomar  

Explorer. In FY 1981 eng ine erin g design and cost estim ates  for convers ion of the 

Glom ar Explorer and the adv anc ed deep ocean  drilling system , as well as s cienti fic 

plann ing, will take place. Results of th ese effort s will prov ide the basis for the final 

‘‘go, no go" d ecision on the whole proje ct as a joint venture  b etw een  gov ernment a nd 

indu stry.

Science Education— Two NSF Science Education program s, the Minori ty Institut ions 

Science Improvement progra m and  the Elem entar y School S cienc e Teac her Training 

program, are being tra nsf err ed to the newly establis hed  Dep artm ent of Education. 

NSF rem ains  a key factor in effort s to s treng then science educat ion at all academic 

level s. In FY 1981, th e Fou ndation  will contin ue to con cent rate effort s at the junio r 

high school level .Exp erien ce has  shown that large numbers of stude nts, espec ially 

min orit ies and women, drop  out of science courses at this level. NSF is dete rmin ed 

to tap this potent ial reso urce  so that minority  and women stud ents can have grea ter 

opp ortu niti es for c aree rs in s cience  a nd engineering . In addi tion, the Foundat ion will 

continu e a range of science edu cat ion  activit ies designed to stim ula te improvemen ts 

at the gra dua te and und erg rad uate level by giving stu den ts an opp ortu nity  to develop 

and pur sue  rese arch  and to particip ate  in produ ctive  science proje cts. The Found a­

tion also plan s to stren gthen its res earch  effort to im prove  the technique s of scien ce 

edu cat ion  to make science study  more  inter estin g and rewarding.

Special Foreign Currenc y—NSF has, for several years , under tak en a number of co­

opera tive  scien ce programs with nati ons  wh ere the U.S. has local cur ren cies on deposit 

in amo unts declared to be  excess to U.S. Government needs by the U.S. Treasury Depart­

ment. This program has prod uced  ben efic ial coope rative research efforts with Egypt, 

India , and  Pakistan, and a num ber  of othe r countries  that have given U.S. scientists 

opp ortu niti es for coo perat ive res earch  o therw ise una vai lab le to them . Excess foreign 

currencies have also been used effectively in the transl ation of foreign science journals, 

text books, and other public ations . T he use of these excess cur ren cies cau ses no dollar
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dra in on the U.S. and provides an opp ortu nity  for U.S. science to ben efit  from the 
use of cur ren cies gen era ted  by the sale  of U.S. agric ultur e commodities overseas.

Cross -Dire ctora te Programs—The re are sev era l pro grams of imp orta nce to the sup port 
of science by the Founda tion that do not fit easily into the existing str uct ure  of the 
Foun dation . Ty pically , these programs cu t ac ross  disc iplin ary b oun daries.  To give visi­
bility to these programs and to d efine mor e clear ly thei r purpos es and exp lain  their  
need , NSF ha s com bined these progra ms in  FY1981 into a new program b udget activity 
enti tled  Cross-Dire ctora te Programs. The se inclu de a v arie ty of ac tivit ies such as the 
Ind ustr y/U nivers ity Coope rative Res earc h Program, the 2- an d 4-Year C ollege Inst ru­
mentation Program, the Experim enta l Prog ram to Stim ulate  Com petit ive Research, 
Research Init iation in Minority  Inst itutions,  and the Univ ersity Researc h Facilities 
Improvement Program. These prog rams  general ly req uir e special man agem ent and 
review technique s tailored to parti cu lar  objecti ves and req uirem ents. By grouping 
these prog rams  in the Cross-D irectorate  Program activity, it is expected  that the n eeds 
and objectives will be clarified to aid the Congress in its consideration of the NSF budget.

Essential Role of Engineering—A wide ly recogniz ed prob lem is the lag be twe en basic 
res ear ch and pract ical appl ication. NSF is uniquely organ ized to fac ilita te this move­
ment from conce pt toward application. It was recognize d from the F oun dat ion ’s begin­
ning that basic research  in engi nee ring  as wel l as the sciences  is an esse ntia l feat ure 
of a totally  integ rated  rese arch  effort . In recen t years  it was fur the r recogn ized that 
NSF has a role to play in cer tain  appli ed rese arch  and res ear ch applica tion s efforts 
desig ned to move research  re sults into appl ication in sele cted  area s of n ational impo r­
tance. In FY 1980 the Foun dation  reo rganized to com bine its engi nee ring  a nd science  
app lica tion s activi ties into a single dire ctorate .

Engineeri ng reta ins its basic  res earch  char acte risti cs but is now more closely 
allie d with the appli catio ns and appli ed rese arch  ac tivit ies of NSF to impro ve the flow 
of basic  res ear ch results from concept to use.

Freq uen tly,  progres s in eng ineerin g lies in the acqu isitio n of new knowledge  
from var ious  science  disc iplin es, espe cial ly materia ls rese arch, chemistry and com­
pute r scien ce. The Foundation  has  taken  action to stre ngt hen  greatly  its engin eering  
and app lied  research  areas in FY 1981 as part of a bro ade r agenc y effort  to expan d 
resear ch in fields that have  a high potential for cont ribu ting  to th e even tual solution  
of pr oble ms confronting society in such areas as transpo rtat ion , e nergy, envir onme nt, 
new and improve d technology, and  food and nutrit ion.

15



278

SOME MAJOR  RESEARCH QUEST IONS 
ADDRESSED BY NSF SUPPORTED RESEARCHERS

Basic Research

• Can a model be found to predict laser- induced chemical reac tions?

• Can a unified theory be found which describ es the strong nuclear force, the 
electromagnetic force, and the weak force as three relate d aspects  of a single 
force of na ture?  Can all the forces  in nature  be describ ed by a single unified 
theory?

• What are the taxonomic an d biological cha ract eris tics  of organisms in the en dan­
gered  tropical forests?

• How can the unprec ede nte d complexity and capac ity of V ery Large Scale Inte­
grated (VLSI) elec tronics be cont rolled and utilized to d evise new computer 
concepts, systems, and applications?

• Is gravita tional  radiatio n produc ed by natural astronomical sources? What a re 
its properties? How can it be de tec ted  in the laboratory?

• How can certain chemical bonds, such as between carbon-hydrogen or carbon- 
carbon, be made more reac tive  at ordinary temperatures  and p res sures ?

• How do internal  inte rfaces, such as grain boundar ies, and  micro chemical 
segregation to interfaces affect the mechanical and physical properties  of crystalline 
solids?

• What are the deta iled  atomic and molecular  structures of am orph ous (glassy) 
solids and how does  s tructu re affec t the magnetic, elect ronic , and mechan ical 
behavio r, and resis tance  to chemical attack?

• How do plants  and animals int era ct with the atmosph ere to (a) control atmos­
phe ric  carbon dioxide and  (b, respond  to acid rain?

• What are  the deta iled reactions going on deep within the Sun? How are these 
related to cycles of so lar activi ty? Is the Sun cooling down? What can we lea rn 
about the inter ior of the Sun from studies of its surface  conditons?

• Do the Sun's variations affect the magnetosphere, ionosphere, upper atmosphere 
and,  final ly, terestr ial c limate and  weather?

• By what mechanisms do brain circuits  control body temperature, blood pressure, 
and hea rt rate?

• What are  the factors tha t control  the fo rmulation, organization a nd decay of con­
vective severe storms?

• Wha, is the  geologic stru cture of passive oceanic margins  (such as the L' S. east 
coast)?  Is the geologic pictur e consiste nt with the  accumulation of petroleum?
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• How are  earthquake s, volcanic activity and formation of mountain ranges related  
to plate tectonic proce sses at active  ocea nic margins such as we stern Central 
and South America?

• What are  the geological and geoc hem ical processes that modify sed ime ntary 
mat eria l to form hy droc arbo n and miner al resource s?

• What role do the  pola r regions  play in global  we ather and climate ?

• How can “gene-splic ing” te chn iques be used to be tter  un derstand g ene functio n 
resu lting  in impro ved crop  pro duc tion ?

• What a re  the key rela tionship s b etw een the st ruc ture  an d d ynam ics of a ntar ctic  
wat er m asses  and the biological pro ces ses  leading  to high produ ctivity?

Science Education

• What learn ing  proce sses are involved in und ersta ndin g scie ntifi c and mathem a­
tical co ncepts at var ious ed uca tion al l evels?

• What are  the most effective mechanisms  for increasing pa rticipation  of minorities, 
women, an d the hand icappe d in sc ient ific  care ers ?

• What techniques and approaches can be employed to provide scientific and tech­
nical exp erti se to ci tizens to inc rea se their ability to make wise choic es on tech ­
nical publ ic policy issues?

• What new instruction al materi als , educational  p ract ices , and res earch  findings 
are essential for improving science education, especially for the early  adolescent?

• How can we most effec tively apply technology to the teac hing  and learn ing 
of mathem atics  and scien ce?

• How can we increase  our under standi ng of the rela tion ship  bet ween learn ing 
processes and the nature and structu re of scientific and mathematical knowledge?

Engineering and Applied Science

• How can techn iques of mic rofa brication be improved  and wha t kinds of new 
microst ructures  can be made  with  these imp roved  techn iques?

• What  o ppor tunit ies are  the re for the use of man- made  mic rostruc ture s such as 
sensors, transducers, information, processing systems, and microprosthetic systems?

• How can und erst and ing  of phys ical inte ract ions  on cata lytic  surf aces  lead to 
the design of more efficient catalysts for indust rial processes, including synthetic 
fuel produ ction?

• How can the strength of fi ber reinf orce d stru ctural mat eria ls, including that of 
conc rete,  be im proved?
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• How can r ecent developments in compute r technology best be ap plied to auto­
mated ma nufactur ing proces ses, with par ticula r ref ere nce to robotics?

• How do natio nal fisca l, mone tary and regulatory  polic ies affect the costs and 
management of prog rams by State and local governments?

• What new processes and technologies can be developed for improving the efficiency 
of separation of min era ls from low grade ore bodies and the handl ing of the 
resulting processing wastes?

• How can the design of structures, dams, and other vital facilities provide effective 
earthquake protection at acceptable  cost, and what are the social factors involved 
in mitigating earth quake  hazards  and disas ters?

Scientific,  Technological, and International Affairs

• What are the economic effects  of tax policy on R&D and technological innovation? 
Of government R&D funding? Of regula tions?

• How adequ ate a re the e stim ates of risks associa ted with dif ferent  technologies?

• What is the impact of rising  costs on the Nation’s R&D activit ies?

• What are the abilit ies and limitations  of people  t ransfe rrin g information to and 
from physical subsystems such as com puter  terminals?

• What rela tionships  exist be twe en in formation  and the str uct ure  of language?

• How can R&D be bette r u tilized to assist lesser  dev eloped countries  in pursu ing 
thei r domestic, social, and economic policy objectives?
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SNAPSHOTS OF ITEMS IN THE FY 1981 NSF BUDGET

Ma thematica l and Physical Sc ien ces
• Research  projec t suppor t in Mathematics, Physics, Chem istry, and Materia ls 

($174.7 million)—Includes incre ase d funding to allow for more adequ ate  projec t 
suppor t levels.

• Experimental computer resea rch ($3.7 million)—Provides support for enhancing 
the experimental  computer research capability at universities, including modern 
comput ing systems, toge ther  with associated develop men t, maintenance , and 
operating  costs.

• Research related to microstructures in Chemistry, Materials  Research, and Com­
puter  Research ($9.0 million)—Funding for this research increases by $2.0 million 
above the FY 1980 level of $7.0 million.

• Cornel l Electron  Storage Ring (CESR) ($7.4 mi llion)—Provides for operations 
and rese arch  costs for the newly conv erted positron—elect ron  colliding beam 
facility.

• Research instrumenta tion and equipment ($42.4 million)—Includes more adequate  
instrumentation and equ ipm ent  for resear ch projects, spec ial equipment pro ­
grams, unive rsity labora tor ies,  and major use r facili ties.

• Materials  Research Laborato ries  ($22.2 million )—Streng then s in terd isciplin ary  
research  in key are as,  permits some upgrading of exp erim ental facili ties, and 
provides more viable support  at the sma ller  labora tori es.

Astronomical, Atmospher ic, Earth and Ocean Sc ien ces
• Very Large Array (VLA) for Radio Astronomy ($5.2 million)—$4.5 million decrease 

resul ting from completion of fun ding for VLA fabrica tion  in FY 1980 is part ly 
offset by a $1,850,000 increase in the first year  of full VLA operations .

• New 25 meter diameter, millimeter wave telescope ($1.7 million)—This provides 
support for de tai led  design and speci ficat ions . Th is ac tion carri es with it a com­
mitment to go ahe ad  with the construction  of the telescope  during FY 1982—FY 
1984 at a total cost in curr ent dolla rs estimated to be approxim ately  $27.0 million.

• Climate Research ($6 million)—Continuation of Climate Dynamics research .
• Coordinated R esearch and Exploration ($23,600,000). Succeeds the Inte rna tion al 

Decade of Oce an Explorat ion wh ich ends in FY 1980.
• Ear thquake Research ($1.2 mil lion)—Continuation of basic earth sciences  re ­

search r ela ted  to the occurren ce, location  and sever ity of earthquakes .
• Coastal Researc h Ships  ($3.6 million)—Construc tion of one 130-140 ft. ship.
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• Inst rumenta tion and  E quipment ($26.7 m illio n)—Inclu des  $6.6 million for major 

equip ment , includi ng the research ship; and $20.1 million for other resear ch 

equi pment for use on res ear ch projects  and  at nat ional centers.

U.S. Antarctic Prog ram

• Repairs to Aircraft ($2 million)—Includes repai rs to a crash-damaged LC-130 a ir­

craft and for mod ifica tion s to exten d the pre sen t s ervice life of an older LC-130 

aircraft .

Ocean Drilling Programs

• Ocean Margin Drilling Project ($10 mill ion)—These funds together with matching 

funds from the pet rol eum  in dust ry will take the p roject  up to the point of m odi­

fications to the U.S. ow ned research ship, the Glomar  Explorer , d rillin g system 

procu rement, and dri llin g site selection. This initia l effo rt will provi de a basis 

for the final go, no-go dec ision for the  pro ject as a joint ve ntu re be twee n indust ry 

and in the gove rnme nt.

Biological, Behavioral and  Soci al Sci enc es

• Genetic  Biology ($10.3 mil lio n)—Resea rch support  for studi es of genetics of 

plants, gene-spl icing in plants and animals, and the transm ission and re gulation 

of her edi tary  materia l.

• Research Inst rumentation ($16.1 mil lion)—This total is included generally as a part 

of resea rch grants  and pro vides for enha nce ment of the acc essib ility  and sh aring 

of improved equ ipm ent for res ear che rs in the biologica l, beha viora l and social 

sciences .

• Neuro scien ces ($17.0 mi llio n)—Resea rch support  for stud ies focused on un der ­

standing the action, mechanisms and functions of nerve cells and sensory receptors.

• Cognitive Science ($5.6 millio n)—Research support for studies on the mental re pre­

senta tion of knowledge, the  development of cognitive capa citie s, and the ac qui­

sition of language, hum an lear ning  and thought.

• Anthropology ($7.6 mi llio n)—Research  su pport for s tudi es centering  on tracing 

the course  of h uman  evolutio n over seve ral million yea rs and to examine  the 

effects  of nutr ition al and dem ogra phic  factors on societal evolution.

• Ecosystems ($13.0 mi llio n)—Sup port for res ear ch address ing critica l problems 

involving ecosy stems m ana gem ent such as global carbon  dio xide  and acid rain.

• Economics, Geography, and Political Science ($15.8 million)—Support of research 

stud ies to expand  the scie ntif ic und ersta ndin g of the processes under lying the 

perform ance of the economy.

Engineering an d Applied Science

• Com pute r Enginee ring ($2.2 mil lio n)—Research efforts in co mpu ter vision and 

appl icati ons, as well as robotic s, re late d to prod uctivi ty en han cem ent  in the U.S.
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• Mic rost ruct ures  En gineer ing ($4.7 mil lion )—Supports the Subm icron Resource 
Facil ity at Cornel l Un iversity and provi des for r esarch on ionb eam -bas ed micro­
fabr icat ion  tech niques and comp osite  mate rials  systems for e lec tron ic devices.

• Ear thq uak e Hazards Mitigation ($19.4 milli on)—Resea rch on the effe ctivenes s 
of regulat ions  to achie ve given levels of ear thq uak e prot ecti on and  on the 
impa ct of ear thquak e warn ing and prediction  mea sure s on the socioeconomic  
envi ronmen t of the community.

• State Science , En gineering, and  Technology ($3.0 m illio n)—Supp orts  effor ts d e­
signe d to bui ld the capacity of stat es to assess  and use scie ntifi c and technic al 
informat ion in the pub lic policy developm ent process.

• Small  Business Innovation ($13.0  m illio n)—Provides an opp ortu nity  a nd an in­
cen tive  for small scien ce and technology-based firms to un derta ke  high risk 
res earch  in co nnection with res earch  programs that also could have  significant 
ben efi t to the indu strial econom y.

• Ind ust rial  Technology ($5.2 mill ion )—Supports r ese arch on ex per ime nta l in cen­
tives design ed to increas e the commitment of U.S. indu stry  to rese arch  and 
development and to provide long-term bridges bet ween industry and universities 
in sele cted  gene ric technologies .

Scientific, Technological and International Affairs

• West Europe  P rogram ($1.8 mi llio n)—Expansio n of cooperativ e rese arch  t hrust  
in Weste rn Europe where scie ntif ic and tech nica l cap abi liti es in some fields 
rival or surp ass those in the U.S. and whe re U.S. scientis ts can most benefit 
from coopera tion.

• Science in Developing C ountries ($1.1 m illion)—Support of resea rch and teaching 
that rela te the app lica tion  of s cienc e and engi neer ing to p rob lem s of develo p­
ment in Asia, Africa, Latin American, and the Car ibb ean .

• Technology A ssessm ent and  Risk Analysis ($1.4 mil lion )—Expans ion of the risk 
analysis function to improve methods for evaluating long-term comparative risks 
and benefits of altern ative technologies.

• Inte rnat iona l Economic Policy ($750 ,000)—A new foc used res ear ch and analy sis 
progra m on issu es of in ter nat ion al economic policy affecti ng dom estic eco nomic 
progre ss and the conduct of foreign relati ons.

• Postcensal Survey of U.S. Scientists and Engineers ($500,000)—Continued design 
and planning of a key survey  of scien tists  and eng ineers to be iden tified in 
the 1980 Decen nial Census.

• Inform ation Techno logy ($400,000 )—A new program to assess emerging  info r­
mation systems and to design more effective inst rum entatio n for inform ation 
scienc e rese arch  in areas not supp orted  with in the pri vat e sector.
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Cross-Directorate Programs

• Industry/University Cooperative Research ($20.0 million). Strengthens research ties 

between two major components of the Nation's scientific and technological sys­

tems. Research is focused on fundamental scientific or engineering issues of a 

basic or applied nature .

• Instrumentation and Facilities ($20.25 million). Provides increased support for 

instrumentation and facilities for 2-year and 4-year colleges; for universities 

with outmoded graduate-level  facilities; and for improving geographic distribu­

tion of specialized instrumentation  across the Nation.

• U.S./China Cooperation in Basic Sciences ($2.0 million). Provides for cooperation 

with Chinese scientists in a broad research program in the basic biological, social, 

mathematical, and physical sciences.

• Decision and Management Sciences ($1.0 million). Increases the scientific base 

and knowledge leading to the improvement of organizational decisions, manage­

ment, and operations of public  and private enterprises.

Science Education
• Science Education for The Early Adolescent ($14.0 millio n)—Focuses continued 

effort at a point of high opportunity—the junior high/middle school years.

We need to know more about why many of this age group—particularly minorities 

and girls—choose not to study science and mathematics beyond this age and thus 
preclude themselves from possible preparation for future science and technology- 

related careers.
• Research in Science Education ($6.5 million)—Supports studies to gain knowledge 

needed to identify and develop the processes by which science is learned and 

to understand the motivational factors involved in pursuing science as a career. 
The motivational aspects of learning in the cu rrent decade are expected to play 

an important role in the development of the cadre of scientists of the future.

• Public Understanding of Science ($5.0 million)—Supports efforts to improve 
the understanding of sc ience by all citizens and to make information available 

to nonspecialists in order to increase their basic understanding of science and 

its contribution to the quality of life. The ability of science and technology 

to contribute to the national welfare depends  not only on the inventiveness 
and technical competence of its practitioners but also on the degree to which 

its results are understood by citizens and can be assimilated into our social 

structures and institutions.

• College Science Teaching ($4.0 million)—Provides for subject-matter revitali­

zation of college science teaching. The quality and currentness of college science 

teaching have been declining as a result of a series of events, among which are; 

reduced enrollments, declining birth rates, reduced mobility of faculty, changing 
composition of the student body and changing job market. Because of these 

factors, the Foundation is proposing to give priority, as a new major thrust

in FY 1981, to the updating of the subject-matter competence of college science ' 

faculty.
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RESEARCH FACILITIES, EQUIPMENT, 
AND INSTRUMENTATION

The Foundation provides support  for a variety of research facilities, major equip­
ment, and other equipment and instrumentation that a re essentia l to the performance 
of advanced scientific research. NSF support is summarized in the following table and 
discussed in the paragraphs below.

RESEARCH FACILITIES AND EQUIPMENT 
Budget Authority/Obligations in Millions of Dollars

Fisca l Year and A c tiv it y

Land, 
Bui ldings, 
and Fixed  

Equip me nt
M ajo r

Eq uip me nt

Other
Equipment

and
Ins trume nta tion Total

F Y 1979
Ma the ma tical and Physica l Sc ienc es .......... —0—

4.9
2.5 

—0— 
—0—

$11.2

10.9 
—0—
—0—

0.7

$28.0

16.2
5.7

17.1
11.3

$39.2

32.0
8.2

17.1
12.0

Astronomic al,  Atm osp her ic.  Earth and
Ocean Sc iences .........................................

11.S. An tarct ic Program .....................
Bio log ica l, Behavioral , and Social  Scie nc es...........
Eng ineering and App lied S cie nc e.................................

Total,  EY 1979 .............................. 7.4 22.8 78.3 108.5
FY 1980

Ma the ma tical and Physical Sciences . . . . —0—

1.7
2.6 

—0—
—0— 
—0—

6.4

7.1
1.0 

—0— 
0.5 

—0—

30.4

17.5
5.0

14.6
12.0
5.7

36.8

26.3
8.6

14.6
12.5
5.7

As tronomica l. Atmosp her ic.  Earth and
Ocean Sc iences ...................................

U.S. An ta rc tic  Pr ogra m .............................
Bio log ica l, Beha vioral , and Social  Scie nces.............
Engineer ing  and Ap pl ied S cie nc e.............................
Cross-Directorate Program s.......................

Total,  FY 1980 ........................... 4.3 15.0 85.2 104.5
FY 1981

Mathe ma tical and Physical Sciences . .

-
I

I
I

 
1

s
m

s
s

 
r 6.5

4.8
1.6

—0—
—0—

0.7
—0—

35.9

21.8
4.5
1.0

16.1
13.1
2.9

42.4

26.7
9.3
1.0

16.1
13.8 
17.2

Astronomica l. Atmo spheric . Earth and
Ocean Sc ienc es ...............................

U.S. An tarct ic Program .......................
Ocean Dri lling  Program ...................
Bio logica l, Beha vioral , and Social Sciences ..  ..
Eng ineering and A pp lie d S cie nce....................
Cross-D irec tora te P rogram s.............

Total.  FY 1981................. 17.6 13.6 95.3 126.5
Differ en ce —FY198 I/FY1980  ............ 13.3 1 4 10.1 22.0

Definitions

Definitions of the various categories of non-expendable research items supported 
by NSF are as follows:

• Land, Buildings, and Fixed Equipment—Acquisition, construction, rehabili ta-
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tion, addition  to, or im prov ement of rea l property assets, such as land, build ings  
or other structu res,  and f ixed equipm ent.  “Fixed equipmen t means e quip men t 
that is pa rt of the bu ildin g, such as e levators,  plumbing,  lighting and heating sys­
tems, air condi tioning systems, fire alarm  systems, and the like.

NSF normally sup por ts the cons truction of buildings only at the Nat ional Research 
Centers and in Antarc tica but occasionally prov ides suppor t for buildings needed to 
house a major equipm ent item such as an acce lera tor.

• Major Equ ipment—Applies  to a relat ively limited num ber  of specif ic i tems of 
specialized R&D equipment , such as accelerators, telescopes,  rese arch  ships, 
aircra ft, and the like.

• Other Equipment and Instrumentation—Includes all R&D equipment other than 
those items specif ically categoriz ed as “ Major Equipment. To qualify as equ ip­
ment, an item must cost at leas t $300 and have a use-li fe of at least one year.

Detection,  measurem ent and the handling of data are impo rtan t steps in many 
resear ch activities. Many fiel ds of science such as chemistry, physics and astronom y 
are  extrem ely inst rument-int ens ive , and othe rs such as the biosc iences are becoming 
more  so. Sophisticated, complex inst rumenta tion is a p rerequis ite  to rese arch  on fo re­
fron t topics.

Facilities, Equipment, and Instrumentation Funding

Support for research faci litie s and equipm ent increases from $104.5 million in 
FY 1980 to $126.5 million in FY 1981 or by 21.1 percent.  A substan tial part of this 
incr ease, $14.25 million, will be used on a one-to-one matching basis to upgrade uni ­
vers ity laborator ies. Support is also provided for special inst rumenta tion and equ ip­
ment programs,  including the 2-year and 4-year College Instrum enta tion Program 
($3.0 million) and the Regional Inst rumenta tion Fac ilitie s Program ($3.0 million—$2.8 
million for o pera tiona l costs and $0.2 million for equipmen t).
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BUDGET SUMMARY OF OBLIGATIONS BY ACTIVITY AND 
SUBACTIVITY SHOWING DOLLAR AND PERCENTAGE CHANGES, 

FY 1981/FY 1980

(Millions of Dollars)

Activ ity  & Sum mary FY 1879

F Y I 980 
Cu rre nt 

Plan

FY 1981 
Budget 

Request

Di ffe rence
FY 1981/FY 1980

Am oun t 'Percent
RESEARCH & RELATED A CT IVITIES AP PR OP RIAT ION 
Mathemat ica l and Physical Sciences

Ma them at ica l Sc iences ........................................................ 22.8
16.8
61.7
45.2
62.4

24.9
18.2
63.4
51.4
68.5

29.3
23.3
73.5
59.5
78.6

4.4
5.1 

10.1
8.1 

10.1

17.7 
28.1 
16.0
15.7
14.7

Comp ute r R es ea rch............................................................
Physic s.....................................................................
C hem is tr y .............................................................
Mater ia ls  Research ......................................................

Subto tal . MPS ...................................................... 208.9 226.4 264.2 37.8 16.7
As trono mica l, A tmosph eric , Earth  and Ocean Sciences

As trono mica l Sciences .............................................. 59.2
59.1
24.9
62.4
6.0

57.0
63.2
25.3
66.6
5.8

60.2
71.1
27.9
76.0
6.1

3.2
7.9
2.6
9.4

.3

5.7
12.6
10.4
14.1
4.6

Atmosph er ic Scie nces ............................................
Ear th S cie nc es .......................................................
Ocean Scien ce s..................................................
A rc tic  Re search ....................................................

Subto tal . A AE O ............................................ 211.6 217.9 241.3 23.4 10.8
U.S. An ta rc tic  Program

U.S. Antarct ic Research P ro gru m ..................................... 7.3
43.8

8.0
47.8

9.3
54.1

1.3
6.3

16.2
13.1Operat ions  Sup p o rt ..........................................

Subto tal . U S A P .............................................. 51.1 55.8 63.4 7.6 13.5
Ocean D ri lli ng  Program

Ocean Sedim ent  Cor ing  Pro gra m .................... 10.6
1.0

15.9
3.6

17.3
10.0

1.4
6.4

9.0
177.8Ocean M argin D ri lling  Program ...............................

Subto tal , OOP .......................................... 11.6 19.5 27.3 7.8 40.2
Biolo gic al,  Beh aviora l, and Social Sciences

Physiology. C el lu lu r A Molec ular  B io logy..........
Behavio ral A Neural Sc ienc es ...............

62.3
33.1
25.4
33.9

67.2 
35.4
26.2
37.7

74.8
38.7
27.8 
40.7

7.6
3.3
1.6
3.0

11.3
9.2
6.1
8.1

Socia l A Econ omic  Sc ienc e...........................
Environme nta l B io lo g y .....................

Sub tota l. B BS .............................................. 154.7 166.5 182.0 15.5 9.3
Engineer ing  and Ap pl ied Science

Eng inee ring:
Elec tric al . Com puter A Systems E ng in ee ring .................... 17.0

13.0
8.2

10.7

17.6
13.9
9.3

11.7

22.5
16.7
10.1
13.3

4.9
2.8
.8

1.6

27.8
20.0
8.9

14.2

Chemica l A Process Eng inee rin g................................................
C iv il A E nvironm ental  E ngin eering....................................
Me chanical Sciences A E ngineering ................

Sub tota l. Engineer ing  ........................... 48.9 52.5 82.6 10.1 19.3
App lie d Sciences:
Ap pl ied Re search ................................... 17.6

32.6
5.1
5.7

17.6
28.9
5.5
7.3

18.7
30.5
7.0

18.2

1.1
1.6
1.5

10.9

6.1
5.6

27.3
146.9

Problem-Focused R es ea rch..................
Inte rgo vernm ental  Science .........................
Small Business Innovation and  In dust ria l Te chnolo gy..........

Subtota l. A pp lied Science ......................... 61.0 59.3 74.4 15.1 25.3
Subtota l. E AS....................................... 109.9 111.8 137.0 25.2 22.5
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BUDGET SUMMARY OF OBLIGATIONS BY ACTIVITY AND 
SUBACTIVITY SHOWING DOLLAR AND PERCENTAGE CHANGES, 

FY 1981/FY 1980—Continued

(Millions of Dollars)

Act ivi ty (r Sum ma ry EY1 979

F Y  1980 
Cu rre nt  

Plan

F Y  1981
Budget

Req uest

Di ffe renc e
F Y  1981/FY 1980

Amoun t 'Percent

Sc ien tif ic,  Tech nological,  and Int ern ational A ffai rs
10.6 12.0 12.9 .9 7.4

Po licy  Res earch & Ana lys is ............................................................ 5.5
3.1

5.7
3.2

6.6
3.4

.9

.2
15.7
6.6

Information  Scie nce  & Te ch no lo gy ................................................ 4.4 5.2 5.9 .7 14.5

Subtotal . S T I A .............................................................................. 23.6 26.1 28.8 2.7 10.5

Oo ss- Dir ect ora te P rograms
Indu str y/Un ive rsi ty Co operative R es ear ch ................................. 5.4 7.0 20.0 13.0 183.7

Sp ec ia l F ac ilit ies  & Instrume ntation:
Un ive rsi ty R esear ch F ac ili tie s Im pro vem ent  ......................... —0—

.6 3.3
14.3

3.0
14.3

-.3
—0— 

-9.1

Reg ional instru mentation  Fac il it ie s.......................................... 5.0 4.8 3.0 -1.8 -37.5

Sub total. Sp ec ial  Fa ci lit ies A Instru men tati on ....................... 5.6 8.1 20.3 12.2 150.0

Cross-Dire ctorate  Internatio nal P rogra ms:
1j jj j p Coo perativ e Resea rch P rog ram  ....................... 3.4 3.2 3.2 —0— —0—

1 1.S./ Ch in a Co operation  in Bas ic S ci e n ce s............................... —0— 1.0 2.0 1.0 100.0

Sub total, Cro ss-D irec torate  Intern atio nal Pro gra m s............. 3.4 4.2 5.2 1.0 23.8

Oth er Programs:
.4 1.0 1.0 —0—

Exp erim ental Program to Stim ulat e
.9 3.9 2.7 -1.2 29.9

Post-Doctoral F e llo w sh ip s........................................................ (’1.81
—0—

(•»)
—0—

(9 )
1.0

.9
1.0

—0—
—0—

Waterman A w a rd ....................................................................... .1 .1 .1 —0— —0—

N SF  Pla nning and Eva luation  .................................................. 1.0 1.2 .8 -.4 -36.2

Subt ota l. Other P ro gr am s.......................................................... 2.4 8.2 6.5 .3 5.3

Sub total. Cross- Dire ctor ate  Prog ru m s..................................... 16.8 25.5 52.0 26.5 103.5

Prog ram  Developme nt and M an ag em en t...................................... 54.7 60.6 60.8 .2 .4

Sub tota l. Rese arch  & Related A c ti v it ie s ................................. 842.9 910.1 1.056.8 146.7 16.1

Sc ien ce  Educat ion  Act ivi tie s App rop riation
Sc ie nt ifi c Pe rsonn el I mprovement ....................................... 33.1 31.6 35.2 3.6 11.4

28.6 24.0 24.2 .2 .8
, l i „ „  11.. , .. I, ,| ,n ,„ n l *  U . .« » u r r h

12.0 14.9 17.5 2.6 17.1
6.3 7.7 8.8 1.1 15.0

Sub total. S cie nce  Educ ation A cti vit ies  ................................... 80.0 78.2 85.7 7.5 9.6

Sub tota l. D oll ar  Activ itie s ........................................................ 922.9 988.3 1.142.5 154.2 15.6

Sp ec ial  Fo rei gn  Cur rency A pp ro pr ia tio n....................................... 4.0 5.5 5.5 —0— —0—

T ota l N S F  ................................................................................. 926.9 993.8 1.148.0 154.2 15.5

'Pe rce nta ges  based on unrounded tab ular amoun ts.
Post-Do ctor al Fel low ships inc lud ed  in Sc ien ce  Educat ion  Activ itie s prio r to EY  1981

26



MATHEMATICAL AND PHYSICAL SCIENCES

FY 1981 PROGRAM TOTAL ....................................................... $264,200,000

Obligatio n* by Subactivity

Subactivity Ac tua l 
FY 1979

Budget
Bequest
FV1980

Current
Plan

FY 1980
Estimate

FY1981
Dif ference 
FY 1981/80

Mathematical Sciences ................. .......... 522,782.576 525.400,000 524.901.000 529.300.000 54,399,000Computer Research ...................... .......... 16,771.026 18.600.000 18.235.000 23.350,000 5,115.000Phys ic *............................................. .......... 61,664.569 64.300.000 63,361.000 73.500,000 10,139.0000Chem ist ry......................................... .......... 45,230,481 52,935.000 51,414,000 59.500.000 8,086.000Materials R esea rch........................ .........  62,416,265 69,000,000 68,501.000 78,550,000 10.049 000
Total ......................................... .......... $208 864 917 5230.235.000 5226.412,000 5264,200.000 537.788.000

Goals and Description

The goal of the M athem atical  and Physical Sci ences (MPS) activity  is to deve lop a 
fundamental understanding of the physical laws that govern the world and the universe 
in which we live. To furt her  this goal, basic rese arch  activit ies are supp orted in the 
disci pline s of ma themat ics, com pute r science, physics, chemis try, and mater ials. Re­
search  results  in these fields prov ide the under lying  knowledg e for the futu re tech­
nological developments  upon which  ou r econ omic and social well being so intimately 
dep end . They also form m uch of the in tellectual  u nde rpin ning  for e nginee ring a nd the 
biological, enviro nmen tal, and  behav ioral  sciences, as well as provide  many of the 
rese arc h instruments  and tech niqu es nece ssary  to progres s in these fields. More 
specif ically , the Mathem atica l and Physical S cience s activity streng thens the N ation’s 
rese arch  capab ility  by:

• Creating  new math ema tical  kn owledge and applyin g that knowledge  to a chiev e 
a bette r un ders tand ing of ph ysical, biological, and social pheno mena .

• Developing an u nde rsta ndi ng of the s cienc e that und erli es computer technology 
and formulating the prin ciple s of design of comp uter har dware and softw are 
systems.

• Advancing knowledg e of the fundamen tal physical laws governing matter and 
energy with the u ltim ate goal of achieving a unified , sel f-consi stent expla nation  
of all physical phen omena.

• Stimulating the deve lopm ent of modern chemi stry on a b road front, includin g 
chemical synthesi s, analys is, dyn amics, s truc ture , an d th eory.

• Developing an improved understanding  of the fundamental  principles, phenomena , 
and concepts  that govern  the physical, chemic al, and  mechan ical prop erti es of 
materials.
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With the development of powerful new theoretical concepts, incisive experimental 

approaches, and sophisticated modern instruments of unprecedented power, resolution, 
and sensitiv ity, the MPS disc iplin es are currently in a pe riod of unu sual activity and 

opportunity. The r ichness of modern mathematical research, the challenge of complexity 
in com puter  science, and progre ss in un ders tand ing the fundame ntal forces and consti­

tuen ts of matter illust rate the dive rsity  of this opportunity. The revoluti on in laser- 
relate d resear ch, the inten se activi ty in surface science  and catalys is research, the 

power of modern synthetic chem istry , and the unique prop erties of new amorphous 

and polymeric m aterials all suggest the potentia l to serve the fut ure  needs of society as 
well. Overall, MPS ensures that the most highly qualified investigators across the broad 
range of disciplines are provided with the resources required to carry out their research, 
including the necessary inst rumenta tion. To pr ovide these resou rces  MPS utilizes a 
wide range  of support modes, from indiv idual resear ch p rojects  through departm ental 

or university labora tories to re gional or national  rese arch  facilitie s.

FY1981 Budget Highlights and Explanation of Increases and Decreases

Obligations

FY 1979 Actua l ...............................................................................................................
FY 1900 Program.............................................................................................................
FY 1981 Reque st.............................................................................................................
Di ffe rence—FY 1981/FY 1980 ......................................................................................

S2 08.8fi4 .917
$2 26 ,412 ,000
$2 64 ,200 ,000

$37,7 88 ,000

The $264.2 million requ este d for Mathema tical and Physical Sc iences  (MPS) is 16.7 
percen t above the FY 1980 progra m level. Even taking into account the anticipated 
increased costs of performing research, this increase represents significant real growth. 
NSF has a unique respon sibility for ensuring  the heal th and vitality  of the Nation's 
rese arch across each of the comp onent  disciplines, although care ful consideration is 

given to trends in resea rch funding by other  Federal agencies in determining program 
requ irem ents . Detailed analysi s of these program requiremen ts in connection with 
long range planning activit ies has established  that overall Federa l supp ort for rese arch 

in the MPS disciplines has erod ed to the point wher e adeq uate  funding is no longer 

available to provide the most highly qualified investigators with the resources required 

to c arry  out their resea rch in an optimum manner.
The FY 1981 Budget Request  e mph asize s augmented rese arch  p rojec t support for 

all discip lines , including provis ion of modern rese arch  instru ment ation . In general, 

this emph asis is di rected at achie ving real growth in average awar d size in order to 

prov ide more adeq uate support, including that to young investigato rs, for graduate 

students , postdoctoral fellows, equipm ent,  and materials and supplies. At the same 
time, provision is made for meet ing the essentia l requ irem ents  of the university 
labo rato ries , such as the Materials Research  Laboratories and the Nuclear Science 
Laborator ies, and of major u ser facili ties such as the Cornell E lectron  Storage Ring, the 

Synchrotro n Radiation Facilities, and the National Magnet Laborato ry. These labora­

tories  and facilities represe nt an effective, and often the only, mode for carrying out
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cert ain types of res earc h. The reques t also includes a special emphasis on improving 
the Nation’s academic research capability in experimental computer science. Computer 
rese arch  has become prim arily  a theoretic al science in U.S. unive rsitie s, and the 
emerg ence of modern integrated  circuit technology presents both the opportunity 
and the mea ns for making posssi ble m ajor exper imen tal contribut ions to this important 
and growing field. Throughout, the FY 1981 budget requ est provides for increased 
flexib ility to undertake, on a se lective basis, new init iatives particu larly  suited  to MPS 
capa bilit ies, and to r espond more positiv ely to p roposals in ar eas  of ex panding scien­
tific opportunity.

The distributio n of the  FY 1981 budg et amounts for the five MPS subactivities is 
based on an extensive analysis of research needs and opportunities. Percentage changes 
are as follows:

Mathematical Scie nces .................................................................................................. 17.7'.
Computer Resea rch ........................................................................................................ 28.1''.
Ph ysics .............................................................................................................................. 16.0*.
Chem is try........................................................................................................................  15.7'.
Ma ter ial s Researach ...................................................................................................... 14.77.

Explanation of Increases, Decreases, and Continuing Emphases

Research Project Support and Instrumentation—In the Mathematics. Physics, Chem­
istry. and Mater ials Resea rch subactivi ties, research  projec t supp ort is in creased by 
$25.2 million to a total of $174.7 million. Included in that amount is project inst ru­
mentation  and equipment,  as well as Chemistry depa rtmenta l equipmen t. Because 
of the uniqu e requ irem ents  of Comp uter Research, that subactivity is consid ered 
sep ara tely below.

• Significant real growth in average award size is achieved, particularly in Physics, 
Chemistry, and Materia ls Res earch.

• The postdoctoral p rogram in Mathemat ics is contin ued at a level of $0.6 million, 
and a modest program fo r young investigators is initia ted in Physics at a level of 
$0.3 million. The young investig ator question is addr esse d in all disciplin es, 
however, primarily by provis ion of more ade qua te res ear ch support.

• Research  r elate d to micr ostru ctures in C hemis try and M ater ials Research  is in­
creased by $1.8 million to a total of $7.7 million.

• Emphasis continues in are as of expanding scient ific opportuni ty such as laser- 
rela ted research , e lem entary  par ticle and gravita tional  physics, org anometall ic 
chemistry, surfa ce scie nce and catalysis, and uniqu e new materials.

• With in this total , re se ar ch  proj ect  in str um en tat ion , i ncl udi ng depa rtm ent al 
equip ment in Chemistry, is increas ed by $5.0 million to a total of $26.2 million.

University L aborato ries—Suppo rt for University L aboratories in Physics and Ma­
teria ls Research  is increas ed by $3.9 million to a total of $36.1 million.

• The rese arch  cap abi litie s of the inte rme diate energy  electr on accelerators at
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Illinois and Stanford are  enhan ced by in creasing the ir support by SO.8 million 

to a total of $4.6 million.

• Instrumentation  and operating  support are maintain ed at the other universi ty 

nuclear science labora tori es by the phas e out of one labora tory, a sig nificant 

reduction in NSF sup por t of another , and an addit ional increase in funding 

of $0.3 million to a total of $9.2 million for the rema ining laboratories.

• Support for the Ma teri als Research  Laboratories  is incr ease d by $2.8 million, 

to a total of $22.2 million . This increase streng thens coope rative resea rch in 

key areas, permits some upgrading of expe rime ntal facil ities, including inst ru­

mentation, and provides for more viable supp ort levels at the smaller  labo ra­

tories.

National User Facil ities—Support for national user facil ities  in Mathematic s, 

Physics. Chemistry, and Mat eria ls Research  is i ncreased by $3.4 million, to a total of 

$29.9 million.

• Support for a mathem atica l sc iences  re search institu te and /or  other  alternati ve 

modes of conducting math ematics rese arch  is inc rease d by $0.8 million to a total 

of $1.4 million.

• Increa ses to offset the inc rea sed  costs of performing  research are provided  

for the newly converted Cornell  Electron Storage Ring, the Indi ana University 
Cyclotron Facility, and the Michigan State Univers ity Phase I heavy ion a ccel­

erator, thus ensuring effective levels of operation.

• An inc rease  of $0.6 mil lion prov ided for the Institut e for Theo retic al Physics as 

it enter s its first full year of ope rati on at the p lanned level of $1.2 million.

• Funding for the synchrotron  radi atio n facilities at Stanfo rd and Wisconsin is 

held  essentially constant as c onstruction  activ ities a re c omplet ed and in creased 

levels  of operatio n and in strumen tatio n ar e implemented. Supp ort for h alf-time 

dedicated operat ion of the a cce lera tor at Stanford (SPEAR) continues  at a level 

of $2.0 million.

• A modest increase in the current level of effort at the National Magnet Laboratory is 

utilized to provide for magnet dev elopment and in strumentat ion.

Computer Research—An increase of $5.1 million is provided for Computer Research, 

bringing the total support for that suba ctivi ty to $23.35 million. This level of support 

permi ts significa ntly increased emp hasi s on establis hing a meaningfu l exper imental 

computer rese arch  capabil ity in U S. univ ersit ies

• Longer range support for exp erim ental computer rese arch  is increa sed by $2.7 

million to a total of $3.7 million. Although depe nde nt on the nature  and quality 

of proposals  received, it is ant icip ated  that this support will provide for modern 

comput ing facilities, together with associated develo pment,  main tenance,  and 

oper ating costs.

• In order to permit effective sharing of resources among dispersed research groups. 

$0.75 million is provided to dev elop  a nation wide computer rese arch network 

design ed during FY 1980.
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• A national competition for awards to young investigators in experimental com­
puter science is initiated at a level of $0.9 million.

• Support for microstructures-rela ted computer researc h is increased by $0.2 mil­
lion to a total of $1.3 million.

Research Instrumentation and Equipment—Included above is support for instrumen­
tation and equipment for research projects, special equipment programs, university 
laboratories, and major user facilities, which is incre ased by $5.5 million to a total 
of $42.4 million. Of this amount, some $1.0 million is for non-recurring instrumen­
tation requirements, compared to $3.0 million in FY 1980.
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ASTRONOMICAL, ATMOSPHERIC, EARTH 
AND OCEAN SCIENCES

FY1981 PROGRAM TOTAL ....................................................... $241,300,000

Obligations by Subactivity

Subactivity Act ual  
FY 1979

Budget 
Request 
FY  1980

Cur rent
Plan

F Y I 980
Estim ate  

FY 1981
Differen ce  
FY 1981 80

As tron om ical  Sc ienc es  .................. ..........  $5 9, 22 1,10 7 $5 8,550,000 $56,964,000 $6 0,20 0,00 0 $3,23 6,000

Atmos ph er ic S c ie n c e s .................... ..........  59 ,106 ,778 65 .750 ,000 63 ,169 ,000 71 ,100 ,000 7,931,000

Earth Sci en ce s'  ................................ ..........  24 ,9 19 ,4 04 26 ,250 .000 25 .278 .000 27 ,900 ,000 2.6 22 ,000

Oc ean Sc ienc es  ................................ ..........  62, 39 3, 72 5 68 ,450 .000 66 .619 ,000 76 ,000 .000 9.3 81 .000

Arctic R es ea rc h P ro gra m ................ ..........  5,97 4, 00 0 6.0 00 .000 5.83 2.00 0 6,10 0.00 0 268.0 00

To ta l ............................................ ..........  $2 11 ,6 15 ,0 14 $225 ,000 ,000 $2 17 ,662 ,000 $2 41 ,300 ,000 $23,438,000

The Ocean  Sedim ent Coring Program has been moved fro m the  AAE OS  Activity to Ocean Dr ill ing Programs, a separate activity.

Goals and Description

The Astronomical, Atmospheric, Ear th, and Ocean Sciences Activity supports basic 
research in selected disciplines that will increase our knowledge of the natural environ­
ment on ea rth  and in space. The overa ll objectives of the var ious e lements  comprising 
the activity are as follows:

• Obta in new knowledge of astronomy and the atmospheric  sciences over the 
ent ire  spectrum of physical ph enom ena:

• Provide  a bette r unde rstanding of the physical and chemical  make-up of the 
ear th and its geological history:

• Obta in further  insights into the oceans' composition, struc ture,  behavior, and 
resou rces,  and examine the effect of human activi ties on the ocean  environment 
and vice versa;

• Advance knowledge of natural  phen omena and proce sses in the Arctic.

The objec tives are pursued through the following subactivities:
Astronomical Sciences: Support of basic  resea rch projects and national research

facili ties is directed  at examining the physica l principles governing the universe as 
well as the proper ties  and behavior of its objects. The latter include planets and their 
atmospheres, our sun, other stars, the Milky Way galaxy, and remote galaxies and 
quasars.
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Atm osph eri c Sc ience s: Su pp or t is prov ide d for bas ic re se ar ch  projec ts and  for  the  
Na tio nal Ce nte r for Atmo sp he ric  Res ear ch to facil ita te our un de rs tan ding  of the 
be ha vior  of the ea rt h’s atm os ph ere .

Ea rth  Sciences: The  pro gr am s un de r Earth Scien ces  are  d es igne d to in crea se  o ur 
basic knowledge of the solid earth  and  its evolution. Emph asis is p lace d on chemical and 
ph ysi cal ch ara cte ris tic s and pr oc es ses that  pr od uc e geologic f ea tu re s incl udi ng hy dro ­
ca rbon  and  ore dep osi ts and  ev en ts such as ea rth qu ak es .

Oc ean  Science s: T he ac tiv iti es  su pp or ted  a re  g ea red to im pro ve  un de rst an din g of 
the na tu re  of the ocean, of its influ en ce  on hu ma n act ivi ties , an d of so cie ty’s imp act  on 
the  m ar ine  en vir onm ent . This is acco mp lished t hro ugh  O cean og rap hy  Pro jec t Suppo rt, 
Coordin ated  Ocean  Research and Exploration , and supp ort for ocea nogr aphi c facilities 
es se nt ial  to the res ea rch eff orts.

Arc tic Res ear ch Program: Re searc h is su pp or ted  in the dis cip lin es  of geology and 
geo phy sics , biology, oc ea no gra ph y, mete orology,  glacio logy, an d up pe r atm osp her ic 
phy sics. Among the stu die s un de rw ay  are  thos e on pe rm afr os t, de ep  ice cor es from  
Green lan d,  arct ic lak e and  tu nd ra  ecosy stem s, and  the reso ur ce s of the Berin g Sea 
She lf.

FY 1981 Budget Highlights and Explanation of Increases and Decreases

Obligations
FY 1979 Actu a l .............................................
FY 1980 P ro g ra m ...........................................
FY 1981 R e q u e s t............................ ...........................................................................................
D if fe re nce—FY' 19 81 /FY 1980 ..............................................................................................

$211,613,014
$217,882,000
$241,300,000
$23,438,000

Major p rog ram  or p ro ject cha nges in FY 1981 include:

• In Ast ron omical  Sc ien ce s a $4,500, 000 de cr ea se  res ul tin g from com ple tion of 
funding  for Very Large Arra y fabrication  in FY 1980 is lar gely offset by a $1,850,000 
inc rea se for the fir st ye ar  o f full  VLA op era tio ns  (to tal  $ 5,20 0,00 0), and  d et ai le d 
design and specific ations for a n ew 25 met er diam eter , mil limeter  w ave telesc ope 
at $1,700,000. The 25 me ter  te lescope  will req uir e an additio nal  $27,000,000 in Fiscal 
Years 1982-1984 .

• An additional $2,826,000  for the astronomy cen ters  will help meet increase d op er­
ating cost ($1,5 23,0 00) and provid e instr um en tat ion  ($1,303 ,000 ). Totals in the se 
catego ries  are  op erat ions  $30,852 ,000 and  ins tru men tat ion $3,228,000.

• An inc rea se of $1,3 60,0 00 in Astr onom y pro jec t su pp or t to $19,220,000 will  hel p 
mee t in crea sed c osts.

• In Atmosp heric Scie nces an increase of $4,331,000 in proj ect support to $38,600,000 
will expand atm osp her ic chemical rese arch , climate model ing and cloud physics, 
contin ue Global Atm osph eric Resea rch Program (GARP) projects and begin data  
analy sis  of pre viou s GARP field ex pe rim en ts and an  ob ser vat ion al pro gra m of 
the Sol ar Ma xim um  Year.  Upgrad ing of a ra da r ne tw or k for up pe r a tm os ph eri c 
obser vat ion s and  n ew  observ ing tools to stud y m esosc ale  me teor olo gical pro ce s­
ses are  also inc lude d.
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An in crease  of $3,300,000 to $29,900,000 for the National C ente r for Atmospheric 

Research provides for continu ed support of studies in solar  variabi lity, trace 

gases and aerosols, modeling and convective storm processes, and  of aircraft and 

the Cray-1 computer . Adm inist rativ e service s costs are increase d.

A $300,000 increase to $2,600,00 0 for the Na tional Scientific Balloon Facility will 

help continue supp ort serv ices  to ongoing programs, renovate the former op era­

tions building and begin procurement of equipment for Long Duration Ballooning 

experim ents.

In Earth Sciences, an increase of $2,622,000 to $27,900,000 will aliow for increased 

emphasis on geologic re sea rch  on the U.S. continen tal crust and continued su p­

port of the Consortium on Cont inental Reflection Profiling, lunar sample analysis, 

research on the nature of earthquakes , modern geological processes, ore-forming 

fluids and ore deposits, and some instrumentation in geochemistry and geophysics.

An increase of $3,250,000 to $24,600,000 in Oceanography Projec t Support will 

maintain  the divers ity of curre nt programs, as well as increase  emphasis on 

open-oce an dynamics using new tools such as sate llite  imagery and chemical 

tracer s, all aspects of rece ntly  d iscov eied sea floor hydroth ermal vents, paleo- 

oceanography, and prim ary  productivitiy  an d food chain proce sses in the open 

ocean.

The Coordinated Ocean Research and Exploration program elem ent increases by 

$2,850,000 to $23,600,000 incl udes initiat ion of projects  in ocean  acoustic tomo­

graphy, the impact of ri vers  on the ocean, and studies of ecosystem production 

and control mechanisms. T his incre ase will also expand meteoro logical su pport 

for the Sea-Air Exchange project, study of the effect of Western boundary current 

eddies on the continental shelf and research, particularly chemical, on the hydro- 

therm al circula tion of seaw ate r through the oceanic  crust.

A $3,281,000 inc rease  in Oceanographic Facilit ies and Supp ort to $27,800,000 is 

necessary to ma intain  ad equ ate  logistics suppo rt for the research com ponents of 

Ocean Sciences. Technician suppo rt and ship board equipm ent are increa sed 

along with operations  supp ort. The cons tructi on/co nvers ion budget includes 

$3,600,000 for a new coasta l rese arch  ship  to co ntinue  the plan ned upgrading of 

the academic  fleet to inc rease its efficiency and meet rese arch needs.

Arctic resea rch increase s by $268,000 to $6,100,000 and will contin ue to provide 

suppo rt for biological resear ch on the Bering Sea Shelf, and geological and geo­

physical  rese arch  in Alaska and elsew here  in the arctic.
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U.S. ANTARCTIC PROGRAM

FY1981 PROGRAM TOTAL .........................................................$63,400,000

Obligations by Subactivity

Subactivity Actua l 
FY 1979

Budget 
Request 
FY 1980

Cu rre nt
Plan

FY 1980
Estimate 

FY 1981
Di ffe renc e 
FY 1981/80

U.S. An tarctic Research P ro g ra m ........
Ope rat ions Support  Pro g ra m ................

8 7,281,809 
43,809,044

8 8.000.000 
47,000,000

8 8.000.000 
*47,840,000

»$ 9,300,000 
>54,100,000

81,300.000
6,260.000

Total ..................................................... 851,090,853 855.000.000 855.840.000 883.400.000 87,560.000

These funds w il l suppo rt sc ient ifi c ac tiv itie s in Anta rct ica  durin g the Octob er 1961 to March 1982 austral sum mer fie ld  season.
;These funds w il l prov ide  sup port f or  the research acti vit ies  to be conducted in  An tarctica  du ring the October 1980 to March  1981 

austral summer fie ld  season.
Includes $840,000 s upple me nta l appropria tion request fo r FY 1980 costs of Oc tob er 1. 1979. m ili ta ry  pay increase.

Goals and Description

The U.S. Antar ctic Program suppo rts nation al goals to: maintain the Anta rctic  
Treaty, insur e that the continent will c ontinu e to be used  for peaceful purpo ses only, 
foster coope rative  res ear ch to contri bute to the solut ion of regional and wor ldw ide 
problems, prote ct the environ ment,  and insure equ itab le and wise use of living and 
nonliving resou rces.

The U.S. scien tific  rese arch  program in A ntarc tica continues to be the principal 
expre ssion of nati onal  interest and policy. The goal of the U.S. Antarctic Researc h 
Program is the scie ntifi c investiga tion of Anta rctica and the surr ound ing ocean s. 
Objectives are to develop an unde rstandin g of the role played  by the antarct ic ice 
sheets and the antarct ic physical, biological, geological, meteorological, atmosph eric , 
chemical  and ocean ograp hic processes.

The antarctic  are a is of furt her  inte rest  to the United States because it:

• Has a major  influ ence on world we athe r and climate.

• Has the w orl d’s richest marin e pro tein r esou rce p otential,

• Has othe r fe atu res  of unique sc ientific  and pr actical interest , and

• Provides an excellent en viron ment  for inte rnat iona l cooperation.

The National Science Foundat ion has b een assigned overall manage ment resp on­
sibility for plann ing, funding, and implementing the national  program in Antarctica.
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The U.S. Antarctic Rese arch Program subacti vity suppo rts a multidiscip linary  

res ear ch program on the Antarc tic continent and in the adjacent  oceans. The resea rch 

is con ducte d at four  a ntar ctic stations, from remote temporary  fie ld sites, and aboar d 

ships . Remote sensing techn iques, using sate llites, aircraft, rockets, balloons, and un­

man ned stations, are used in the conduct of the resea rch. Coope rative research 

programs with scientists  of other nations are commonplace.
The Operat ions Suppo rt Program subactivity  provides for the direc t support of 

science activities and the maintenan ce of an effective  U.S. pre sen ce in Antarctica.

The National Science Foun datio n is des ignated  as the single source of funding and 

managem ent for the U.S. Anta rctic  Program. The Depa rtmen t of Defense and the 

Dep artm ent of Transp ortat ion prov ide opera tiona l suppo rt as r equ este d by NSF on a 

cost reim burs able  basis. The Foun dation  also c ontrac ts for supp ort service s when it 

is cost effective.

FY 1981 Budget Highlights and Explanation of Increases and Decreases

Obligatio n*

FY 1979Actual ...............................................................................................................  SSI.090.853

FY 1980 Pro gra m.............................................................................................................. $55,840,000

FY 1981 R eq ue st .............................................................................................................. S83.400.000

Differ enc e—FY 1981/FY 1980 ................................................................................... $7,560 000

The $63,400,000 requ est for th e U.S. Antarc tic Program is $7,560,000 more than the 

FY 1980 program of $55,840,000.
The distribu tion of the FY 1981 b udget amounts be twee n the two budget subactivi­

ties and the percen tage increases over FY 1980 a re as follows:

U.S. Antarctic Resea rch Program $9,300,000, up $1,300,000.
Operation Suppor t Program $54,100,000, up $6,260,000.

The FY 1981 budget highlights are:

• Over one-half of the FY 1981 increase will be absorbed by infla tion.

• Inter disciplinary rese arch  on the structu re and function  of the antarctic marine  

ecosystem will r eceive em phas is to prov ide inf ormation n eed ed for the wise use 

and conservation of anta rcti c marin e living resource s.

• About forty pe rcent  of the oper ation s su ppor t in crea se is for repa irs to a crash- 

damaged  LC-130 ai rcraft a nd for modifications to exten d the prese nt service life 

of an older LC-130 aircraft.

• The McMurdo Station physical facilities rehabilitation program will be accelerated.
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OCEAN DRILLING PROGRAMS

FY1981 PROGRAM TOTAL ......................................................... $27,300,000

Obligations by Subactivity

Subactivity Actual 
FY 1979

Budget
Request 
FY 1980

Current
Plan

FY1980
Estimate

FY1981
Difference 
FY 1981/80

Deep See Drilling Pro jec t.......................
Oceen Margin Drilling Project:

S10.S24.910 $15,400,000 $15,875,000 $17,300,000 $1,425,000

Project Planning and Evaluation . . . . 1,000,000 2,100,000 3.600.000 —0— -3.600,000
Initial Implementation P haae............ —0— —o— —o— 10.000.000 10,000,000

Total ................................................. $11,624,910 $17,500,000 $19,475,000 $27,300,000 $7,825,000

Goals and Description

The Ocean Drilling Programs  (ODP) ar e a uniq ue world wide  eff ort to exp lore the 
ear th's  crust beneath the oceans.  An in terd iscip linary scien ce p rogram  aided by deep- 
ocean  drilling and coring of rocks an d sedim ents is aimed at un ders tanding the de taile d 
composition and beha vior of the subme rged 75 percent  of the ear th's  s urface that is 
of ever increasi ng impo rtan ce to people and countries. These programs are aimed at:

• substantiating an d re fini ng the plate tec tonics hypoth esis that p ortrays the earth 
as a dynamic p lane t on whic h the distr ibut ion of contin ents and oceans changes 
continuously over geologic time. This will aid in a b etter unde rstan ding  of the 
cause of v iolent nat ura l processes, espec ially the volcanic activity and ear th­
quakes that occur at crustal  plate boundar ies:

• utilizing deta iled  sed ime nt records that docum ent the paleo environmen t over 
many millions of yea rs, and provide oppo rtuni ties to expl ain the impact  of the 
changing surface features of our planet on oceanic circulation and corresponding 
climate changes; and

• establish ing the geologica l framew ork and  studying  the spec ific processes which 
cause the formation  of natu ral resour ces and g uide their d istribution. Resource 
exploration  builds on this scientific  base.

The Ocean Drilling Programs activity includes two subactivities, the Deep Sea 
Drilling Project (DSDP) an d the Ocean Margin Dri lling Project (OMDP). The National 
Science Foundat ion has over all manage ment responsibility for these programs.

The Deep Sea Drilling Project has been  s upported by NSF since FY 1966 and has 
been operating since FY 1968. DSDP operation s ar e m anaged  for NSF by the University 
of Cali forni a/Sc ripps  Insti tutio n of O ceanography (SIO). Und er subco ntract  to SIO
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the drilling ship Glomar  Chal lenger is opera ted by its owner Global Marine Inc. for 

DSDP. The scientific program for DSDP is guided by the Joint Oceanographic Ins titu­
tions Inc. and their scientific advisory structure, the Joint Oceanographic Institutions for 

Deep Earth Sampling, whic h includes foreign  members. The Deep Sea Drilling Project  

is now in the Int ernatio nal Phase of Ocean Drilling to w hich five foreign countries , 
France, Germany, Japan, the U.K. and the U.S.S.R., each contribute $1,250,000 annually. 

DSDP/Challenger opera tion s have been c arri ed out in almo st all of the wor ld’s oceans. 

Major contrib utions of DSDP a re the first r econnai sanc e of the makeup of the ear th's  

crust benea th the oce ans and  the most convincing re sea rch  results to date in support of 

the pla te tectonics hyp othesis. Pres ent NSF plans call for su ppo rt of Challe nger  op era ­

tions through FY 1981.
The Ocean Margin Drillin g Project is a logical extension of DSDP. OMDP will 

attack the most impo rtant unre solve d problems in the pla te tectonics hypothesis as 

well as problems that h ave emerged from 11 year s of Deep S ea Drilling Project efforts. 

The essential difference betwe en OMDP and DSDP will be the transition from a general 

recon naisance perform ed by DSDP to a problem-focused appro ach in OMDP. The 

major new initiative of OMDP will be an ex tensiv e investigation of the ocean margins. 

The passive margins with the ir thick sedim ent cover (e.g. the U.S. east coast) rep resent  
a major f ronti er for geologic explora tion. Besides its great sci entific  impo rtance, work 

on the deeply submerged ocean margins will constitute the first major effort to establish 

the geologic framework fo r determin ing the natu ral reso urce  p otential of these areas. 

The dr illing system req uir ed  for the ocean margin pro ject greatly  exceeds the capacity 

of the DSDP ship Chal lenger. The government-owned Glomar Explorer  has been  

ident ified as an excellent can did ate  for the advanced  dri lling  technology pl atform for 

OMDP.
In o rder  to in itiate the Ocean Margin Drilling Project a new approach has been 

taken. The U.S. petro leum  indu stry has been invited to become a major par tne r and 

contri butor  in this projec t. Gov ernm ent/ indu stry  negotia tions have proceeded to the 

point that a sufficient numb er of petroleum companies have  indicated their willingness 

to part icipa te and cont ribu te during FY 1981. In tha t year engin eering  design and cost 

estimates for Explorer conve rsion,  and the advanced  deep-oc ean drilling system as 
well as scientif ic program plan ning  will proceed . Results of the se efforts will pro vide 

the basis for a final go, no-go decis ion late r in FY 1981 on the whole project as a joint 

ventu re.
Foreign pa rticip ation  in the Ocean Margin Drilling Program simila r to the DSDP/ 

Inter national  Phase of Ocean Drilling (IPOD) is a possib ility. One country has alr eady  

expressed interest in negotiating participation in OMDP. O ther U.S. agencies, especially 

the U.S. Geological Survey  and the Departmen t of Energy may partic ipate in OMDP 

according to their par ticu lar missions and inte rest . .
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FY 1981 Budget Highlights and Explanation of Increases and Decreases

Obligations

FY 1979 Actual ............................................................................................................... 111.624.910
FY 1980 Pro gra m............................................................................................................. $19,475,000
FY 1981 R eq ue st .............................................................................................................  $27,300,000
Differ enc e—FY 1981/FY 19 80 .............................................................................................  $7,825,000

The $27,300,000 request ed for the Ocean Drilling Programs is 40.2 perc ent more 
than the FY 1980 program of $19,475,000.

The dis tribut ion of the FY 1981 NSF funds budgeted b etwe en the two budget subac­
tivities follows:

• Deep Sea Drilling P roje ct/I nter nat ional Phase of Ocean Drilling is up $1,425,000 
to $17,300,000.

• Ocean Margin Drilling Proj ect is up $6,400,000 to $10,000,000.

The Deep Sea Drilling Proje ct inc rease  in NSF funding  of $1,425,000 is necessary  to 
cover  increased costs for fuel, perso nnel and supp lies and relate d expenses. The 
balanc e of the overall increase  of $2,000,000 in DSDP is covere d by increas ed foreign 
contri bution s.

The $6,400,000 in crease in the Ocean Margin Drilling Project is needed to proceed 
from the OMDP planning and evaluation phase to project implementation. The $10,000,000 
NSF budget for OMDP will be match ed by industr y cont ributions. This initial phase 

of imple menta tion will take the projec t up to the point of m odifications  to Explorer, 
drill ing system procu rement, and  drilling site selection,  and will provide a basis  for the 
fina l go, no-go decision for the projec t as a jo int venture,
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BIOLOGICAL, BEHAVIORAL, AND SOCIAL SCIENCES

FY1981 PROGRAM TOTAL .......................................................$182,000,000

Obligations by Subactivity

Subactivity Actua l 
FY 1979

Budget 
Request 
FY  1980

Current
Plan

FY 1980
Estimale 

F Y I set
Difference  
FY 1981 80

Physiology, Cellular and Molecular 
Biolog y.................................................

Behavioral  and Neural Sc ienc es .........
Social and Economic Science...............
Environmental Biology..........................

$62,292,455
33,073,342
25,386,044
33,952,763

$69,500,000
36,900,000
26,900,000
38,950.000

$67,218,000
35,443,000
26,206.000
37,664.000

S74.800.000
38.700.000
27.800.000
40,700.000

$7,582,000
3.257.000
1,594,000
3,036,000

Total ................................................ $154,704,624 $172,250,000 $166,531.000 $182,000,000 S15.469.000

Goals and Description

The goal of the Biological, Behavioral, and Social Science s (BBS) Activity is to 
expand knowledge and und erst and ing  of biological and social pheno mena. The range 

of re sea rch  supp orted  in cludes acqu iring  rigorous physical and chemical information 

on the  fund amental molecules of living organisms, the systems lev el in terre latio nship s 

of organisms and their envi ronm ent, the complex learning and beha vior patte rns of 

hum an beings, and the i nter actio ns of social, economic and c ultur al organizat ions and 

institu tions.
Specific major objectives are  to identify  and fund rese arch  that will advance 

und erstanding of the:

• Molecular basis of s tructu re and function in cells, organs, organ systems, and 

whole organisms:

• Interrelationships in terrestrial and freshwater ecosystems and key evolutionary 

rela tionships among the many spe cies of plants, a nimals, and  microorganisms:

• Biological, psychological, an d cultur al factors that u nde rlie  behavior;  and

• Structure and function of economic and social institutions, and changes that impact 

on indivi duals an d groups of th e societal conditions they exp erience.

Over the long term, we expect the results  of this fundamen tal rese arch  effort to 

contribute new ideas, options and oppo rtunit ies for wisely utilizing the biological 

envi ronm ent, maximizing human d evelo pment potentia l, enhanci ng the quali ty of life, 

maintaining economic and social stab ility  with progress, and increasing  productivity.
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The aims ar e ambi tious, but to the exten t th at most national a nd i nte rnation al problem s 
rela te to people,  t heir institut ions and the ir inter actio n with  the en viro nme nt, the gain 
in und erstanding from this rese arch  can be invaluable .

FY 1981 Budget Highlights and Explanation of Increases and Decreases

Obliga tion *
FY 1979 Actual ................................................................................................................ S154.704.624
FY l980 Pr og ra m .............................................................................................................. $16 6.53 !.00 0
FY 1981 Req ue st .............................................................................................................. $182,0 00,000
Di ffe ren ce—FY 198 1/F Y1980 ............................................................................................. $15,469,000

The Fou ndat ion’s FY 1981 budget reques t for Biological, Behav ioral, and Social 
Science s (BBS) is $182,000,000, an inc rease of $15,469,000 (or 9.3 perc ent ) over the FY 
1980 level of $166,531,000. This increase will supp ort the base of scienc e in the 
program subactiv ities  that fo llow an d pro vide for selected new res ear ch oppor tunitie s. 
Impo rtant , but curre ntly less promis ing, lines of in quiry will be red uce d in o rder to 
fund the new resea rch oppo rtun ities .

The d istrib ution  of FY 1981 bu dget reque sts for the four BBS program  subac tivities 
is based on a thorough re view  of r ese arc h needs  and opportu nitie s a nd considerat ion 
of the rese arch s upported by other agencies. The percentage increases are as follows:

Physiology. Ce llular  and Mo lecular Biology ..............................................................
Behav ioral  and Neu ral S ci en ce s...................................................................................  9.2 ’/»
Social and  Economic Sc ie nc e.........................................................................................  6.17«
Env ironm ental B io lo gy ................................................................................................... 84<yf

Expla nation  of Increases:

• $7,582,000 increase, for a total of $74,800,000 for Physiology, Cellular & Molecular
Biology including in cre ase s for:

— studies of cel l-cell inte ract ions to i ncre ase our und erst and ing  of self recog­
nition of cells in de velopm ent  and differen tiat ion,  a nd hormones and their  
receptors;

— procurem ent of in stru men tatio n and  development of new instrument ation;

— studies  of m emb rane s truc ture  and  fun ction including pathwa ys a nd move­
ments of substances  through mem branes; and

— resea rch on the stru ctu re and f unction of macromol ecule s esp ecially  on the 
mechanism of here dity in the context of gene s tru ctu re and funct ioning, bi o­
synthesis of macromole cules, and the regula tion of enzyme activity.

• $3,257,000 increase, for a total of $38,700,000 for Behavioral an d Neural Sciences, 
including inc reases for:

— studies of biochemical and hormonal mechanisms underlying behavior; and

— anthropo logical re sea rch  seeking hu man origins.
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• $1,594,000 increas e, for a total of $27,800,000, for Social and Economic S cience, 

including incr eas es for:
— addi tional stud ies of econom ic instabi lity, infla tion and employm ent, both 

domestic and  internatio nal; and
— studies of allocatio n processes , decision rules , managem ent behavior, and  

dispu te reso lution particular ly in organ izations such as large fi rms, gov ern­

ment bur eau cra cie s and other complex organiz ations.

• $3,036,000 increase, for a total of $40,700,000, for Environmental Biology including 

increa ses for:
— rese arch  on vario us aspects of the ecology of crop and forest pests, acid 

rain, global carb on dio xide, an d othe r pressing ecological problems; and

— projec ts in long-term  ecological rese arch  and m ainte nanc e of field research 

capa bility at re pre sen tati ve sites.
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ENGINEERING AND APPLIED SCIENCE

FY1981 PROGRAM TOTAL $137,000,000

Obligations by Subactivity

S ubac liv ity Act ual
FY1979

Budget
Bequest 
FY 1990

Current
Plan

FY 1980
Est im ate

FY1981
D if fe re nce  
FY  1981/80

Electrical, Computer, a  Systems
Engineering............................................. S17.020.988 $18,160,000 $17,806,000 $2 2,500,000 $4,894,000

Chemical a Process Engineering ............ 12.975,094 14,320,000 13,880,000 16,650,000 2,770,000
Civil a Environmental En gineer ing.......... 8,151,770 9,630,000 9.300,000 10,125,000 825.000
Mechenical Sciences a Engineering . . . . 10,708,730 11.990,000 11,665,000 13,325,000 1,660,000
Applied Research........................................ •17,808,213 •18,200,000 •17,628.409 •18,700,000 •1,071,591
Problem-Focused Research ..................... *32,538,834 •30,400,000 *28,885,000 •30,500,000 •1,615,000
Intergovernmental Program a...................
Small Business Innovation a Industrial

5,131,539 5,000,000 5,500,000 7,000,000 1.500.000

Technolog y............................................. 5,724,818 6,000,000 7,370,000 18,200,000 10,830,000

Tota l"  ................................................. 8109,859,984 $113,700,000 $111,834,409 $137,000,000 S25.165,591

‘ Does not inc lude approx imate ly $2.2 m il lio n  (FY 1979) and $2.0 m ill io n (FY 1980 and FY 1981) in  App lied Research and $1.4 
m ill io n  (FY 1979) and $1.0 m ill ion (FY 1980 and FY 1981) in Problem Focused Research fo r sm all  business sol icita tions. These 
funds are now included and displayed  in the Small Business and Indu stria l Techno logy subactivity.

“  Does not include S0.9 m ill ion in FY 1979. $2.7 m ill ion in FY 1980 Budget Request. $3.85 m il lio n  in FY 1980 Current Plan, and 
$2.7 m ill ion in FY 1981 for  the Experim en tal  Program to St imu late  Co mp eti tive Research, w hich  is an EAS ef fo rt but displaye d for  
budgetary  purposes in the Cross-Directora te program.

Goals and Description

The Found ation's  En gine ering an d Ap plied Science (EAS) Act ivity seeks to strengthen 
the  Nat ion' s eng ine eri ng  an d ap pli ed  sci enc e rese ar ch  ba se  and en hance the link s 
be tw ee n fund am ental  re se ar ch  a nd ap pli catio ns in a dd ress ing se lec ted  n ational go als. 
Th is is acc om plis hed  by ide nti fyi ng  and  su pp ort ing  bas ic rese ar ch  acro ss a bro ad  
spec tru m of the en gin ee rin g scienc es, ap pl ied  res ea rch,  and re la ted  act ivit ies  tha t 
ha ve  the high est po ten tia l for  c ontrib uting to th e un de rs ta nd in g and  reso lut ion  of sig ­
nif ica nt soc ieta l pro ble ms.

The  spe cifi c objec tiv es of EAS are to:

• Advan ce bas ic kno wledge  of fund am ental  engin ee rin g pr inc ipl es that  m ight be 
app lie d to the an aly sis  an d design  of a large varie ty of m anma de  systems;

• Streng the n the ac ad em ic engin eer ing  rese ar ch  base  in  ord er  to add res s th e n eed 
for more b asic re se ar ch  u nderlyin g i nd us tri al tech nolo gy and for more gra du at ­
ing eng ine ers  workin g at the foref ron t of res ea rch .

• Stim ula te the ap pli ca tio n of fu nd am en tal  scie nti fic  a nd  e ng ine ering know ledg e 
to the solutio n of sig nif ica nt pro ble ms  in the  pu bli c an d pri va te sectors , and
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shor ten the time between  scientif ic discoveries and thei r appl ication f or societal 

use:

• Focus U-.S. scientif ic and technological capa bilit ies on selec ted prob lems  of 

nationa l s ignific ance whe re NSF can make a uniqu e cont ribution, suc h as ear th­

quake haz ard s mitigation, huma n nutrit ion, and others;

• Incre ase fundam enta l scient ific knowledg e in selected problem are as where 

addi tiona l knowledge can  contr ibute  to thei r long-term solution;

• Provide mech anism s to increase  the effec tiven ess of the public  and priva te 

sectors in a ppr opr iate ly util izing scienc e an d technology;

• Facili tate the integr ation of scient ific and technical resour ces into the activit ies 

of State an d local governments;

• Explore new  ways to improve coope ration betw een universities  and indu stry 

in research  and  indu stria l innovation; and

• Draw upon the rese arch  capabil ities  of the Nation’s small busin esses , with a 

view towards moving the most promising rese arch  along the continuum  to 

comm ercia lizat ion as soon as possible.

On July 1, 1979, the National Science Foundation  formed the Engineering and 

Applied Science Dire ctora te by combining the En gineer ing activities within the Foun­

dation with the Appl ied Science and Research A pplica tions Directorate. Many activ i­

ties betw een the two were highly comple menta ry. By combin ing these organ izatio ns, 

NSF is now bet ter able  to:

• Streng then the engineering  prog rams of the Fo undation by giving them a single, 

more visible pla ce in the  NSF organization;

• Enhance NSF’s progra m of ap plied  and p roblem -focuse d res earc h by pr oviding  

a broade r bas e of science and engin eering  on which to build; and

• Recognize the  k ey ro le of engineering in the t ran sfe r of science into technology 

by placing the Foundation's  major engineering, indus try-re lated, and problem- 

orient ed efforts  in one organization.

The EAS budget is organized arou nd eight subactivities; Electrical, Com puter, a nd 

Systems Engineering; Chemical and Process Engineering; Civil and Environmental 

Engineering; Mechanical Sciences and Engineering; Applied Research; Problem - 

Focused Research; Inter gove rnme ntal Programs; and Small Business In novation and 

Indus trial Technology.
Electrical, Com pute r and Systems Engineering suppor ts, basic and applied  

resea rch in large scale integ rated  circui t electronics, integrated  optics, optical com­

munications, autom ation  and robotics, and mathematical studies  of complex int er­

actions in the manmade  world.
Chemical and P rocess Engineering emphas izes r esearch  on: the basic mechanism s 

of catalysis and vario us chemic al and biochemical process es, and the methods of 

putting the result ing knowledg e into in dust rial applications;  g eneral  theories of mass
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tran sfe r and separati on processes, including  the characteriza tion  and process ing of 
fine particles; and the efficient reco very  and use of resou rces  that feed  importa nt 
indus trial process es.

Civil a nd Environmen tal Engin eering focuses on; activit ies in which the earth 's 
surfa ce itself is involved (such as foun dations and dams); the scienc e of designing 
stru ctures in such a way as to give the most efficien t and economical servic e in 
response to given demands; and st udie s of the flow of above- and below-ground water, 
utilizing prin ciples of engineering,  biology, and chemis try to protect a nd improve the 
physical environment.

Mech anica l Sciences and E ngineerin g add resse s pro blems in: the t ransfe r of heat, 
a major ca rr ie r of power; solid  me cha nic s, which  em pha siz es the pro blems  of 
machines und er high s tress and strain; fluid mechanics, which looks at lubric ation, 
quest ions of turbu lence , and other are as connected with fluid flow; and mechan ical 
systems, which involves the synthesis of all these elements into an appropriate "design.”

Appl ied Research seeks  to acc ele rate  the rate of technological innova tion growing 
out of sig nifican t advance s in sele cted  fields of science and engin eering . The program 
suppo rts unsolici ted proposals as well as re sear ch in certain  coh eren t areas; the lat ter 
involving the selective  supp ort of interrela ted  appl ied rese arch  proje cts having a 
high proba bility of p roviding a bro ad knowledge base for major technological in nova­
tions or for contributing to the solut ion of s ignificant public  policy issues.

Problem-Focused Researc h concentrates rese arch  on critica l socie tal problem s 
whe re it is clear  that such res ear ch is essentia l for dealing  effec tively with the 
problem s. Curren tly, four program areas are supported: Earthquake Hazards Mitiga­
tion; Alternati ve Biological Sour ces of Materials; Science  and Technology to Aid 
the Handicapped;  and Human Nutri tion.  The subact ivity also supp orts  efforts in: 
Problem  Analysis, which exam ines  a wide range of potential rese arch topics and 
problem area s for use in se lecting r ese arch  directions; and In tegrated  Basic Resea rch, 
which provides addit ional support  to basic rese arch  topics rela ted  to pro blem area s 
of existing  or emerging major impo rtanc e.

Inter governme ntal Programs  suppo rts rese arch  that attem pts to facili tate the 
integ ration  of scie ntific and techn ical resour ces into the activi ties of State and local 
govern ments . Efforts are directed not only a t indiv idual juris dicti ons but also those 
encomp assing statewide, region al, and national  networks.

Small Business Innovation and  Industrial  Technology seeks to: develop s elected 
incen tives  that the Feder al governme nt may use to in crease R&D inv estment in the 
priv ate sector, with par ticu lar emp hasis on the role of small busin ess in such activities; 
and combine the scienti fic and technological resou rces  of unive rsitie s and indus tries 
in coope rative efforts desig ned to accelerate indu stria l innova tion and enhance 
produc tivity.
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FY 1981 Budget Highlights and Explanation of Increases and Decreases

The proposed FY 1981 increase of $25,165,591, which will raise the EAS p rogram  

from $111,834,409 to $137,000,000 in FY 1981, would incorporate  the following increases:

• Electrical, Com puter,  and Systems Engin eering by $4,894,000, from $17,606,000 

in FY 1980 to $22,500,000 in FY 1981, prim arily for a sha rply-focused effo rt in 

mic rost ructures  and computer e ngine ering rese arch . Such an effort will ad dre ss 

rese arch  in are as wher e the U.S. has rece ntly  been  lagging in comp ariso n to 

foreign coun tries , and  also direct rese arch  to wards a field which has high pote n­

tial for produ ctivi ty impro vemen t and industr ial innovation.

• Chemical and Process Engineering by $2,770 ,000, from $13,880,000 to $16,650,000, 

for efforts par ticula rly  in engin eering  e nerge tics, with an emphasis on u pgr ad­

ing facilitie s fo r p lasma chemistry and arc technology. Another thrust is in ther­

modynamic s and  mass tr ansfer, with supp ort for resea rch in novel and energy - 

efficie nt sep ara tio n processes.

• Civil a nd Envi ronm ental  Engineer ing by $825,000, bringing that program from 

$9,300,000 to $10,125 ,000. Emphasis will be on res ear ch in struc tural  mecha nics, 

parti cularly as d irec ted towards probabili stic design methods and optim ization 

techniques on st ructure s subje cted to off-shore, wind, and earth quak e e nvi ron ­

ments.

• Mechanical Sciences and Engineering by $1,660,000, from $11,665,000 to $13,325,000. 

Concentratio n will be on mechan ical systems re sea rch  with emphasis on cont rol 

theori es as app lied to manufacturin g processes, which provide the foun dation 

for l ater  res ear ch in improved  manufactur ing methods  and robotics.

• Applied Research by $1,071,591, raising the program from $17,628,409 to $18,700,000. 

Such an increase  wi ll allow for a new research  t hru st to examine the imp act on 

the economy of a transi tion from heavily-reg ulated to less-regu lated indu stries 

and s ervices, and also to expand work in areas of manufactur ing processes a nd 

mater ials handling.

• Problem- Focused  Research by $1,615,000, from $28,885,000 to $30,500,000, p rin ­

cipally for ex pan ded  efforts in earth quak e ha zard s mitigation.

• Inter gover nmen tal Programs by $1,500,000, from $5,500,000 to $7,000,000, to be 

applied entire ly to the S tate Science, Engineer ing, a nd Technology Program and 

that program’s effo rts to implem ent capa city-b uilding programs in State and

' local govern ment s to access scientif ic and technological information.

• Small Business Innovation and Industrial Technology by $10,830,000, from $7,370,000 

to $18,200,000, to accomm odate significantly heightened efforts in suppo rt of 

small busin ess research and university-in dustry  co operative  r esear ch centers, 

both of which w ere keystones in the Pres ident' s Indu stria l Innovation Initia tive 

announced last fall-
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Perce ntage  changes betw een FY 1981 and the FY 198C Cur rent  Plan for the sub 
activit ies are  as follows:

Electric al . C om puter . A Systems E ng in eeri ng .................................................................  28" .
Che mical 4  Process E ngin ee ring..........................................................................................  20 '.
C iv il  and En vironm en tal E ng in eering ...............................................................................  9'/,
Mec ha nica l Sciences 4  Engineerin g .................................................................................. 14",
App lie d Res ea rc h....................................................................................................................  B'il
Pro blem  Focused Research ..................................................................................................  8r/.
Intergo vernme ntal Pro gr am s............... .................................................................................  27".
Sm al lBus ines sinn ov at ionA  Indust rial  Technology .....................................................  147rA
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SCIENTIF IC,  TECHNOLOGICAL, AND 
INTE RNATIONAL AFFAIRS

FY1981 PROGRAM TOTAL ................................................ ...$28,850 ,000

Obligatio n* by Subactivity

Subactivity Actua l
FY1979

Budget 
Request 
F Y 1980

Current
Plan

FY1980
Estimate

FY1981
Diffe rence 
FY 1961/80

International Cooparativa
Scientific Ac tiv itie s* ....................... $10,603,513 $10,515,000 $12,014,000 $12,900,000 $886,000

Policy Research and Analysis............ . . . .  5,459.033 5,800.000 5,749,000 6,650.000 901,000

Science Resources Studies .............. 3.071,607 3,200,000 3,188,000 3,400,000 212,000

Information Science and
Techn ology...................................... 4,428,155 5,200,000 5,152,000 5.900.000 748,000

Total* ............................................ $23,582,308 $24,715,000 $26,103,000 $28,850,000 $2,747,000

•Excludes activities under the U.S.-U.S.S.R. Agreement on Cooperation in the Fields of Science and Technology which are

presented separately in the Cross Directorate Program Budget.

Goals and Descrip tion

Science and technology are national  and inte rnat iona l resources. Domestically 

the sc ientific and technological ente rpri se of the United States yields new knowledge 

and practices which improve the quality of life and lead to new  products, processes, 

and services. Abroad,  science and technology are increasingly seen as a means to 

economic growth and  social de velopment.  Efficient, effective, and timely in terna tiona l 

exchange  of scientific inform ation  also contri butes  to U.S. internati onal  objectives. 

Science  and technology more and more affect governing institutions, the indus trial 

and academic sectors, and the role of individual citizens. Consequently, there is greater 

conce rn about scienc e and technology policy and funding of the networks linking 

scien ce and technology (S&T) to society at large.
The goal of the Scienti fic, Technological, and Inte rnat iona l Affairs (STIA) pro­

gram activity is to promote the unde rstan ding  and effective f unctioning of the Nation s 

scien tific and technological enterprise . STIA s uppo rts activit ies designed to provide 

inform ation and systema tic analy sis of the Nation 's S&T enterprise , and to enhance 

domestic and inte rnat iona l excha nge of S&T informat ion.
Each program subactivity contributes to attaining the overall STIA goal in a specific 

way. The Policy Resea rch and Analysis s ubactivity  pinpoints critica l S&T policy issues 

through extramural and intramu ral research and examines the impact and effectiveness 

of alter nativ e Federal policie s for science and technology. Thus it contributes to the 

knowledge  base for policy formu lation . The Science Resources Studies subactivity
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develops comp rehen sive descr iptions of the Nation ’s a vailable  human and financ ial 
resour ces for s cientif ic and technological activities. Together, these two sub activ ities  
carry  out most of the monitoring and policy resea rch and analysis activities  of STIA.

The rema ining  two subac tivities are concerned with the impro veme nt of S&T in­
formation exchange. Inter natio nal Coop erative Science programs ben efit  the U.S. 
scientific effo rt by gaining knowledg e about scientific activi ties or r esou rces  in other  
countries and by promoting mutual ly benefic ial cost and facility sharing . At the same 
time, these programs help the Unite d States  to imple ment  foreign policy objectives 
which have S&T content. The Information Science and Technology subactivity supports 
basic and applied rese arch  leadi ng to timely and resou rcefu l use of inform ation 
espec ially  by the science  and technology ente rprise.

FY1981 Budget Highlights and Explanation of Increases and Decreases

Obligations
FY 1979 Actual ...............................................................................................................  $23,562,308
FY 1980 Prog ram.............................................................................................................. $28,103,000
FY 1981 R eque st.............................................................................................................  $28,850,000
Di ffe rence FY 1981/1980 ..................................................................................................... $2,747,000

The FY 1981 budget requ est for STIA, $28,850,000, exceeds the FY 1980 Curre nt Plan by 
10.5 perc ent,  or $2,747,000. Through  internal  adjus tments and no growth restrictions  
in some ongoing programs, this s mall  incre ase none thele ss main tains  the three  inter­
national cooperative sc ience  thr usts of FY 1980 and perm its oth er stra tegic ally p lann ed 
activi ties in each of the four subactivi ties. Percen tage increases in the subac tivities 
follow:

Interna tiona l Cooperative Sc ient ific  Ac tiv ites ..........................................................  7.47.
Pol icy Research and A nalysis ....................................................................................... 15.7*»
Science Resources S tu d ie s ...........................................................................................  6.67,
Informa tion Science and Te ch nology.......................................................................... 14.5'«

Program  incre ases a re d esc ribed below:

Inte rnation al Coopera tive Scientific Activities. Ongoing progra ms and exchanges, 
including the thrusts initiated  in 1980, a re main tained , although they contin ue to face 
doll ar value  pressure s overs eas. The requ ested $886,000 increase will:

• Expand the cooperat ive res ear ch thrust in Western E urope whe re sc ientific  and 
technic al capabilit ies in some  fields  rival or surp ass those in the U.S. and w here 
U.S. sc ientists can benefit most from cooperation  ($286,000) , for a total program 
of $1,800,000.

• Cover signi ficantly increas ed dues and o perat ing costs associated  with U.S. pa r­
ticipat ion  in int er na tio na l sci ent ific  o rga niz ations ($500,00 0; total prog ram, 
$4,100,000).
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• Enable appr oxim ately  o ne hun dred  more U.S. sc ientis ts and e ngineers to par ti­

cipate in major in tern atio nal  conferenc es ($100,000; total program, $800,000).

Policy Research an d Analysis

• An incre ase of $750,000 initia tes a new rese arch  a nd analys is program in in ter ­

national economic policy that will build  upon cur ren t work focusing on inter­

national  technology tran sfer .

• An incre ase of $151,000 permits addit ional risk analy sis activities  to im prove 

methods for ev alua ting long-term c omparative  risks and benefits of alter native 

technologies.

Science Resources Studies . Completion of several large studi es funded in FY 1980 

and an increase of $212,000 permits:

• A key surv ey of U.S. scientist s and engin eers identifi ed by the 1980 Decennial 

Census. This conti nues  a thrust  begun in FY 1979 which has planne d, se quen tial 

phases running through 1984. The data obtained will serve as a base for the Federal 

Gover nment’s statist ical inform ation on the adequacy, distr ibution, and ch arac­

teristics of the Nation’s S&T personn el.

• Suppor t of two special projects  design ed to up date the Nation's inform ation and 

data concerning small R&D firm ’s industria l activity and the R&D of ind epe n­

dent nonprof it insti tutions.

Inform ation Science an d Technology

• An increase of $748,000 allows growth in thre e program  elements: support of 

research on information transfe r and related human behavior aspects ($400,000): 

investigations  of th e inform ation  economy ($148,000): an d rese arch  on new and 

promising information technology ($200,000).
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CRO SS-DIRECTORA TE PROGRAMS

FY 1981 PROGRAM TOTAL .......................................................$51,950,000

Ob ligations by Subactivity

Subactivity Actual 
FY  1979

Budget
Request
FY1980

Current
Plan

FY  1980
Estimate 

FY 1981
Difference  
FY 1981/80

Industry/Un ivers ity Cooperative 
Research ...................................................

Special  Faci lities and Instrumentation
$5,445,929 $4,000,000 $7,050,000 $20,000,000 $12,950,000

Pro gr am s...................................................
Cross-Directorate  International

5,606,302 5,600,000 8,100,000 20,250,000 12,150,000

Pro gr am s................................................... 3.387,464 3,200,000 4,200,000 5.200,000 1,000,000Other Programs ........................................... 2,423,171 4,300,000 6,175,348 6.500,000 324,652
Total ....................................................... $16 ,862,886 $17,300,000 $25,525,348 $51.950,000 $26,424,652

Goals and Description

The Cross-Directorate Programs Activity is new in the FY 1981 budget. The Foun­
dation has grouped in this budget activity, for presen tation purposes , a number of 
programs with special cha racter istics and goals. These programs mainly provide funds 
for purpos es not re lated to any single field of science but to sever al scientific fields 
generally supported by the NSF. In some cases, these programs receive  and review 
proposals in many areas aimed toward  a specific objective other than advancing 
a pa rti cu lar  field  of science. One program,  for exam ple, pro vides equ ipm ent to 
rese arch ers at small colleges and another  exper iments with build ing re search linkage 
betwee n academia  and industry. Both programs suppo rt projects in many fields of 
science.

Some of the goals of individual programs included in the Cross-Directorate Pro­
gram Activity are to:

• Encourage greater cooperatio n in research betw een universities and industry.

• Provide support for resea rch equipment and improved resea rch facilities to 
colleges and universi ties that have programs in the sc iences and engineering.

• Maintain  research  cooperation between the U.S. and the U.S.S.R. and broaden 
opportunities between the U.S. and China.

• Help predominantly minority colleges and universities establish active research 
programs on their campuses thereby encouraging capab le scientists at these 
institutions to compete for research support from all appropr iate sources.
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• Improve the quality of science by stimulating and increasing the competi tive­
ness of scientis ts for Federal research support in States that are  now re la tiv e v 
less able  to compete successfully.

• Provide postdoc toral opportunities  for recent doctoral graduates to pursue fu ll ­
time basic rese arch  that enhances thei r ability to make significant contribut ions 
to the scientif ic world.

• Provide support for resea rch in decision and management sciences aimed at the 
improvement of decision making in the public and private sectors.

• Continue supp ort of efforts to plan and evaluate Foundation programs on the 
basis of establish ed needs , goals, and objectives.
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PROGRAM DEVELOPM ENT AND MANAGEM ENT

FY1981 Program Total .................................................................$60,800,000

Obligations by Subactivity

Subactivity Actua l
FY1979

Budget
Request
FY1980

Current
Plan

FY1980
Estimate 

FY 1981
Difference 
FY 1981/80

Mathematical and Phyaical Sciencea . . . $4,154,420 $5,242,000 $4,755,000 $4,822,000 $67,000Astronomical, Atmospheric, Earth
and Ocaan Scia ncaa ............................ 4,011.017 5,538.000 5,767,000 5,987,000 200.000Biological, Behavioral  and Social
Sciencea ................................................ 3,643,141 4,592,000 4,798,000 4,864.000 66,000Science Education Program s................... 3,543,92C 3,825,500 3,820,000 3,820.000

Engineering and Appi'od Scienc e........... 5,151,927 5,463,500 5.864,000 5.984,000 100,000Scientific.  Technological and
International Affaire .............................. 6,396,024 6,497,000 6,718.000 6,761,000 43,000Executive Managem ent............................ 6.389,967 7,92c 000 7,458,000 7,631,000 173,000Central Support Services and
Admlniatratlon ....................................... 20,575,474 20,516,000 21,383,762 20,951.000 -412,762

Total  .................................................... $54,765,806 $59,600,000 w  $80.563,782 $60,800,000 $236,238
Full Time Permanent Pos itio ns '............... 1,260 1,280 •1,274 1,293 19

1 Includes 12 reimbursible positions.
-Includes $2,547,762 FY 1979 PDM  carryover funds.
Excludes $84,000 transferred to Department of Education. 

‘ Excludes 6 positions transferred to Department of Education.

Organization and Objectives

The goal of the Progr am Deve lopme nt Activity an d Mana geme nt is to achie ve the 
most effectiv e manage ment of the National Science Founda tion. Major objectives of 
this activity are to:

• oper ate a system of imp artia l evalua tion and selectio n of proposals to ensu re 
supp ort of resea rch and science educati on projec ts on the basis of scientifi c 
merit;

• provid e a sufficien t staff of well-trained  and highly q uali fied  sc ientists, educ a­
tors, adminis trator s, an d sup por t personnel;

• supply  su pport  s ervic es to pr ovide staff an  envir onme nt conducive to effective 
program and m anage ment operation s;

• ensure proper acco unta bilit y and oversight of Fe deral  funds  through effective  
manage ment polici es, p roc edu res,  and techniques;

• maint ain an in-house capabil ity for high qual ity analys is of science and tech­
nology policy;
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• ident ify issues and develop long-range plans for effec tive and responsive NSF 
programs; and

• obtain overs ight by outside experts and in-house staff to ensu re vital ity and 
responsivene ss of NSF programs.

NSF is organized  into six program di rectorates, an adm inistra tion d irec tora te, and 
six staff offices reporting  to the Director. Within this structure, the six program  direc­
torates operate  and manage the major discrete par ts of the Foundation’s effort s in 
science rese arch .

Three of the di rectorates, each composed of rela ted  groups of scientific  disciplines, 
strongly rep resent bas ic research  programs in the top management level. These direc­
torates are Mathematica l and Physical Sciences; Astronomical, Atmospheric, Earth, 
and Ocean Sciences; and Biological, Behavioral, and Social Sciences.

The other  dire cto rate s manage research  in appl ied science and engineering ; 
science educa tion; and a consolidation of inte rnation al science programs,  science 
information activi ties, science resources  studies, and science policy analysis . These  
direc torate s are Engineering  and Applied Science, Science Education, and Scientif ic, 
Technological, and International  Affairs.

The staff offices report ing to the Director are Planning  and Resources  Manage­
ment, Equal Employment Opportunity,  Government and Public Programs, General  
Counsel, Small Business Research  and Development, and Audit and Oversight .

In addi tion to managing and opera ting science  research  programs through grants 
and contracts, the NSF staff conducts in-house efforts rela ted to:

• studi es of science resources, including scientific manpower;
• evaluation  of science policy issues and alte rnative s in support of the National 

Science Board and the Office of Science and Technology Policy;
• coord ination of nationa l and inte rnat iona l scient ific activities;
• planning and management  of a complex logistic support for the U.S. A ntarc tic 

Research  Program;
• planning and managing the expanded ocean dril ling programs; and
• a science  liaiso n staff maintained  at Tokyo, Japan, to assist coord ination of 

science programs involving Far Eastern count ries.

FY1981 Budget Highlights and Explanation  of Increa ses  and Decreases

The FY 1981 estimate of $60,800,000 for Program Development and Management 
is an increase of $236,238 over the estima te for FY 1980.

A total staff of 1,293 positions is planned for FY 1981, an increase of 19 positions. 
Six of the new positions were  ident ified for support of basic and appl ied rese arch 
efforts by the NSF staffing study completed in the fall of 1979. Eight are nee ded in con­
nection with the expanded  program of ocean drilling. Of the remaining five positions.
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thre e are allocated  to the expanded  program for resea rch facilit ies, one to the small 
busine ss research program, and one for the Five-Year Outlook in Science repor t 
autho rized  by the Science and Technology Policy Act of 1976.

FY 1981 in crea ses and decr ease s are:

• An inc rease of $456,000 for p erm anent  personnel compensation  for sala ry costs 
of the addit ional  19 positions. This initial funding is ap proximately two-thirds 
of the annu al cost of these positio ns and the balan ce will be annuali zed  in 
FY 1982;

• An increase  of $25,000 for cons ultant compensation to fund abou t 250 more 
consu ltant  days perfo rmed  by o utside experts to provide oversight and advice 
conce rning NSF programs;

• An add ition al $63,000 for person nel  benefit s as the emp loye r’s con tribu tions  to 
reti rem ent  and insur ance  for the addit ional 19 posit ions and for in crea sed costs 
of benefit payments for the existin g staff.

• A total increa se of $146,000 is provide d for travel. This item covers  additio nal 
site visits for monitoring an d oversight of program awards by existing staff, and 
19 new employees, advisory commit tees, and consul tants for new programs

• An in crease of $50,000 for tran spor tation of things for household moves of new 
employees.

• A net decr ease  of $235,000 in rents and communications, resu lting  from an 
increas e of $200,000 in space ren tal rates  assessed to NSF by the Genera l 
Services Adminis tration and a de cre ase  of $435,000 in renta l costs for  data proc­
essing equip ment previo usly leased  but now purc hase d.

• An increase of $50,000 for printin g and repro duct ion due to incre ased costs of 
pap er, printing supplies, and print ing by the Gover nment Print ing Office and 
priv ate contractors.

• A decreas e of $108,762 in adm inist rativ e servi ces contracts previously bud­
geted  for software develop men t.

• A net decrease  of $210,000 resu ltin g from redu ced purc hase s of specia l purpose 
equipm ent and computer har dw are .
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S CI E N C E E D U C A TI O N

F Y 1 9 8 1 P R O G R A M T O T A L ......................................................... $ 8 5, 7 0 0, 0 0 0

O bli g ati o n* b y S u b a cti vit y

S u b a cti vit y A ct u al  

F Y  1 9 7 9

B u d g et  

R e q u e s t  

F Y 1 9 8 0

C ur r e nt
Pl a n

F Y  1 9 8 0

E sti m at e

F Y 1 98 1

D if f e r e n c e  

F Y 1 9 8 1/ 8 0

S ci e n tifi c P er s o n n el I m p r o v e m e n t . . . . $ 3 3. 0 7 1 , 8 4 7 $ 3 2, 9 0 0 , 0 0 0 ’ $ 3 1 , 6 0 0 , 0 0 0 $ 3 5, 2 0 0, 0 0 0 $ 3 , 6 0 0 , 0 0 0

S c i e n c e E d u c e tl o n R e e o u r c e e

I m pr o v e m e n t  ......................................... 2 8 , 6 0 5 , 6 9 2 2 9 , 1 0 0 , 0 0 0 > 2 4, 0 0 0, 0 0 0 2 4, 2 0 0, 0 0 0 2 0 0, 0 0 0

S ci e n c e E d u c e ti o n D e v el o p m e n t

4  R e s e ar c h  ............................................. 1 2 , 0 1 4 , 4 2 3 1 5 , 3 0 0 . 0 0 0 1 4 , 9 5 0 , 0 0 0 1 7, 5 0 0. 0 0 0 2, 5 5 0 . 0 0 0

S c i e n c e 4  S o c i et y  ...................................... 6, 2 8 7, 4 5 5 7, 4 0 0 , 0 0 0 7, 6 5 0, 0 0 0 8, 8 0 0, 0 0 0 1, 1 5 0, 0 0 0

T o t al ...................................................... $ 7 9, 9 7 9 , 4 1 7 $ 8 4, 7 0 0, 0 0 0 '. * $ 7 8, 2 0 0, 0 0 0 $ 8 5, 7 0 0, 0 0 0 $ 7 , 5 0 0 , 0 0 0

I n cl u d e s $l. 0 M  l o b e o bli g at e d b y t h e  Pr e- C oll e g e T e a c h e r D e v e l o p m e n t i n S c i e n c e Pr o gr a m i n J a n u ar y 1 9 8 0 f o r s u m m er  

pr oj e c t s f o r t e a c h er s i n G r a d e s K- 4. b u t e x c l u d e s $ 1. 5 M f o r a c a d e m i c y e ar  pr o j e ct s s c h e d ul e d  f or o bli g ati o n  af t e r A p ri l 1. 1 9 8 0.  

t h e d at e f or e st a bli s h m e nt of  t h e D e p art m e nt o f E d u c ati o n. T h i s l att er a m o u nt w ill  a t t h at ti m e b e tr a n s f err e d t o t h e n e w D e p art m e nt.

E x cl u d e s S S. O M w h i c h  i s b ei n g tr a n sf er r e d t o t h e D e p a rt m e n t of  E d u c ati o n a s o f A p ri l 1. 1 9 8 0.

G o al s a n d D e s cri pti o n

T h e N ati o n al S ci e n c e F o u n d ati o n A ct of 1 9 5 0 ( P. L. 8 1- 5 0 7. as a m e n d e d) dir e c ts t h e 
F o u n d ati o n t o  . .i niti at e a n d s u p p ort. . . pr o gr a m s t o str e n gt h e n. . .s ci e n c e e d u c ati o n 
pr o gr a ms at all l e v els. .. ” Fr o m t his missi o n fl o w t w o c o nti n ui n g g o als f or t h e S ci e n c e 

E d u c ati o n Pr o gr a m i n F Y 1 9 81:

• T o h el p all citi z e ns i n c r e as e t h eir b asi c u n d e rst a n di n g of s ci e n c e a n d its c o ntri ­

b uti o ns t o t h e q u alit y of lif e; a n d

• T o ass ur e a st a b l e fl o w of t h e m ost t al e nt e d st u d e nts i nt o c a r e er s i n t h e s ci e n c es, 
wit h p arti c ul ar r ef e r e n c e t o i n cr e asi n g t he p arti ci p ati o n of mi n oriti es a n d w o m e n.

T o i m pl e m e nt t h es e g o als t h e S ci e n c e E d u c ati o n st aff, w or ki n g cl os el y wit h t h e 
C o n gr ess, t h e N ati o n al S ci e n c e B o ar d a n d t h e s ci e ntifi c c o m m u nit y, h as d e v el o p e d a 
b al a n c e d a n d c a r ef ull y i nt e g r at e d s et of pr o gr a m m e c h a nis m s. T h e o bj e cti v es of t h es e 

pr o gr a ms ar e t o:

• S u p p ort r es e ar c h o n h o w s ci e n c e a n d m at h e m ati cs a r e l e ar n e d a n d d e v el o p m e nt 
of m or e eff e cti v e i nstr u cti o n al t e c h ni q u es a n d m at e ri als f or us e at all l e v els of 

e d u c ati o n:

• Pr o vi d e hi g h q u alit y tr ai n i n g i n s ci e n c e f or s p e ci all y s el e ct e d st u d e nt s i n pr o ­
gr a ms r a n gi n g fr o m t h e j u ni o r hi g hs c h o ol t h r o u g h t h e gr a d u at e l e v els:

• Pr o vi d e f or s u bj e ct- m att e r r e vit ali z ati o n of b ot h pr e- c oll e g e t e a c h ers of s ci e n c e 

a n d u n d er gr a d u at e s ci e n c e f a c ult y:
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• Assist in the improvement of u nde rgradu ate science  instructio n at 2-year  and 
4-vear  colleges and universities; and

• Improv e the publ ic’s und erst and ing  of science and how it affec ts thei r daily 
lives thus increasin g the ability  of c itizens to p articipa te know ledgeably in the 
resol ution  of sci ence-rela ted pub lic policy issues.

In p ursu ing these objectives the Foun dation  will place specia l emp hasi s on fou r 
priority thrusts. Two of the four thrusts were initia ted in FY 1979. The first of these is 
the impro veme nt of sc ience educ ation  f or the early adolescent . This enta ils focussing 
contin ued effort at a point of high oppo rtunity, the junio r high /mid dle school years. 
What we know about this age group tells us that many choose not to study  science and 
mathe matic s beyond this age and that this is par ticularly  true of minorit ies and girls. 
We need to know more a bout why this phenom enon occurs at this age level and what 
needs to be done to alter  the situation so that these stude nts have  a broadened 
und ersta ndin g of science and that they do not prec lude  themselves from possible 
pre par atio n for future  science and technology-related careers.

The second of the thrusts  init iate d in FY 1979 is that of impro ved access of 
und er rep resent ed minorit ies and women to c aree rs in sc ience and enginee ring. The 
matte r of c areer access, while rel ate d to the early adolescenc e thrus t, is of suf ficient  
impo rtanc e to con tinue to set this subject forward as a par ticu lar scien ce education 
concern .

The third priority thrust, in itiated in FY 1980, relates to out-of-classroom or informal 
science le arnin g expe riences. This is an impo rtant factor in the gene ral d evelopmen t of 
the pub lic’s understand ing of scien ce, and is of great impo rtanc e in inter esting  and 
motivating children to study scien ce. Elementary school enro llme nts are shrinking 
drast ical ly. Yet within this reduce d school enrollme nt are  the scientist s who will be 
ente ring  the sc ientific labor  force at the turn of the cent ury. With a smaller pool to draw 
from, scienc e must command a gre ate r p roport ion of talented  young stu dents to assure 
an ade qua te labor force two dec ade s hence. The motivat ional aspec ts of informal, 
out-of-classroom science learning in the current decade is expected to play an important 
role in the development of the cad re of sc ientists of the future .

This year a fourth priori ty thru st is added  to the above contin uing concerns— 
revit aliza tion of college science teaching . For the past se vera l ye ars, higher educat ion 
(undergradua te institutions in p arti cul ar)  has been af fected by a series of events which 
have, in a c umulative  way, affe cted  the quality and currentness of college teaching of 
science. Declining student enrollments due primarily to birthrate changes have affected 
faculty mobility and reduced the need for new faculty. This, in conjunction with tenure, 
has b rought about a cons equent aging of faculty. In addition , the changing c hara cter  of 
the stud ent body and changing  patterns  in the job market  have made the content of 
many  course offerings obsole te. Because of these factors the F oundation is proposing 
to give priority, as a new major  th rust  for FY 1981, to the updating  of the subject-matter 
competen ce of college science faculty.

The program stru cture necessa ry to achieve this p lan is al ready in place. It consists
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of four program suba ctivities, w hich are ad min istra tivegrou ping s of program element s 

having similar  objectives.  They  are:
Scientific Personnel Imp rove men t—Programs in this subactivity  are designed  to 

improve  subject-matte r com pete nce of pre-college  and college science  teache rs and 

students: and to identif y and encourage  the talen ted, part icul arly  minorities, women 

and the physically h and icappe d, to parti cipa te more fu lly in the study of the sciences, 

mathem atics and engineering .
Science Education Reso urce s Impro veme nt— This group of programs is designed 

to bring about the improvem ent of instruction in the scienc es in schools, 2-year and 

4-year colleges, and universities and provide validated knowledge concerning effective 

instruction al strategies  and resear ch results  in education in the sciences  for use by 

decisi onmak ers in science  educ ation.
Science Education Developm ent and Rese arch —These two program s support 

scien tists  and practitione rs who are  trying to adv ance our basic knowledge of how the 

concept s, processes and skills of science are lear ned  and encou rage the development 

of new, more effective mat eria ls and methods of ins tructio n, without which the im­

provement of science educ ation  cannot proceed in an order ly fashion.

Scienc e and Society— The prog rams  in this subactivity seek to b ring about greater 

general  understand ing of scienc e and technology, the connections betwe en them, and 

the huma n value implications of both for contemporary life.
Within this program stru ctu re the Foundatio n plans to im plem ent its four pr iority 

thrusts. In the accomplishment of this, the strategy initiated in FY 1979 will be continued. 

This strategy requ ires that, wh erever  appr opri ate in the sever al scienc e education 

program mechanisms, special efforts will be made to allocate regular program resources 

to the furtherance of these prior ity thrusts . The impor tance  of these priori ties in the 

achieve men t of the two major goals state d above dema nds that they be incorpo rated 

into each applicable program r ather than being isolated as separate  or discrete functions.

In additio n to these priority concern s, the F oundation's traditi onal  concer ns for the 

suppor t of those stu dents  having the great est talent for study and rese arch  in science 

and for improving the quality of science  instruction in junio r/com munitv colleges and 

in 4-year  colleges will be cont inued in FY 1981. The effect iveness of our Nation s 

leaders —scientists and non-scientist—is directly dependent upon the quality of instruc­

tion p rovi ded in our institut ions of higher eduction.

FY 1981 Budget Highlights and Explantion of Increases and Decreases

Obligations

FY  1979 A c tu a l................................................................................    S79.979.417
FY 1980 Pr og ram..................................... $78,200,000
FY  1981 Request..........      $85,700,000
D if fe re n c e -F Y  1981/FY 1980 .....................................................................................................  $7,500,000

The amount requ ested for the FY 1981 Science  Education Program Activity is 

$85,700,000. T his repre sents a 9.6 per cen t increa se over the adjus ted Current  Plan for 

FY 1980, $78,200,000.
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Given the adjustm ents in the Science Education Curr ent Plan caus ed by the 
trans fers  to the D epartm ent of Education, the perce nt change b etwe en FY1980 and FY 
1981 for the four Science Education Subac tivit ies are:

Scie nt ific  Personnel I mprov em en t...............................................................................
Science Educat ion Resources Im provem ent  ..............................................................Science Education Development & Research ............................................................Science and S ocie ty ........................................................................................

Program a reas increased in FY 1981 include:

• $425,000 for Gradu ate Fellow ships and Train eeships to provid e for incre ased 
stipend support.

• $820,000 for Student-Oriented Programs to increase support for special education 
opportunities in science for middle-school and high school students and for Under­
grad uate Research Participati on.

• $1,011,000 to increas e su ppor t for improvement of u nde rgradu ate instruction in 
science through the upgrading of subj ect-m atter  backgrounds of scien ce faculty.

• $1,359,000 to increa se suppo rt for minority high school s tudents and for women 
to incr ease the access of these und errepr ese nted groups in the scient ific and 
technological labor force.

• $522,000 for improving undergradu ate instruction in science through Local Course 
Improvement.

• $404,000 for Information Dissem ination in Science Education to incre ase the 
support  of activities design ed to bring to educ ation decis ionm akers  information 
abou t new instruc tional  materi als  and techn iques and the resu lts of resea rch 
into the learnin g of scienc e which  can be utilized to impro ve education in 
scien ce, including a new emp hasis on the dissemination of in formation  on in­
struc tion in science in 2- and 4-yea r colleges.

• $523,000 to i ncrea se the Rese arch  in Science Education Program for developing 
new knowlege ab out the processes by which scienc e is learned and the motiva­
tional factors involved in purs uing  science as a career.

• $2,035,000 for Development in Science Education to crea te new instructional 
materia ls and techn iques  pri mar ily to be applied  to the fur the ran ce of the Foun­
dation's four Science Educa tion priority thrusts—impro vement of education al 
oppo rtuni ties for early  adole scents, care er access for minorities,  and women, 
inform al out-of-classroom instructio nal materials  a nd systems, and the quality 
of science  teaching in higher education.

• $1,080,000 to increa se utiliz ation  of museums and similar co mmuni ty resourc es 
in improving the public’s understanding  of science and its role in their daily lives.

Programs or projects  redu ced  or eliminated:
• Postdoctoral Fellowships have been transferred to the Cross-Directorate Program 

section  of this budget docume nt.
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• The Studen t-Orig inated  Studies  P rogram has been combined with the Und er­

grad uate  Research  Part icip atio n Program with no loss of sup port  for the group 

serve d, unde rgra duate students .

• The Minority Institutions Scie nce Improvement Program is transferred pursuant 

to P.L. 96-88, the Dep artm ent of Education Organiz ation Act of 1979, as well as 

that portion of the Pre-College T eacher  Develop ment in S cience  Program which 

involved prima ry grade (K-4) teache rs.

• $448,000 decre ase in the Com prehensiv e Assistance to Un derg radu ate Science 

Education Program a nd a $286,000  decre ase  in the Ins tructional Scientific Equip­

ment Program. These dec reases  a re more than offset by increase s in othe r pro­

grams which focus directly on the impro vemen t of u ndergra duate science ed­

ucation.

Thus, the highlight of the FY 1981 Sc ience  Education Program activity is its empha­

sis on increasi ng those resou rces allocate d to the suppo rt of a broad  spectrum of 

activit ies which will:

• Improve the science instruction of early adolescents, and in particular minorities 

and  girls, to equip them be tter  to ap preciat e how science affects their  daily lives 

and motivate them to continue the st udy of science so as not to preclude possible 

caree r choices in science  and  technology:

• Improve study and research opportunities for minorities and women and identify 

the social, psychological and instr uctio nal bar rier s which these groups face in 

pursuing  careers in science: and, furth er, to explo re and develop the means to 

alleviate those barriers:

• Increase the number and kind of informal out-of-classroom learning experiences 

in science , particularly  for c hild ren,  to improve their unde rstan ding  of science 

and technology as it touches the ir lives and to encou rage them to delve  deeper 

into the study of science for thei r perso nal edficat ion and possible  c areer utili­

zation; and

• Incr ease  opportuni ties for college scienc e faculty to upgrade their  scienc e back­

grounds and to make their course offerings more effective and relev ant to the 

scien tific manpower req uirem ents of the future.

In imple menting these emph ases the Science Education  Program will focus on 

individu als by: 1) identifying talented stud ents  at the junior high through graduate 

school leve ls and providing special opp ortu nities for extendin g their  education in 

science: 2) suppor ting faculty mem bers  who wish to update their scien ce subject- 

matter competencies and improve the quality and relevance of the courses they teach: 3) 

seeking out and supporting  the most tale nte d of those working in the are a of science 

education res ear ch and development; and 4) bringing to all citizens an u nderstanding  

of science th rough  use of the informal education mechanisms with which they in teract 

on a day-to-day basis.
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SPECIAL FOREIGN CURRENCY

FY1981 PROGRAM TOTAL .......................................................... $5,500,000

Obligations by Subactivity

Budget Cu rre nt
Su bactivity Actua l Request Plan Estimate Di ffe rence

____________________________________________FY 1979_______ FY1980_______ FY1980_______ FY 1981 FY 1981/80
Research ft Related Activities .................. S3,836,241 $4,900,000 S4.903.374 $4,400,000 $-503,374
Science Info rm ation............... . ............................... 165,000_____ 1,100,000_______ 600,000_____ 1,100,000 500,000

$4,001,241 $6,000,000 $5,503,374 $5,500,000 $-3,374

Goals and Description

The National Science Founda tion suppo rts science  activities in Egypt, In dia and 
Pakistan utilizing U.S.-owned foreign c urre ncie s designated by the Depar tment of the 
Treasury as excess to the requirem ents of the U.S. Government. In this way the National 
Science F oundation is able to support scientific  activities of ben efit  to the United States 
and partic ipating foreign countries  without exportin g dolla rs. The objectives  of the 
overall  activity are pur sue d chiefly through grants for rese arch and related activit ies 
and contracts for the tran slat ion  into English of technical lite ratu re from foreign lan­
guages. This activity supports:

• Partic ipation by U.S. scientis ts and institu tions in inte rnat iona l coope rative  
science  projects.

• Translations of scient ific and technical liter ature.

FY 1981 Budget Highlights and Explanation of Increases and Decreases

Obligations
FY 1979 Actual ....................................................................................................................  S4.001.241
FY 1980 Pro gra m ......................................................................................................................  55.503.374
FY 1981 Request ....................................................................................................................  55.500.000T.. .....................................................................Difference—FY 1981/FY 1980......................................................................................  $-3,374

The $5,500,000 req ues ted  for the S pecial Foreign Curr ency  Program A ctivities is 
slightly less than the FY 1980 program of $5,503,374.



Percentage Changes In Subactivities

Research and R elated  Ac tiv iti es  ........................................................................................  '1 0 ^'

Science In fo rm ati o n ...............................................................................................................

In FY 1981, the Special Foreign Currency Program activit ies will provide excess 

currenc ies in the following doll ar equivalents:

• Research and rela ted  a ctivi tes in India and Pakist an ($4,200,000) . This total will 

provide support for new and continuing cooperative research activities and travel 

for U.S. scientists  to atte nd importa nt scient ific meetings abroad.

• Support of cooperative resea rch activities in Egypt ($200,000). This amount repre­
senting  a reduc tion of $500,000 from the FY 1980 level, is d ue to the deplet ion 

of SFC reserves in Egypt. Fun ds will be  used to comple te existing projects.

• Trans lations into English from foreign language scientif ic publicatio ns by con­

tractors in India and Pakistan ($1,100,000); an  in crease of $500,000 to restore the 

overa ll program to the an nua l le vel of pr evious years. This is consi stent with the 

rece nt White House initi ativ es on innovat ion highlighting enha ncem ent of the 

tran sfer  of in format ion from othe r countries.
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EXPLANATION OF PRIOR YEAR CARRYOVERS

In addition  to the FY 1980 app rop riat ion , ther e is $3,343,893 in unobligate d funds 
car rie d forw ard from prio r ye ar s’ appr opr iations , composed of the following:

• No-Year  Funds  C arr ied  F orw ard  into FY 1980 ( $629 ,348)— Prio r to FY 1974, NSF 
appropria tions were made on a no-year basis and unobligated balances are avail­
able until expe nded . As a re sul t of closing out expi red accounts  and reconciling 
NSF and university r eco rds , $629,348 of previo usly  obl igated fu nds were  deob li- 
gated during FY 1979 but too la te to be inco rporate d into FY 1979 program plans. 
I hese  fund s are b eing c arrie d into FY 1980 and will be used for bas ic res earch in 
the Mathematic al and Physical Science s ($ 236,000) and fo r the Cross -Directorate 
program of NSF P lann ing and Evaluation ($393,34 8).

• Program Development and  Management ($2,547,762)— An unobligated carryover 
bala nce was gene rate d in FY 1979 due  to string ent contr ols imposed by NSF on 
PD&M funds in response to the Congressional recommendation by the Chairman of 
the Appropriation Subcommittee on HUD-Independent Agencies that a minimum 
of $2,500,000 should be carrie d forward into FY 1980 and applied  to cover pay cost 
require ments resu lting  from the FY 1979 pay rais e legisla tion.

• IY 1979 Carryover ($163,409)— This balance repres ents one fiftieth of one p ercent 
of the 1'Y 1979 Research and Related Activities Appropriation, excluding PD&M.
1 hes e funds  will be used to provi de part ial supp ort for orde rly close-out of 
projec ts in the Che mical Thre ats Program  in the App lied Science section  of the 
Enginee ring and App lied  Scien ce Activity. This a lloca tion is within the Con gres­
sional limita tion of the  FY 1979 fund s a ppr opria ted  for the Applied Science  and 
Research App licat ions  (ASRA).

• Special  Foreign Currency  Carry over  ($3, 374 )— These funds will be real loca ted 
in FY 1980 to the Sp ecia l Foreign  Curren cy Pro gram.
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ERRATA
APPENDIX TO THE BUDGET 

OF THE UNITED STATES GOVERNMENT 
FY 1981

The Progra m and Financing Schedule inc lud ed in the FY 1981 Budget A ppend ix 
for the NSF Researc h and Related  Activities  Appropriation  does not ref lect  final 
decis ions on the FY 1981 budget auth ority  approv ed by the Office of Mana geme nt 
and Budget. Following is a comparison of the total of $1,056,800,000 for this appropriat ion 
by program activity:

Budget
Ap pend ix

Ma the ma tical and Phys ica l Scie nc es ....................................................................  $264,700,000
Astronomic al.  Atm ospher ic,  Ear th and Ocean Sc iences ....................................... 240,000.000
U S. An ta rc tic  Program ...................................................................................................... 63.40(1000
Ocean D ri lling  Pro gram s....................................................................................................  29.600,000
Bio logica l. Behaviora l and  Socia l Sciences ...........................................................  181J 00,000
Engineer ing  and Ap pl ied Scien ce ............................................................................  134.500.000
Sc ient ific .Technolog ica l, and I nterna tio na l Affa irs  ....................................................  28.100.000
Cross-Directorate P ro gr am s.............................................................................................. 54.700.000
Program Development  and M an ag em en t.......................................................................  60.700,000

Approved  
By OMR

$264,200,000
241.300.000
63.400.000
27.300.000

182.000.000
137.000.000
28.850.000
51.950.000
60.800.000

1



328

National  Science Foundation

RESEARCH AN D RELATED  ACTIVITIES

For necessary expenses in carrying  out the purposes of the Notional 
Science Foundation Act of 1950, as amended (42 U S.C. 1861-1875), 
title  IX of the National Defense Education Act of 1958 (42 U.S.C. 
1876-1879), and the Act to establish a National Medal of Science (42 le a s e  o f  one a i r c r a f t  

w it h  o p ti o n  to  purc has e ;U.S.C. 1880-1881); services as authorized by 5 U.S.C. 3109*mainte- 
nance and operation of aircraf t and purchase of flight services for

forms or allowances therefor, as authorized by law (5 U.S.C. 
5901-5902); rental  of conference rooms in the District of Columbia; 
and reimbursement  of the General Services Administrat ion for 
security guard services;l$906,050,000, to remain available until Sep­
tember 30, 1981: Provided, Tha t not more than  S60.900.00(LshaIl be 
available for Applied Science and  Research ApplicationsjProtided 

[fur t/ie5 ,That receipts for scientific support services a ndma ter ial s 
furnished by the National Research Centers and other National 
Science Foundation supported research facilities may be credited to 
this appropriation ; Provided further, Th at to the extent tha t the 
amount appropriated is less than the tota l amount authorized to be 
appropriated  for included program activities, all amounts, including 
floors and ceilings, specified in the authorizing Act for those program 
activities or their  subactivities shall be reduced proportionally: 
fProvided further, That if an institution o f higher education receiving 
Kinds hereunder determines after  affording notice and opportunity 
for hearing to an individual attending, or employed by, such inst itu­
tion, tha t such individual has, after the  date  of enactment of this Act, 
willfully refused to obey a lawful regulation or order of such inst itu­
tion and th at such refusal was of a serious n ature and contributed to 
the disruption of the adminis tration of such institution, then the 
institution shall deny any further payment to, or for the benefit of, 
such individua lj,( Department of Housing and Urban
De velop me nt - In dep en de nt  A ge nc ie s A ppro p ri a ti o n  
A ct , 19 80 ; a d d i t io n a l  a u th o r iz in g  l e g i s l a t i o n  
to  be  p ro p o se d .)

$ 1 ,0 5 6 ,8 0 0 ,0 0 0 , to  remain
a v a i la b le  u n t i l
ex pe nd ed :

1
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SCIENC E EDUCATION ACTIVITIES

For  necessary expen ses in ca rrying  out  science educat ion prog rams  
and  activities pu rsua nt  to th e purposes of the  Nat ional Science 
Fou nda tion  Act of 1950, as  am ended (42 U.S.C. 1861-1875), including 
aw ard  of graduate fellowships , serv ices as author ized  by 5 U.SC.

app rop ria tion is less  th an  th e total  amo unt auth orized to  be appropri­
ate d for included pro gram act ivi ties, all amo unts , including floors 
a n . pe'hngs, specified in the autho riz ing  Act for those program  
acti vit ies  or thei r sub activ itie s sha ll be reduced proport ionally. 
(D ep ar tm en t o f  H ou sing  an d Urban  De velop me nt - 

In dep en den t A ge nc ie s A p p ro p ri a ti o n  A ct , 19 80 ; 
a d d i t io n a l  a u th o r iz in g  l e g i s l a t i o n  to  be  p ro p o se d .)

$85,7 00 ,00 0 to  rem ain
av ail ab le  u n t il
exp end ed;

2



SCIEN TIFIC ACTlVlTIEsJoVE RSE AsJlSPECIAL  FOREIGN  CURRENCY  

PROGRAM)

For payments  in foreign currencies which the  Treasury Depart­
ment determines to be excess to the normal requirements of the e X D e n d e dUnited States, for scientific activities, as authorized by Jaw,-------- £.--------
$5,500,000, to remain available until[September 30, 198J Provided,
That this appropriation shall be available in addition to other 
appropriations to  the  National Science Foundation, for payments in 
the foregoing currencies. (De par tment  of Housin g and. Urban 
Deve lopment -  Inde penden t Agenc ies  A pp ro pr ia tio n Ac t,
19 80 ; a d d i t io n a l  a u th o r iz in g  l e g i s l a t i o n  to  be  p ro p o se d .)



NATIONAL SCIENCE FOUNDATION

SUMMARY OF FY 1981 BUDGET BY APPROPRIATION AND PROGRAM

A c tu a l 
FY  1979

Bu dget
Req uest
FY 1980

C urr en t
Plan

FY 1980
E stim ate  

FY 1981
D if fe re n ce  
FY 1981/80

Researc h and  R e la te d  A c ti v it ie s  A p p ro p ri a tion
M ath em atica l a nd P hy si ca l Sciences . . . $208,864,917 $230,235,000 $226,412,000 $264 ,200,000 $37,788,000A str onom ic a l.  A tm ospheri c . E arth  and

Oce an  S c ie n c e s .......................... 211.615.014 225.000.000 217.862.000 241.300.000 23.438.000U.S. A n ta rc ti c  P ro g ra m .......................... 51.090.853 55.000.000 55.840.000 63.400.000 7.560.000Oce an  D ril li n g  P ro g ra m s........................ 11.624,910 17.500.000 19.475.000 27.300.000 7.825.000Bio lo g ic a l.  B ehav io ra l an d S oc ia l S cien ce s . . . . 154.704.624 172.250.000 166.531.000 182.000.000 15.469.000E ng in eering an d A p p li e d  S c ie n ce ........................... 109.859.984 113.700.000 111.834.409 137.000.000 25.165.591S c ie n ti fi c . T echno lo g ic a l and  I n te rn a tiona l
A f f a i r s ......................................... 23.562.308 24,715,000 26.103.000 28.850.000 2,747.000C ro ss-D irecto ra te  P ro g ra m s................................. 16.862,886 17.300.000 25.525.348 51.950.000 26.424.652Pr og ra m D eve lo pm en t a nd  M a n a g e m e n t............ 54.765.898 59.600.000 60.563.762 60.800.000 236.238

S ubto ta l,  O b li g a t io n s ......................  ........ 842.951.394 915.300.000 910.146.519 1.056.800.000 146.653.481F undin g R e co n c il ia tio n
U nob lig a te d  B al an ce  Bro ug ht  F o rw a rd ................. -16.845.930 —0— -3.340.519 —0 — 3.340.519U nob lig a te d  B al an ce  Carr ie d  F o rw a rd ................. 3.340.519 —0— —0— —o— 0A dju s tm en ts  to P ri o r Y ea r A cco u n ts ....................... -3.759.671 —0— 0— 0U nob liga te d  B alan ce  Lap sing  .................. 1.313.688 —0 — —0— —0— —0—

Res ea rch an d Related  A c ti v it ie s  
A p p ro p r ia t io n ............................................... 827.000.000 •  915.300.000 906.806.000 1.056.800.000 149.994.000

S cie nce  E duca tion  A c ti v it ie s  App ro p ri a tio n
S c ie n ti fi c  Per so nn el  I m p ro v e m e n t............ 33.071.847 32.900.000 31.600.000 35.200.000 3.600.000Scien ce  E ducation  Resou rces  Im pro vem ent . . . . 28.605,692 29.100.000 24.000.000 24.200.000 200.000Scien ce  Education  D eve lo pm en t an d Res ea rch . 12.014.423 15.300.000 14.950.000 17.500,000 2.550.000Scien ce  an d S o c ie ty .......................... 6.287.455 7.400.000 7,650.000 8.800.000 1.150.000

S ubto ta l.  O b li g a ti o n s ....................................... 79.979.417 84.700.000 78.200.000 85.700.000 7.500.000F und in g  R econc il ia tion
U nob liga te d  B alan ce  Bro ug ht  F o rw a rd ................. -8,671 —0— —0 — 0 0U nob liga te d  B alan ce  Lap sing  ..................... 29.254 —0 — —0— —0— —0—

Science  Educ at io n A c ti v it ie s
A p p ro p r ia t io n ............................................. 80.000.000 84.700.000 78.200.000 85.700.000 7.500.000

S p e c ia l F o re ig n  Curr ency A p p ro p ri a ti o n
O b li g a ti o n s ......................................... 4.001.241 6.000.000 5.503.374 5.500.000 -3.374F und in g  R econc il ia tion
I Unobli ga ted Ba lanc e B ro ug ht  F o rw a rd ................. -5.532 —0— -3.374 —0— 3,374U nob liga te d  Balan ce  C arr ie d  F o rw a rd ............. 3.374 —0— —0— —0— nA d ju s tm en t to P ri o r Y ea r A cco un ts  ..................... 698 - 0 — —0 — 0 nU nob liga te d  B alan ce  Lap sing  ............................... 219 —0— —0 — —0— —0 —

S pecia l F or eign  C urr ency
A p p r o p r ia li o n ............................................. 4.000.000 6.000.000 5.500.000 5.500.000 —0 —
Tota l.  NSF  A p p ro p r ia t io n s ........................... 911.000.000 1.006,000,000 990.506.000 1.148.000.000 157.494.000



NATIONAL SCIENCE FOUNDATION  

RESEARCH AND RELATED ACTIVITIES APPROPRIATION  

ANALYSIS OF CHANGES IN OBLIGATED LEVELS 

FY 1979—FY 1981

RESEARCH AND RELATED ACTIVIT IES 

FY1979 Obligated La val...........................

O bl ig at io ns

$842,951,394

FY1980

In cr ea se s:
M at he m at ica l an d P hys ic a l S c ie n c e s .................................
As tr on om ical , A tm osp he ri c.  E art h  a nd  O ce an  S ci en ce s
U .S . A nt ar ct ic  Pro gr am  ...........................................................
Oce an  D ri ll in g  Pro g ra m s........................................................
Bi o lo gi ca l, B ehav io ra l a nd  S o ci a l S c ie n c e s ................ .. •
Eng in ee ring a nd  A p p li e d  S c ie n c e ........................................
S c ie n ti fi c .T ech n o lo g ic a l a nd  In te rn ati on al A ff a ir s  . . . .
Cr os s- Direc to ra te  P ro g ra m s..................................................
Pr og ram D ev el op m en t a nd  M a n a g e m e n t.........................

Su b to ta l...................................................................................

17.547.083
6.246.986
4,749.147
7.850,090

11.826.378
1.974,425
2.540.692
8.662.462
5.797.884

67.195,125

FY 1980 Obligated Laval
910.146.519

FY I 981

In cr ea se s:
M at he m at ic al  and  P h ys ic a l S c ie n c e s .....................
Ast ro no m ical , A tm os ph er ic . E ar th  an d O ce an  Sc ie nc es
U .S . A nt ar ct ic  Pr og ram ..........................................................
O ce an  D ri ll in g  Pr og ra m s ......................................................
B io lo gi ca l. B ehav io ra l a nd  S oci a l Sci e n ce s ....................
Eng in eer in g a nd  A pp lied  S c ie n c e .......................................
Sci en ti fi c . T ec hn olo gi ca l an d I n te rn ati on al A ff a ir s
Cr os s- Direc to ra te  P ro g ra m s..................................................
Pr og ram D ev elop m en t a nd  M a n a g e m e n t........................

S u b lo tu l..................................................................................

TOTAL, FY 1981 Obligated Level

37.788.000
23.438.000

7.580,000
7.825.000

15.469.000
25,165.591

2.747,000
26.424.652

236.238

146.653,481

.056.800.000



333

NATIONAL SCIENCE FOUNDATION

SCIENCE EDUCATION ACTIVITIES APPROPRIATION

ANALYSIS OF CHANGES IN OBLIGATED LEVELS

FY 1979—FY 1981

Obligations
SCIENCE EDUCATION ACTIVITIES

FY 1979 Obligated L evel............................................................................................ $79,979,417

FY1980

Decreases:
Sc ient ific  Personnel Im pro ve m en t................................................................... -1.471,847
Science  Educat ion  Resources Imp roveme nt .................................................. -4,605,692

Sub to ta l............................................................................................................. -6.077,539

Increases:
Science Educat ion  Develo pm ent and Research ............................................ 2,935,577
Science and S oc ie ty ............................................................................................ 1,362.545

Sub to ta l............................................................................................................. 4.298,122

FY 1980 Obligated Level............................................................................................  78,200.000

FY1981

Increases:
Sc ient ific  Personne l Im pro vem ent................................................................... 3.600.000
Science Edu cation  Resources Impro veme nt .................................................. 200,000
Science Educat ion  De velop me nt and Research ............................................ 2,550,000
Science and Soc iety  ............................................................................................  1,150,000

Sub to ta l.............................................................................................................. 7,500,000

TOTAL FY 1981 Obligated L e ve l............................................................................... 85,700,000

6



NATIONAL SCIENCE FOUNDATION 

SPECIAL FOREIGN CURRENCY APPROPRIATION 

ANALYSIS OF CHANGES IN OBLIGATED LEVELS 

FY 1979—FY 1981

Obligations

SPECIAL FOREIGN CURRENCY 

FY 1979 Obligated Le vel............

FY 19S0

Increases:
Research an d Rel at ed  A c ti v it ie s
Sc ienc e I n fo rm a ti o n .....................

S u b to ta l.......................................

FY 1980 Obligated Level....................

FY 1981

De crea se :
Research a nd  R elated  A c ti v it ie s  

Increa se :
Sc ienc e I n fo rm a ti o n ....................

S u b to ta l.......................................

Totel FY 1981 Obligated Le ve l..........

1.067.133
435.000

1.502.133

5.503.374

-503.374

500.000

-3.374

5.500.000
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NATIONAL SCIENCE FOUNDATION

PERCENTAGE DISTRIBUTION OF TOTAL OBLIGATIONS

Act ua l
F Y 1979

Budget
Request
FY 1980

Cu rre nl
Plan

FY 1980
Es timat e 

FY 1981
Resea rch  and  Related A ctivit ies

Ma the ma tical and Physical Sc iences ............................................ 22.6 22.9 22.8 23.0
As tronomica l. Atm ospher ic. Earth and Ocean S cienc es........... 22.8 22.4 21.9 21.0
U.S. An ta rc tic  Program ................................................................... 5.5 5.5 5.6 5.5
Ocean D ri lli ng  Programs................................................................. 1.3 1.7 2.0 2.4
Biological.  Behavioral and Social Sciences ................................. 16.7 17.1 16.8 15.9
Engin ee ringand  Ap pl ied S cie nce.................................................. 11.9 11.3 11.2 11.9
Scie nt ific , Techno log ica l and In ternat iona l A ff a ir s ................... 2.5 2.5 2.6 2.5
Cross -Directo rate Program s........................................................... 1.8 1.7 2.6 4.5
Program Developm ent  and M an ag em en t..................................... 5.9 5.9 6.1 5.3

Subto tal . Research and Related A c ti v it ie s ............................... 91.0 91.0 91.6 92.0

Sc ience Ed ucation  Activ itie s
Scien tif ic  Personnel  Im pr ov em en t................................................ 3.5 3.3 3.2 3.1
Science E ducation Resources Imp roveme nt ............................... 3.1 2.9 2.4 2.1
Science  Educat ion  Development and Research ......................... 13 1.5 1.5 1.5
Science  and S oc ie ty ........................................................................ .7 .7 .7 .8

Subto tal . Science Education A c ti v it ie s .................................... 8.6 8.4 7.8 7.5

Sp ec ial Foreig n Cu rrency ................................................................. .4 .6 .6 .5

To tal . N S F...................................................................................... 100.0 100.0 100.0 100.0

8
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NATIONAL SCIENCE FOUNDATION 
SUMMARY OF OBLIGATIONS BY MAJOR OBJECT CLASSIFICATION

O bje ct A c tu a l 
FY 1979

Bu dg et  
Req ue st 
F Y I 980

C urr en t
Pla n

FY  1980
Es tim ate

FY1981
D if fe re n c e  
FY 1981/80

Res ea rc h a nd  R e la te d A c ti v it ie s
Perso nn el  Com pe ns at ion ........................................ $34,705,430 $37,310,000 $39,600,000 $40,081,000 $481,000
Perso nn el  B e n e f it s .................................................... 3.054.852 3.560.000 3.494.000 3.557.000 83.000
Tra nsporta tion  of Pers ons........................................ 2.555.696 3.235.000 2.999.000 3.145,000 146.000
T ra ve l an d T ra nsport a tion  of  T h in g s ................... 207.159 300.000 250.000 300.000 50.000
Ren tsan d C o m m u n ic a ti o n s .................................... 7.011.182 7.585.000 6.900,000 6.665.000 -235.000
P rin ting  an d R e p ro d u c ti o n ......................................
O th erC ontr actu a l S ervice s:

430.334 500.000 550.000 600.000 50.000

Prog ram C on tra cts ................................................
Program  D ev el op m en t and  M anagem ent

172.612.624 186.000.000 186.000.000 218.000.000 32.000.000

Con trac t S e rv ic e s ............................................. 3.666.963 4.515.000 4.485.782 4.377.000 -108.762
S upp lie sand M a te r ia ls ............................................ 651.564 620.000 710.000 710.000 - 0 -
Equ ip m ent .................................................................
G ra nt s.  Sub sidies  and  C ontr ib u tions:

2.478.014 1.950.000 1.550.000 1.340.000 -210.000

Program  G ra n ts ......................................................
Program  D ev el op m en t and M anagem ent

615.572.872 669.700.000 663.582,757 778.000.000 114.417.243

Gra nts .................................................................. 4.704 25.000 25.000 25.000 —0 —

Sub to ta l, Researc h an d Related
A c t iv it ie s .......................................................... 842.951.394 915.300.000 910.146.519 1.058.800.000 146.653.481

Science Education A c ti v it ie s
Pro gr am  Con trac ts  .................................................... 2.313.914 2.450.000 2.500.000 2.500.000 —0—
Pro gr am  G ra n ts .......................................................... 77.665.503 82.250.000 75.700.000 83.200.000 7.500.000

Subto ta l.  Sc ien ce  E duc at io n
A c t iv it ie s .......................................................... 79.979.417 84.700.000 78.200.000 85.700.000 7.500.000

Spe cial  F ore ig n C urr ency
T ra v e l a nd  Tra nsport a tion  of  P e rs o n s ................. 130.040 300.000 276.000 300.000 24.000
Pro gr am  Con trac ts  .................................................... 368.114 1.200.000 800.000 1.100.000 500.000
Pro gr am  G ra n ts ......................................................... 3.503.087 4.500.000 4.827.374 4.100.000 -527.374

Subto ta l.  S pe cial  F or eign  C u r re n c y ............. 4.001.241 6.000.000 5.503.374 5.500.000 -3.374

Tota l,  N S F ........................................................ $926,932,052 $1,006,000,000 $993,040,893 $1,148,000,000 $154,150,107
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SUMMARY BUDGET INFORMATION AND 
SELECTED QUANTITATIVE DATA 

FY 1979-FY 1981

The following tables sum marize the National Science Foun dation 's FY 1979 
through FY 1981 budgets by appropr iation title and program and include selected 
quantita tive data indicating level of funding, number of grants, and average cost per  
grant, for the respective years.

A. Summary of Funding Leve l By Activity

A c t iv it y A ctu a l
FY1979

Bu dg et
Req ue st
FY 19 80

C urr en t
Plan

FY1980
Est im at e 

FY 1981
Diffe rence 
FY 1981/80

Research and Related Activities
M a th e m a tica l an d P hy sica l S c ie n ce s .................
A s tr o n o m ic a l.  A tm ospheric . E arth  an d

$208,864,917 $230,235,000 $226,412,000 $264,200,000 $37,788,000

O ce an  S c ie n ce s .................................................... 211.615.014 225.000.000 217.862.000 241.300.000 23.438.000
U S. A n ta rc ti c  P ro g ra m .......................................... 51.090.853 55.000.000 55,840,000 63.400.000 7.560.000
O ce an  D r il li n g  Pro gra m s....................................... 11,624,910 17.500.000 19,475,000 27.300.000 7.825.000
B io lo g ic a l.  B ehavio ra l,  an d S oc ia l S cien ce s . . . 154.704,624 172.250.000 166,531.000 182,000,000 15.469.000
E ng in eering  an d A p p lie d  S c ie n ce .......................
S c ie n ti fi c .T e ch n o lo g ic a l,  and  In te rn a ti o n a l

109.859.984 113.700,000 111.834.409 137.000.000 25.165.591

A f f a i r s .................................................................... 23.562,308 24.715.000 26.103.000 28.850,000 2.747.000
C ro ss-D irecto ra te  P ro g ra m s................................. 16.862.886 17.300,000 25.525.348 51.950.000 26.424.652
Pro gr am  D ev elo pm ent and  M a n a g e m e n t......... 54.765.898 59.600.000 60.563.762 60.800.000 236.238

S ubto ta l.  O b li g a ti o n s ..........................................
U nob liga te d  Balan ce s and  O th e r

842.951.394 915.300.000 910.146.519 1.056.800.000 146.653.481

A d ju s tm e n ts .......................................................... -15.951.394 —0— -3.340.519 —0— 3.340.519

Res ea rch a nd  R elat ed  A c ti v it ie s
A p p ro p r ia t io n .................................................. 827.000.000 915.300.000 906,806,000 1.056.800.000 149.994.000

Science Education Activities
S c ie n ti fi c  Per so nn el  I m p ro v e m e n t.............. ....... 33.071.847 32.900.000 31.600.000 35.200.000 3.600.000
Scien ce  Education R es ou rces  Im p ro ve m e n t ..  
Scien ce  Education D eve lo pm ent and

28.605.692 29.100.000 24.000.000 24.200.000 200.000

R e se a rc h ................................................................ 12.014.423 15.300.000 14.950.000 17.500.000 2.550.000
Scien ce  and S o c ie tv ................................................ 6.287.455 7,400.000 7.650.000 8.800.000 1.150.000

S ubto ta l.  O b li g a ti o n s ..........................................
U nob lig a te d  B alan ce s and  O th e r

79.979.417 84,700.000 78.200.000 85.700.000 7.500.000

A d ju s tm e n ts .......................................................... 20.583 —0— —0 — —0— —0 —

Scien ce  Educ at io n A c ti v it ie s
A p p ro p r ia t io n .................................................. 80,000.000 84.700.000 78.200.000 85.700.000 7.500.000

Special Foreign Currency (Obligations!.............. 4.001.241 6.000.000 5.503,374 5.5OO.OOO -3.374
U nob lig a te d  B alan ce s and  O th e r

A d ju s tm e n ts .......................................................... -1.241 —0 — -3.374 —0— 3.374

Spe cial  F or eign  C urr ency  P ro gr am
A p p ro p r ia t io n .................................................. 4.000.000 6,000,000 5.500.000 5.500.000 —0—

TOTAL NSF APPROPRIA TIONS........................... 911.000.000 1.006,000,000 990.506.000 1.148.000.000 157.494.000
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Act iv ity

Level of Fu nding by Program, N umber of Grants, 
and Average Cost Per Grant

Ac tua l
FY1979

Budget 
Request  
FY 1980

Cu rre nt
Plan

FY 1980
Estimate

FY1981
Diffe rence 
FY 1981/80

Research and Related Activities 
B Mathematical and Physical Sciences

I. Mathematical Sciences
Level of Funding:

a. Cla ssical  Ana lysis .....................................
b. M odern Ana lysis .....................................
c. Topology. Geo metry , an d Fou ndations .
d. A lgebra an d N um be rT he or y..................
e. Applied M athe mat ics .............................
f. Stati stics  and P ro ba bi lit y.........................
g. Special P ro je ct s........................................

Su bt ot al .....................................................

Nu mb er of A w ar ds ..........................................
Av er ag es  Per A w ard ......................................

II. Computer Research
Level of Funding:

a. The ore tica l Co mpu ter Sc ience ..............
b. Sof twa re S ys te m s....................................
c. Sof twa re En gine ering .............................
d. In telli gen t Sy ste m s..................................
e. Co mputer  Systems  Design .....................
(.S pe ci al  P ro je ct s........................................

Sub to ta l.....................................................

Nu mb er of A w ar ds ..........................................
Av er ag es  Per A w a rd ......................................

III.  Physics
Level of Funding:

a. E lem ent ary  Par ticle  Ph ys ics ...................
b. Inte rm ed iat e Energy P hy si cs .................
c. N uclea r P hy sic s........................................
d. Atomic. Molecular, a nd Pl asma

Ph ys ics...................................................
e. Th eo ret ica l Physics  ................................
(.G ra vi ta tio na l P hys ic s..............................

Subto ta l.....................................................

Nu mb er of A w ar ds ..........................................
Av er ag es  Per  A w a rd ......................................

IV. Chemistry
Level of  Funding:

a. St ructural  Che mistry and
Th er m od yn am ic s................................

b. Qu an tum Che mistry ..............................
c. Ch em ica l D yn am ic s................................
d. Ch em ica l A na ly si s..................................
e. Synthe tic  Inorgan ic and

Or ga nome taa licCh em ist ry ...............
f. Syn the tic  Orga nic and Nat ura l

Pro duc ts Ch emistry  ............................
g. Chemical  Ins tr um en ta ti on .....................

S ubto ta l.....................................................

Nu mbe r of A w ar ds.........................................
A ve ra ge s Per A w a rd ......................................

$2,867,401 $3,335,000 $3,441 ,000 S3.970.000 $528,000

2.967.72 2 3.625.000 3.416.000 3.940.000 524.000

5.259.397 5.030.000 4,886.000 5.580.000 694.000

3.845.942 4.280.00 0 4.411.000 5.030.000 619.000

3.377.809 4,035.000 3.731.000 4.300.000 569.000

2.659.376 2.995.00 0 2.716.000 3.130.000 414.000

1.804.929 2.100.000 2.300.000 3.350.000 1.050.000

22.782.576 25.400.000 24.901 .000 29.300.000 4.399.000

885 903 883 891 8

$25,743 $28,128 $28,200 $32,884 $4,684

2.703.669 2.700.00 0 2.700.000 2.900.000 200.000

2.726.891 3.300.000 3.100.000 3.300.000 200.000

2.459.08 9 2.900.000 2.700.00 0 2.900.000 200.000

3.289.726 3.300.000 3.200.00 0 3.400.000 200.000

2.907.265 3.300.000 3.135.00 0 3.350.000 215.000

2.684.386 3.100.000 3.400.00 0 7.500.000 4.100.000

16.771.026 18.600.000 18.235.000 23.350.000 5.115.000

263 275 267 278 11

$63,768 $67,636 $68,295 $83,992 $15,697

22.910.745 23.300.000 22.761.000 26.200.000 3.439.000

10.634.998 11.400.000 11,100.000 12.600.000 1.500.000

11.557.125 12,300.000 11.800.000 13.500.000 1,700.000

6.727.459 7.200.00 0 7.100,00 0 8.300.000 1.200.000

7.008.067 7.300.00 0 7.400.000 9.000.000 1.600.000

2.826.175 2.800.00 0 3.200.000 3.900.000 700.000

61.664 .569 64.300.000 63.361.0 00 73.500.000 10.139.000

379 336 355 375 20

$162,703 $191,369 $178,481 $196,000 $17,519

9.438.64 7 10.452.000 10.658.000 12.370.000 1.712.000

7.398.196 8,544.00 0 8.318.000 9.587.000 1.269.000

8.470.000 10,145.000 9.929,000 11.501.000 1.572.000

5.139,69 0 6.100.000 5.783.000 6.653.000 870.000

5.157.618 6.248.000 5.808.000 6.682.000 874.000

5.559.330 6.205.000 6.158.000 7.137.000 979.000

4.067.000 5.241.000 4.760.000 5.570.000 810,000

45.230.481 52.935.000 51.414.0 00 59.500 .000 8.086.000

905 937 900 900 —0—

$49,978 $56,494 $57,127 $66,111 $8,984
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Leve l of Funding by Pro gra m, Num ber of Grants, 
and Avera ge Cost Per  Grant—Continued

Budge! Current
Ac tiv ity  Actual Request Plan Estimate Difference

FY 1979.FY I 980 FY19 80 FY 1981 FY 1981/80

V. Materials Research
Level of Funding:

a. Sol id Stal e Phy sics ................................ $7,6 31,2 89 $8,100,0 00 $8,140,000 $9,550 ,000 $1,410,000
b. So lid St ateC he mist ry  .......................... 4.34 2.550 4.650.000 4.680.000 5.550.000 870.000
c. Low Tempe ratur e P hysic s..................... 4.336.721 4.700.000 4.630.00 0 5.400.000 770.000
d. Co ndensed  M at te rT he or y................... 4.174 .219 4.600.000 4.600.000 5,465,000 865.000
e. M eta ll urg y ............................................. 6.434 ,276 7.100.000 7.050.000 8.300.000 1.250.000
f. C era m ic s................................................. 3.326 ,970 3.600.000 3.600.000 4.200.000 600.000
g. P oly m er s................................................. 3.836,000 4.100.000 4.140.00 0 4.900.000 760.000
h. M ate ria ls Rese arch  L ab or at or ie s........ 18.130.000 19.600.000 19.351.000 22.180 .000 2.829.000
i. National  Magnet La bo rat or y................. 3,800.00 0 4.250.000 4.025.00 0 4.575.000 550.000
(.S yn ch ro tro n Ra di at io n........................... 6.004 .300 8,000.000 7.885.000 8.000,00 0 115.000
k Sma ll A ngle N eutron Sca tt er in g .......... 399.940 300.000 400.000 430.000 30.000

Subto ta l................................................... $62,41 6,265 $69,000,000 $68,501,000 $78,550,000 $10,049 ,000
Num be ro f A w ar ds ........................................ 710 710 730 760 30
Ave rag e $ Pe r Award .................................... $87,910 $97,183 $93,837 $103,355 $9,518

TOTAL, MATHEMATICAL AND PHYSICAL SCIENCES
Level of F undin g ............................ ...............  $208,8 64,917 $230,235,000 $226,412,000 $264,200,000 $37,788,000
N um be ro f A w ar ds ........................ ...............  3.142 3.161 3.135 3.204 69
Ave ra ge s Pe r A w a rd ..................... ...............  $66,475 $72,836 $72,221 $82,459 $10,238

C. Astronomical, Atmospheric, Earth and 
Ocean Sciences  

I. Astronomical Sciences
a. Astrono my Projec t Support 

Level of Funding:
1. So IarS vstem A str on om y......................... 1.024.275 1.400.000 1.350.000 1.420.000 70.000
2. Stars A S tel lar  E vo lu tio n......................... 3.568.700 3.900.00 0 3.950.000 4.230.000 280.000
3. Ste lla r Systems & M ot ions ....................... 1.127.296 1.350.000 1.260.000 1.320.000 60.000
4. Gala ctic & Ex trag alac tic As tronomy  . . . . 5.541.813 5,650.00 0 5.900.000 6.330.00 0 430.000
5. Astro nomical Instrum entat ion  &

Dev el op m en t........................................ 5.030.102 6,050.000 5.300.000 5,820.000 520.000
6 Radio Spec trum  M an ag em en t................ 49.468 100,000 100.000 100.000 —0—

Su bt ot al .................................................... 16,341.654 18.450.0 00 17.860,000 19.220.000 1.360.00 0
Nu mb er of A w ar ds..................................... 248 240 252 243 -9
A ve ra ge !P er  A w a rd ....................................... $65,894 $76,87 5 $70,8 70 $79,090 $8,220

b. Na tiona l As trono my & Io nosph ere
Cente r
Level of Funding:
1. Sc ient ific Research S upp or t.................... 4,847.998 5.163.00 0 5.093.000 5.605.000 512.000
2. Constru ction of Building s and

Rese arch  F ac il it ie s............................... 77.000 87.000 127.000 65.000 -62.000

Su bt ot al ...................................................... 4.924.998 5.250.000 5.220.000 5.670.000 450.000
3. Less NASA Fa cili ties  Op era tio n

S u p p o rt .................................................. -300.000 -300.000 -300.000 -300.000 —0—

Su bt ot al ............................................ 4.624.99 8 4.950.000 4.920.000 5.370,000 450.000

c. Kitl Peak Natio nal Ob ser vator y
Level of Funding:
1. Scienti fic R ese arch  S upport ................... 9.511.455 10.395.000 10.358.0 00 11.283.0 00 925.000
2. Cons truc tion  of Build ings &

Rese arch  F ac il it ie s............................... —0— —0— —0— —0— —0—

Su bt ot al ...................................................... 9.511 .455 10.395.0 00 10.358.000 11.283.0 00 925.000
3. Ma nage men t F e e ...................................... 190.000 205.000 212.000 217.000 5.000

Sub to ta l...................................................... 9.701 .455 10.600.000 10.570 .000 11.500.000 930.000
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A c ti v it y

Level of Funding by Program, Number  of Grants 
and Average  Coat Per Grant— Continued

d. C e rr o  To lo lo  In te r- A m e ri ca n  Ob se rv a to ry  
Level o f Fu nd ing:
1. S c ie n ti fi c  Rese arch  S u p p o r t.............. .......
2. C onstruction  of  Bu ild in gs &

Res ea rch F a c il it ie s .................................

S u b to ta l........................................... ..............
3. Man ag em en t F e e .........................................

S u b to ta l........................................... ..............

e. N a tio n a l Rad io As tronom y O bserv a to ry  
Leve l o f Fun di ng :
1. Sc ie n ti fi c  Researc h S u p p o rt.............. ......
2. Construction  of B u ild in gs and

Res ea rch F a c il it ie s .................................

S u b to ta l............................. ............................
3. M an agem ent F e e .........................................

S u b to ta l............................. ............................

f.  Sa cra m ento  Peak O bs er vat or y 
Leve l o f F un din g:
1. Sc ie n ti fi c  Resea rch S u p p o rt.............. .......
2. C o n s tr u c ti o n .................................................

S u b to ta l............................. ............................
3. M anagem ent F e e .........................................

S u b to ta l............................. ............................
4. Less D O D F a c il it ie s  Op era ting

S u p p o r t .....................................................

S u b to ta l............................. ............................

S ubto ta l.  A stronom ic a l S c ie nces........

II. Atmospheric Sciences
a. A tm ospheri c  Scien ce s P ro je ct Su pport  

Level o f F undin g:
J. A e ro n o m y .....................................................
2. A tm ospheri c  Chem is tr y  ...........................
3. C lim a te  D y n a m ic s ......................................
4. Exp e ri m e n ta l M e te o ro lo g y ......................
5. C lo b a l A tm ospheri c  Researc h

P ro g ra m .....................................................
8. M e te o ro lo g y .................................................
7 .S o la rT e rre s tr ia l R e se a rc h ......................

S u b to ta l............................. ............................

N um ber o f A w a rd s .............................................
A vera ges Per  A w a r d .........................................

b. N a tiona l C en te r f o r  A tm osp heric 
Re se arch
Lev el  o f F und in g:
1. A tm ospheri c  Ana ly s is  and P re d ic tion  .
2 A tm ospheri c  Q u a l i t y ........
3. Co nvective  St or m s ............
4. A dvance d Stu dy Pro gr am  .
5. H ig h A lt it u d e  Ob serv a to ry  
6 F a c il it ie s  O p e ra tio n  and  Dev el op m en t 
7. A d m in is tr a ti o n  an d S up po rt

S e rv ic e s ...............................

A ctu a l
FY 1979 .

Bud ge t 
Req ue st  
F Y I 980

C urr e n t
Plan

FY 1980
Es tim ate

FY1981
D if fe re n ce  
F Y 1981/80

$4,268,000 $4,707.000 $4,765,000 $5,048,000 $283,000

—0— 50.000 —0— 50.000 50.000

4.268.000 4.757.000 4.765.000 5.098.000 333.000
82.000 93.000 95.000 102.000 7,000

4.350.000 4.850.000 4.860.000 5.200.000 340.000

10.790.000 12.470.000 12.362.000 15.025.000 2.663.000

11.703.000 5.300.000 4.500,000 1.700.000 -2.800.000

22.493.000 17.770.000 16.862.000 16.725.000 -137.000
210.000 220,000 220.000 235.000 15.000

22.703.000 17.990.000 17.082.000 16.960.000 -122.000

1.787.000 1.995.000 1.954.000 2.249.000 295.000
—0 — —0— —0— —0— —0—

1.787.000 1.995.000 1.954.000 2.249.000 295.000
38.000 40.000 43,000 46.000 3.000

1,825.000 2.035.000 1.997.000 2.295.000 298.000

-325.000 -325.000 -325.000 -345.000 -20.000

1.500.000 1.710.000 1.872.000 1.950.000 278.000

59.221.107 58.550.000 56.964.000 60.200.000 3.236.000

4.838.445 5.950.000 5.700,000 6.500.000 800.000
3.081.933 4.700.000 3.700.000 4.800.000 1.100.000
4.739.932 5.600.000 5.200.000 6.000.000 800.000
2.200.044 2.500.000 2.500.000 3.300.000 800.000

5.661.194 6.000.000 5.600.000 5,600.000 —0 —
6.610,230 6,400.000 6.469.000 6.900.000 431.000
4.845.000 5.100.000 5.100.000 5,500.000 400.000

31.976.778 36.250.000 34.289.000 38.600.000 4.331.000

475 504 487 535 48
$67,320 $71,925 $70,368 $72,100 $1,732

2.433.300 2.253.000 2.419.000 2.504.000 85.000
1.418.000 1.736.000 1.630.000 1.741.000 111.000
2,189,000 1.946.000 1.915.000 2.542.000 627.000

802.100 686 000 855.000 863.000 8.000
2.202.000 2.195,000 2.343.000 2.565.000 222.000

10,581.000 12.054.000 11.325.000 12.962.000 1.637.000

5.119.600 5.545.000 5.578.000 6.188.000 610.000
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Level of Funding by Program, Number of Grants, 
and Average Cost Per Grant—Continued

A c t iv i t y Ac tua l
h'Y lti7H

B u d g e t 
B e q u e s t 
F Y 1080

(C u rr e n t
Plan

FYlfNMJ
E s t im o t t;
FY1081

Diffe rence

H. M a n a g e m e n t F e e .............................................. $5 35 ,(H ill 55 35 .000 55 35 .(MMI 55 35 .(MMI 0

S u b t o ta l .................................................................. 25.260.IM MI 26.050.<MNI 26 .IMMI,IMMI 20 .‘MMI,IMMI 53.3IMI.OOO

c.  N a t io n a l  S c ie n t i f ic  B a ll o o n  F a c il it y
L e v e l o f  F u n d in g :
1. N a ti o n a l S c ie n t i f i c  B a ll o o n  F a c i l i ty  . . . . 1.87II.IMM) 2. 47 0.00 0 2.270.IMMI 2. IMMI.DIM) 330.IMMI
2. (C o n s t ru c ti o n ........................................................ — II — 80.IMMI 30.IMMI — 0 — -30 .000

S u l i t u l i i l ................................................................. 1 .8 70, (MM) 2. 55 0.00 0 2.3IMI.IMMI 2.IMMI.IMNI 300.IMMI

S u b to ta l.  A tm o s p h e r ic  S c ie n c e s ......... 59 .1 06.7 78 65 .750 .000 63 .1 09 ,IMMI 71.KMI.IM MI 7. 03 1. IMMI

I I I .  E a rth  S c ie n c e s
L e v e l o f  F u n d in g :

a. G e o lo g y ................................................................. 4. 634.3 08 5.O5O.OOO 5. 05 0. IMMI 5.6 50. 000 60 0.00 0
b. G e o p h y s ic s .......................................................... 9 .8 57.5 74 10.3S0.tMMI 10 .040 .000 11.IMMI.IMMI 90II.IMMI
c. G e o c h e m is t r y ..................................................... 10 .4 27 .5 22 10 .850 .IMMI 6.138.IMMI 6.7IMI.IMMI 562.01 Ml
d . P e t r o lo g y ............................................................... — 0 — — 0 — 4.050.IHMI 4. 550.(MMI 5IMI.INMI

S u b to ta l.  E a r th  S c ie n c e s .............................. 24 .0 10 .4 04 26 .250 .000 25.278.IMM1 27.H00 .IMMI 2.62 2.00 0

N u m b e r  o f  A w a r d s ................................................... 503 516 405 525 30
A v e r a g e !  P e r A w a r d ............................................... $4 9, 54 2 $5(1.872 5513187 $5:1.14:1 52 .076

IV . O c e a n  S c ie n c e s
a.  O c e a n o g ra p h y  P ro je c t S u p p o rt

L e v e l o f  F u n d in g :
I.  P h y s ic a l O c e a n o g ra p h y ................................. 3 .7 03. 000 4. 25 0, IMMI 4.I5O.IMMI 4.650.IMMI 5IMI.IMMI
2. M a r in e  (C h e m is tr y ............................................ 3.50 8, 080 4. 00 0. IMMI 3.H50.IMMI 4.35O.INMI 50 0.000
3. S u b m a r in e  G e o lo g y  a n d  G e o p h y s ic s  . . . 7. 182.7 58 7, 75 0.00 0 7.55O.IMMI 8.4 50.IMMI IMMI.IMMI
4. B io lo g ic a l ( I c e a n o g r a p h y ............................ 5.25 4. 000 5.850.IMMI 5.8 00, IMMI 7.15O.INMI 1.350,1)111)

S u b t o t a l ................................................................. 10 .736 .736 2l.85O.tMIO 21.350.IMMI 24 .6 00 .000 3.250.IMMI

N u m b e r  o f  A w a r d s ................................................... 362 357 375 44MI 25
A v e r a g e !  P e r A  w a n t ............................................... $54,521 56 1.20 4 $5 6,03 3 $6 I.5 IM I $4 ,567
b. ( C o o rd in a te d  O c e a n  R e se a rc h  a n d  

E x p lo r a t io n
L e v e l o f  F u n d in g :
1. ( Ic e a n  D y n a m ic s  ( E n v ir o n m e n ta l

F o r e c a s t in g ) ................................................... 6. 77 8,30 7 7.2IMI.IMMI ‘ I.5IMI.IMMI 10 .500 .IMMI 1.IMMI,000
2. O c e a n  (C h em ic a l P ro ce sses ( E n v ir o n ­

m e n ta l Q u a l i t y ) ............................................. 5. 15 1.58 0 6. 25 0, IMMI 4.6 50, IMMI O.IOO.IMMI 1.450.IMMI
3. S e a f lo o r  P ro cesses ( S tu d ie d

A s s e s s m e n t ) .................................................... 4. 60 1.82 3 5.050.IMMI 4. 40 0.00 0 5.4IMI.IIIMI I.IMMI.IMMI
4. L iv in g  R e s o u rc e s ............................................... 2. 54 8.00 0 2.3IMI.OOO 1.IMMI.(MMI 1.IMMI.IMMI -IMMI.IMMI
5. G e n e ra l S u p p o r t ............................................... 286.31 8 IMMI.IMMI IMMI.IMMI IMMI.IMMI 0

S u b t o ta l ................................................................. 10,4 56 .817 21 .4 00 .000 20 .750 ,(MMI 23.(MMI,IMMI 2.85O.IHIO

N u m b e r  o f  A w a r d s ................................................... 240 248 25 0 265 15
A v e r a g e !P e r  A w a rd  ............................................... $81,08 0 58 8. 20 0 $83. IMMI 58 0.00 0 $9 ,999

c .O c e a n o g ra p h ic  F a c il it ie s  an d  S u p p o r t
L e v e l o f  F u n d in g :
1. O p e r a t io n s ........................................................... 18 .00 5.00 0 20.25ll.IMMI 10 ,710 .IMMI 22.2IMI.O1MI 2. 48 1. IMMI
2. S h ip  (C o n s tr u c ti o n  a n d  ( C o n v e r s io n .......... 3.10 0.62 6 3.1 (Ml.0011 3.1III I.IMMI 3.WMI.IMMI 5IMI.IHMI
3. S h ip b o a rd in g  E q u ip m e n t A ( ) lh e r

S h a re d  F a c i l i t i e s ........................................... 1.184.837 1.8 50 .000 t .7IMI.IMM) 2.IMMI.IMMI 3IMI.IMMI

S u l i t u l i i l .................................................................. 23.2 IMI.372 25 .2 00 .000 24.5 IO.O(M I 27 ,MIMI.IMMI 3. 28 1. IMMI

N u m b e r  o f  A w a r d s .................................................... 60 75 80 80 0
A v e r a g e !  P e r A w a r d ............................................... 53 86 .673 53 36 .0 00 $:t (lli .4HH $3 47 ,500 $4 1,01 2

S u b to ta l.  ( )ce a n  S c ie n ce s
L e v e l o f  F u n d in g ............................................... 56 2.30 3.72 5 568.450.tMMI $911.919.IWIII 576.IMMI.IMI0 $0 .381 .IMMI
N u m b e re d  A w a r d s ........................................... 662 680 70 5 745 40
A v e r a g e !  P e r A w a r d .................................... 504.25 0 5I IM I.8 82 $9 4, 49 5 5II I2.IMMI $7 ,505

14
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Level of Funding by Progrem, Number of Qranta,
and Average Coat Per Grant—Continued

Budget C urr en t

Activity A ctu a l Be qu es t Plan Es tim ate D if fe re n ce

FY1979 FY1980 F Y 1980 FY1981 FY 1981/80

V. A rc ti c  R es ea rc h P ro gr am
La va l o f Fun ding :

a. A tm os ph er ic  S c ie n c e s ............................... $828,181 S800.000 $600,000 $800,000 —()—

b. B io lo gi ca l S ci ences...................................... 1.830,760 1.700.000 1.700.000 1.800.000 $100,000

c. E ar th  S c ie n ce s .............................................. 008.841 900.000 909,000 900.000 —0—

d. G laciolog y .................................................... 1.783.800 1.700.000 1.800,000 1,600,000 —0—

e. O ceanogra phy.............................................. 897.131 900.000 900.000 1,000.000 100.000

f. In fo rm a tion  & A dvis o ry  Ser vi ce s 129,417 200.000 132,000 200.000 88.000

S u b to ta l........................................... ............... 5.074.000 8.000.000 5.832.000 8,100.000 268.000

N um ber o f A w a rd s .............................................. 87 80 78 79 3

A v e ra g e ! P er A w ard  .......................................... S68.700 $75,000 S78.700 $77,200 $500

TOTAL,  A STRONOMIC AL,  ATM OSPHERIC , EA RT H AND OC EA N SC IENCES
Level o f F u n d in g .................................................. 5211,815,014 S225.000.000 $217,882,000 $241,300,000 $23,438,000

D.  U .S . A n ta rc ti c  Pro gr am

1. U.S . A n ta rc ti c  R es ea rc h P ro gr am
Le ve l o f Fun ding :

2.300,000 300,000a A tm ospheric S c ie n ce s ............................... 1,960.853 2.000,000 2.000.000

b B io lo gi cal  S cie nces..................................... 1,402.877 2,200.000 2.200.000 2,500,000 300.000

c. Ear th  Sc ie n ce s .............................................. 1,394.214 1,400.000 1,400.000 1,800.000 200.000

d. G lacio lo gy .................................................... 853.857 900,000 900.000 1,100,000 200,000

e O cean o g ra p h y ............................................. 1.019,225 1,000.000 1,000,000 1,200.000 200.000

f. In fo rm a tio n  and A dv is o ry  Se rv ic es . . . . 851,383 500,000 500.000 600,000 100.000

S u b to ta l........................................... .............. 7,281,809 8,000.000 8.000.000 9,300.000 1.300.000

N um b e r o f A w a rd s ............................................. 140 150 150 170 20

A ve ra g e s  Per  A w a r d .......................................... S52.013 $53,300 $53,300 $54,700 $1,400

II . O pera tions S upport  Prog ra m
Leve l o f F un ding :

9.533.000 1.135.000
a. D ir e c t Scien ce  Sup po rt  ............................. 7.573.545 8,398,000 8.398.000

b. Base Lev el  S u p p o rt............................ ......... 28.013.006 29,992.000 30.832.000 35.238.000 4.408.000

c M a jo r C on st ru ction and  P ro cu re m en t 8.222.493 8,610.000 8.810,000 9.329.000 719.000

S u b to ta l........................................... .............. 43.809.044 47.000.000 47.840.000 54.100,000 8.280.000

TO TAL, U .S . ANTA RCTIC PRO GR AM
Leve l o f F u n d in g ................................................. $51,090,853 $55,000,000 $55,840,000 $63,400,000 $7,560,000

E. O cean D ril lin g  Pro gr am s
1. D eep Sea  D ri ll in g  P ro gr am

Leve l o f Fun di ng :
a. Dee p Sea D r il li n g  P ro ject , I n te r-

23.400.000 < 2.000.000
nationa l Phase o f O cean  D r i l l in g ........ 18.624.910 21,400.000 21.400.000

b Less F or ei gn  C on tr ib u tions  ..................... -8.000.000 -6.000.000 -5.525.000 -8.100.000 -575.000

S u b to ta l............................. ............................ 10.624.910 15.400.000 15.875.000 17.300.000 1.425.000

II . O cean M arg in  D ri ll in g  P ro je ct
Level o f F un din g,

a. P ro je ct P la nnin g and E v a lu a ti o n ............ 1.000.000 2.100.000 3.800.000 —0— -3.600,000

b. In it ia l Im p le m enta tion  Phase ................ —0— - 0 — —0— 10.000.000 10.000.000

S u b to ta l............................. ............................ 1.000.000 2.100.000 3.600.000 10.000.000 6.400.000

TOTAL,  O CEAN D RILLING PRO GR AM S
Level o f  F u n d in g ................................................. SI 1.624.910 $17,500,000 $19,475,000 $27,300,000 $7,825,000

15
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Level of Funding by Program, Number of Grants , 
and Ave rage Cost Per Grant— Continued

Budge t C urr e n t
A c ti v it y A c tu a l

FY 19 79
Beq ue st
FY 1980

Plan
FY1980

Est im at e
EY1981

D if ft tr unc ti  
EY 1981/80

F. B io lo g ic a l,  B e h a v io ra l and  S oci a l S c ie nces

I. P h ys io lo g y , C e llu la r and  M o le cu la r B io lo gy
Le vel <»f Fu ndin g:
M o le c u la r A G enetic Biosc ienc es

a. B io c h e m is try ............................................... $8,B73,010 $9,330,000 $9,100,000 $10,000,000 $900,000
h. B io physic s ................................................... 9,441,367 10.205.000 9,918.000 10.900.000 982.000
c. G eneti c  B io lo g y ........................................... 8,453.135 9.420.000 9.300.000 10.300.000 1.000,000
(I. M e ta b o lic  B io lo g y ....................................... 8.646,437 9.686.000 9.200.000 10.100.000 900.000

S u b to ta l............................. ............................ 35,213,949 38,641.000 37.518.000 41.300.000 3.782.000

C e ll u la r  & P hy sio lo g ic a l B iosc ienc es
ii .C c llH io lo K y  ................................................. 6.390. (MM) 7.689.000 7.500.000 8.700,000 1.200.000
h. D eve lo pm enta l B io lo g y ............................. 9,039,188 9.840.000 9,600.000 10.800.000 1.200.000
c. R egula to ry  B io lo g y ..................................... 8,600.000 9.330.000 9.100.000 10.100.000 1.000.000

S u b to ta l............................. ............................ 23,939,188 26.859.000 26.200.000 29.600.000 3.400.000

B io lo g ic a l In strum enta tion
a. B io lo g ic a l In s tr u m e n ta ti o n ....................... 3,139,318 4.000.000 3.500.000 3.900.000 400.000

S u b to ta l............................. ............................ 62,292,455 69.500.000 67.218.000 74.800.000 7.582.000

N u m b e r o f A w a rd s ............................................. 1.344 1.365 1.305 1.270 -35
A ve ra g e s  Pe r A w a r d ......................................... $46,350 $50,900 $51,500 $58,900 $7,400

II.  B ehav io ra l a nd  Neura l S c ie nces
bevel o f Fu nd ing:

a. N e u ro b io lo g y ............................................... 8.207.118 9.000.000 8.843.000 9.550.000 707.000
b. S en so ry  Phy siolog y a nd  P erc eption . . . . 6,313,045 7.100,000 6.800.000 7.450.000 650.000

K iiIiIii IiiI ........................................................................ 14,520,162 16.100.000 15.643.000 17.000.000 1.357.000

C ogn it iv e  Scienc e
a. L in gu is tics  .................................................... 2.474.512 2.600.000 2.600.000 2.800.000 200.000
b. M em ory  an d C ogn it iv e  P ro cesses........... 2,528,292 2.600.000 2.600.000 2.800.000 200.000

S u b to ta l........................................... ............... 5.002.804 5.200.000 5.200.000 5.600.000 400.000

B ehavio ra l Science
a. P sych o b io lo g y .............................................. 4.105.049 4.2OO.OOO 4.600.000 5.000.000 400.0(H)
b. Soc ia l and  I le vc lo p m cn ta l Psy ch ol og y . 3.320.618 4.000.000 3.300.000 3.500.000 200.000

S u b to ta l........................................... ............... 7.425.667 8.200.000 7,900,000 8.500.000 600.000

A nth ro po lo g ic a l S cien ce
a. A n th ro po lo g ic a l S c ie n c e ........................... 6.124.708 7.400.000 6.700 .000 7.600.000 900.000

S u b to ta l........................................... ............... 33,073,342 36.900.000 35.443.000 38.700.000 3.257.000

N um ber o f A w a rd s .............................................. 783 855 753 740 -13
Avera ges Pe r A w a r d .......................................... $42,240 $43,200 $47,100 $52,300 $5,200

II I.  S ocia l and E co nom ic  S ci ence
Le ve l o f F un di ng :
Ec on om ics,  ( b io gra phy an d P o li ti ca l S cien ce  

a. E co no mics,  G eo gr ap hy  an d P o li ti c a l
Scien ce  ...................................................... 14,524,147 15.300.000 15.002.000 15.800.000 798.000

Soc ia l M ea sure m ent a nd  A na ly s is
a. So cial  M ea sure m ent a nd  A n a ly s is ........ 10,861,897 11.600.000 11.204.(MX) 12.000.000 796.000

K ii IiIii IiiI ......................................................................... 25,386,044 26.900.000 26.206.000 27.800.000 1.594.000

N u in b e ro f A w a rd s .............................................. 460 385 480 500 20
A vera ges Per  A w a r d ......................................... $55,190 $69,900 $54,600 $55,600 $i,<>no

16
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Budget C urren t
A c t iv it y A c tu a l Req ue st Pla n Est im ate D if fe re n c e

FY 1979 FY 19 80 FY 1980 FY1981 FY  1981/80

IV. E nv ironm enta l B io lo gy
L e ve lo fF u n d in g :

a. Ec olog y .......................................................... $4,942,244 $5,600,000 $5,222,800 $5,500,000 $277,200
h. E cosyste m Stu di es  ..................................... 11,863.199 12.750.000 12.372.800 13,000,000 627,200

c. S ys temat ic  B io lo g y ..................................... 7,550,847 8,100,000 7.922.800 8,400.000 477.200
d. B io lo g ic a l R es ea rch R e s o u rc e s .............. 4.696,561 7.200.000 6,922,800 8,100.000 1,177,200

e. P opula tion B io lo gy and  P hysio lo g ic a l
Ec olog y ...................................................... 5,100,132 5.300.000 5.222.800 5,700,000 477.200

S u b to ta l........................................... ............... 33,952,783 38,950,000 37.664.000 40,700,000 3,036.000

N um ber o f A w a rd s .............................................. 685 690 695 715 20

A v e ra g e ! per A w a r d .......................................... $49,570 $56,400 $54,200 $56,900 $2,700

TO TA L.  B IO LO GIC AL.  B EHAVIO RAL ANO SOCIA L S CIEN CE S
L e v e lo fF u n d in g  .................................................. $154,704,624 $172,250,000 $186,531,000 $182,000,000 $15,469,000
N um ber o f A w a rd s .............................................. 3,272 3,295 3,233 3,225 -8

Avera ges Per A w ard  .......................................... $47,280 $52,200 $51,500 $56,400 $4,900

G. E ng in eering  and  A pp lied  S c ie nce
1. Ele ct ric al . C om pu te r & S ys tems Engin eering

L e v e lo f Fun ding :
a. A uto m ation. B io eng in eering  an d

Se ns ing  System s ...................................... 3,528,154 3.545.000 3,360,000 4.150,000 790,000
b. E le ctr ic a l and  O ptica l

C o m m un ic a tions ...................................... 3.286.256 2.950.000 3,438.000 4.100.000 662,000

c. C om pu te r E ngin eering ............................. 647,267 1,200,000 1.000,000 2,150,000 1,150,000
d. Q ua nt um  E lect ro n ic s,

Waves  and B e a m s ................................... 3.454.729 3,610.000 3,210,000 3.700.000 490.000
e. Sol id -S ta te  an d M ic ro s tu rc tu re s

E n g in e e r in g .............................................. 2,878,748 3.350.000 3.360,000 4.600.000 1.240.000
f . Syste ms  Th eory  and O pera tions

R esearc h .................................................... 3,225,834 3,505,000 3,238,000 3.800.000 562.000

S u b to ta l........................................... ............... 17,020,988 18,160,000 17,606.000 22.500.000 4,894,000

N um ber o f A w a rd s .............................................. 340 363 330 410 80
Avera ges Pe r A w a r d ......................................... $50,061 $50,000 $53,351 $54,878 $1,527

II.  C hem ic al and Pro cess E ng in ee ri ng
Level o f F un ding :

a. K in et ics.  Cat al ys is  and Rea ct ion
E n g in e e r in g .............................................. $1,835,320 2.468.000 2.520.000 2.960.000 440.000

b. C he m ic al  un d B io chem ic al S ys tems . . . . 2,330,150 2.352.000 2.400.000 2.750.000 350.000
c. E ng in ee ring  E n e rg e ti c s ............................. 2,785,382 2.860.000 2.500.000 3.260,000 760.000
d. The rm odynam ic s and Mass T ra n s fe r . . 3.586,591 4.050.000 3.680.000 4,440.000 760.000
e. P art ic u la te  and  M u lt ip hase  Processes . . 2,437,651 2,590,000 2.780.000 3.240.000 460.000

S u b to ta l........................................... ............... 12,975.094 14,320,000 13.880.000 16,650,000 2.770.000

N um ber o f A w a rd s .............................................. 277 305 283 310 27
A vera ges Per  A w a r d .......................................... $46,841 $47,000 $49,045 $53,709 $4,664

II I.  C iv il  and E nvironm enta l E ng in ee ri ng
l. eve l o f F un ding :

a. Geo te chnic a l Eng in eering ....................... 2.418.993 2.800.000 2.200.000 2,400.000 200.000
b. S tr uc tu ra l M ec ha ni cs  ............................... 1,959.000 2,390.000 2.300.000 2,700.000 400.000
c. W ate r R esou rce s and  E nv ironm en ta l

E n g in e e r in g ............................................. 3.773.777 4,440.000 4,800,000 5,025,000 225,000

S u b to ta l............................. ............................ 8,151,770 9.630.000 9,300.000 10,125,000 825.000

N u m b e r o f A w a rd s ............................................. 132 178 140 145 5
A vera ges Pe r A w a r d ......................................... $61,756 $54,000 $66,429 $69,828 $3,399
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Level of Funding by Prog ram , Number of Grants, 
and Ave rage Cost Per  Grant—Continued

Activity Ac tua l
FY 1979

Budget
Request
FY1980

Cu rre nt
Plan

FY 1980
Est ima te 

FY 1981
Differe nce  
FY 1981/80

IV. Mechanical Sciences and Engineering
Level of Fu nding :

a. Flu id M ech an ic s...................................... $3,5 73,3 06 $3,955,000 $3,800 ,000 $4,100 ,000 $300,000
b. H ea tT ra ns fe r ......................................... 3,294,6 94 3.770.000 3.600.00 0 3.900.000 300.000
c. Solid M ech anics  ...................................... 2.840.73 0 3.065.000 3.065.000 3.325.000 260.000
d. M ech anica l System s .............................. 1.000.00 0 1.200.000 1.200.000 2.000.000 800.000

Su bto ta l..................................................... 10.7 08.7 30 11.990.000 11.665 .000 13.325 .000 1.660.000

Nu mb er of  A w a rd s.......................................... 194 240 205 220 15
Av erag es  Per  A w a rd ...................................... $55 ,200 $50,000 $56,902 $60,568 $3,666

V. Applied Research
Level of  Funding: 

a. Ap plied Soci al an d B ehavi oral
Scien ces  ............................................... 8,324.353 8.900.000 8.545.00 0 9.040.000 495.000

b. App lied P hysical.  Ma them atic al, and 
Biological S cien ces  and  Eng inee ring  . 9.283.860 9.300.000 9.083.409 9.660.000 576.591

S ubt ota l..................................................... 17.60 8.213 18.200.000 17,628.409 18.700 .000 1.071.591

Nu mb er of A w ar ds.......................................... 153 153 190 190 —0—
Av er ag es  Per  A w a rd ...................................... $115,086 $118,950 $92,781 $98,421 $5,646

VI. Problem-Focused Research
Level o f Funding :

a. E ar thq ua ke  Ha zards M itigatio n ............ 16.473.344 17.900.000 17.900.000 19.400 .000 1.500.000
b. Ch em ica l T hre ats  to Man an d the

En viro nm ent  ........................................ 3.152.998 —0— —0— —0— —0—
c. Al ter na tiv e Biological So urc es of

M ate ria ls ............................................. 4.132 .858 3.900.000 2.936.000 2.900.000 -36.000
d. Co mm uni ty W ater  M an ag em en t........... 724.517 —0— —0— —0— —0—
e. Scie nc e an d Tec hnology  to Aid th e

H an di ca pp ed ........................................ 1.329.672 1,600.000 2.100.000 2.100.00 0 —0—
f. Hu ma n N utr it io n...................................... 993,031 1.000,000 989.000 1.100,000 111.000
g. In teg rat ed  Basic R esearch  ..................... 4.781.731 5.000.000 4.460.000 4.500.000 40.000
h. P rob lem  A na ly si s.................................... 950.683 1.000.00 0 500,000 500.000 —0—

Subto ta l..................................................... 32.538,8 34 30.400.000 28.885.0 00 30.500.000 1.615.000

Nu m be r of A w ar ds.......................................... 432 336 350 340 -10
A ve ra ge ! Pe r A w a rd ...................................... $75,300 $90,476 $82,500 $89,700 $7,260

VII . In tergovernmental Programs
Leve l of Funding:

a. Local Go vernme nt ................................... 2.641.699 2.850.00 0 2.400.000 2.400.000 —0—
b. St ate  Go ve rn men t.................................... 2.128.069 1.800.000 1.360.000 1.360.000 —0—
c. Sc ience a nd Te chnology R eso urces . . . . 361.771 350,000 240,000 240.000 —0—
d. S tate Sci ence . En gine ering, a nd

Te ch no log y............................................ —0— —0— 1.500,00 0 3.000.000 1.500.000

Subt ot al ..................................................... 5.131.539 5.000.000 5.500.000 7.000.000 1.500.000

Nu mbe r of A w ar ds .......................................... 75 73 73 89 16

Av er ag es  Per A w a rd ....................................... $68,421 $68,493 $75,3 42 $78,652 $3,310

VI II.  Small Business Innovation and
Industrial Technology

Leve l of Funding:
a. Sma ll Busine ss In no va ti on ...................... 3.686.589 3.000.00 0 3.000.000 13.000.000 10.000.000

b. In dus tria l T ec hn olog y............................. 2.038.227 3.000.000 2.570.000 5.200.000 2.630.000
c. Ap pro pri ate  Tec hn olog y......................... —0— —0— 1.800,000 —0— -1,800.000

Sub to ta l...................................................... 5.724.816 6.000.000 7.370.000 18.200.000 10.830.000

Nu mb er of A w ar ds .......................................... 81 95 140 240 100
Av erag es  Per  A w a rd s ..................................... $70,677 $63,100 $52,64 3 $75,833 $23,190
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Level of Fu nding by Program Num ber of Grants,
and Average Cost Per Grant— Continued

Bu dget C u rr e n t

A c ti v it y A c tu a l Req uest Plan Es tim ate Differen ce
F Y I 979 FY1980 FY 1980 FY1981 FY  1981/80

TOTAL,  E NGINEE RING A ND AP PLIED S CIE NCES
Level o f F u n d in g .................................................. $109,859,984 $113,700,000 $111 ,834,409 $137,000,000 $25,165,591

N um ber o f A w a rd s .............................................. 1.684 1.743 1.711 1.944 233
$65,238 $65,232 $65,362 $70,473 $5,111

H. S c ie n ti fi c , T ech no lo g ic a l and
In te rn a tio n a l A ffa irs

1. In te rn at iona l Coo pe ra tiv e S cien ti fic A ct iv it ie s
Level o f F un ding :

7.900.000 288.000
a. C oo pera tive Sc ienc e .................................
b. S c ie n ti fi cO rg an iz a tions  and

6.683.359 6.115.000 7.614.000

4.200.000 500.000
R esourc es.................................................. 2.946.854 3,700.000 3.700.000

c. U .N . Con fe re nc e on S cien ce  and
Tec hn ol og y f o r D e ve lo p m e n t............... 388.936 —0— —0 — —0— —0 —

d. In te rn a tio n a l T ra ve l ................................. 584.364 700.000 700.000 800.000 100.000

S u b to ta l................................ ......................... 10.603.513 10.515.000 12.014.000 12.900,000 886.000

N um b e r o f A w a rd s ............................................. 529 480 572 608 36

A ve ra g e s  Per  A w a r d ......................................... $20,044 $21.900 $21,000 $21,200 $200

II . P o licy  Res ea rc h an d A na ly s is
Leve l o f Fun ding : —0—a. So cioe co no m ic  E ffe ct s o f S & T ................. 1.112.225 1.500.000 1.400.000 1.400.000

b. I n te rn a tio n a lE co n o m ic P o licy  ...............
c. In nova tion  Proce sses an d th e ir

—0— - 0 - —0 — 750.000 750.000

Man ag em en t ........................................... 1,392.414 1.400.000 1.400.000 1.400.000 —0 —

d. E nvironm ent.  Ene rgy,  and  R esou rces 1.087.467 900.000 1,100.000 1.100,000 —0—

e.T echnolo gy Assessm en t ........................... 1.452.112 1.300.000 1.249,000 1.400.000 151.000

f . Spe cia l R ep or ts  and  P ro jects ................... 414.815 700.000 600.000 600,000 —0—

S u b to ta l............................. ............................ 5.459.033 5.800.000 5.749.000 6.650.000 901.000

N um b e r o f A w a rd s ............................................. 137 89 100 103 3
$39,847 $65,169 $57,490 $64,563 $7,073

II I.  S c ie nce  Resourc es S tu die s
Leve l o f F un ding :

1.909.404 1.775.000 1.688.000 1.700.000 12,000

b.  Fund in g  of  S & T ........................................... 588.900 1.025.000 1.000.000 1.100,000 100.000

c. M ode ling  and  Sp ec ia l S &T In d ic a to rs 573.303 400.000 500.000 600.000 100.000

S u b to ta l............................. ............................ 3.071.607 3.200.000 3,188.000 3.400.000 212.000

N u m b e r o f A w a rd s ............................................. 52 60 48 48 —0—

A ve ra g e s  Per A w a r d ......................................... $59,069 $53,333 $66,417 $70,833 $4,416

IV . In fo rm a ti o n  S ci ence an d T echno lo gy
Leve l o f F un di ng :

1.100.000 —0—
a.S ta nda rd s&  M e asu re s ............................... 1.004.576 1.125.000 1.100.000

b.  S tr u c tu re  of I n fo rm a ti o n ...........................
c. B ehav io ra l A sp ect sof I n fo rm a ti o n

1.028.637 1.650.000 1.500.000

1.200.000

1.500.000

1.600.000

—0—

400.0001.049.942 1.300.000

d.  I n fo m e tr ic s ................................................... 1.345.000 1.125.000 1.152.000 1.300.000 148.000

e. I n fo rm a ti o n  T e c h n o lo g y .......................... —0— —0— 200.000 400.000 200.000

S u b to ta l............................. ............................ 4.428.155 5.200.000 5.152.000 5.900.000 748.000

N u m b e r o f A w a rd s ............................................. 40 61 43 46 3

A ve ra g e s  Per  A w a r d ......................................... $110,704 $85,246 $119,814 $128,261 $6,447

TOTAL,  S CIE NTIF IC . T ECHNOLO GIC AL.  A ND IN TER N ATIO N AL AF FA IRS
Leve l o f F u n d in g ................................................ $23,562,308 $24,715,000 $26,103,000 $28,850,000 $2,747,000
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Level of Funding by Program, Num ber of Grants, 
and Ave rage Cost Per Grant—Continued

A c ti v it y A ctu a l 
FY  1979

Bu dg et
Req ue st
FY 1980

C urr en t
Plan

FY 1980
Est im at e 

FY 1981
D if fe re nce  
FY 1981/80

1. Cro ss-D irec to ra te  P ro gr am s

1. In du s tr y /U n iv e rs it y  C oopera tive  Researc h
Level o f F u n d in g ................................................. $5,445,929 $4,000,000 $7,050,000 $20,000,000 $12,950,000

II.  S pec ia l F ac il it ie s  and  In s tr um en ta tion
Pro gra m s

Lev el  o f F un di ng : 
a. U n iv e rs it y  Resea rch  F ac il it ie s

Im p ro v e m e n t.............. ............................. —0— —0— —0— 14.250,000 14.250.000
b. C ol le ge  I n s tr u m e n ta ti o n ........................... 606.302 1.000.000 3.300.000 3.000.000 -300.000
c. Reg iona l I nstr um enta tion  F a c il it ie s  . . . . 5.000.000 4,800.000 4.800.000 3.000.000 -1.800.000

S u b to ta l............................. ............................ 5.606.302 5.800.000 8.100.000 20.250,000 12.150.000

II I.  C ro ss-D irec to ra te  In te rn a tio n a l P ro gra m s
Leve l o f F un di ng :

a. U S/U SSR Coo pera tive Re se arch
P ro g ra m ..................................................... 3.387,484 3.200.000 3.200.000 3.200.000 — 0—

b. U S /C h in a  C oope ra tion  in  Bas ic
Re se arch  ................................................... —0— —0— 1.000.000 2.000.000 1.000.000

S u b to ta l............................. ............................ 3.387.484 3.200.000 4.200.000 5.200.000 1.000.000

IV. O th e r P ro gra m s
Leve l o f F un ding : 

a. R es ea rch In it ia ti o n  in  M in o r it y
In s t it u t io n s ............................................... 425.944 1.000.000 1.000,000 1.000.000 —0—

b. E xperim enta l Program  to S tim u la te  
C om peti ti ve  R e se a rc h ........................... 875.310 2.700.000 3.850.000 2.700.000 -1.150.000

c. Pos tdoc to ra l F e llow ship s ......................... *(1.774.251) *(900.000) •(900,000) 900.000 900,000
d. D eci si on  and  M an ag em en t Scien ce s . . . —0— —0— —0 — 1,000.000 1,000.000
e. W at erm an A w a r d ........................................ 150,000 **(150.000) 150.000 150.000 —0 —
f. N SF  Plannin g and E v a lu a ti o n ................... 971.917 600.000 1.175.34B 750.000 -425.348

S u b to ta l............................. ............................. 2.423.171 4.300.000 6.175.348 6.500.000 324.652

TOTAL,  C RO SS -D IREC TO RA TE  P ROGRAMS
Leve l o f F u n d in g .................................................. $16,882,888 $17,300,000 $25,525,348 $51,950,000 $26,424,652

J . P ro gra m  D eve lo pm ent a nd  M anagem ent
Lev el  o f F u n d in g ...................................................... $54,765,898 $59,600,000 $60,563,762 $60,800,000 $236,238
F u ll -T im e  Per man en t P o s it io n s ........................... 1.260 1.280 1.274 1.293 19
P osit io ns—E nd o f Y ea r .......................................... 1.262 1.280 1.274 1.293 19

Sub to ta l.  Resea rch  an d Related  A c ti v it ie s  .. $842,951,394 $915,300,000 $910 ,146,519 $1,056,800,000 $146,653,481
U nob lig a te d  B alan ce s. D e fe rr a ls  and

O th e r A d ju s tm e n ts .............................................. -15.951.394 —0— -3.340.519 —0 — 3.340.519

R esearc h  an d Rel ate d A c ti v it ie s
A p p ro p r ia t io n ............................................................ $827,000,000 $915,300,000 $906 ,806,000 $1,056,800,000 $149,994,000

K. Scie nce  E ducation A c ti v it ie s

I. S c ie n ti fi c  P ers onne l Im pro vem en t
a. F e llo w sh ip s and T ra in eesh ip s 

Le ve l o f Fun di ng :
1. G ra duate  F e ll o w s h ip s ...............................  11.405.578 10,800.000 10.900.000 11.800.000 900.000

* Pos t-Doc to ra l F e llow sh ip s  in c lu d e d  i n  Scien ce  Educa tion A c ti v it ie s  p r io r  to FY 1981.
••F u n d in g  fo r W ate rm an A w a rd  fo r  FY  1980 was in c lu ded  in  the bu dg et  re quest  fo r  th e re se ar ch  d irecto ra te s.
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Level of Funding by Program , Number of Grants, 
and Ave rage Cost Per Grant— Continued

A cti v it y Act ua l
FY  1979

Bu dget 
R eq ue st  
FY I 980

Curr en t
Plan

FY I 980
Es timat e

FY1981
D if fe rence  
FY 1981 /80

2. M inor ity  Ins ti tu tio n G ra d u ate
Fel lo wsh ips and T ra in e e s h ip s ............. S2.0B2.327 $2,000,000 $2,175,000 $2,600,000 $425,000

3. Po std oc tora l Fel lo w sh ip s ......................... i ” 4 251 900.000 900.000 —0— -900.000

S u b to ta l.......................................................... 15.262.154 13.700.000 13.975.000 14.400.000 425.000

N um be r of A w a rd s .............................................. 1,744 1.670 1.650 1.560 -90

A ver ag es  Pe r A w a rd .......................................... $8,751 $8,200 $8,470 $9,230 $760

b. M in or il ies.  W om en  an d Ihe  Physi ca ll y  
H andic ap ped  in S ci en ce
Le ve l of  Fu n d in g .............................................. 2,361.832 2.000.000 2.240.000 3.600.000 1.360.000

N um ber of A w a rd s .......................................... 81 60 75 120 45

A ver ag es  Pe r A w a r d ...................................... $29,158 $33,300 $29,900 $30,000 $100

c Stu den t- O ri en te d Pro gr am s
Level of  Fu nd ing :
1. St ud en t S ci en ce  Trai ni ng 2.481.797 2.300.000 2.291.000 3.000.000 709.000

2. Stu den t- O ri gin at ed  St udie s ..................... 977.209 900.000 897.000 —0— -897.000

3. Un derg ra duat e R es ea rc h
Par ti ci pa tion  ............................................ 1.958.629 2.000.000 1.992.000 3.000.000 1.008.000

S u b to ta l.......................................................... 5.417.635 5.200.000 5.180.000 6.000.000 820.000

N um ber of A w a rd s .......................................... 319 350 300 330 30

A ver ag es  Per  A w a rd ...................................... $16,983 $14,900 $17,266 $18,181 $915

d. Fa cu lty  Im pr ov em en t
Lev el of Fun ding :
1. Pre -C ol leg e T ea ch er D e v e lo p m en t........ 6.996.074 9.000.000 7.218.000 7.200.000 -16.000

2. Sc ienc e Fa cu lty P ro g ra m s......................... 3.034.152 3.000.000 2.989.000 4.000.000 1.011,000

S u b to ta l.......................................................... 10.030,226 12.000.000 10.205.000 11.200.000 995.000

N um ber of A w a rd s .............................................. 387 460 380 380 —0—

A vera ges P er  A w a r d ......................................... $25,918 $26,100 $26,860 $29,470 $2,610

Sub to ta l. S ci en ti fic Per so nnel
Im p ro v e m en t................................................ 33.071.847 32.900.000 31.600.000 35.200.000 3.600.000

II. Sc ie nc e E duca tio n R et ourc ee  Im pr ov em en t
a. C om pre he ns iv e A ss is ta nc e to U n d e r­

gra duat e S cien ce  E du ca tio n
Le ve l of F u n d in g ............................................. 13.518.541 13.500.000 13.441.000 13.000.000 -441.000

N um ber o f A w a rd s .......................................... 72 73 69 65 -4

A vera ges P er  A w a rd ...................................... $187,800 $184,900 $194,800 $200,000 $5,200

b. U nd ergr ad ua te  In struc tiona l Im pr ov em en t 
L ev el of Fun ding :
1. Local  Cou rs e Im pr ov em en t ..................... 2.954,529 3.000.000 2.988.000 3.500.000 512.000

2. I n sl ru c lionalS ci en li fi cE qu ip m en l . . . . 3,448.037 3.500.000 3.486.000 3.200.000 -286,000

S u b to ta l.......................................................... 6,402.586 8.500.000 6.474 .000 8.700.000 226.000

N um bero f A w a rd s .......................................... 435 495 495 450 -45

A vera ges P er  A w a rd ...................................... $14,719 $13,100 $13,100 $14,900 $1,800

c. M inori ty Insti tuti ons, S cien ce  Im pr ov em en t 
L evelo fF undin g  ............................................. 4.909.749 5.000.000 - 0 - —0— —0—

d.  R es ourc e C en te rs  for  Sc ie nce  an d
Eng in ee ring

L evelo fF undin g  ............................................. 2.743.871 2.800.000 2.789.000 2.800.000 11.000

N um ber o f A w a rd s ......................................... 1 1 1 1 —0—

A vera ges  Pe r A w a rd ..................................... $2,743,871 $2,800,000 $2,789,000 $2,800,000 $11,000
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Level of Funding by P rogram , Number of Grants, 
and Average Cost Per  Grant—C ontinued

A c ti v it y Actua l 
FY 1979

Budget 
Request 
FY 1980

C urr en t
Plan

FY1980
Est im ate  

FY I 98 J
Di ffe rence 
FY 1981/80

e. In fo rm a ti o n  D is sem in ation
Le ve l o f F u n d in g ............................................. !  1,030.965 !1 .300,000 $1.296.000 $1,700,000 $404,000
N um ber o f A w a rd s ......................................... 36 50 50 63 13
Ave ra ge  $ Pe r A w a rd  ..................................... $28,640 $26,000 $25,920 $27,000 $1.080

S ubto ta l.  S cien ce  Edu ca tion  Resou rces
Im p ro v e m e n t.............. ................................. 28.605.692 29.100.000 24.000.000 24.200.000 200.000

II I.  S c ie nce  E duca tion  D evelo pm ent 
and Researc h

a. D eve lo pm ent in  Scien ce  Edu ca tio n
Lev el  o f F u n d in g ............................................. 8.184.741 9.000.000 8.965.000 11.000,000 2.035.000

N um ber o f A w a rd s ......................................... 53 117 60 75 15
Ave ra ge $ Per  A w a r d ..................................... $154,429 $76,900 $149,400 $146,700 $-2,700

b. R es ea rch in  S cien ce  E du ca tio n
Le vel o f F u n d in g ............................................. 3,829.682 6.300.000 5.985.000 6.500.000 515.000

N u m b e r o f A w a rd s ......................................... 40 48 60 62 2
Ave ra ge $ Per  A w a r d ..................................... $95,742 $131,300 $99,750 $104,800 $5,050

S ubto ta l.  Scien ce  Edu ca tio n
D eve lo pm ent and R e se a rc h ................ 12.014.423 15.300.000 14.950.000 17.500.000 2.550.000

IV. S c ie nce  and Socie ty
a. P u b lic  U nders ta nd in g  of Sc ienc e

Level o f F u n d in g ............................................. 3.435.088 4.000.000 3.900.000 5.000.000 1.100,000

N u m b e r o f A w a rd s ......................................... 30 30 30 35 5
Ave ra ge $ Per A w a r d ..................................... $114,503 $133,300 $130,000 $142,857 $12,857

b. E th ic s  and Val ue s i n Science Tech nolo gv
Level o f F u n d in g ............................................. 1.259.144 1.300.000 1.693.000 1.700.000 7,000

N u m b e r o f A w a rd s ......................................... 23 20 53 53 —0 —
A ve ra g e s  Per A w a r d ..................................... $54,745 $65,000 $32,000 $32,000 —0—

c. S cien ce  fo r Ci tize ns
Level o f F u n d in g ............................................. 1.593.223 2.100.000 2.057.000 2.100.000 43.000

N u m b e r o f A w a rd s ......................................... 52 78 56 48 -8
A v e ra g e ! P er A w a r d ..................................... $30,839 $26,900 $36,700 $43,800 $7,100

Subto ta l.  Scien ce  an d S oc ie ty  ................. 6.287.455 7.400.000 7.650.000 8.800.000 1.150.000

Subto ta l.  Sc ienc e Edu ca tio n
A c t iv it ie s ................................................... $79,979,417 $84,700,000 $78,200,000 $85,700,000 $7,500,000

1 I noblig ate d B ala nces . D e fe rr a ls  and
O th e r A d ju s tm e n ts ..................................... 20.583 —0— —0 — —0— —0—

S cie nce  E ducation A c ti v it ie s  A p p ro p r ia ti o n . . $80,000,000 $84,700,000 $78,200,000 $85,700,000 $7,500,000

L. S pec ia l F ore ig n  C urrency Pro gra m
Leve l o f F un ding :

1 Resea rch A Related  A c ti v it ie s  ..................... 3.836.241 4.900.000 4.903.374 4.400.000 -503.374
II . S cien ce  I n fo rm a t io n ..................................... 165.000 1.100.000 600.000 1.100.000 500.000

S ubto ta l.  Spe cial  F or eign  C urr ency
P ro g ra m .............................................................. $4,001,241 $6,000,000 $5,503,374 $5,500,000 $-3,374

U nob lig a te d  Bala nces  and O th e r
A d ju s tm e n ts .......................................................... -1.241 —0— -3.374 —0— 3.374

S pecia l F ore ig n C urr ency P ro gr am
A p p ro p r ia ti o n ...................................................... 4.000.000 6,000.000 5.500.000 5.500.000 —0 —

N um ber o f A w a rd s .............................................. 161 261 263 253 -10
A v e ra g e ! P er A w a r d .......................................... $24,852 $23,000 $20,925 $21,706 $775

TO TAL NS F A P P R O PR IA TIO N S............................. !9 11.000.000 $1.006,000.000 $990 ,506,000 $1,148,000,000 $157,494.0(81
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MATHEMATICAL AND PHYSICAL SCIENCES

PROGRAM ACTIVITY SUMMARY

FY1981 PROGRAM T O T A L ....................................................... $264,200,000

Obligations by Subactivity

Page Su ba cl iv ily Actua l 
FY I 979

Budget 
Request 
F Y I 980

Curren t
Plan

F Y 1980
Estimate 

F Y I .981
Diffe re nce  
FY  1981/80

A-l Mathe mat ical  Sc ienc es  ................... ...........  $2 2,78 2,57 6 $2 5,40 0,00 0 $2 4,90 1,00 0 $29,3 00 ,000 $4 ,399 ,000
A-ll Com pu ter Research  ......................... ...........  16 .771 ,026 18 .600 .000 18 ,235 ,000 23 ,350 ,000 5,1 15 ,000
A -l ll P h ys ic s ................................................. ...........  61 ,664 ,569 64 ,300  000 63 ,3 61 ,000 73 ,500 ,000 10 ,139 ,000 0
A-IV C hem is tr y............................................. ...........  45,23 0.481 52 .935 ,000 51 ,414 .000 59 .500 .000 8,08 6,00 0
A-V Mater ia ls  R esearc h ........................... ...........  62 ,416 ,265 69 ,000 .000 68 ,501 .000 78 ,550 .000 10 ,049 ,000

Total  ............................................. ........... $2 08 ,864 ,917 $2 30 ,235 ,000 $2 26 ,412 ,000 $264 ,200 ,000 $3 7,78 8,00 0

Goals and Description

The goal of the Mathematical and Physical Sciences (MPS) activity is to develop a 
fundamental understanding of the physical laws that govern the world and the universe 
in which we live. To fur ther this goal, basic research activities are supported in the 
disciplines of mathematics, computer  science, physics, chemistry, and materials. Re­
search results in these fields provide the underlying knowledge for the future tech­
nological developments upon which our economic and social well being so intimately 
depend. They also form much of the intellectual underpinning for engineering and t,he 
biological, environmental, and behavioral sciences, as well as provide many of the 
research  instruments and techniques necessary to progress in these fields. More 
specifically, the Mathematical and  Physical Sciences activity strengthens the Nation’s 
research  capability by:

• Creating new mathematical knowledge and applying that knowledge to achieve 
a better understandingof physical, biological, and social phenomena.

• Developing an understanding of the science that underlies computer technology 
and formulating the princ iples of design of computer hardware  and software 
systems.

• Advancing knowledge of the fundamental physical laws governing matter and 
energy with the ultimate goal of achieving a unified, self-consistent explanation 
of all physical phenomena.

• Stimulating the development of modern chemistry on a broad front, including 
chemical synthesis, analysis, dynamics, structure, and theory.
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• Developing an improved unders tanding of the fundamental principles, phenomena, 
and concepts that govern the physica l, chemica l, and mechanica l p rop erti es of 
materia ls.

With the development of powerful new theoretical concepts, incisive experimental 
approaches, and sophisticated modern instruments of unprecedented power, resolution, 
and sensi tivity, the MPS disc iplin es are currently in a period of unusua l activity and 
opportunity. The richness of modern mathematical research, the challenge of complexity 
in compute r science, and progress in und erst and ing  the fund ame ntal  forces and consti­
tuents  of mat ter illustrate the divers ity of this opportunity. The revo lutio n in laser- 
rela ted  rese arch, the intense activ ity in surfa ce science and catalysis rese arch , the 
power of modern synthetic chemistry, and the unique proper ties  of new amorphous 
and poly mer ic mater ials all suggest the potent ial to serve the future n eed s of society as 
well. Overall, MPS ensures that the most highly qualified investigators across the broad 
range of disciplines are provided with the resources requir ed to carry  out their research, 
inclu ding the necessary  inst rum entatio n. To provide these  reso urce s MPS utilizes  a 
wide range of support modes,  from indiv idua l research  projects th rough dep artm enta l 
or university  laborato ries  to regional nr nationa l rese arch facili ties.

Changes Between F Y1980 Budget Request and FY1980 Current Plan

The Regional Ins trumenta tion  Facilities  and the In dust ry-U nive rsity  Cooperative  
Research programs no longer app ear  as line items in the MPS FY 1980 Budget Request and 
Cu rrent Plan, but are incorpora ted  elsewhe re under  Cross-Directo rate programs.  
Similarly, components of o the r Cross-Directorate programs, form erly  inc luded  in the 
budgets of individual MPS subactivities, have been deleted from those budgets and incor­
porate d in the budgets  of the corre spon ding  Cross-Directo rate programs.

The FY 1980 Cur rent Plan  of $226.41 million is $3.83 million below the FY 1980 
Budget Request of $230.24 million, as a resu lt of Congressional action and the ex­
pansion  of selected  Cross Directo rate  program s. The rela tively  small decreas e for 
Materia ls Research, com pared to the FY 1980 Request, resu lts from the tran sfe r of 
funds from other  MPS subacti vities to Materia ls Resea rch. This tran sfer  of funds, 
together with additional support for materials-re lated research in the Cross-Directorate 
programs, is in resp onse to Congressional recommendat ions . Taking into account the 
anti cipa ted increase in costs of performing rese arch , the FY 1980 Current  Plan cor­
responds at best to the FY 1979 level of effort in all MPS subactivi ties  except Chemistry, 
where the re is modest  rea l growth.  The lower  incre ase  in Physics, compared to FY 1979, 
resu lts from the transfer of the Michigan State University Phase II heavy inn acce l­
era tor construction  resp ons ibil ity to  the Dep artm ent of Energy.

The FY 1980 Current Plan includes $.36.8 million for instrumenta tion and equipment, 
a decrease of $4.8 million below the FY 1980 Request. This reduc tion results from 
par tial  completion of the Cornell Electron Storage Ring convers ion, completion of 
the Michigan State  University  Phase I Heavy Inn Facili ty, and construction  of the
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synchrotron  r adia tion  faci litie s at Stanfo rd and Wisconsin during FY 1979. In FY 1980 

the resulting $4.8 million is appl ied to incr eased operati ons  and rese arch  costs at 

these facilities .

FY 1981 Budget Highlights and Explanation of Increases and Decreases

Obligations

FY 1979 Actua l ................................................................................................................  $208,864,917

FY 1980 P ro gr am ............................................................................................................... $226,412,0 00

FY 1981 R equest ............................................................................................................... $264,200,0 00

Di ffe ren ce—FY198 1/FY 1980 ............................................................................................. $37,788,000

The $264.2 million req ues ted  for M athem atical  and  Physica l Science s (MPS) is 16.7 

perc ent above the FY 1980 program level. Even taking into account the ant icipated  

increased costs of performing research, this increase repre sents significant real growth. 

NSF has a uniq ue resp ons ibil ity for ensuring the hea lth and vitality of the Natio n's 

research  across each of the component discip lines , although caref ul cons iderat ion is 

given to trend s in res ear ch fund ing by other Feder al agencies in de termining program  

require men ts. Deta iled analysis of these program req uirem ents in connection with 

long range p lannin g ac tivit ies has es tabl ished that overall Fed eral  suppo rt for re search  

in the MPS disci pline s has  erod ed to the point whe re adequat e funding is no longer 

available to provide the most highly qualified investigators with the resources required 

to carry  out thei r res ear ch in an optimum manner.
The FY 1981 Budget R equest emph asizes augme nted rese arch project supp ort for 

all discipl ines, including provision of modern rese arch  instr umentati on. In gene ral, 

this emphasis is dire cted  at achiev ing real growth in aver age award size in ord er to 

provide more adequa te sup por t, including that to young investigators, for graduate 

stude nts, postdoc toral fellow s, equipment, and materia ls and supplies. At the same 

time, provision is made for meeting  the essen tial req uirem ents of the unive rsity 

laborator ies, such as the Ma teri als  Research  Labo rator ies and the Nucle ar Science  

Labor atories, and of major use r fac ilities such as th e Cornel l Ele ctron Storage Ring, the 

Synchrotron  Radiation Facil ities , and the N ational Magnet Laboratory. These lab ora ­

tories  and facilities rep res en t an effective, and often the only, mode for carrying out 

cer tain  types of rese arch . The reques t also i ncludes a spec ial emphasis on improv ing 

the Nation’s academic resea rch capability in experimental computer science. Computer 

res ear ch has become pri ma rily  a theoretica l scienc e in U.S. unive rsities , and the 

emergen ce of modern int egr ated circuit technology pre sen ts both the opportunity  

and the means for making posssibl e major ex perimental  con tributions to this impor tant 

and  growing field. Thro ugho ut, the FY 1981 budget reques t provides for incre ased  

flexibili ty to unde rtak e, on a se lect ive basis, new in itiat ives par ticu larl y sui ted to MPS 

cap abil ities , and to respond mor e positively  to p ropos als in are as of expan ding scie n­

tific opportunity.
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The dist ribution  of the FY 1981 budget amoun ts for the five MPS sub acti vities is 
based on an extensive analysis of research  n eeds and opportunities. Percentage changes 
are as follows:

Mathematical Sciences......................................................................................... 17.77«
Computer Research..............................................................................................  28.1
Physics...................................................................................................................  16.07»
Chemistry..............................................................................................................  15.7%
Materia ls Researach ............................................................................................. 14.7%

Explanation of Increases, Decreases, and Continuing Emphases

Research Project Support and Instrumentation— In the Mathematics, Physics, Che m­
istry, and Mat eria ls Research subactivi ties, resear ch proje ct supp ort is i ncreased  by 
$25.2 million to a total of $174.7 million. Inclu ded in that amount is projec t ins tru ­
mentat ion and equ ipm ent , as well as Chemistry dep artm ental equipment. Becau se 
of the uniq ue req uir em ent s of Comp uter Rese arch,  that subact ivity is con sidered  
sepa rate ly below.

• Significant real growth in average award size is achieved, particularly in Physics, 
Chemistry, and  Ma teria ls Res earch.

• The postdoctoral program in Mathem atics  is c onti nued  at a level of $0.6 mill ion, 
and a mo dest program for young investigators is init iated  in Physics at a l evel of 
$0.3 million. The young investigator ques tion  is addr esse d in all disc ipli nes , 
howev er, prima rily  by provisio n of more ade quate  rese arch  suppo rt.

• Resea rch re lat ed  to micr ostru cture s in Ch emistry  and  M aterials Res earch is in ­
crea sed  by $1.8 million to a total of $7.7 million .

• Empha sis con tinu es in areas of expandin g scien tific oppo rtuni ty such as lase r- 
rela ted  r ese arc h, elem enta ry par ticl e and grav itational physics, o rganom etal lic 
chemistry, sur fac e scienc e and cataly sis, and  uniq ue new materials .

• With in this  tota l, res earch  pro jec t ins tru men tat ion,  i ncl udi ng de pa rtm en ta l 
equipm ent in Chem istry, is incr eased by $5.0 million to a total of $26.2 mill ion.

Unive rsity Labor ato ries —Supp ort for Univ ersit y Labora tories  in Physics a nd  M a­
terials Research is incre ased  by $3.9 million to a total of $36.1 million.

• The res ear ch capa bilit ies of the interm edi ate  energy electr on acc ele rat ors  at 
Illinois and  Stanford are enhanced by incr easing  their suppo rt by $0.8 million 
to a total of $4.6 million.

• Ins trum entatio n and operating  supp ort are  maintain ed at the othe r univ ersi ty 
nuc lear scienc e labo ratories by the phas e out of one laborator y, a signi fican t 
reduc tion in NSF suppo rt of another , and an additional increase in fundi ng 
of $0.3 million to a total of $9.2 million  for the rema ining labo rato ries .

• Supp ort for the Materials Research Lab oratori es is incre ased  by $2.8 million, 
to a total of $22.2 million. This increas e stren gthe ns coop erat ive res earch  in
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key areas, perm its some upgrading of ex perime ntal  f acili ties,  inc luding ins tru­

mentation, and prov ides  for more viable  supp ort levels at the smal ler lab ora ­

tories.

National User Facili ties — Support for natio nal user  fac ilitie s in Mathem atics, 

Physics, Chemistry, and Ma teri als  Research is i ncreased by S3.4 million, to a total of 

$29.9 million.

• Support for a mathem atic al sciences research insti tute and/or  other alterna tive  

modes of conduc ting m athe mat ics rese arch is in crea sed  by $0.8 mil lion to a total 

of $1.4 million.

• Increa ses to offset the increased  costs of perfo rmin g res ear ch are provided 

for the newly conv erted Corn ell Electron Storage Ring, the  India na University 

Cyclotron Facility, and the Michigan State Univ ersity  P hase  I heavy ion a ccel­

erato r, thus ensuring effe ctiv e levels of operation .

• An in crease of $0.6 million prov ided  for the Insti tute for T heoretica l Physics as 

it enter s its first full year of op erat ion at the pla nne d level  of $1.2 million.

• Funding for the synchro tron  radi atio n facil ities  at Stanford  and Wisconsin is 

held  es sentia lly c onstant as const ruction a ctivi ties are c omp leted  and increased 

levels of operation and inst rum entatio n are implemented . Support for half-tim e 

dedicated  opera tion of the accele rato r at Stanford (SPEAR) c ontin ues at a level 

of $2.0 million.

• A modest increase in the curren t level of effort at the National Magnet Laboratory is 

utilized to prov ide for m agnet  develop men t and instr ume ntat ion.

Computer Research—An increa se of $5.1 million is provided for Computer Research, 

bringing the total suppo rt for that subactivi ty to $23.35 million. This level of supp ort 

perm its significantly incr eased empha sis on estab lishing a m eanin gful expe rime ntal 

computer rese arch  capability in U.S. unive rsities .

• Longer range suppo rt for exp erim ent al computer rese arch  is i ncre ased hy $2.7 

million  to a total of $3.7 mil lion. Although dep end ent  on the na tur e and quality 

of prop osals receiv ed, it is an tici pated that this sup port  will prov ide for modern 

compu ting facilit ies, toge ther with associated developm ent, mainten ance , and 

operati ng costs.

• In ord er to permit effective shar ing of resources among dispersed research  groups, 

$0.75 million is prov ided to deve lop  a natio nwid e comp uter res ear ch network 

designed  during FY 1980.

• A nat ional competi tion for aw ard s to young investiga tors in e xpe rimental com­

pu ter  science is initiate d at a level  of $0.9 million.

• Sup port  for mic rost ructure s-re late d comp uter re sea rch  is increased by $0.2 mil­

lion to a total of $1.3 million.

Research Instrumentation and Eq uipme nt— Included above is support for instrume n­

tation and equipm ent for research proj ects , special equipm ent program s, university
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labo rato ries , and major  user  faci lities, which is incr ease d by $5.5 million to a total 
of $42.4 million. Of this amo unt, some $1.0 million is for non -recurrin g ins trume n­
tatio n require ments,  com pared to $3.0 million in FY 1980.

Coordination and Relationship to Other Efforts

Mathem atics —Since NSF accounts for 90-95 per cent of all Fed eral  support for core 
mathematics, the Fou ndat ion has a uniqu e respo nsib ility  in this area.  It is estim ated 
that NSF support of app lied  mathematics and statistics is about  50 percent of the 
total Federal effort. Coo rdin ation of the Fede ral effort is accom plishe d through an 
interagency group called 1CEMAP (Interagency Committee for Extramural Mathematics 
Progr ams),  which meets once  a year to exchan ge lists of grants and budget data. 
Also, informal tele phone and perso nal contacts are made  on a continuous basis.

Computer Resea rch —NSF provides 50-80 percen t of supp ort  for basic rese arch  in 
vario us area s of com pute r scien ce and thus bears primary respo nsibility  for such 
supp ort. Interagency coo rdin ation is effected by an informal coord inating comm ittee, 
by exc hange of proposal a nd action  lists and by pers on-to-pe rson  contacts. Part icularly  
close c oordination  is m ain tain ed with DOD, DOE, NASA, and NIH in the new initiat ive 
to provide incr ease d long-r ange support for experim ental computer  science .

Physics—NSF  p rovides  o ne-th ird of the support  for univ ersi ty groups p erforming  
expe rime nts in the ele me nta ry parti cle physics field, one -qu arte r of the national 
support for nuclear physics, including three-fifths of the university-based support, one- 
quart er of the national program in basic atomic physics, a nd 95 percent  of the support for 
ground-ba sed exp eri me nta l and theoretic al grav itational  physics. Coordination with 
othe r gover nmen t agencie s is achie ved through  the High Energy Physics Advisory 
Panel , the joint NSF/DOE Nucl ear Scienc e Advisory  Commit tee, and Interage ncy 
Committees on Atomic and  Molecular  Physics and on Plasm a Physics.

Chem istry—NSF  plays a pivotal role, providing 45-50 percen t of the Fed era l 
supp ort of basic res earch  in Chemis try in American colleg es a nd unive rsitie s. Coor di­
nation  is accomplished through the Fed eral  Inte rage ncy Chemistry Rep rese ntat ives 
Group, and the Interagency  Coordinating Group in Laser Development and Applications.

Materia ls Re sea rch —Approximately 55 per cen t of all Federal  supp ort for basic 
mate rials  res ear ch at aca dem ic institutions  is prov ided by NSF. Interagency coordi­
nation occurs at several administrative levels which include the Committee on Materials  
of the Fed eral  Coordinating  Council for Science , Engi neeri ng and Technology, the 
Depa rtmen t of D efense Appo rtionm ent Reviews and informal program review s. NSF 
has been i nst rum ent al in e stabl ishing  and operating  the Interagency M ater ials Group.

Changes in Budget Structure

The E ngine ering  subacti vity was tra nsf erred from the Mathematical and Physica l 
Sciences , and Enginee ring  (MPE) activity into the new  Engineering and Applied
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Science  activi ty in accorda nce  with NSF reorganization effec tive on July 1.1979. The 
remaining five MPE subactiv ities were renamed the Mathematical and Physical Sciences 
activity.

The Regional Inst rum entatio n Facilities  and Industry-Univers ity Cooperative Re­
search Programs, which we re line items in the  MPE Budget Request for Fy 1980, have 
been included in the FY 1981 Budget Request for Cross Directorate Programs. Similarly, 
these portions of othe r Cross Directora te Programs, form erly  contained within the 
budgets of individual MPE suba ctivi ties,  have b een  t ran sfe rred to this category in the 
FY 1981 Budget Request.

In order to main tain cons istency and to perm it real istic comparison with the FY 
1981 Budget Request, the FY 1979 and FY 1980 budgets  for MPS have been adjusted to 
reflect the new FY 1981 budget struc ture.

Evaluation and Oversight

The major project-by-project evaluation effort made in MPS is the proposal review 
process, which involves eva luation  of previous rese arch  or progress made und er a 
gran t when renewed support from NSF is requeste d. S ince the i nte llectual  importance 
or long term benefit from a given basic rese arch effort  may not be not discernible 
until long af ter the work is completed , this “evaluation" often reflects only the esti­
mated quality of the expected research results.

Site visits by NSF staff and by teams of consultan ts provide an important el ement 
of e valuation  and oversight in cer tain  science areas .

Most of the ex ternal eva lua tion  and oversight activit ies in MPS are carrie d out by 
formally constituted advisory committees for each of the five discipline-oriented subac­
tivities.  These commit tees are  comprised of from twelve to thirty-six members who 
normally serve  for three 1-year term s arranged so that approxim ately  one-th ird of the 
mem bership changes each year . Although the deta ils of eva luat ion vary somewhat 
betwee n subactivities,  each comm ittee  norm ally meets  one or more times, usually for 
two days, each fiscal year. One or more programs in each subactivi ty a re s elected for 
par ticula rly  detai led examination at spec ific meetings, eith er by the full committee or 
by a suitably constituted subcommit tee. For such detailed examination the committee or 
subcomm ittee  is augmented by cons ultants especially q uali fied  in the scientifi c a rea  
being  evaluated. The adviso ry committees also have overa ll advisory responsibility 
for the collective activit ies of th e resp ective subcommittees.

Following each meeting, the committee or subcommittee prepares  a written report, 
which is provided to the Assis tant Direc tor for MPS and to the  Direc tor of NSF.
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MATHEMATICAL SCIENCES SUBACTIVITY ......................... $29,300,000

Obligations by Program Element

Pro gr am  E le m en t A c tu a l 
FY  1979

Budget
Bequest
FY1980

C urr en t
Plan

FY 1980
Estimate 

FY  1981
D if fe re nce  
FY 1981/80

Classical Analysis ............................................ $2,867,401 $3,335,000 $3,441,000 $3,970,000 $529,000
Modern Analysis .............................................. 2,967,722 3,625,000 3,416,000 3.940,000 524,000
Topology, Geometry, and Foundations........ 5,259,397 5,030,000 4,886,000 5,580,000 694,000
Algebra and Number Th eo ry ........................... 3,845,942 4,280,000 4,411,000 5,030,000 619,000
Applied Mathem atics  ...................................... 3,377,809 4,035,000 3,731,000 4,300,000 569,000
Statistics and P robability.................................. 2,659,376 2,995,000 2,716,000 3,130,000 414,000
Special P ro je cts ................................................. 1,804,929 2,100,000 2,300,000 3,350,000 1,050,000

Total ................................................................. $22,782,576 $25,400,000 $24,901,000 $29,300,000 $4,399,000

Objectives and Description

The ob jectives of the Mathemat ical  Sciences  rese arch  program  are  to:
• create  new math emat ical knowledge and
• apply mathematical knowledge  to the bett er understa nding of phenomena of the 

physical, biological, and social mil ieus  of mankind.
The first of these objectives is achieved by the crea tion of new mathematical 

stru ctu res  and techniques and the analys is and  study of rel atio ns which exist between 
them. The second objec tive is achieved  by translating phenom ena of the physical,  
engin eering, biological, env iron menta l, and social sciences into mathemat ical pro b­
lems, and then, by the app lica tion  fo existing, or the creation  of new mathematic s,' 
finding soutions of the mathem atical problems so formulated.

I he object ives of the Mathem atica l Sciences r esearch program are to: new mathe­
matical structures and technique s and the analysis and study of r elat ions  which exist 
betwee n them. The second objective  is achieved  by translat ing  pheno mena  of the 
physical, engineering, biological, environmental, and social sciences into mathematical 
problems, and then, by the app lica tion  of existing, or the creation of new m athematics, 
finding solutions of the mathematica l problems  so formulated.

Mathematics is cha rac ter ize d by its unive rsalit y, the power of its abstractions, 
and its use as a tool in all of the sc iences. Mathemat ics has made major contributions 
to the advancement of the phy sical  sciences and engineer ing in this century. In the past 
few decades it has also become an essen tial tool for  biological and social scient ists.

Mathematics cre ated with a motivation which lies with in mathematical theory  
itself is called core mathematics.  Mathematics consciously crea ted or used as a tool 
for understanding var ious  aspects of na ture is calle d appl ied mathematics. This means 
that there  is a continuous use of known mathematics and a sim ultaneous  c reat ion of
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new mathematics as the ma the ma tical sciences are used to solve prob lems in the 
oth er sciences. The effects are mutua lly  benefi cia l. Mathematics  serves  as a language 
and too l fo r the other sciences, and the prob lems presented by the other sciences 
st imula te the crea tion of new ma the ma tical ideas and techniques.

Th is use of mathematics by physics,  engineering,  chemis try,  and astronomy has 
made possible  their  development  in to  quan tita tive sciences, and one may therefo re 
say that  the mathem atical sciences con stitute  an indispensable  undergi rd ing  of sci­
ence. The leng th of time  f rom  the c reat ion of a ma thematica l concept un til  it  f inds use 
in a nothe r sc ience and fro m this  to the  use of that science by a societa l s tructu re can be 
quite long. This lack of imm ediate  releva nce  and uncerta inty as to ul tim ate relevance 
tends to lim it  publi c enthusiasm reg ard ing  the importance of mathematics.

The res ult  is that research in the mathematica l sciences in the U.S. has been and 
continues to be heavi ly concentra ted in academic institu tions, where it has trad itionall y 
been conducted as an adjunct to teaching. App roximately eighty percent of the recipients 
of the Ph.D. in the mathematica l sciences take academic posit ions.  Most  of the re­
ma ind er take posi tions  in  the Federal  Government or in a re la tiv ely few large indus­
tr ia l organizations.

Major Research Questions

A nu mbe r of major mathematics  research questions invo lve  the fo llo wing areas:

• Quantum  Scattering Theory. Th is represents one of the basic subareas of mathe­
mat ica l physics. The goal is a rigo rou s mathematical unders tanding of scat tering  
phen omena, especially  invo lv ing mul tip ar tic le  systems. There  have been im­
po rtant recent developments in  the area of geom etric methods,  in inve rse scat­
te rin g problems, and in long range scattering. A pa rti cu la rly  health y trend 
involves fru itful  cross -fert ilizat ion wi th molecular dynamicists  and calculational 
atomic  theorists thus fa r mainly through quest ions inv olv ing  resonances.

• Non lin ea r Par tial  D iff er en tia l Equ ations. The theory of no nline ar pa rtial  d if ­
fe re ntia l equations is cu rren tly  occupy ing the attention  of many outs tanding 
mathematicians. Several pa rt ic ula rly exc iting new thrus ts now ev ide nt are the 
res ult  of studies concerning no nl inea r waves and convex hypersurfa ces  wi th 
given curvatures.

• No nlinear System Theory. An imp ortant  problem in mathematical control theory 
is to de term ine  when a system may be mod ifie d by feedback to obta in de­
sire d performanc e. For lin ea r systems this  problem is we ll unde rstood,  the 
results  hav ing been developed in  the pas, decade. A major research quest ion 
is the general iza tion of the k nown lin ea r resu lts to non linea r systems coupling,  
nonin teracting  con trol, and stab iliz at ion . The resolu tion  of this  pro blem has 
important practical implications, since all real systems are nonlinear ; the mathe­
ma tica l pro blem is of  considerable  inhe rent  inte rest since it draws upon alge­
bra ic and di ffe re nt ia l geometry  and makes subs tantial  connections w ith  recent 
resu lts in  quantum mechanics and no nl inea r wave theory.
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• Explanation of the Structure of 3- and 4-Dimensional Manifolds. While major 
results have recently been obtained for the higher dimensional manifolds, 3- 
and 4-dimensional manifolds have proven astonishingly res istant to analysis. 
The presence of this gap may indicate some fundamental lack of understanding 
of topological structures, and its removal is thus of prime importance. New 
methods appear to be called for. In this connection very recent work concerning 
the existence of hyperbolic  structures on manifolds offers great promise.

• Relationship of Analytic and Algebraic Theories and Structures to Number 
Theory. There have always been surprising connections between number theory 
and other, seemingly un relate d, areas of mathematics. These connections, such 
as those involving complex analysis and number theory, studied by Riemann in 
the middle of the last century, have had profound implications, both within 
number theory and in subareas  previously thought to be disparate from number 
theory. Among the deepe st and most exciting rese arch efforts currently being 
undertaken is a variation  on this theme which involves applications of harmonic 
analysis , rep res ent ation theory, algebraic groups, and other  mathematica l 
theories and structures to very important and long-standing problems in number 
theory.

• Methods of Using Modern Computer Technology in Data Analysis. Mainly be­
cause of an increase in computer speed, some statistical techniques which re­
quire large amounts of computation are becoming practical, and investigations 
are now underway on man-machine interactive ways for finding pat terns in 
multidimensional data.

Significant Recent Achievements

Surfaces of Minimal Area and Hyperbolic Structures on Manifolds
W. H. Meeks and S. T. Yau of Stanford University have shown, among other 

related results, that if C is a very mildly restricted simple closed curve in 3-dimensional 
Euclidean space, then any disk of least area whose boundary is C has no intersections 
with itself. The restrictions guarantee, for example, that the curve C is not knotted. 
Besides solving a famous problem dating from the 1930's when Jesse Douglas proved 
the existence of possibly self-intersecting, minimal area disks spanning such curves C, 
for which he received one of the first two Fields Medals in 1936, the solution of Meeks 
and Yau lends itself to a numb er of interesting generalizations to 3-dimensional mani­
folds. In particular, a new proof is provided for the classical Dehn’s lemma and 
sphere theorem for 3-dimensional manifolds, for which the late Christos Papakyriako- 
poulos received the Veblen prize of the American Mathematical Society in the late 
1950’s.

Even more significant is the way in which these results can be combined with 
very recent work of William Thurston of Princeton University, winner of the 1979 
Waterman Award for his work on the theory of foliations and his more rec ent work 
showing the existence of a certain kind of non-Euclidean geometric structure. Com-
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Lining the results of Me eks and Yau, the results of Thu rston  on hyperbolic s truc ture s, 

and an argument  due to Cameron M. Gordon of the Univ ersity of Texas at Austin, 

yields an affirm ative  ans we r to the celebrated  Smith Conj ecture, first formulated  by 

Paul A. Smith of Colum bia University  in the 19 40’s. Smith  pr oved  that if a ce rtai n type 

of transfo rmatio n of the 3-dim ensional sph ere left a set of points fixed, then these 

points form a simple closed curve. He conjectured that the curve in question could 

neve r be knotted. It has  taken more than 30 ye ars to v indicate Smith’s intuition. The 

methods involved are pow erfu l and hold great promis e for futu re developme nt in 

mathematics.

Spectral Geometr y
What is known succinc tly as sp ectra l geometry is a hybr id area , involving geometry 

and partial diffe rential  e qua tion s, which rela tes pro per ties  of geo metric  m anifold s to 

proper ties  of invariant  di ffe ren tia l opera tors they support.  Typical of the resul ts in this 

are a, and indica tive of the app eal  it has for pure mat hem atici ans and appl ied mat he­

maticians  a like, is a rece nt result of the Englishman, W. K. Hayma n, for which a new 

proof and somewhat st rong er r esult hav e now be en given by Rober t Osserman of Stan­

ford University. In essence,  the resul t is that for a drumhead  without holes but of 

othe rwis e arb itra ry shape to p rodu ce a deep note, it is n ecessar y that it include a su f­

ficien tly large circ ular  area. Osse rman  deriv es explici t bounds on the radi us of the 

circ ular drum inclu ded and also general izes  the resul t to drum s with holes.

New Results on Robustness
The assumpt ions und erly ing  stati stical models are, as would be  expec ted, seldom, 

if ev er, completely satisf ied in the real  world: data  ar e c onta min ated  by hum an error, 

rando m noise, and round-off erro r. Also, the models used are  not, in ge neral , exact. 

This fact has  motivated resear ch on the concept of robust estim ation; robustness b eing 

a q uali tativ e property mean ing that a stat istical proced ure  is w ell behaved or insens i­

tive to small changes in the stru ctu re of the assumed model. There are several 

precise  m athematical def init ions of robustne ss. Using one of these, P. W. Millar of the 

University  of C aliforn ia at Berke ley has recen tly proved that cer tain  estima tors and 

tests based on minimum dist anc e techn ique , a gen eral izat ion of least squa res, are  

robus t. This result rep resent s a theoretic al explanat ion of the insen sitivity to small 

chan ges in the model of a num ber  of commonly used estim ators , and therefor e in­

cre ase s the confid ence that can  be placed  on estim ates  thus obta ined .

Reaction— Diffusion Equations

The developme nt of comp lex spatial patt erns  in media  cap abl e of both reacting 

and  diffus ing has inte rest ed scie ntis ts since Turing in 1952 d emo nstr ated  the role this 

phenom enon  may play in morphogenesis. More recen tly, much attention has been 

focused on reactio n-diffu sion processes and on the  p arti al dif ferent ial  equations that 

math ematical ly model them bec aus e of their  a pplic ation  to the u ndersta nding of such 

diverse phenomena as ga lactic stru ctu res , chemica l reacti ons, combu stion processes.
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and  po pu lat ion  dyn amics.  Pa rt ic ul ar  int eres t has  be en  ce nt er ed  on a che mical  re ac ­
tion, associated  with the nam es of the Russian scien tists Belovsov, Zaikin , an d Zhabotinskii 
(19 71) .

Th e pas t f ive ye ars  h ave se en  c on sid erab le  achie ve me nts  by sev er al inv est iga tors 
in the  un de rs tan ding  of the  be ha vi or  of such  ph en om en a throu gh  the  use  of ap pr o­
pr ia te  ma the ma tic al mod els.  R. Ari s of ..the Un ive rsi ty of Minne so ta has  eff ect ive ly 
ex ploi ted  s uch  mod els to stud y ch em ica l cataly sis; P. Fi fe of t he Un ive rsi ty of A rizo na 
to e xp lai n bio ma the ma tic al ph en om en a;  and  I. Prig ogine and  G. Nic olis  of the Un ive r­
sity  of Bru xel les in the ar ea  of se lf- org aniza tio n in no ne qu ili br iu m  systems.

A s ign ific ant  am ou nt of the ma the ma tic al wor k on the se pr ob lem s has  dealt  w ith 
mo dels tha t exh ibi t sp on tane ou s, sel f-exci ted , sp at ial ly  h om ogeneous solu tion s. Ver y 
re ce nt ly , a nu mb er of inv es tig ato rs (N. Kop pell  and  L. Ho wa rd  of MIT; D. Coh en, 
J. Ne u, and  R. Ros ales  of C al Tech,  A. F rie dm an  of N or thwes tern , and J. Gr ee nb erg  of 
SUNY  at Buffalo)  have s uc ce ed ed  in showin g tha t s uch  s yst em s also  s up po rt sp ati all y 
inh om ogene ous sol utions th at ex hibi t targ et pa tte rn s and rota tin g spira l waves.

Changes Between  F Y 1980 Budget Request and F Y1980 Current Plan

The  FY 1980 Cu rre nt  Pl an  is $499,000 less  tha n the FY 1980  Budg et Re qu est  of 
$25, 400,0 00. In g enera l, the  s am e pa tte rn  of inc re as es  ov er FY 1979  level s is main tai ne d 
as in the orig inal  requ es t. Th e in crea se  of $2 00,0 00 in the  C ur re nt  P lan for the Sp ecial  
Pro jec ts ele me nt refle cts  the pl an ne d sta rt up of modes  of su pp or t al tern at ive to the  
stan da rd  rese ar ch  gra nt.

FY 1981 Budget Highlights and Exp lanation of Inc reases and Decreases

Obligations
FY l97 9A clu al ................................................................................................................. $22,782,576
FY 1980 Pro gr am ................................................................................................................ $24,901,000
FY 19B1 R eq u est ...............................................................................................................  $29,300,000
Diffe ren ce—FY 198 1/F Y1 98 0 ..............................................................................................  $4,399,0 00

Th e $29 .3 mill ion re q u est ed  for  the  M at he m at ic al  Sc ie nc es  is $4 ,39 9 mill ion 
more than the FY 1980 C ur re nt  P lan. This inc re as e will all ow  t he foll owi ng c hang es in 
the  Ma the ma tical Sc ien ce s progr am:

• The  b asic re se ar ch  pr oj ec t s up po rt prog ram  will be ex pa nd ed  by $3 ,349 mil lion  
to a total of $25.95 mil lion , allo win g both the su pp or t of a lar ger nu m be r of 
inv est iga tors and a slig ht in crea se  in the  su pp or t of each  inv est iga tor , and

• An in crea se  of $1. 05 mil lion  to a tota l of $3.35 mi llio n in Speci al Pro jec ts for 
pro gra ms  and ma na ge men t tec hn ique s to foste r the  inc rea sin gly  fru itf ul in te r­
acti ons  amo ng ma them at ici an s and  di ffer en t math em ati ca l sub fie lds . T he se  i n­
clude  working  sess ions  of diff eren t sizes  and dur atio ns,  institutionally -desi gnated 
postd oct ora l fe llo ws hip  su pp ort , and  a po ssi ble  m athe ma tic al sciences re se ar ch  
ins titu te.
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Nea r the beginning of FY 1980, the budget stru cture for Mathematica l Sciences 

was chan ged by removing Statis tics from Applied Mathematic s and Statistics, Pro­

babi lity from Modern  Analysis and Probabili ty, and forming a new Statistics and 

Pro bability  program.
Perc enta ge incre ases among the vario us Math emat ical Science s program ele­

ments are:

Cl as sic al  A na ly si s............................................................................................................. 15.4%
Mod ern Analy si s............................................................................................................... 15.3%

Top olo gy. G eomet ry, and Fo undatio ns ......................................................................... 14.2%
Alg ebra and N umb er Th e o ry .......................................................................................... 14.0%

Ap pl ied M athematics ...................................................................................................... 15.3%
Sta tist ics  and Probabil ity  ................................................................................................ 15.2%
Sp ec ial  Pr oj ec ts ................................................................................................................. 45.6%

Coordination and Relation to Other Efforts

Researc h in the mathemat ical scie nce s is s upported by NSF, the Dep artm ent of 

Defens e, the Nation al Institu tes of Healt h (esse ntial ly only in a ppli ed mathematics or 

biost atist ics),  the Department of Energy, and  to a small extent,  NASA and a few o ther 

agencies.
It is imp orta nt that ther e be effe ctive commu nicatio n and coord ination betwe en 

these agen cies and NSF. Such coo rdin ation among the variou s groups supp ortin g re­

sear ch in the mathematical scien ces at Feder al agencies is achie ved through an in­

formal  inter agency  committee c alled ICEMAP ( Interagency Committee for  Extramural  

Math emat ics P rograms) which meets  ap prox ima tely  once a year . Extensive day to day 

contac t b etw een  program officers at the var ious agencies  is maintain ed by telep hone  

and by per son al visits. Conferences  and w orksh ops a re sometimes  supp orte d jointly by 

NSF and one or more of these agencies.  Since  NSF p rovides parti al support  (about 

7 pe rcent) of the  Arm y’s Mathemat ics Res earc h Center at the U nivers ity of Wisconsin, 

contact between the Army R esearc h Office and the NSF is continual and close. NSF 

staff  m embers atte nd meetings of the Army Mathematics Steer ing commit tee, as well 

as con fere nces support ed by this organ ization.
Since the mid-sixties, the Depar tmen t of Defense a gencies have gra dually adopted 

a more rest rict ive philosop hy regar ding the relevance of core math ematics to their 

need s, with the resu lt that by 1970 vir tua lly no core mathematics was being  sup­

por ted by the Offic e of Naval Resea rch, the Army Research Office, or the Air Force 

Office of Sci entif ic Resear ch. This situatio n cont inue s to exist, leaving NSF as  e ssen ­

tially the sole Fed era l suppor ter of core mathem atics  re sear ch. Foundation  su pport of 

applied  math ema tics involves research of a more gene ral methodological cha rac ter 

than  the more problem -orie nted  rese arch by othe r agencies.
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Classical Analysis Program Element ........................................$3,970,000

Objectives and Description

The purv iew of the class ical analysi s program consists of those subd iscip lines  of 
math emat ics which deal firs t with anal ysis—that is, ar eas  in which limiting pr ocesses 
are  fund ame ntal to the lang uage  a nd to the phenom ena one is attempt ing to descr ibe. 
In additio n, the progra m con cen trat es on those area s with ante cede nts in natural 
philoso phy, such as the study of d ifferent ial equa tions and complex variables.  Othe r 
subje cts of c urrent int ere st are those which arose  by ev olution from the more tradi­
tional theories. T hese inc lud e sev eral complex v ariables , an aly tics pac es and Ri emann 
surfaces, and approxi mat ion theory. Classical  analys is provid es a rigorous f ramew ork 
in which many problems involving the ap plica tion of mathe mati cs may be form ulate d. 
These applications in turn have always provided a wealth of challenging problems.

The object ives of this program elem ent are to:

• Investigate prop ert ies  and beha vior  of solutions of ordi nary  and part ial dif­
fere ntia l equations:

• Better under stand the relat ionships  betw een anal ysis and geometry, in pa r­
ticular,  the rel atio ns betwen solutio ns of par tial  diff erentia l equa tions and 
geometric pro per ties of surfac es and manifolds: and

• Study phe nom ena  arising  in the anal ysis of harmon ic and holom orphic fun c­
tions of one and  sev era l varia bles.

FY 1981 Budget Highlights and Explanation of Increases and Decreases

Continued sup por t will be provide d for res ear ch in the theory of ord inar y and  
part ial diff erentia l equations, harmonic  analysi s, the theo ry of one and several  com­
plex vari able s, the theo ry of appro xima tion,  and the study of the pro per ties  of dif ­
fere ntia l equa tions on manifolds. Non linear parti al dif ferent ial equa tions  and  se ver al 
complex var iables are the two most rapi dly expanding area s of this program . The 
$529,000 in crea se, from $3,441,000 in FY 1980 to $3,970,000 in FY 1981, will be refl ected 
in supp ort of these  direc tions.
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Modern Analysis Program Element........................................... $3,940,000

Objectives and Description

Modern  Analysis is that ar ea  of the math emat ical scien ces dealing , for the most 

part , w ith functions and fam ilies of funct ions, developed main ly in the tw entie th cen­

tury. By considering fami lies of functions and endowing them with algeb raic and 

topological struct ures, one cre ate s a functi on space. Research in this area of m athe ­

matical sciences  has led to the intro duction  to powerful tools which  can be used in 

applied  mathematics; in studie s of the solutions of diff erentia l equations; in the 

quantum  field theory of physics; and as models for ge neraliz ed quantum  m echanical 

systems.
The subfields of Modern Analys is include functi onal analy sis, harmo nic analysis, 

lin ear  topological spaces, o per ato r th eory, topological dyn amics , ergodic  theory, math­

ema tical physics, and mea sure  theory .

The objectives of the prog ram are to:

• Deepen u nder stan ding  of the  ma them atica l fo undat ion arising from th e abs trac­

tion of the natu ral co ncepts of oth er sciences;

• Obse rve the effects on the ob jects  na tura l to classical anal ysis  due  to the imposi­

tion of algebra ic and  topological str uctures;  and

• Reapply results from ab stra ctio n to the basic science from wh ich it came.

FY1981 Budget Highlights and Exp lana tion  of Increases and Decreas es

The FY 1981 incre ase of $524,000 from $3,416,000 to a total  of $3,940 ,000, will allow 

the program to show real growth over its FY 1980 level of effort.

Topology, Geometry, and Foundations
Program Elemen t........................................................................ $5,580,000

Objectives and Description

Topology is a m odern offspr ing of geom etry, closely relate d to it and  yet so distin­

guished by one  ch arac teris tic that it ha s come to be rega rded  as a major  fie ld of mat he­

matics. In geometry , the notion of dist ance  plays an impo rtant role. This is not so in 

topology. Topology is conc erned  w ith those pro per ties  of geo metr ic o bjec ts which are
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una lter ed by a rela tive  displacem ent  of their  parts , such as stretching, twisting, or 
compressing  without cutting  or tearing. This is a very severe req uire ment. One might 
surm ise that few geome tric pro per ties w ould meet it an d that those that did would be 
very  basic indee d. This is the case and accoun ts both for the impo rtanc e of topology 
and for its abst ract cha rac ter.  Topology, in conju nction  with algebra or analysis, has 
contrib uted  s ubs tant ially  to othe r area s of mat hematics  and oth er sciences, i nclud ing 
the developm ent of basic res ult s in dynamical astron omy and  im portant result s on the 
qua lita tive  natu re of elec tros tatic fields and flow of f luids.

Present day res ear ch in geome try consists prin cipa lly of the application  of the 
tools of classical analys is to the descr iption of pro per ties  of curves  and surfaces. 
Rese arch of the type sup por ted  in this program has trad itio nal ly been the most 
usefu l to the physical  scien ces  and engineering,an d rece ntly  this usefulness  has been  
expanding to other  areas of scien tific endeavor .

Much of the rese arch  in geometry is inte rdisciplin ary  in that it consists of the 
application of geometry to the elucidation  of problems  in analysis or vice versa.  
Simila rly, the tools of alg ebra are used ex tensi vely in the study of curves and s urfa ces 
to a grea ter extent than form erly .

The Foundation  of M athemati cs sube lem ent is c onc erne d with logical proce sses 
and with the redu ction of log ical thought to the man ipulation of symbols. The red uc­
tion of mathematical reasonin g to mecha nical man ipulation of symbols  according to 
defi nite  rules pre par ed the way for the crea tion  of the elec tronic digital compu ter. 
Moreover, two m athe mat icia ns, Turing and von Neum ann, stee ped  in math emat ical 
logic, are counted as the most impo rtant figures  in the develop men t of m odern  com­
puter s. The inte rplay bet we en logicians and computer  sc ient ists  continues . Logicians 
are inter ested in wh eth er cer tain  problems can be solved by algorithms. Computer  

scientists are inte rest ed in the same quest ion as it relate s to computing time and the 
natu re of the algorithm.

The Foundations of Math emat ics sub elem ent is the sma llest  in the math ematics 
program, but the qual ity of the rese arch  being done is extr eme ly high. Perhaps the 
most dom inant areas of re sea rch  in the F ound ation s of Mathematics  are model theory 
and recur sion theory. The form er is of par ticula r c urr ent  inte res t because of its appl i­
cations in other scien ce fields.

The objectives of this program are to:

• Describe and understand proper ties of geometric structures and abstract manifolds;

• Discover new algebraic techniques for determ ining geometric struct ure  and 
simplify  those technique s which now exist;

• Answer qu estio ns of de cida bility concerni ng va riou s algebraic structure s.
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FY 1981 Budget Highlights and Explanation of Increases and Decreases

It is expected that the proposed increase of $694,000 for this program, from $4,886,000 

in FY 1980 to $5,580,000 in FY 1981, will more than offset the increased costs of performing 

research . Consequently,  the  num ber of p rojec ts fund ed is expected to increas e.

Within this incr ease , the vigor of sp ectral geometry, topological classification of 

singu laritie s, model the ore tic studi es in algebra, and novel geometric method s in 

topology of manifolds will be recognized.

Algebra and Number Theory Program Eleme nt...... ................. $5,030,000

Objectives and Description

Algebra  is one of the oldest and most impo rtan t bra nch es of mathem atics. The 

problem  of solving algebr aic equ atio ns has a lways been an i mpo rtan t one, both prac ­

tical ly and intel lectu ally, and was the central motivating  force for rese arch  in a lgebra  

for centuries . In the early  19th century,  attem pts to solve alge braic equat ions led to 

new  concepts such as groups, rings , an d fie lds. It may be said that  the modern study of 

alg ebr a is basically concern ed with enti tites  such as th ese, which  may be collective ly 

cal led  a lgebraic s truct ures.  G roup theory has long b een  cen tral  to rese arch  in algebra, 

and much rece nt research in group  theory has been  in the theo ry of finite groups. 

Num ber  theory has also been th e s ubject of added rese arch  intere st because of several  

imp orta nt recent discoveries. Recen t years  have seen  many of the techn iques  and 

results  of al gebra being used in o the r f ields  of mathe matic s to c arry  on resear ch. As a 

res ult  ther e is now an extr emely  active and impo rtant area known as algebraic 

geom etry suppo rted und er the Algeb ra problem , in which the tech niqu es of algebra 

are  brough t to bear on the pro blem s of geometry.

The objecti ves of the Algeb ra program are to:

• Increase our understanding of the topology and geometry of surfaces describable 

by alge braic  equa tions and analog ous sit uation s in higher dimensions:

• Obtain a dee per  under standi ng of algeb raic sets and special transformat ions 

of thes e sets;

• Dete rmin e the st ruc ture of all finite  groups;

• Continue  the progress  on answe ring  certa in long-standing ques tions and conjec­

tures in the theory  of numbers;

• Expl ore further  the incre asingly impo rtant  are as of di scre te mathe matic s and 

com bina toria l theory; and
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• Const ruct and exploit new algebr aic  techn iques for appl icati ons to questio ns 
arisin g not only in other ar eas  of math ema tics bu t also in oth er scie nces.

FY 1981 Budget Highlights and Explanation of Increases and Decreases

The $619,000 increase  pro posed fo r FY 1981 from $4 ,411,000 in FY 1980 to $5,030,000 
in FY 1981, will allow for a real inc rea se in the level of effort  in this program .

The widespread interest in fini te gro ups will continue, and recent advances  dealing 
with pro per ties  of cer tain stru ctures of polyno mials are expe cted  to sp ur rese arch  in 
commutative algebra and algebraic  geometry. Num ber theory is in a very fruitful  
perio d at this time, and the same is tru e of r ing theory. The ren aissan ce in comb ina­
torial theo ry which star ted a dec ade  or so ago is attrac ting more and more able 
res ear che rs. Continued emph asis will be given to all these  area s in FY 1981.

Applied Mathematics Program Element .................................. $4,300,000

Objectives and Description

The pervasi ve use of mathem atic al abstr actions for the de scri ptio n of ph enom ena 
in astron omy, physics, chemistry, engineering, and technology has durin g the past 
thre e dec ade s extended to the biomedical and social scienc es and to the developme nt 
of metho dologies for the man agem ent,  control, and optima l allocatio n of resou rces 
with in complex systems. This tre nd  has been  and cont inues to be shaped by the 
ava ilab ility  of very fast com pute rs with large memo ries that perm it the organiz ation, 
reor gani zation, and perform ance of soph isticated  mat hem atica l operati ons  on very 
large  num eric al data stru ctur es. This capability has made possible the analys is of 
sop hist icated physical  phe nom ena  and of the very complex phenom ena  from the 
biological and economic scien ces.

By its own natu re this is a ver y diverse program . Its largest res ear ch are a is ce n­
tere d on the proper  m athe mat ical desc ripti on of prob lems  which arise in the physical  
scie nces and engineering: solid and fluid mechan ics, wave prop agati on, bifurc ation,  
and galac tic pheno mena. A se cond  co mpon ent of the program is devo ted to the ma the­
matical f ormulatio n of problems that  arise in the biomedi cal s ciences, as in population  
dynam ics, ecological stru ctu res , epidemiology, and genetics. Ano ther  significant re­
sea rch  are a deals with metho dologies of control, optimization , and optimal alloca ­
tion of resources, including p rob lem s in mathemat ical economics. A fourth c omponent 
of the program is c entere d on the deve lopm ent of num erical methods and progra m­
ming te chniques  for the p rop er and  ef ficient use of digital com pute rs on mathem atical  
mode ls and for the imp lem entatio n of optimization schemes.
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The objectives of this program a re to:

• Express, in mathem atic al language, phenom ena  that  occur in the physical and 

social environment, and manipulate these expressions in order to deduce math e­

matical consequen ces of sig nificance and usefulness in the real world;

• Devise, when  app rop ria te, novel mathem atica l stru ctures for the above pu r­

pose; and

• Develop techniques and methodologies for the prop er implementation of m athe­

matical mo dels on digital computers.

FY 1981 Budget Highlights and Explanation of Increases and Decreases

The increase of $569,000 from $3,731,000 to a total of $4,300,000 in the Applied Mathe­

matics program will su ppo rt greate r ef forts of rese arch on rection-diff usion equatio ns, 

numerical methods for partia l differential equations, and mathematical methodologies 

for the control, optim ization, and optimal  alloca tion of resources .

Statistics and Probabil ity Program Element .............................$3,130,000

Objectives and Description

Probab ility theory de als  with math emat ical models for a diverse collect ion of 

physical phenomena which involve chance or incomplete information. A few examples 

of such phenomena are: samp ling to obtain  informati on abou t a popula tion from a 

subpopula tion, traffic  flow, commu nication in the pre sen ce of noise, g ames of chance  

such as bridge and poke r, waiting lines at servi ce faci lities, and the sear ch for 

lost or hidden  objects.
One can study the pro per ties of any prob abil ity model  but those models which 

must closely appr oxim ate the real physical  situa tion usua lly rece ive the most atten­

tion. Some mathematical questions arise from the physical phenomenon being modeled. 

Oth ers are natur al to mathem atici ans,  but they too may lea d to knowledge  of the 

behavio r of the original  phys ical phenomen on.
The dividing line bet we en statist ics and probabi lity is quit e fuzzy. Statistic s is 

basi cally  concerned  with obta ining  informati on from data—in part icular with 

obtaining  inform ation abou t a large collectio n of data from a smal ler subc ollec ­

tion or inform ation about a large num ber  of events from the observ ation of a 

limi ted numbe r of such events. Statistics  involves the app lica tion  of prob abili ty 

mode ls and probabili stic technique s to situat ions  involving  data. There are ap­

pli ca tio ns  of sta tist ics  in me dic ine , ag ric ult ure, in su ra nc e, socio logic al and  

demographic studies, ind ust rial  production,  mark et res ear ch,  and essentially  all 

expe rimenta l work in eng inee ring  and the scien ces.
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The objective s of this progra m ele me nt are to:

• Develo p mathemat ical models f or phenom ena which  involve cha nce  or  incom­
ple te informatio n, use p rob abi list ic and other  m athe mat ical methods  to obta in 
the m athe mat ical cons eque nces of these models, and apply the re sul ts to the r eal 
world;and

• Devise new statis tical pro ced ure s, some for enti rely  new situatio ns and some 
which  a re bett er than old pr oce dures  be cause a new model b ett er fits the actual 
physi cal phenom enon,  bec aus e th e ne wp roc edure  more effic ient ly use s data , or 
because the new pro ced ure  u ses modern high speed  comp utat iona l techniques 
to advantage.

FY 1981 Budget Highlights and Explanation of Increases and Decreases

The FY 1981 increase of $414,000, from $2,716,000 to a total of $3,130 ,000, for Sta tis­
tics and  Pr obab ility  will a llow inc reased  suppor t for the use of com pute rs in s tatistical 
resear ch on large dimension al dat a base  problems as well as in cre ase d emphasis on 
robust estim ation techn iques, inf init e i ntera cting  partic le systems, and  limit theorem s 
under  some conditions of d epe nde nce .

Special Projects Program Ele m en t............................................$3,350,000

Objectives and Description

The Special Project s prog ram has been  establ ishe d to accom moda te proposals  . 
which  cut across more than  o ne field of mathematics  or which pre sent adm inist rativ e 
aspects  marked ly dif ferent  from those of the resear ch proj ect type. Briefly, the pro­
gram supp orts  projec ts that are  supp ortiv e of res ear ch activity as well as rese arch  
activ ity itself which does not fit well into one of the sub discip linary  programs.

The principal types of pro ject s cons idere d by this program elem ent are:

• Research seminars, inst itutes, and workshops in all are as of the mathemat ical 
sciences:

• Researc h con fere nces and  symposia which are  disc iplin e-wide in nature , as 
well as those hav ing to do with  highly spe cial ized  topics:

• A program of regio nal conf eren ces desig ned to stim ulate rese arch  in vario us 
area s of the count ry def icie nt in rese arc h com pete nce in a sp ecific  field of the 
mathematical scien ces. At each such con fere nce  ten lecture s are  given by a 
world renowned authority on the conference  topic. Lectures in core mathematics
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are publ ished by the Amer ican Math emat ical Society and those in applied  
mathem atics by the Society for Industr ial and Appl ied Mathematics;

• Postdoctoral res earch  fellow ships.  A small  progra m of such fellows hips was 
conducted on an exp erime nta l basis in Fiscal Years 1979 and 1980 for  mathe­
matical scientists  who h ave  not had  the ir doctorat e more than four  years. Fifteen  
(15) fellowships we re fun ded  in Fiscal Year 1979 and thirty  (30) in Fiscal Year 
1980. The program will be cont inued in Fiscal Year 1981 at the 1980 level, still on 
an exp erim enta l basis.

• Programs and tec hni que s designed to foster the incre asingly fruitf ul inte rac­
tions among dif ferent  mathem atic al subf ields. These  i nclude  working se ssions 
of diffe rent sizes and dur atio ns, special years , institu tiona lly-d esign ated post­
doctoral suppo rt, or a poss ible  math ematical  sciences rese arch institute. The 
aim of all of th ese pro grams is to bring re sea rch ers  toge ther in ord er to facil itate  
comparing  of ideas, resu lts,  and  techniq ues  from vari ous m athem atics subfiel ds, 
and there by mutu ally enr ich ing  math emat ical rese arch .

FY1981 Budget Highlights and Explanation of Increases and Decreases

The proposed increas e of $1,050 ,000 for this ele men t, from $2,300,000 in FY 1980 to 
$3,350,000 in FY 1981, wil l provide: (1) an increase  of $800,000 in modes of supp ort of 
res earch  in addition to r ese arc h proj ect suppo rt, working sessio ns of d iffer ent sizes 
and  du rati on, insti tutio nally -des igna ted postdo ctoral fellow ship suppo rt, or a possible 
res ear ch institu te and (2) a slig ht increase in both the ongoing prog ram of support for 
res earch  c onferences  and the regiona l co nference  program. All of the se i ncre ases  are  
in keep ing with the aim of brin ging  m athem atica l sc ienti sts together to foster inte rac­
tions frui tful  for the increas ed prod uction of high quali ty rese arch .
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QUANTITATIVE PROGRAM DATA 
MATH EMATICAL SCIENCESSUBACTIVITY

Proposal* and Award*

Est im ate
FY 19 79

Est im at e
FY 1980

Est im at e
FY1981

No. P ro posals  R e c e iv e d * ........................................................ ............................. 1.879 1.900 1.950
No.  A w a rd s * * ............................................................................ 885 M 3
D o ll a rs  Pro po se d (T o ta l) ........................................................ ............................  $162,717,000 $95,000,000 $100,000,000
D o ll a rs  Pro po se d (A nnua l R a te | .......................................... ............................  90.539.000 54.150.000 56.100.000
D o ll a rs  Aw a rd e d  ( T o ta l) ........................................................ ............................. 22,782,576 24.901.000 29.300.000
D o lla rs  Aw ard ed  (A nnua l R ate ) .......................................... ............................  17.525,058 19,154.815 22.538.461
A ve ra g e s  pe r A w a r d ............................................................... ............................  25,743 28,200 32.884
A vera ge Aw a rd  D ura tion  ( Y e a rs ) ........................................ ............................. 1.3 1.3 1.3

‘ In c lu des  pro po sa ls  fo r  co m m it te d  r e n e w a ls , etc.
“ In c lu des aw ar ds  fo r  com m it te d  re n e w a ls , su pp le m en ts , etc .

Percentage Distribution of Fund* Awarded by Performer

Est im at e
FY 19 79

Est im ate
FY 1980

Est im at e 
FY  1981

U n iv e rs it ie s  and C o ll e g e s .................................................. ..............................  98.0 98.0 98.0
In d u s try ................................................................................... o - 0 — - 0 -
F ede ra l A ge nc ies ................................................................ o —0—
O t h e r ....................................................................................... ................................. 2.0 2.0 2.0

Personnel and Other Factor*

E stim ate  Est im at e Est im at e
FY 19 79  F Y 1980 FY1981

S en io r Scien tis ts  
F acu lty*
No.  ye ar s s u p p o rte d ..................................
A m oun t o f fa cu lt y  su p p o rt **  .................
Post do ct or al  Assoc iates

N o.o f yea rs  su p p o r te d .......................
A m ount o f p ostd oct ora l suppo rt  . . .  

G ra duate  Stud en ts
No.  su pported p e r a w a rd -y e a r...........
A m ount o f graduate  st udent s u ppo rt

O th e r P er so nn el  C o s ts * * * ...........................
La nd . Bu ild in gs,  an d F ix ed E q u ip m e n t . .

M a jo r E q u ip m e n t..................................
O th e r E qu ip m en t ..................................

O th e r C o s ts ......................................................
In d ir e c t C os ts ..................................................

T o ta l.............. ........................................

324 333 371
$9,809,333 $10,700,000 $12,350,000

35
$549,782

50
$900,000

70
$1,300,000

271
$977,372

2.045.875
—0—

275
$1.050.000
2.175.000

— 0—

312 
$1,250,000 
2.500.000 

—0—  
—0—  

150.000 
3.050.000 
8.700.000

29.739
2.483.300
6,887,175

75.000
2.600.000
7.401.000

$22,782,576 $24,902,000 $29,300,000

In c lu des fa cu lt y  asso ciates  an d o th er pr ofes sion als.  
D is tr ib u te d  a mon g 1.299 in d iv id u a ls .
In c lu des fr in g e  benefi ts .
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COMPUTER RESEARCH SUBACTIVITY .................................... $23 ,350 ,000

Obligations by Program Element

Program Element Actual  
FY 1979

Budget
Request 
FY I 980

Current
Plan

FY1980
Estimate

F Y 1981
Difference  
FY 1981/80

Theoretical Computer Scienc e.................. .......... $2,703,669 $2,700,000 $2,700,000 $2,900,000 $200,000
Software Systems ....................................... .........  2,726,891 3,300.000 3,100,000 3,300,000 200,000
Software Engineer ing ................................. .........  2,459,089 2,900,000 2,700,000 2,900,000 200,000
Intelligent Sys tems..................................... .........  3,289,726 3,300,000 3,200,000 3,400,000 200,000
Computer Systems Desi gn........................ .......... 2,907,265 3,300,000 3,135,000 3,350,000 215,000
Special Proje cts........................................... .......... 2,684,386 3,100,000 3,400,000 7,500,000 4,100,000

Total ..................................................... .......... $16,771,026 $18,600,000 $18,235,000 $23,350,000 $5,115,000

Objectives and Description

The Foundation’s Computer Research program supports basic r esearch in com puter 
science. The objectives of the program are to:

• Develop, through res ear ch,  an und erst and ing  of the scienc e which under lies  
computer technology:

• Discover and f orm ulate p rinciples of design of com pute r ha rdw are  and s oftware 
systems;

• Stimulate new a rea s of comp uter scien ce research whic h are po tentia lly impor­
tant for society:

• Encourage colla bor atio n of compu ter sc ientis ts with r ese arc hers in oth er fields .

Sophis ticated  com pute r technology has been  one of o ur most im portant national , 
resou rces, contr ibuting s ignif icant ly to b oth the conduct of rese arch and the effici ent 
functio ning of society. The magn itude  of basic research being  done in comp uter 
scien ce by industry is r ela tive ly small; it is co ncen trate d in se lected areas and draw s 
heav ily upon academic  resear ch results. Fur ther mor e, indu stry  draws  extensively 
upon departments of computer  science to provide trained personnel. Academic research, 
in turn, depends largely upon the Federal Government. Within the Federal Government, 
the Foun datio n’s Computer  Research program  is the only program which focuses 
primarily on the support of basic research in computer science in academic institutions.

As the field of com pute r science was developing from the late 1950's through 
the early 1970's, NSF prov ided  supp ort for com puting faci lities in colleges and  u niver­
sities. Much experimental resarc h was conducted on those facilities b ut they are no longer 
eit her avail able or suitable  for mode rn rese arch . Thus, academ ic computer rese arch  
has  b ecome mainly a theo reti cal  activity except  at those few institution s that rece ive 
extensiv e ARPA support.

Exper imen tal c omp uter  scie nce  requires rese arch comput ing facilitie s and associ ­
ated  main tenance pers onnel perm itting  the design, cons truct ion, and evaluation of
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research prototype information processing systems. These facilities consist of hardware 
and  software. The h ard wa re is pu rch ase d from a variety of manuf acture rs at a vari ety 
of size s and prices . Often  it is then modified  by labo ratory p erso nne l. The so ftware, a 
major focus in exp erim ental computer  scienc e, is usual ly desig ned and built  by the 
res earch ers  them selve s an d it i s her e th at many ex per ime ntal que stion s are  ans wered. 
Finally, as the working prot otype is put through  its paces, ano the r set of res ear ch 
ques tions about its per for ma nce  and reli abil ity are answ ered .

To carry  out rese arch of th is type long term support  which provid es, in  add ition  to 
equipme nt, funds  for develop men t, mai nten ance , oper ating costs, and pers onnel is 
nee ded . Building and mainta inin g an effect ive exp erim ental capa bility will perm it 
colleges and univ ersi ties to c ontr ibut e more effect ively  to f und ame ntal  k nowled ge in 
this impo rtant  field , a ttra ct nee ded  num bers of high qua lity resear che rs and adva nced  
stud ents to acade mic c are ers , an d pro vide im proved t raini ng of both M asters  and Ph.D. 
leve l personnel so urgently req uir ed by indus try.

Thirty-six perc ent of doctoral level computer scientists are  employed by universities, 
seve n percen t by gov ernm ent,  and fifty-f our per cen t by bus iness/i ndu stry . Few of 
those who enter indu stry  go into basic rese arch. Most e nt er  design, developm ent, or 
supe rvisory roles.

The proposed FY 1981 budget provides $23.35 million  for program suppo rt. $16.4 
million  of this will be use d to provide regular res ear ch proj ect suppo rt. A total of 
$1.6 million will b e used f or instr ume ntat ion for co mpu ter sys tems r esearch , pro viding  
small  instr ume nts needed at insti tution s conduc ting res ear ch in mod ern compute r 
systems. In addition , a total of $3.7 million will be used for the longer range supp ort of 
expe rimenta l res ear ch by provid ing for l arger equipm ent , o pera ting costs and  system  
deve lopm ent and ma inte nan ce costs. Approxim ately  $0.75 million will be used to 
deve lop a nationw ide com pute r-ba sed communication netwo rk which will inc rease 
the effec tiven ess of ind ivid ual  rese arch group s and help  smaller computer  scie nce 
departments remain in the mainstream of research. Finally, approximately $0.9 million 
will be used for init iati ng a comp etitive  progra m of aw ard s for young exp erim ent al 
comp uter s cientists  who  a re just begin ning their r ese arc h car eers a nd n eed  susta ined, 
long term support to accomplish the extensive systems developm ent which is pr erequ isite  
to creat ive exp eri me nta l rese arch .

Computer res earch  is a new and expanding field.  Many of the Nat ion ’s best 
students are being  att rac ted  by the inte llec tual challenges and car eer  opp ortu niti es 
that this field o ffers. It stim ulates a sophisticated  indus try which co ntribute s greatly  to 
the Nation 's economy. The Foun dation 's inve stme nt in basic  c ompu ter rese arch will 
help a ssur e tha t this c ou ntr y’s commanding lea d in co mpu ter technology is mainta ined .

Major Research Questions

A numbe r of major qu estion s in com pute r re sea rch  involve  the ar eas  giveii below.

• The de vel opm ent  of micron and su bmic ron si zed elec tronics rel axe s many  of the 
trad itio nal design cons traints  on compute r arc hite ctu re and makes it f eas ible
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from a cost and project  managemen t standpoint for universit ies to experim ent 

with comp uter design for the first time since the ear ly 1950's. A new look at 

problems previously thought solved as well as research  on new problems is needed.

New electronics technology favors parallel  or concurrent computer systems. This, 

in turn , favors new app roa che s to problem solving and new algorithms  to ca rry 

out computations. A thorough reexamination of heretofore intractable problems, 

as well as ref orm ula tion  of cl assical problems to gain new perspe ctive , will pay 

big div idends in und ers tan din g and problem solving ability.

The last several  yea rs have  seen the rapid  emergence of promising new work 

in the area  of large da ta bases. A varie ty of new  s truc ture s and retrieval  tech­

niques are being exp lored which will make exist ing com pute r appl ications more 

effective and are necessary for the new large data-oriented systems of the fu ture.

Efforts to devi se proofs  of program corre ctness, while  part ially successful, en­

coun ter complicatio ns that make wid esp read  application  qu estionable. Neve r­

theless, these effort s h ave  characte rize d some of the s ituat ions  in which proof is 

difficult. One possible resolution is the discovery of equivalence preserving trans­

format ions that can rem ove the difficulty.

Significant Recent Achievements

H. T. Kung of Carn egie-Mel lon University h as dev eloped a theoretical model for 

systems of Very Large Scale  Integration  (VLSI) chips. Calle d a “systolic system, 

this app roach  provides a so lid mathematical foundation  for the design of special  

purpo se VLSI chip module s.

The re have been  m ajor adva nces  in relating para llel  p rocess ing to determinism 

in models of computer systems. Dr. Walter Savitch of the University of California- 

San Diego has shown that  dete rmin istic  paralle l compute r systems are more 

powerful than non-determinis tic seria l systems, thus allowing the computatio n 

of new limits on comp uting capabil ity.

Michael Harrison of the Unive rsity of Califo rnia-B erkeley, Walter Ruzzo at 

the Universi ty of Washington , and Jeffrey Ullman  at S tanfo rd Univers ity have 

shown that ther e is no way to prove that unautho rize d access to a compu ter 

system can be complete ly prevented.  Absolute security might be achiev ed (al­

though it is unlike ly) but we could never know that it has been. The question  is 

unde cida ble.

The repr esentat ion  of truly  real istic  synth etic images is a significa nt problem 

in computer anim ation, com puter graphics rese arch , and computer modeling. 

Results find thei r way into suc h diverse  app lications  as flight s imula tors and the 

pres enta tion  in real time of a display of an inte rnal body organ based on X-ray 

data. The generation of realistic synthetic images involves hund reds of thousands 

of display points requiring large amounts of computer memory and computational 

capab ility. C. Csuri of Ohio State University has deve lope d an algorithmic
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app roa ch to the model ling of such  complex images which allows cons idera bly 
sim pler  rep rese ntat ions and mor e accurate real time displays.

Changes Between F Y 1980 B udget Request and F Y 1980 Current  Plan

Both the FY 1980 Budget Request and  the FY 1980 C urrent  Pla n r eflect  t ransfer  of 
activ ities to the new C ross-Directora te Programs activity. The total resul ting  reduc tion 
is $600,000.

The re are  two addi tional aspe cts to the changes  b etw een  the Budget Request  and 
the Cur rent Plan. F irst, the overa ll sup port level is red uce d, which red uce s ou r abi lity 
to purs ue the so cietal impa ct res earch  of the Spe cial Proje cts pr ogram  as vigorously as 
plan ned.

Second, the initia tion of longer  range supp ort for exp erim ental res ear ch is given 
highe st prior ity. This will be ben efic ial to experime ntal  res ear ch sup por ted  by all of 
the program eleme nts and is ref lec ted  as a prio rity adju stment in each of them. 
$1,000,000 is pla nned  for this p urp ose  and  ap pea rs in the S pecial Proje cts c urr ent  plan. 
Other compon ents of the Special  Projects program  elem ent  and o the r progra m ele ments 
exce pt Theo retical Computer  Science have been  red uce d to p rovi de this sum.

FY 1981 Budget Highlights and Explanation of Increase s and Decreas es

Obligations
FY 1979 Actual ................................................................................................................. $16,771,026
FY 1980 Program ................................................................................................................ $18,235,000
FY 1981 R eq ue st ................................................................................................................ $23,35 0,000
Dif fer ence—FY 1981 /FY1980  ........................................................................................  $5,115,000

The proposed $5,115,000 increas e, from $18,235,000  to a total of $23,350,000 will 
be used as follows:

• $1,015,000 will be use d to offset par tial ly the inc rea sed  cost of perfo rmin g 
rese arch  Expected inf lati on will still produc e a decre ase  in effec tive supp ort, 
however.

• $500,000 is added to the  S pecial Projec ts progra m ele me nt to offset p arti ally  the  
cost of initiating the nationwide computer-based communications network (CSNET).

• $3,600,000 will be add ed to the Special Projec ts program elem ent to inc reas e 
supp ort for exp erim ent al computer science res ear ch to a total of $4.6 million. 
$3.7 million of the $4.6 million will be used for longer range supp ort of expe ri­
mental  res ear ch and  $0.9 million for a natio nal comp etitio n for the support  of 
young inves tigat ors in expe rimenta l compute r scien ce.

Several emp hase s a re inclu ded within the individ ual program elements: namely,

• Approximately $1,250,000 total in Com puter System  Design, Softw are Systems 
Science and Theoretic al Computer Science for microsystem arc hite ctu re and 
modelling. Included are the theory of Very Large Scale Integration (VLSI) model-
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ling, micro system archite cture, and design methodology for VLSI systems. With 

the advent of Very Large Scale Integra tion, the process of designing com pute r 

systems on a singl e chip has become  too complex to rely enti rely  on man ual 

appro aches. Automation of all or parts of this process is n eede d to cop e with 

the complexity . Supp ort will be provided for  projects  aimed at studying the VLSI 

design process.

• Approximately  $1,600,000  for equipm ent awards. In FY 1979, 23 awards totaling  

$1,597,817 were  made. A like amount is planned for FY 1980. These grants support 

research  e qui pm ent  w hich is shared by more t han  one research  project. Ins tru­

mentation included in regular research  project awards is maintained at the FY 1980 

level of $400,000.

6.5%
7.4%
6.3%
6.9%

120.6%

Percentage increases among  the variou s Com puter S cience program el eme nts are:

Theoretical  Comp ute r Science ......................................................................................
Sof tware S ys tems.............................................................................................................
Sof tware Engineering ......................................................................................................
Int el lig en t Sy ste ms............................................................................................................
Computer Systems Design ..............................................................................................
Special P ro ject s.................................................................................................................

Coordination and Relationship to Other Efforts

NSF is the agency with  prim ary respo nsibility  for basi c rese arch  in the com­

put er area; other Fede ral prog rams s uppo rt simi lar resear ch anci llary  to thei r prime 

mission. Interagency liais on is effec ted by an inform al coor dina tion commit tee, by 

exchan ge of pr oposal and action lists, and by pers on to pe rso n co ntact among program 

staffs. Specifically:

• In Theoretic al C omp uter  Science, NSF provi des approxim ately  80 percent of th e. 

Federal support. Coo rdination  is prin cipa lly with the Depa rtment of Defense  

(DOD) and the Dep artm ent of Energy (DOE).

• In Software Systems Science, NSF prov ides app roxi mately 50 perc ent of the 

Federal su pport . Co ordi nation is primar ily with DOD agencies.

• In Software Engineering, NSF provides almost all of the support for basic research  

except in n ume rical  ana lys is wher e the figure  is close r to 20 percen t. Liaison is 

especia lly close  with DOE, but also incl udes  NASA and all of the DOD agencies .

• In Intell igent Systems, the Advan ced Rese arch Project s Agency (ARPA) of DOD 

is the principal  source of Federal  support. NSF coordin ates  its supp ort with 

DOD, NIH and NASA to p rovi de contin uity for key are as of re sear ch which do 

not meet curr ent prog ram req uire ments of mission agencies.

• In Computer Systems Design, NSF provides about 60 pe rce nt of the suppo rt for 

basic research. O ther  prin cip al sources are NASA, DOE and DOD agencies.
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• The longer range  su ppo rt for  e xperimenta l computer  sc ienc e research is a new 
init iativ e be gun in  FY 1980. Increa sing  the le vel of activity in ex perimen tal com­
pute r science re search  at the universities has been  identified as the highest priority 
at this time in this young scie ntif ic discip line. This effort is closely coordinated  
with  DOD, DOE, NASA a nd  NIH. Support for e xpe rim ental research provided 
by DOD at thre e or four  insti tutio ns is much greater  than that avail able to 
any other institution.

The programs in Com puter  Res earc h are also coo rdin ated  closely  with  industry . 
The Com puter  Scie nce Advisory Subcomm ittee includes  one or more  representatives  
of indust ry on a rotating b asis a nd  approxi mately 20 pe rce nt of mail r evie wers solicited 
to e val uat e propo sals are ind ust ria l scientis ts. In additi on, mem bers  of the NSF staff 
visit industr ial labora tori es to l ea rn  about  indu strial research activity.

Theoretical Computer Science Program Element $2,900,000

Objectives and Description

The objective of this prog ram elem ent is to increase our  und ersta ndin g of the 
theory  of comp utation, theo ry of formal  languages, analy sis of algorithms, and other 
topics concerned  with the the ore tica l foundatio ns of com pute r science .

The advent of com pute rs has  given mank ind analytica l tools of unp recedented 
pow er, but at the same t ime, o pen ed new questio ns which must be answ ered  in ord er to 
und ers tan d the use of these tools. How can the methods of solving problems be 
exp res sed  most effe ctively?  What computing pro ced ure s are  most effic ient?  What 
limitations are inh ere nt in the  n atu re of info rmat ion and problem s which limit man’s 
abi lity  to get solut ions at r easonable  cost or in rea son abl e t ime ? Theore tical Compute r 
Scie nce rese arch  provide s sup port to study these and rel ate d quest ions to prov ide 
the theo retic al basis for the scie nce  under lying  comp utations.

FY 1981 Budget Highlights and Explanation of Increases and Decreases

An incre ase of $200,000 will part ially  offset  the inc reased  cost of performing 
resear ch in those proje cts which are being cont inued, incl udin g areas such as hig hly 
par allel algorithms  for solving computational prob lems  and the theore tical limits on 
the speed of compu tation  of key problems.
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Software Systems Science Program Ele men t......................... $3,300,000

Objectives and Description

The objectiv e of this prog ram elem ent is to expl ore the concep tual basis  for the 

specific ation of futu re sof twa re systems. This inclu des adva nced  programming lan ­

guages and optimiz ing com pilers, the analysis of program  stru cture to support ver ifi­

cation and proof of correc tness of program s. It also involves the discovery of new 

and improved  algorith ms.
Research is conducted on high order data structures and their applicable operators 

to discover, analyze and classify trans form ation s applied  to high order struc ture s, to 

und erst and  the orga niza tion of systems in which  a u nit can be subject to conc urre nt 

multip le access, and to ex plo re method s for the improved  a nalysis of pro cedures  and 

algorithms.
Continuing rapid changes in computer technology imply that the ultimate limitation 

in the utility  of computi ng syste ms is likely to be in man ’s ability to specify the p roblems 

for which a solution is desir ed  and to de fine and vali date  softw are systems that can 

carr y out a solution. The Soft ware Systems Science  program attempts to develop a 

basic  unde rstan ding  of such limiting factors.

FY1981 Budget Highlights and Explanation of Incrases and Decreases

An increase of $200,000 will partially offset the increased cost of performing research 

in those pro jects which are bein g con tinued includin g the math ematical  analysis of the 

sema ntics of pro grammin g languages and the design of exp ress ive programming lan ­

guages for conc urren t systems.

Software Engineering Program Elem ent.................................. $2,900,000

Objectives and Description

The objective of this program element is to increase our fundamen tal understanding 

of the st ruc ture  of compute r sof twa re and the softw are des ign process , especially  in the 

are as of numerical methods , veri fica tion , testing, porta bility, reli abili ty and human 

inte rfac ing to num eric and  non num eric  s oftware systems. Cu rrent areas of emp hasis 

incl ude  prog ram valid ation  an d testing  through the use of software tools and studies of 

hum an factors in softw are desig n and utilizati on. The develop men t of prototype s or 

exp erim ental implementa tions  is an integra l part of the res ear ch program.

Computer  softw are sy stems ar e among the most complex syst ems built by man. Yet 

they a re the least un dersto od. T he resu lts of this rese arch  program should play a major
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role in increa sing  our un ders tanding of how to design, p roduce and m ain tain  compu ter 
software.

FY1981 Budg et Highlights and Explanation of  Increases and Decreas es

An increase of $200,000 will par tially offset the increase d cost of performing research 
in those projects  which are being co ntin ued  inclu ding res ear ch on developing software 
tools for writ ing and debugging progra ms a nd the  analysis of robustne ss and portabi lity 
of software.

Intelligent Systems Program Elem en t...................................... $3,400,000

Objectives and Description

The objective of this program element is to increase our ability to employ computers 
in assisti ng the huma n inte llect in complex problem situations.

This program elem ent is dir ect ed toward research on com pute r-ba sed systems 
which have  some of the c har acteris tics  of inte lligenc e. Relevant are as inclu de p atte rn 
recogni tion, pattern gene ratio n, know ledge  r eprese ntat ion , problem  solving, theorem 
proving and others which relate  to the autom atic analy sis and hand ling  of com plex 
tasks. One key for this res ear ch is to lear n how to ta ke bet ter  adva ntage of the com­
pu ter ’s spe ed to assist the h uma n bei ng’s br eadth and depth of perce ptio n and under ­
standing; learning how to make com puters and compute r prog rams  m ore flexible and 
ada pta ble  to changing requ irem ents ; and extending  the reac h of computer  analys is 
to si tuat ions  which cannot be fully prescri bed  in adva nce.

FY 1981 B udget Highlights and  Explanation of Increases and Decreases

An increas e of $200,000 will par tia lly  offset the incr eased costs of doing res earch in 
those projects which are continu ed. Areas to be cont inued will inclu de work on 
knowledge based systems to ass ist with the analysis of che mical or crysta l s truc ture s, 
the design of complex exp erim ent s in genetics and othe r complex decision tasks.

Computer Systems Design Program Elem en t......................... $3,350,000

Objectives and Descr iption

The objective of this program element is to increase our knowledge and understanding 
of compute r systems—their organizati on, per form ance cha ract eris tics , and ability  to 
ope rat e correct ly in the face of malfun ction of some of thei r components .
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For several  years t he re h ave b een major a dvan ces in integ rated circu it technology. 

Increases in the densi ty of logic on a chip and reduction of costs continue to occur. 

These two trends portray future  computer systems ranging from single microcomputers 

imbedded  in home app lian ces  to a large num ber  of interco nnected microp rocesso rs. 

Computer systems design  res ear ch is focused on gaining new understan ding  of the 

organization of computer systems so that futu re computer  systems will be more effective.

With this trend in technology, computers are being used more and more in situations 

whe re failu re could ha ve cata strophic  consequenc es. F ault -tole ranc e researc h fo cuses 

on gaining a bett er und ers tan din g of how to design com pute r systems which will 

operate  correc tly even in the face of fa ilur e of some of the ir parts.
Many computer systems include a very poor user interface. Graphical displays are a 

much more user-orie nted  approa ch to this inte rface. High qual ity displays consume 

subs tanti al computation  ca pab ility  and often canno t be done in rea l time as nee ded  by 

the human  user. Research on computer graph ics is aime d at the study of alte rna te 

hardw are configurations and software algorithms with the hop e that the new knowledge 

gen era ted  will provi de a bas is for much improved  hum an/ com puter interf ace.

F Y 1981 Budget  Highlights and Explanation of Increa ses  and Decre ase s

An increase of $215,000 will partially offset the increased cost of performing research 

in those projects which are being continued  including work on the archite cture of 

highly para llel  computing syste ms and the use of computer s to assist the process of 

designing Very Large Scale Inte gra ted  (VLSI) chips.

Special Projects Program Elemen t........................................... $7,500,000

Objectives and Description

Since computer s cienc e is a new  and  rapidl y growing f ield of r esearch , its a reas  of 

most intense activity tend to shi ft in respo nse to the solution  of old problems  a nd the 

opportunities offered by new technology and new concepts of appl ication. The structure 

of the Computer Research program changes  to reflect these shifts . The objectives of 

the Spec ial Projects program are to en courage and nu rtu re new are as of investigation 

and to develop new modes of sup por t that fit the changing needs and struc ture  of 

com pute r science  research.
This program element has sev era l compo nents including:

• Sup port  of resear ch fa cili ties  for ex perimental  computer science;

• Develo pment  of a nat ionw ide computer  ba sed netwo rk to enh anc e the n ational 

capabil ity for com puter scie nce  r esearch , as co ntra sted  to sim ple remote  usage 

of computers;
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• Awards  for young experi me nta l com puter  scientists;

• Science r ese arch projec t sup port in se lecte d ai eas:

— privacy and secu rity  of data  bas es and compute r systems;

— organiz ation of very larg e d ata  bases;

— design and  limi tations of co mpu ter models of comple x systems;

— impact of com puters on soc iety.

• Workshops  and spe cial  stud ies.

F Y 1881 Budget Highl ights and Explanation of In crsa ltM  and Decre ase s

The Special  Project s prog ram elem ent is bein g expanded by $4,100,COO, from $3.4 
millio n in FY 1980 to $7.5 millio n in FY 1981, $3.6 million of the  increase will be used 
to introd uce a strong emphasis on experimental computer science research and $500,000 
to d evel op a natio nwid e com puter scienc e research network. Oth er activit ies in the 
Special Projects program elemen t will be reduced by approximately $250,000 to provide 
a total of $750,000 nee ded  by the Computer Science Network.

The specif ic use of Spec ial Project s funds  will be as follows:

• Supp ort for res ear ch fac iliti es for e xpe rim ental com pute r s cienc e is increa sed  
by $2,700,000 to a total of $3,700,000.

Increa sing exp erim ent al comp uter science rese arch activi ty in the u nive rsities 
is the most im por tant obje ctive for the com pute r scie nce section  at the  p rese nt 
time. Because of a lack of ad equ ate exp erim ental faci litie s, academic  com puter  
rese arch  has becom e primarily  a theo retic al activi ty exce pt at those few inst i­
tutions which receive extensive ARPA support. At the same time, new technology 
has opened new opp ortuni ties for innovatio n and cre ate d intense commercial 
inte res t in inte gra ted  computer and comm unication  systems. The U.S. has a 
compe titive edge in the design and constructio n of such systems, due in part  
to ear lier NSF sup port of campus compute r faci litie s for research . To make 
best use of this advanta ge, we must pursue  res ear ch in integrated  computer 
systems vigorously through a combination of theo retical and exp erim enta l ap­
proaches. Str eng thened  ex peri men tal res ear ch prog rams  at the unive rsities a re 
essential both to explore  new ideas and to assure the continuous supply of tra ined 
talen t req uir ed by indus try. The $3,700,000 included  in the FY 1981 Budget 
Request for this purpo se rep resent s an initia l step  in a continuing effort  to 
upgra de the exp erime nta l computer research capabi lity  of U.S. unive rsities .

• Initiat ion of aw ard s for young exp erim ental com puter scientists at a level of 
$900,000.

Young com pute r scientis ts who wish to engage in exp erim ental research must 
invest years of intens e effort in systems developme nt as part of the res ear ch
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process. Heavy teac hing  loads make this difficult to accomplish and the work 

itself is not pu bli sha ble  in scholarly jour nals or easily meas ured by academic  

stand ards. Thes e fact ors discourage expe rimenta l rese arch  scientists  at the 

critical perio d in  th eir  live s when they are establish ing thei r res earc h program s. 

As a result, creative scientists often retreat into theoretical research which offers 

better prospects of meet ing acade mic promotion cri ter ia or go into indus try 

where challenging profess iona l opportu nitie s are rea dily  availab le.

To help alleviate this tren d, awards containing sev eral  years suppo rt will be 
made available for young  experimen tal computer scien tists. These awards will 

provide the time and opportunity needed by the recipients  to establish productive 

experimen tal res earch  program s.

• Support for dev elopment  of a Computer Scien ce Netw ork (CSNET), is increased 

by $650,000 to a total of $750,000.

Over the past dec ade , exp erie nce  has been gained  with the use of compu ter 

networks  to enha nce res ear ch.  DOD and DOE, using ARPANET; N1H, using 
SUMEX; and NSF, using THEORYNET and the Symbolic Processing Net, have 

all clearly  dem ons trat ed the amplifying effect of compu ter networking  on the 
effec tivene ss of inte rac ting  rese arch ers.  During the same period, networking  

technology has been  dev eloped  to the stage that it is now practical to extend 

these bene fits to larg er comm uniti es of sc ientists . The natio nal community of 

rese arch  comp uter scie ntis ts is keenly inte res ted  b ecause  of the benefits some 
members of that comm unity  have alrea dy exp erie nce d from existing networks  

and is a natu ral group to organize and implement a majo r extensio n. A project, 
(CSNET) is being pla nne d to organize, design, and impl eme nt a network which 

could connect computer science rese arch  g roups in univ ersit ies, industry, and 
governm ent. Design of CSNET will begin in FY 1980 and developm ent will begin 

in FY 1981 with an NSF cont ribut ion of $0.75 million. It is expecte d that the 

supp ort for the networ k will remain at this level during  a 2-year development 

period and then taper off over the following 3 years as it becomes a self-supporting 

opera tion.

Success with this proj ect would provide the following benefits:

— nationwide  shari ng of sof twa re and  ha rdw are  systems;

— nationwide  col labo rati on of scientists on r esearch  projects;

— enhan ced uni ver sity/i ndu stry intera ction;

— greater  equal ity of re sea rch  opportuni ty at all in stitutions.

• Science research project su pport, workshops and studies are reduced by $150,000 

to a total of $2,150,000.

This is a substan tial effective reduc tion  in this compo nent of the special p rojects  
program  element. Reductions will be made par ticularly  in s tudyi ng the impact
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of compute r technology on society, an activ ity which should be conduc ted by the 
offices and agencies con cerned  with policy formu lation, and in the study of 
computer modeling.

A-II-12

6 0 -7 7 0  0 - 8 0 - 2 5



384

QUANTITATIVE PROGRAM DATA 
COMPUTER RESEARCH SUBA CTIVITY

Proposals and Awards

A c lu u l
FY197M

EsK niale
F Y I 98(1

K s li n ii ii n
FY1W81

No.  Proposa ls R e c e iv e d * ....................................................................................... 569 570 006

No . A w ard s” ...........................................................................................................
263 288 270

D olla rs  Pro posed (T o tu l) ................................................................................ sna.092.nnn $75,606,066 $86,600.0(111

Dol la rs  Prop osed (A nnua l Ku to) ......................................................................... 40.486.066 43.406.0(H) 46.272.000

D olla rs  Aw ard ed (T o ta l) ....................................................................................... 18.771.026 18.235.06(1 23.350.000

D olla rs  Aw ard ed ( A nnua l R a lo | ......................................................................... 11,879.304 12.316.714 13.028.571

Ave ra ge  S pe r A w u r d ............................................................................................. 63.788 69.150 88.500

Ave ra ge  A w ard  D ura tion  ( Y e a rs l............................. .......................................... 1.4 1.4 1.4

• In c lu des  pro po sa ls  fo r  co m m it te d  r enew als , e tc.
* *  In clud es  aw ar ds  fo r com m it te d  re new als , su pp le m en ts , etc .

Large Qrantt

A c tu a l Ksl im ute Ksl im ute

FY 19 79 F Y I 980 FYJ981

No.  Propo sa ls  R ece iv e d ......................................................................................... —0— 10 20

No.  A w a rd s ...............................................................................................................
—0— 2 9

D o lla rs  Proposed  (T o ta l) ....................................................................................... —0 — $40,606,060 $80,666,600

D olla rs  Pro posed (A nnual R a te ) ........................................................................ —0— 8.000.666 16.006.060

D olla rs  Aw ard ed (T o ta l) ....................................................................................... —0— 1.000.606 4,456,000

D olla rs  Aw ard ed ( A nnua l R ate) ........................................................................ —0 — 1.000.000 4.450.0(H)

Ave ra ge  $ per A w a r d ............................................................................................. —0— 500.000 500.000

Ave ra ge Aw ard  D ura tion  ( Y e a rs )...................................................................... —0 — 1.0 1.0

Percentage Distribution of Funds Awarded by Performer

A ctu a l
F Y I 979

Es tim ate
FY1M80

Est im at e
FY1981

U n iv e rs it ie s  and  C o lle g e s ....................................................
95.0 95.0 95.0

In d u s try ....................................................................................
—0 — —0— — 0—

Federa l A ge nc ies ..................................................................
—0 — —ft— —6 —

O t h e r ........................................................................................
5.0 5.0 5.0

Personnel and Other Factors

Acluu l Estimate Estimule
t- 'Y lM t KY19811 FY1H81

S en io r S cien tis ts  
F a cu lty *

No.  Yea rs  Su pport ed**  ................................................................................
A m oun t o f F acu lty S u p p o rt............................ ..............................................  $3,003,690

Post do ct or al  Assoc iates
No. Y ea rs  Su pp or te d .....................................................................................
A m oun t o f P os tdoc to ra l S u p p o r t ................................................................  $249,880

G ra duate  Stud en ts
No.  Supported Per  A w ard -Y ear ................................................................
A m oun t o f G ra du at e S tu de nt  S u p p o r t ......................................................  $2,693,426

O th e r P er so nn el  C o s ts * * * .....................................................................................  2.172.692

Lund. B u ild in gs , and  F ixed  E qu ip m en t ............................................................  —0—

M a jo r Equ ip m en t (M ore  th an  $2()0.(H)0).............. ..............................................  —0—

O th e r Equ ip m en t ................................................................................................... 1,979.817

O th e r C o s ts ...............................................................................................................  1.844.812

I nd  i ree l C o s ts ...........................................................................................................  4.826.701

116
$3,300,000

17
$285,000

346
$2,750,006 

2.206.6(H) 
—6—

500.000
2.300.000
1.906.666
5.000.600

136
$4.306.(HMI

19
$4<HI.0(HI

356
$3.35O.IHNI 

2.850.00(1 
—6—

2.000.IHH)
2.2MI.OOO
2.156.(HH)
fi.100.fHMI

Tota l
$16,771,026 $18,235,666 $23,350,000

* In c lu des fa cu lty  assoc iates  and o th er p ro fe ss io nals .

“ D is tr ib u te d  am ong 464 in d iv id u a ls .
“ • In c lu d e s  fr in ge  be ne fit s.

A—II—13



385

PHYSICS PROGRAM SUB ACTIV ITY........................................$73,500,000

Obligations by Program Element

Program Element Actual 
FY 1979

Budget
Request 
F Y I 980

Current
Plan

FY1980
Estimate

FY1981
Difference 
F Y 1981/90

Elementary Particle Physics ............................. $22,910,745 $23,300,000 $22,761,000 26,200,000 $3,439,000
Intermed iate Energy Ph ys ics........................... 10.634.99B 11,400,000 11,100,000 12,600,000 1,500,000
Nuclear Phys ics.................................................. 11,557,125 12,300,000 11,800,000 13,500,000 1,700,000
Atomic, Molecular, and Plasma Phys ic s........ 6,727,459 7,200,000 7,100,000 8,300,000 1,200.000
Theoretica l Physics............................................ 7,008.067 7,300,000 7,400,000 9,000.000 1,600,000
Gravitational Phy sics ......................................... 2,826.175 2.800,000 3,200,000 3,900,000 700,000

Total ................................................................. $61,664,569 $64,300,000 $63,361,000 $73,500,000 $10,139,000

Objectives and Description

The object ive of the Physics rese arch  program is to adv anc e knowledg e of the 
fundamental laws governing matter and energy. Physics is concerned with the existence, 
struct ure  and interact ions of various forms of mat ter and energ y and with the basic  
forces which cause  the obs erv ed phenomen a. Hints are emerging  that a few unifi ed 
theo ries may be able to de scr ibe  phenomena hith erto  c ons idered  se paratel y, such as 
the strong, weak, elec trom agn etic  and grav itational forces. The realm  of inve stigation 
range s from the subm icro scop ic worlds of elementary  pa rticle s (qua rks and leptons) , 
nuclei, atoms and mole cules, to macroscopic  aggregat ions of gases  and plasmas, even  
extending  to the cosmological scale with cluster s of gala xies  and black holes.  The 
ultim ate goal is to unify the understand ing  of all phys ical phenom ena into one self 
consis tent explanatio n.

These studies are pu rsu ed by a comb ination of s oph istic ated  laboratory exp eri ­
ments and theo retic al interp reta tion s. The program pro vid es supp ort in each of the 
various area s for: acc ele rat or laboratories in nuclear, inte rm edi ate  energy  and ele ­
mentary part icle physics; university res ear ch groups  in all area s of physic s using 
cent raliz ed laborat ory facili ties; small- scale univ ersi ty labo rato ry experiments; and 
theoretic al interp ret ation , exploratio n and pred ictio n. Four  program elem ents.  Ele­
mentary Particle Physics, Inte rme diat e Energy Physics, Nuclea r Physics, and Atomic, 
Molecular, and Plasma Physics s uppor t experim ental invest igations. The T heoretic al 
Physics program eleme nt provides for stud ies of the theo retical framework with in 
which the exp erim ents are  inte rpre ted. The Gravita tional Physics program elem ent 
supports both theory and  e xperiments to examine the effects of gravitational phenom ena.

The result s of basic res ear ch in Physics form the bedr ock of our u nder stan ding of 
Natu re and our Univer se, and provide for the analy sis of com plex problems  in othe r 
physical sciences, in the life sciences , in engin eerin g, and in environm enta l scien ces. 
These result s also pro vid e an un derp inni ng for ap plic atio ns to technology and nat iona l 
problem s, e.g., energy, nuc lea r medic ine, energ y storage, etc. Ins trum enta tion  deve l-
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oped origina lly for physics exp erim ent s freq uent ly yields standard  tools in other  

res ear ch fields  and in industry.

Major Research Questions

• Can a unified theory be found which describes the strong nuclear force, the electro­

magneti c force, and the weak force as three  rela ted aspects of a single force of 

na tur e? Can all the forces in nat ure  be desc ribed by a single unifie d theory?

• What a re the  de taile d pro per ties of sta tes involving charm or bottom quarks? Do 

top quarks exist and, if so, can experiment al evidence be found for their existence?

• How, using the nucleus as a la boratory, can the proper ties  of the weak force be 

elu cidate d? How can the ge ner al sy mmetry and  conse rvatio n law s be t ested?

• How can the p resence of par tic les  o ther  than neut rons  and proto ns (hyperons, 

mesons,  quarks, etc .) in the n uc leu sb e determine d? What are  the effec ts of these 

on the nucleus, and, conversely, how does this nuclear environment affect them?

• What is the spatial dist ribu tion  of charge  and matte r within the nucleus?  How 

does it change when the nuc leus is highly excited or in high spin  s tates? What 

hap pen s to a nucleus und er ext rem e conditions of tem per atu re, density and 

unu sual composition?

• Can a non-neutral plasm a (for exam ple, one consisting only of elec trons ) be 

broug ht to such a low tem per atu re that it turns into a l iquid  and then  to a crys tal?

• How closely identical (exce pt for pro per ties  such as the sign of the electric 

char ge) are parti cles a nd their  corre spon ding  ant i-particl es?

• Is gra vitat iona l radia tion produc ed by n atural astronomical sou rces ? What are 

its pr operti es (pola rizat ion, veloc ity, amplitude , fre quen cy s pec tru m)?  How can 

it be dete cted  in the labora tory ?

Significant Recent Achievements

• 1979 Nobel Prizes in Physics. Since 1975, the Theo retic al Physics Program has 

been supp ortin g Sheldon  Glasho w and Steven Weinbe rg, whose trium ph in 

und erst and ing  the weak force was rece ntly  crown ed by a Nobel Prize  shared  

with Abdus Salam of T riest e and London. The Program also s upp orts  a signi­

ficant amou nt of rese arch  by oth ers  along the lines pion eere d by Glashow, 

Salam, and Weinberg.

• CESR Begins Opera tion. The 8 GeV X 8 GeV Cornel l Electron  Storage Ring 

(CESR) has  been brought into successfu l opera tion ear lier than pro jec ted  and 

below the previously estim ated cost. Initia l o perat ion of the facili ty h as alrea dy 

yield ed v aluable informat ion on the  upsilon  particl es dis covered only two years 

ago.
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Char med Quark Studies  a t SPEAR. NSF-suppor ted groups from Stanford , Cali­
fornia Insti tute of Technology, and Princ eton, togeth er with their colleagues  
from the Stanf ord Linear Acce lera tor Center and Har var d, have assem bled  a 
large geodesic of sodium  iodide crystals (the "Crystal  ba ll” ) for use in e xpe ri­
ments at the Stanford Positron-Electron Asymmetrical Ring (SPEAR), the positron- 
electron colliding beam facility at the Stanford Linear Accelerator Center (SLAC). 
This detec tor, with its very  high resolu tion in measurin g energies of electro ­
magnetic show ers, has  bee n highly successful in studying the spectro scopy  of 
states involving charm quarks. The experim ent show ed that the previously  
repo rted  sing let’s sta te does not exist and that the new state possesses  both 
energy and decay  prop ert ies  in good agreement with theory.

Pion-Nucleus Inte ract ions . Neutr ons prod uced  at small  sca tterin g angles by 144 
Mev protons collid ing w ith nuclei have been in vestigated  at the In diana  U nive r­
sity Cyclotron Facility. This process in light nucle i is dom inate d by exc hange of a 
single pion which can be under stood  theoretically by t reat ing the nucleus as  an 
elem enta ry par ticle. This proc edure, togeth er with the cur rent theory of weak 
inter actio ns and info rma tion  from inela stic elec tron  scattering, predicts the 
magni tude of the pion -nuc leus  inte ract ion stren gth and  its depe nde nce  upon 
the momen tum tra nsf err ed.  Agreem ent is r em ark abl e betw een  theory and ex­
perim ent for Lithium 6 and Carbon 12 nuclei .

Radiocarbon  Dating. T he ultrasen sitiv e iso tope detector tech nique employed  at 
*he Univer sity of Roc hest er MP tandem Van de G raaf f acc elerato r has now b een 
used to date  with radiocarbon a frozen wooly mamm oth calf disco vered  two 
years  ago in Sib eria  and is pres entl y being used to measure  Chlor ine 36 in 
ground  wa ter and sam ples  of antarcti c mete orite s. The Chlorin e 36 me asu re­
ments can be used along with hydrological data  to da te ground wate r in a million 
year time scale. The meteorite measurements have es tablished terrestrial changes 
ranging from 0.1 to 0.7 million year s a nd have  p rovided  inform ation on the p re- 
terr estr ial history.

Increas ed Sen sitivity  of Gr avita tional  Wave Dete ctors.  An inge nious new tra ns­
duce r design has bee n crea ted by an NSF -supported  group at the Univ ersity  of 
Maryl and to im prov e the conversion of very small mechanical oscillations  into  
elect rica l sign als. T his will lead to significant a dva nce s in sensitivity  of reson ant  
bar  g ravi tatio nal rad iation detectors.

Rydberg Atoms. The latest deve lopm ents  in las ers  make it possib le to rais e 
atoms to specific highly excited states. Such Rydberg atoms have unusual prop er­
ties, because  the outerm ost elec tron  is ord ers of magni tude more dista nt from 
the nucleus th an in the ground (unexc ited ) s tate and  is thus very loosely coup led 
to the rest of the atom. Certa in atomic effec ts are  then more easily stud ied.  
Recent work inc ludes the evaluatio n of r elat ivis tic effects in atomic hydr ogen  
and me asu rem ents of f und ame ntal atomic cons tants to a n ew accuracy .

Plasma Diagnos tics. New diagnos tics have  mad e it possib le to expl ore the de ­
tailed str uct ure  of energetic  plasm as witho ut disr upt ion  or modification. Light
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scattered or emi tted  by the plasma  car ries  impo rtan t inform ation on the local 
density  and velocity di strib utio n of the  plasma par ticl es and on the local e lec tro­
magnetic fields  ins ide  the plasma . Thus, a more exacting comparison with the 
theory of such plasmas, which is now possible, has so far confirmed the theoretical 

models.

Changes Betwe en  FY1980 Budget Request and F Y 1980 Current  Plan

Both the FY 1980 Budget Requ est and the FY 1980 Cu rrent Plan reflect tran sfe r of 
activit ies to the new Cr oss-D irectorate  Programs activity. T he total resulting reduct ions 
to each are $0.7 million. The  re maining  dif fere nce  be twe en the revised FY 1980 Budget 
Request of $64.3 million and  the FY 1980 Cu rren t Plan of $63.4 million is the resu lt of 

Congress ional action and d irec tive s. All area s ex cept Theoret ical  Physics and Gravita ­
tional Physics are reduced to accommodat e the lower  overa ll total. Elemen tary Particle  

Physics is red uced $0.5 million, el imina ting some plan ned  incre ase s in inst rume ntati on 
for large experiments at m ajor  facilitie s. Within the reduced  total for the area, suppo rt 

for the Cornell Electr on Stora ge Ring (CESR) will be increased  from $6.3 mil lion, as 
estim ated  in the FY 1980 Req uest , to $6.7 million  because  the conversion to c olliding 
beam opera tion was ac com plish ed ahead of schedule , br ingin g increa sed usage of the 
facili ty and associated inc rea sed  powe r costs. Interm ediate Energy Physics and Nu­
clear Physics are red uce d $0.3 million  and $0.5 million r espe ctively, curtai ling plann ed 
suppor t of $2.3 million for the Michiga n State Univ ersity  (Pha se I) cyclotron by $0.4 
million, deemphasizing res ear ch on collective acceler ation of heavy ions by $0.2 
million , and reducing pla nne d increas es to the b ase programs by $0.2 million. Atomic, 
Molecular, and Plasma Physics is red uce d by $0.1 mil lion r estr ictin g effor ts to improve 
inst rumenta tion  in this area . The ore tica l Physics is at about  the plan ned level, with 

$7.4 million. Gravitation al Physics is inc reased $0.4 million above th e e arl ier  estim ate 
of $2.8 million becau se of the high degree of sci entif ic enth usiasm gene rated by new 
conc epts for expe rime nts to test rela tivity and new inst rum entatio n being developed  

to dete ct gravit ationa l radi atio n.

FY 1981 Budget Highlights and Explanation of Increa ses  and Decreas es

Obligations

FY 1979 A ctu al ..........................................................................................................................  $81,664,569
I' Y  1980 Pr og ra m ........................................................................................................................  $63,361,000
EY 1981 R e q u e s t............................ ............................................................................................  $73,500,000
D if fe re n ce —EY 1 981/F Y 1980 ...............................................................................................  $10,139,000

A summ ary of the planne d chan ges in funding  of v ariou s are as betw een the FY 
1980 Cur ren t Plan and the FY 1981 Request is as follows:

• In Eleme ntary  Particle Physics,  the planned increase of $3.4 million, from 
$22,761,000 in FY 1980 to $26,200,000 in FY 1981, will b e d istr ibu ted  $0.7 million to 
Corn ell Electron Storage Ring (CESR), bringing  the total to $7.4 million for the
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newly converted pos itron-electro n colliding beam facility, and $2.7 million to 
restore  the vitality  of univ ersi ty-b ased user groups by prov iding  instrum enta tion 
and technical support  which was rest ricted during the CESR conversion.

• In In termediate Energy Physics, the increase of $1.5 million will be used primarily 
to enhance the cap abi liti es of elec tron accelerato rs at Stanford  and Illinois, 
bringing the estim ated  to tal fo r these two projec ts to $4.6 million in FY1981. The 
Indiana University Cyclo tron Facility will rece ive a cost-of-living increase  of 
$0.4 million to a total of $4.2 million. Support of use r groups will be enhanced  by 
reprogramm ing of fund s from other projects in this area. The NSF sup ported 
accelerator  lab ora tor ies  are  under cont inuous review, the outcome of which 
may resu lt in cur tai lment of the support  of one inte rmedi ate  energy nuc lear 
labora tory.

• In Nuc lear  Physics, an inc rease of $1.7 million will allow some enh anceme nt of 
operations at MSU (Pha se I), ($0.2 million) to $2.1 million , increa sed inst rum en­
tation and operatin g suppor t at nuc lear physics labora tor ies ($1.1 million) to 
$9.2 mil lion, and add itional  support to smal ler experim ents in this area ($0.4 
million). One labo rato ry, supp orted at $0.5 million in FY 1980, is being phas ed 
out and the fund s are  being  re directed to support of the rema inder.

• In Atomic, Molecu lar, and Plasma Physics, the $1.2 million incre ase to $8.3 mil­
lion in FY 1981 will al low slight expansion of the level  of effort.

• In Theore tical Physics, the $1.6 million increase  will provide  constant level of ef­
fort for the base program , and a small expansion for new thrusts. It also pro­
vides a $0.5 million inc rease to the Institute for Theoretical Physics as it en ters  
its first full year  of operation at its plan ned  leve l of $0.9 million from the 
Physics suba ctivity and $0.3 million from the Ma teri als  Resea rch subactivity .

• In Gravitat ional Physics , continued  growth to this field will be provided with a 
$0.7 million inc rease,  prim arily for exp erim ental projects, as scientifi c en ­
thusiasm for this field continues  strong.

• Instrumentat ion is an  essential component of all a rea s of exp erimenta l physics . 
It is a continuing nee d which must be responded  to in competition with othe r 
needs of the res earch  groups, such as need s for technica l support; need s for 
start-up fund s for new investigators; needs for special  areas of emphasis,  e.g., 
Gravi tational Physics; and on-going needs of the rese arch programs.

The perc enta ge chan ges between FY 1980 Current Plan and the FY 1981 
Request are;

Elementary Particle  Physics................................................................................... 15.1%
Intermediate Energy Physics.................................................................................  13.57»
Nuclear Physics....................................................................................................  14.47*
Atomic, Molecular, and Plasma Physics ................................................................ 16.9%
Theoretical Physics ............................................................................................... 21.6%
Gravitational P hysics.......................................................................

A—III—5



390

Coordination With and Relationship to Other Efforts

The National Science Fou ndat ion provides almost one-h alf of the total fede ral 

suppor t to unive rsitie s for phys ics rese arch . The role of NSF and the need for and 

mecha nism of coord ination varie s with the nature  of the field . Subfields requiring  

large  a nd/ or centr alize d fac iliti es such as ac cele rato rs r equ ire  m ore caref ul planning 

than  those areas wh ere ind ivi dua ls work pr imar ily in their own labo rato ries  or offices. 

Program  o fficers in eac h field are  in f req uen t comm unicati on with the ir co unte rpar ts 

in othe r agencies and, when appro pri ate , work with inter agen cy or advisory com­

mittees for coordination  and plann ing. The NSF Advisory Committee for Physics 

advis es and perform s oversight revi ews  on the NSF supp ort of physics. Other agency 

per son nel  are invited to particip ate  in the reviews which occur on a regular cycle 

abou t once every three  years for  each  program. Special  reviews are carr ied out as 

nee ded , including joint stud ies with other agencies as app rop riat e.

Although NSF provides  only abou t 8 p erce nt of the total support  for elementary 

par tic le physics in this country , it funds near ly one- third of the university groups 

perform ing experimen ts in this  fie ld. Since the bulk  of the work of the NSF-suppor ted 

univ ersi ty user groups is co nducted  at major  n ation al insta llations ope rate d with De­

par tme nt of Energy (DOE) sup por t, close liaison  is m ainta ined  bet we en the two Fed ­

eral  agen cies as well as with the labora tori es at which the res ear ch is conducted . 

Common access to program deci sion s and freq uen t rout ine discussions  and meetings 

betw een  NSF and DOE staff provide  for close coor dination of activi ties. Also NSF 

staff mem bers  parti cipate in meet ings of DOE's High Energy Physics Advisory Panel 

and attend meetings of lab oratory program advisory  committees wh ere  propos ed ex­

per ime nts  are  review ed.
NSF p rovid es about three-fif ths of the total suppo rt to univ ersi ties  in nuclear sci­

ence, the rem ainder  being prov ided  by DOE. NSF provide s about 20 percent of the 

total Fed eral  supp ort for this area , with  DOE providing national facil ities  which are 

used by NSF-supported  groups. Coor dina tion is accom plished by regular meetings, 

inter agen cy committees on nuclear  scien ce, and through the joint NSF/DOE Nuclear 

Science Advisory  Committee. Start ing in FY 1980, the NSF and the DOE a re sharing 

responsibility for development of a national facility for heavy-ion research at Michigan 

State Unive rsity. NSF will con tinue  in sup por t of the operat ion and res ear ch program 

using a 500 MeV superc ondu cting  cyclo tron (Phase  I) while the DOE will unde rtake 

cons truct ion of an 800 MeV sup erco ndu ctin g c yclotron (Phase II) to be  in ject ed by the 

beam from the Phase I cyclotron. Upon completion  of Phase II co nstru ction , it is ex­

pecte d that the enti re facility, inclu ding  Phase II, will be ope rate d with NSF support.

NSF supp orts abou t one-quar ter of the national u niversity  program in basic atomic 

physics and abou t o ne-tenth in basic plas ma physics. The o ther  two p rinc ipals are the 

Departm ent of Defense  (DOD) and DOE. Intera gency  commit tees on atomic and 

mole cular physic s and on p lasma physic s are  the principal vehic les for coordination, 

in addi tion  to dire ct staff contacts.
NSF sup por ts about 40 perc ent of university basic r esearch  in theo retic al physics. 

Coordination is achie ved in the course of peri odi c meetings, i ncludin g those de scrib ed 

above for the expe rime ntal  programs, and  by staff contacts as app rop riat e.
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National support for ground based experimental and theoretical gravitational 
physics research is heavily concentrated at NSF (Physics 85 percent, Astronomy 9 per­
cent) with NASA playing a small role (6 pe rcent).  Effective coordination within NSF1 
and between these agencies is provided by staff discussions.

Elementary Particle Physics ................................................$26,200,000

Objectives and Description

The Elementary Particle Physics Program has as its goals the understanding of the 
ultimate structure of microscopic matter and the laws of force which govern its 
behavior. In recent years, giant strid es in understanding have been achieved through 
the ex perimenta l discoveries of new states of matter giving evidence of new types of 
quarks, heavy leptons and now, gluons, the particle believed to be responsible for 
binding the quarks together into the better  known particles such as the proton, neutron, 
and pi meson. Further evidence has been produced which indicates the validity of 
some of the unification theories such as that of Glashow, Salam, and Weinberg which 
express the equations for the weak and the electromagnetic forces in a unified form.

These discoveries and associated theoretical understanding generate the next set 
of questions  which require investigation. Included among these are the following:

• Can the strong force be combined with the weak and electromagnetic forces into 
a single theory: what experimental evidence will bear upon this point?

• How many different types of quarks and leptons exist; what are their properties 
and what are their rela tive relat ionships to one another?

• Is there an intermediate  vector boson which mediates the weak interactions?

• What are the pr operties of gluons, and is it possible to calculate their interac­
tions with quarks?

It has also recently become clear that the knowledge of elementary particle 
phenomena not only describes the microscopic structure of matter but also the micro­
scopic universe and its early evolution.

The research involves exper imental investigations of interactions of elementary 
particles using particle beams at accelerators as well as cosmic rays. These fro ntier 
experiments  generally  need novel and sophisticated instrumentat ion which also pro­
vides a strong push in developing new technology. The researc h is done primarily by 
university user groups, conducting exper iments at major accelera tor centers, such as 
Stanford Linear Accelerator Center (SLAC) and the Positron-Electron Project (PEP), 
Fermi National Accelerator Laboratory (FNAL), Brookhaven National Laboratory 
(BNL) and Cornell Electron Storage Ring (CESR). The first thre e labora tories are sup­
ported by the Department of Energy and the CESR facility is supported by the National 
Science Foundation.
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To ach ieve the goals  of the  program, new  thr ust s into hig her ene rgy  reg imes 
util izin g new, u niqu e fac ili tie s ju st b eginni ng o pe rat ion  will he  em phasi zed. CESR, the  
8 GeV X 8 GeV elec tro n-po sit ron sto rage ring, and PEP, th e 18 GeV X 18 GeV electron- 
pos itro n facil ity, will be pa rt icul ar ly  imp ort ant. Th ese  f ac ili tie s are well sui ted  to th e 
stu dy  of bottom and top qu arks , gluons, and  hea vy lep ton s. In add itio n, acti ve use r 
gro ups perfo rming  ex pe rim en ts  at conve ntional,  fixed tar ge t fac ili tie s such  as thos e 
suppor ted  by the  De pa rtm en t of Ene rgy at Fe rm ilab and Bro okh aven will be ma in­
tai ned to study  process es not mea su rabl e at the  ele ctr on  rings .

Fina lly cosmic rays w ill be  u sed  to study  proc ess es at e ne rg ies not ye t a chiev ed in 

the  labora tory.

F Y 1981 Budget Highlights and Explanat ion  of Increases and D ecreases

The inc rea se of $3,439,000, from $22,781,000 in FY 1980 to $26,200,000 in FY 1981, 

requ es ted will be di st rib uted  as follows:
• During the past th ree ye ar s,  heavy  e mp hasis  w as give n to p repa rin g for e xp er i­

ments  at the ele ct ron sto rag e ring s at Corne ll and SLAC. To acc ommodate to 
the se nee ds,  it was n ec es sa ry  to r ed uc e the ba se  us er s pro gra m and  to r eq ui re  a 
pos tpo neme nt in re qu ir ed  im pro ved instr um en tat ion . In FY 1981 s tron g at te n­
tion  will be given to resto rin g the  vitalit y of tha t ele men t of the  progra m. The  
increase  of $2.7 mill ion  to a  tota l of  $18.8 mil lion  in  th e ba se  u sers program will 
be used pri ma rily to prov ide ins tru men tat ion which incr ea se s eff icie ncy  and  
capabi lity in acqu iring  an d pro ces sing da ta.  This will be achiev ed  thro ugh  the 
acquisi tion of f ast  minico mpu ter s and  the deve lopm en t of da ta links to cen tra l 
comp ute rs. The  remain ing funds in the  increa se  will be used  to p rotect  group s 
aga ins t ero sion of c ap ab ili tie s du e to i nfl ation .

• An acti ve res ea rch pro gram  at CESR will be continued. A n inc reas e of $0.7 mil­
lion to a total of $7.4 mi llio n will  be prov ided  in an tic ipat ion of hig her power 
cost s and other items.

Intermediate Energy Physics
Program Eleme nt.......................................................................$12,600,000

Objectives and Descript ion

Th e pr im ary obj ective of t he  I nt er m ed ia te  En ergy Physics  prog ram is the inv es ti­
gati on of nu clea r ma tte r with  the  un iq ue  expe rim en ta l ca pa bi lit ies  prov ided  by high 
reso lutio n pro ton  beam s in the  en ergy  range abo ve 100 MeV, seco nd ary fluxes  of 
ne utrons , mes ons , a nd m uons, and h igh -du ty- fac tor  an d h igh -re solut ion  be am s of el ec­
trons in the  50-300 MeV ran ge,  along wi th their  ass oc iated  pho ton  fluxes .
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This energy range is par ticu larl y imp orta nt for probing with high precision the 
fundame ntal nucleon-nucleon and meson-nucleon interactions that comprise the nuclear 
force. Other  main object ives incl ude  the understand ing  of reac tion  mech anism s be­
tween the vario us probing  part icle s and  complex nuclei and the testin g of symmetry 
prin ciples and conse rvatio n laws in physics.

The NSF suppor ts the operati on of in term edia te energ y acc ele rato r facil ities  at a 
few univ ersi ties  and also supp orts  res ide nt faculty  and staff  to fur the r develo p the 
experim ental facili ties and to explo it them in nuc lear  res earc h. This inc lude s cap abi li­
ties for rese arch with proton bea ms in the 100-200 MeV energy  range. The Indiana 
Unive rsity Cyclotron Facility is specia lly orien ted toward s upport of a very broad  and 
active group of outside users, some  supp orted  by NSF, and some by DOE. Sup er­
condu cting line ar elec tron acc ele rat ors  which utiliz e beam reci rculation to sub stan ­
tially increase the energy have been built with NSF support and are beginning operation 
at Stan ford  University and the Univ ersit y of Il linois.

A s ignific ant num ber of scie ntis ts engaged in int erm ediate  energy rese arch  are 
resi den t faculty  at u nive rsities w hich do not possess app rop ria te accele rato r fac ilities. 
Support for these  scientists  to conduct rese arch  as users allows them to make vital 
con tributions to the f ield by t rave ling  to the specific national facility, whe ther  funded 
by NSF or DOE, sui ted to th eir spec ial rese arch  i nterests.  In ad diti on to rese arch  c ar­
ried  on at Indiana, Illinois, and Stanford, user  groups suppor ted by NSF are active in 
diverse  a reas  of rese arch  a t DOE’s Los Alamos Meson Physics Facility , and o thers are 
exploi ting the specia l fea tur es available at othe r DOE labs: the MIT-Bates Electron  
Acce lerator, the Brookhaven Alternati ng Gradient Sync hrotron, and Fermilab. An 
NSF-supporte d group is pionee ring inte rme diate energy res ear ch at the Stan ford 
Linear Accelerator . A few gro ups are  now carry ing out p art of the ir r esearch  activitie s 
at inte rnation al faci lities in Switzerl and,  Canada,  and France.

FY 1981 Budget Highlights and Explanation of Increases and Decreases

The Indiana Univers ity Cyclotron Facility will be incr eas ed by $0.4 million to $4.2 
million in order to mainta in a c onstan t level of effort at this national facility. Design 
studi es for new inst rum ent atio n will be inclu ded.

The high duty f actor  su perc onducting elec tron  a cce lera tors  loca ted at the  U nive r­
sity of Illinois and Stan ford  University will be reac hing thei r design specifica tions  
allowing a shift in empha sis to the nuc lear physics res ear ch uniq ue to these  fac ilitie s. 
In par ticular, high prec ision investigations of the correla tion s betw een final state 
parti cles  should  rev eal fin er detai ls of nuc lear struct ure . Magnetic exci tations of 
nuclear energy levels  w ill now he observa ble. This resear ch will r equ ire incr emental 
funding of about $0.8 millio n to bring the total for the two fac ilties  to about $4.6 million .

Suppor t of user grou ps at the major  inte rm edi ate  energy facil ities will cont inue 
with an increas e in emp hasi s on the elec tron  fac iliti es and incr eme ntal  fund ing of 
$0.7 million will be req uir ed  for new group s and equ ipm ent .
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Research  and development of collective acce lerators, which sweep heavy ions 
along with an electron  pulse inj ected into a gas-filled d rift tube, will be deemphasized 
with a net reduc tion of $0.2 million.

Other  areas of the program will be co ntrac ted by about $0.2 million compared with 
F l 1980.

Nuclear Physics Program Elem en t....................................... $13,500,000

Objectives and Description

A prim ary  objective  of the N uclear  Physics program is a bett er understand ing of 
the way collec tions of nucleons mutu ally  inte ract through the strong force to form 
nuclei. These interactions involve two, thre e, and many nucleon inter actions. Other 
objec tives  are  to unde rstan d the nat ure  of  the weak force, the strong fo rce, and their 
rela tion ship to each other  and to the el ectroma gnetic force. Of increasing importance 
are studies of the macroscopic dynamic effects observed in very high velocity collisions 
of nuclei. Inn er shell electron p henome na, forces  and fields wi thin solids, and  nuclear  
reac tions rele van t to prob lems in a strophysics  and nucleogenesis are important con­
tinuing are as of em phasis.

Facil ities  for  the research  supporte d by the N uclea r Physics program are located ( 
mainly at universi ties  and presently consist of low energy cyclotrons and elect rosta tic 
accelerators, with auxilia ry eq uipm ent tailored  to the researc h in terests of those using 
a part icu lar  facility . The varia tion in auxilia ry equipment provides a divers ity of capa­
bility such that most areas  of nuclear physic s can be pursued. In gene ral, several 
alte rnative  approaches to the solution of a given research  problem are  possible. To 
mainta in these diverse capabilit ies, new equipment will be provided to existing 
laboratories as it becomes available  and the  need  is demonstra ted. New facilitie s with 
new c apabili ties  will also be supported  to keep the research  at the f ront ier of nuclear 
science. Nuclear interaction between heavy ions is one area at the frontier. Accordingly, 
support for the enha ncem ent of the c apa bil itie s of existing fac ilities  to provide better 
heavy-ion b eams is an importan t aspect  of the program. In addi tion, the p rogram  sup­
ports design and developme nt of new types of ac cele rators in order to prov ide ions in 
qua litat ively new realms of energy and mass.

Nu cle ar Physics  has had a pron ou nced  inf lue nce on oth er sc ien ces and  on 
technology. As recent examples, acc ele rate d beams  of boron, nitrogen and fluor ine 
have been used  to study depth  of pen etration of hydrogen and helium in reactor 
vessels. Very accu rate  isotope dating tech niques  have  been developed for app lication 
to archeology, geochemistry and other are as of science and technology.

In some of these efforts, and in pure res earch  work as well, there has been con­
siderable  Industry /Un iver sity  cooperat ion. For example , the dating  techn iques men­
tioned  above were developed jo intly by physicists from the University of Rochester,
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the Univ ersity of Toronto, and Ge ner al Ionex Corpo ration  and much of the  work on 
inte ract ions betw een charg ed par tic les  and solids was carr ied out in a join t program 
involving Rutgers University and the Bell Telephone Laboratories. Other such cooperative 
projects  are  planned.

FY 1981 Budget Highlights and Explanation of Increases and Decreases

A major  thru st in th e N uclear  Physics program is in the developm ent and e xplo ita­
tion of new  cap abil ities  for r ese arc h into heavy-ion physics. At Mic higan State Univer­
sity, an increase  of $0.2 million to a total of $2.1 mil lion is pla nne d to sup port  res earc h at 
the newly -completed  (Phase I) 500 MeV heavy-ion cyclotron. This will s uppo rt the in­
house rese arch  program on Pha se I and will provi de equ ipm ent and manpowe r to 
make the facility acces sible  to outs ide users as well as to th e resi den t staff. The in­
stal lation of a post accele rato r a t the State University of New York at Stony Brook will 
proc eed as plan ned at $1.2 millio n, an incre ase of $0.2 m illion over FY 1980.

Support of unive rsity low energ y nuclear physics labora tori es will contin ue to 
allow investigatio n of the many  di fferen t as pects of nuclea r str uct ure  and o ther topics 
which  can be addr esse d by v ers ati le low energy Van de Graa ffs and cyclotrons. One 
univ ersi ty labora tory, sup por ted  a t $0.5 million in FY 1980, will be p hase d out, with the 
fund s being repro gram med into the rema ining labo ratories.  Total suppo rt to these 
laborator ies will be enh anced by $0.9 million to an estimated $8.0 million with emphasis 
on instr ume ntat ion and inc rea sed  technic al support  at the stro nger  laborator ies.

Suppo rt for user groups  workin g away from the ir home insti tutions, for other  
indi vidu al rese arch  projects, and  for new investigators will be incr eased by $0.4 mil­
lion to a total of $2.2 million.

Atomic, Molecular, and Plasma Physics
Program Eleme nt.........................................................................$8,300,000

Objectives and Description

The p rimar y goal of this  prog ram is to develop  greater u nde rsta nding of the way in 
which  m atter at the a tomic and  mo lecul ar leve l in tera cts with it s surro undin gs, and the  
way in which charged  p arti cle s c ollective ly respond to stimuli prod uced  by collisions, 
radi ation, or elect rom agne tic fields . The program is closely coupled to invest igations 
which  enlarge ou r knowle dge of the basic p rop erti es of ma tter  throug h tests  of curr ent 
theory.

The revolutio nary  d eve lopment of new  l ase rs has gen era ted  a simi lar revolution  
in e xperime ntal  a tomic p hysics . One can now obtain high c onc entrations of atoms and 
molec ules in wel l-de fine d excite d states. Thus, a spec ific cur ren t object ive of the 
program is to suppor t inves tigat ions of lase r-in duc ed exci ted-state  inter actio ns. Be-
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cause of their weak binding, excited  state systems freq uently inte rac t much more 

strongly  with external fields than  norm al atoms, thus provid ing an enha nced  view of 

these  intera ctions . Such st udie s prom ise to open new dimension s in a llied fields such 

as laser- indu ced chemis try. Ano ther  cha llenging ar ea which is rap idly  exp anding is in 

acce lera tor-b ased  atomic physic s in which fas t partic les excite th e inne rmos t elec trons 

of the atom.
Plasmas of new and unique  pro per ties are being inves tigated. We ar e extending 

our knowledge  of basic plasm a inte rac tion s to new composi tions of matter such as the 

elec tron  gas or solid in which collis ions  be twee n plasm a c onst ituen ts b ecome less and 

less important . New diagnostic  tec hni que s are  yieldin g new and im por tant information 

in a non-perturbing fashion. The program continues  studies lead ing to precision  

mea sure men ts of fund ame ntal atomic constants while also stim ulati ng resea rch in 

emerging fields of atomic, molecu lar, and plasma  physics.

FY 1981 Budget Highlights and Explanation of Increases and Decreases

Funding in FY 1981 will be in creased by $1.2 million from $7.1 million to a total of $8.3 

million. Continuing pressures on the program result from the need to provide modern, state- 

of-the-art equipment to a rapidly developing are a of Physics and the need to stimulate new 

and/o r spec ulat ive rese arch . The pla nne d increase  will par tiall y alle via te the rising 

costs and  inc reasin g sophistication  of th e ongoing activi ties, p rovide som e funds  for the 

pur cha se of rese arch  equi pme nt tha t had been  delay ed, and will assist in the main ­

tena nce  of existing equip ment. N ew a rea s of atomic physics not includ ed in the present 

progra m are emerging—such as acce lera tor- bas ed atomic physics an d th e expansion of 

chem ical physics resulting from the wid esp read  use of lasers . The se are genera ting 

large pre ssu res  on the program for support  of new and exciting projects.

Theoretica l Physics Program Ele m ent........................................ $9,000,000

Objectives and Description

The objec tive of this pr ogram ele me nt is to promote the  t heoretic al unde rstan ding  

of the basic physica l laws governing the beha vior  of m atte r and of the way in which 

these laws dete rmine the pro per ties  of all physical  systems, from nuclei to stars.

The theo retic al physicist form ulates hypo these s and models  to expl ain what is 

obse rved. The hypotheses are then used  to predict the result s of new experimen ts, 

which will test w heth er the theory rep res ents a correc t un derstan ding of nature. Thus, 

the theo rist not only inte rprets  the clues which natu re provided in the past but also 

plays an impo rtan t role in suggesting new  dire ction s for rese arch aim ed at uncovering 

new clues.
The program suppo rts individ uals  a nd groups of theoris ts primarily  studying ele­

mentary part icle , n uclea r, and atomic  physics  and an Institute for The oret ical  Physics.

a - ui-12



397

The Institute is located at the University of California, Santa Barbara, and began 
operation in September 1979. It is a five-year experiment, attempting to facil itate an 
effective attack on inter-subfield problems in theoretical physics.

FY19S1 Budget Highlights and Explanation of Increases and Decreases

The program will continue to support the most talented resea rchers in each major 
area of theoretical physics. Special emphasis will continue to be placed on elementary 
particle  theory, which has proved exceptionally fruitful recently, and on nuclear 
theory, which will be focused on the nuclear phenomena reveale d by major new 
experimental facilities. Of the $1.6 million increase requested , $0.5 million will be for 
the Institute for Theoretical Physics, bringing the total from Physics to $0.9 million. 
(The Materials Research program will provide the additional $0.3 million required for 
full-scale Institute operation. ) The remaining $1.1 million of the increase requested 
will strengthen project support for theoretical physics. This will improve the flexibility 
to pursue new ideas in all areas, provide increased  opportunities for theorists to 
exploit the recent breakthroughs in particle theory, and permit interactions among 
theorists to be more adequ ately fostered. These interactions  are centrally important 
to progress in theoretical physics.

Gravitational Physics Program Element ...................................$3,900,000

Objectives and Description

The objective of the Gravitational Physics program element  is to develop our 
understanding of the role played by gravity in nature. At the cosmological level, 
this program explores aspects of the explosive creation of the Universe, its present 
dynamical evolution, and its ultimate fate. On the astronomical scale, basic studies 
of strong gravitational fields are intimately related  to the observed properties  of in­
completely understood objects such as X-ray sources, quasa rs and black holes. In the 
laboratory, exceedingly sensitive experiments look for the fine details of weak gravita­
tional fields to check theoretical predictions. At the microscopic scale of distances, 
theorists seek to unify the gravitational interaction with quantum mechanics and 
particle theory.

FY 1981 Budget Highlights and Explanation of Increases and Decreases

Development of gravitational wave receivers will continue. Emphasis in narrow- 
band (resonant bar) devices will shift from assembly of cryogenic systems to the 
development and production of low noise transducers and ampl ifiers operating at the 
theoretical limits of sensitivity ($0.2 million increas e). Prototype studies of wid eband
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(laser interferometer) gravitational radiation detectors will expand ($0.1 million in­
crease). Other experimental studies of Newtonian and post-Newtonian gravitation, 
cosmology, and the foundations of General  Relativity will continue at approximately 
the same level of effort ($0.2 million increase).

Theoretical research will expand modestly to allow new young scientists to enter 
the field ($0.2 million increase). Researchers will study intense gravitational fields, 
relativistic astrophysics, and quantum gravitation. The connections between classical 
gravitation and elementary particle theory will be stressed.
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QUANTIT ATIVE  PROGRAM DATA 
PHYSICS SUBACTIVITY

Proposals and Awards Summary

Est im at e
FY 1979

E stim ate
FY  1980

Est im ate  
FY  1981

N um b e r o f P ro po sa ls  R e c e iv e d * ........................................................ 547 550 . 600
N um ber o f A w a r d s * * .................................................................. 349 355 375
D o lla rs  Pr op os ed  ( T o ta l) .................................................................. $148,000,000 $155,000,000 $175,000,000
D o lla rs  Pro po se d (A nnua l Rate)  ........................................................................ 95.000.000 100.000.0000 115.000.000
D o lla rs  A w a rd e d  (T o ta l) ............................................................................. 61.664.569 63.361.000 73,500.000
D o lla rs  A w a rd e d  (A nnua l R a te ) ........................................................................ 61.600.000 63,361.000 73.500.000

Ave ra ge  D o ll a r  Pe r A w a r d .......................................................................... 162.703 178.000 196.000
A vera ge A w a rd  D ura tion  ................................................................................. 12 mo. 12 mo. 12mo .

‘ In c lu des  pr oposals  fo r  co m m it te d r enew als , supp le m ents , etc . 
“ In c lu des  aw ard s fo r com m it te d re new als , supp le m ents , etc.

D is c re te  I te m s

Est im at e Est im ate Est im ate
FY 19 79 F Y I  980 FY 1961

C o ll id in g  Bea m L abora to ry  ................................................................................. $8,000,000 $6,700,000 $7,400,000
C yclo tr on  L a b o ra to r ie s ......................................................................................... 7.800.000 7,000.000 6.800.000
Van de  G ra a ff  L a b o ra to r ie s ................................................................................ 6.600.000 7,700,000 8.700.000
E le ctr on  A cce le ra to r L a b o ra to r ie s .................................................................... 3.100.000 3.800.000 4.600.000
In s ti tu te  fo r  Th eo re ti ca l P h v s ic s ........................................................................ 400.000 400.000 900.000

P erc en ta ge  D is tr ib u tio n  o f F un ds  A w ard ed by P e rf o rm e r

Est im at e
FY 1979

Est im at e
FY 1980

Est im at e
FY1981

U n iv e rs it ie s  an d Col lege s
D is c re te  I t e m s .................................................................. .................................  42.0*7, 40.47, 38.7'z,
O th e r Pro je ct A w ard s .................................................... ................................. 56.8 '/. 58.47, 60 .17

In d u s t r y ...................................................................................................................... 0.27# 0.27, 0.2V.
O th e r ......................................................................................... ................................. 1.07, 1.07, 1.07

P ers o n n e l a nd O th er F acto rs

Est im at e  
FY  1979

Est im at e Est im ate
FY 1980 FY1981

S en io r S cien tis ts  
F a cu lt y *

N u m b e r o f w ork -y ears  su pported ..
A m oun t o f fa cu lt y  su pport  ................

Post do ct or al  Assoc iates:
N u m b e r o f yea rs  su pported ..............
A m oun t o f p os td oc to ra l s upport  . . . .  

G ra duate  Stud en ts
N u m b e r supported p er  aw ard -y ea r . 
A m oun t o f gr ad ua te  stud en t s upport

O th e r P er so nn el  C o s ts .................................
O th e r D ir e c t Costs .......................................
In d ir e c t C os ts .................................................

T o ta l .....................................................

150
$4,760,000

140
$4,900,000

150
$5,700,000

340
$5,330,000

330
$5,500,000

350
$6,300,000

640
$3,600,000
10.210.000
23.614.569

$14,150,000

620
$3,700,000
10,500.000
23.961.000

$14,800,000

650
$4,200,000
12.000,000
28.300,000

$17,000,000

$61.664.569 $63,361,000 $73,500,000
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Instrumentation

Est ima te
F Y I 979

Estimate
FY198U

Estimate
FY1981

Land . B uildin gs, a nd  F ixed  E quip m en t ..................................... —0— —0—

Major  E q u ip m e n t............................................................................ $7,700 ,000 $3,300,000 $2,800,000

O lh er  Equ ip m en t a nd I n s tr u m e n ta ti o n ..................................... ....................  $9,100 ,000 $9,200,000 $11,400,000
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CHEMISTRY PROGRAM SUBACTIVITY.................................. $59,500,000

Obligations by Program Element

Program E lement Actual 
F Y 1979

Budget
Request
FY1980

Current
Plan

F Y 1980
Eslimu te 

FY  1981
Di ffe rence 
FY 1981/80

Structural  Chemistry and Thermodynamics . . . . $9,438,647 $10,452,000 $10,658,000 $12,370,000 $1,712,000
Quantum Chemistry .............................................. 7,398,196 8,544,000 8,318,000 9.587.000 1,269,000
Chemical Dynamics ................................................ 8,470,000 10,145,000 9.929,000 11.501,000 1,572,000
Chemical An alys is .................................................. 5.139.690 6,100.000 5,783,000 6.653.000 870.000
Synthet ic Inorganic and Organometallic

Chemistry ........................................................... 5,157,618 6.248,000 5,808,000 6.682,000 874,000
Synthetic Organic and Natural Products

Chemistry ........................................................... 5,559,330 6.205,000 6.158.000 7,137,000 979.000
Chemical Instrumenta tion .................................... 4,067.000 5,241,000 4.760.000 5,570,000 810,000

Total  ..................................................................... $45,230,481 $52,935,000 $51,414,000 $59,500,000 $8,086,000

Objectives and Description

The Foundat ion’s objective in supporting basic research in chemis try is to stimu­
late development of chemis try on a broad front, inpluding chemical sy nthesis, analysis, 
dynamics  and structure.

Chemistry is in a perio d of unusu al discovery and exci tement,  a period  perhap s 
unparalleled in the history of the field . On the horizon , there  are  opportun ities for new 
insights  into chemical phenom ena  at a level of de tail  never before  possible. Gaining 
these  insights will make the chem istry  of the future  even more  useful than that of the 
past, both as it influences othe r sciences and as it impacts  are as such  as energy, agricul­
ture  and health.

Several factors acco unt for the acc ele rate d pace of discovery, but none more 
clea rly than inst rum entatio n. Inst ruments  are  a w indow on the inte ract ions  of atoms 
and molecules,  which is the  level of most fundamental  importa nce  for underst and ing  
chemistry. Over the y ears chem ists ’ deman ds for incre asin gly incisive m easurements 
have  produced a cons tant progression of new inst rum ents. Very recently,  however, 
improvements have occurred at an un pre ced ented rate,  due to techno logical advances  
in areas such as superco nductiv ity, elect ronics, and lase rs. Now there are  ins tru ­
ments Io make me asu rem ent s—and computers  to analyze  the dat a—along essenti ally  
every  d imens ion of im por tance to chemistry: time and spa tial  resolu tion, selec tivity , 
and sensitiv ity. Even the fastest chemica l processes, such as photosynthesis, can be 
studied in slop action fashion . And the reac tions of individu al molecules can be 
isolated in time and space—and even in par ticula r quantum sta tes—to study  inte r- 
molecular forces and reveal  the laws of chemical bonding.

Advances  in theory and chemical sy nthesis also a re occurring rapidly, spurred in 
part by the ins trum entatio n revolution. Pract ical appl icat ions of theory are  inc rea s­
ingly commonplace, due  to the power  and ubiquity  of computers. Rather than an 
abstract subje ct for specialis ts, theory is more and more  a tool for genera l use in 
chemistry.
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Chemical s ynthe sis, which is the abilit y to modify existing compou nds and crea te 

new ones with par ticu lar mo lec ula r stru ctu res,  lies at the he ar t of chemis try. Con­
siste nt with the other dev elo pm ent s occurring in the  f ield, the c apa bili ties  in che mical 

synth esis also have adv anc ed rem ark abl y dur ing the past deca de.  Syn thetic c hallenges 

such as the labor atory  pro duc tion  of genes, prot eins , antibiot ics, and  vitam ins—once 
thought to be the sole  pr ovin ce of na tu re—are now yield ing to th e ne w sop histica tion of 

chem ical synthesis. As fa r as o ne can project, there app ear  to be li mitle ss op portuniti es 

for even grea ter adva nces  in syn thesis in the futu re.
As a result  of the se dev elo pm ent s the res ear ch fron tier  in chem istry  is unus ually  

fer tile  at this time. Signif icant disc over ies are expe cted  in all sub fiel ds of ch emis try 

duri ng the eighties. The goal of the Fou nda tion ’s ch emis try prog rams , the refo re, is to 
pur sue  these opportunitie s acro ss a br oad front as aggressiv ely as a vail able  r esou rces  

perm it.

Major Research Questions

Mod ern chemi stry invol ves a spectru m of ex per ime ntal and theo retic al rese arch  

into the synthe sis, stru ctu re, and dyna mics  of m olecul es. Some rep res ent ative exam ­

ples  of quest ions confr onting  che mis ts are:

• Why are metal surf ace s (het erogen eou s cataly sis) so much more active than 

metal comple xes (hom ogen eous  catal ysis)?

• How can the infl uen ce of the microen vironme nt sur rou ndi ng molecules be 
sufficient ly unde rstoo d to be used for enha ncin g produc tive  react ions and 

prev entin g und esir abl e ones?

• What are the mechanisms and time scale for energy migration within a molecule?

• Can more selective  an d e ffic ien t m ethod s of sep arat ion  be deve lop ed to unravel  

mixtu res as complex as thos e found in chem ical system s of biome dical or 

envi ronm enta l impo rtan ce?

• How can cert ain chem ical bond s, such as b etwe en carb on-hydro gen or c arbon-  

car bon , be made more r eac tive  at o rdin ary tem per atu res  and pres sure s?

• What new method s of vol atili zatio n and ioniza tion of mac romolec ules  could 

exte nd the use of mass spe ctra l tech niqu es?

• To what extent  can com pute r mode lling of th e design and cons truct ion of com­

plex molec ules be dev eloped  in to tools for synthesis of new mol ecule s?

• Can  alte rna tive  chem ical pat hs for nitroge n fixatio n be foun d, and can analog ­

ous co nvers ions of oth er a bu nd an t m ater ials be ca talyze d?

• Can a predi ctive  model to ide ntif y new lase r-in duc ed chem ical reac tions  be 
found ?

• What critica l data on chem ical and photo chem ical reac tion  int erm edi ate s are 
nee ded  so that laser s can be used for ultra fast analy sis of tra ns ie nt  species?
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Significant Recent Achievem ents

The following exam ples are rep res ent ative of the divers ity of basic  rese arch  in 
chem istry. They illustrat e both the ques t for new knowledg e at the most fu ndam enta l 
level, as well as the prac tical  pot ent ial of ch emical research .

A New Catalyst for Fuel Cells
The concept of fuel ce lls ha s been  around  for m ore than a centur y. They  were  used 

succe ssfully  in mann ed spac e flights and are pres entl y being deve lope d to provide 
elec trical power  for apa rtm ent  house s. Fuel cells convert chem ical energy into elec ­
tricity  by the “com busti on” of a fu el on an elec trode surface. A fuel cell is essentia lly 
a ba tter y in which re actants (fu els ) are  cont inuously sup plied to the elec trodes an d the 
product s are contin ually  remo ved. However, most elec trochem ical reactions, which 
lie at the heart of fuel cell technology, are not effectiv e withou t a catalyst. T his is par­
ticu larly true for oxygen. A majo r advance in efforts to produc e a bette r, che ape r 
cataly st for oxygen was rec ent ly announced by James  P. Collm an, at Stanford  U nive r­
sity. The Stanford group has synthesized nevz compounds, called face-to-face porphyrins, 
that  can  be at tached to grap hit e electr odes . E xperimen ts have dem ons trated that su ch 
elec trod es catalyze the reduct ion  of oxygen to water. The demonst ratio n of catalysis 
took place in the labo ratory of F red Anson at the Calif ornia  Inst itute  of Technology, a 
co-investigator  on the res earch  project. In terms  of both curre nt and voltage, the new 
porphyrin catalyst s appe ar to be more poten t than the costly plati num  catalys ts now 
being used in most practical fuel  cells. This project, which also involves  col labor ation  
with chemis ts at the Hercules Research Center, is partly sup por ted  through the F oun­
dat ion ’s Indu stry- Univ ersit y Cooperativ e Program.

Picosecond Studies of Ultra fast Reactions
The exploration of light-i nduc ed p roce sses has m ade spe cta cul ar a dvan ces thanks 

to laser s tha t can gene rate  ligh t pulses lasting less than a picosecond with p owers in the 
range  of ten trillion watts. Consequently,  a ne w fie ld is e merg ing known as picosecond 
spectroscopy. Seve ral res ear ch groups, with support  from the Foundation, are using 
pico second  spe ctr osc opy to study ul tra fa st pro ces ses . For exa mp le, Ke nne th B. 
Eisenthal, of Columbia Univ ersity, is studyi ng how individ ual hydrogen atoms within 
a molecule can some times dicta te the stru ctu re and reactiv ity of the molecule. An 
impo rtant and very unu sual system in which hydrog en plays  this role is a compo und 
known as 7-azaind ole. This  compound exists as a hydr ogen -bonded dimer.  The phe­
nomenon  of hydrogen bondi ng is crit ical in  most biological react ions. Upon ab sorp tion  
of a single photon by az aindole, two hydrogen atoms shi ft sim ultaneously , producing a 
differen t stru ctural form. Eisenthal’s lab oratory has foun d that this d ouble hydro gen 
tran sfer  occurs in few er than 5 picoseconds. Thes e re sult s have g enerated both  th eo re­
tical and expe rimenta l intere st for two reasons: the system involves excite d state  
hydrogen transter; and the dimer of 7-aza indole is sim ilar to the hydr ogen -bonded 
base pairs of DNA. Thus, this d imer could becom e a model  for s tudying light- induc ed 
genetic changes (mu tage nesi s).
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Laborat ory Synthesis of Plant Growth Promo ter

In the plant k ingdom, gib ber ell ic acid is an impo rtant compound beca use it regu­

late s p lant growth. It and  re lat ed  gibberellins s timu late cell divisio n and elongation  in 

leav es and stems. They also infl uen ce fert iliza tion  and dorm ancy  and, when a seed 

begi ns to sprout, trigger  re lea se  of digestive enzymes that open  th e young p lan t’s food 

rese rves . Gibb erel lic acid is comm ercia lly prod uced  from the Fungus, Gibb erella 

fujikuroi. Chemic al synt hesis of the hormo ne has bee n a goal of synthetic organic 

chem ists for almost 20 yea rs, since scientists first dete rmined  its stru cture in the early  

sixties . Until recen tly, how ever, a combination  of fac tors hav e thwa rted all attempts 

at synthes is. Now, the total synt hesis of this plant-g rowth-promoting substance has 

bee n achie ved by E. J. Corey  and his co-workers at Har vard  Univers ity. Thei r total 

syn thesis ends one of the longe st ques ts in synth etic organic  chemistry. It also opens 

new  w ays to const ruct slight ly altere d compounds that will be the key to determ ining  

how g ibbe rell ic acid perform s its many functions . P erhaps  eq ual ly importa nt, as a by­

pro duc t of develo ping s ynthet ic r oute s to gibb erel lic acid, many other general -purpose  

synthetic methods have  bee n discover ed by Corey.

Spe ctro sco py in Super sonic Molecular  Beams

A supe rsoni c mole cula r bea m is the term used to des crib e a gas that is forced 

un der high pressur e through  a very  small nozzle into a high va cuum . As the beam of 

gas e nte rs the vacu um it ex pan ds rapid ly. This rap id expan sion dras tically cools mole­

cules in the bea m, but wi thout free zing them out of the gas phase (the  effect is analogus 

to the  way air c ondi tione rs w ork) . Th is drastic cooling makes it poss ible to study mole­

cule s havi ng in tern al tem per atu res  reduc ed to within  less  than one degree of abs olute 

zero. Recently, Donald H. Levy’s la boratory at the Unive rsity of Chicago has used  this 

techni que  to study the intr a-m ole cul ar energy flow and photo chem istry of weakly 

bou nd molecules. With the aid of lasers, they have succeede d in deposi ting energy 

sele ctiv ely  into a single vib rat ion al state  of such a molecule and then measuring the 

time it takes for this energ y to migrate  a nd break the weak bond. They  also a re able to 

me asu re how any excess e nergy , not used in bond breaking, is d istr ibuted  in the f rag­

men ts that are produced in the photo chem ical  react ion. Such knowledge becomes  a 

majo r building block in improving fund ame ntal understand ing  of many chemical  

proc esses .

Chem ical Synthesis  of Cock roach  Phe rom one

Fem ales  of the spec ies Per ipl aneta  americana, the Ame rican  cockroach, have 

long b een  known to produce  a n ext rao rdinar ily  potent phero mone that acts over re la­

tively short distances as a sex  exci tant . Inte rest  in this materia l has inten sified  since 

its discover y some 25 y ears  ago, resu ltin g in nume rous behavio ral stud ies as wel l as 

atte mp ts to isolate and identify the active components. Recently , W. Clark Still of 

Columbia  Unive rsity deve lope d a new synthetic strateg y for pre parin g molecules 

conta ining  10 atoms in a ring. This developm ent  made poss ible for  the f irst time the syn­

thesis and  stru ctur al cha rac teri zat ion  of the cockroach sex excitant known as peri-
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pla non e B. The new synthetic  methods developed by Still cons titute an important 
adv anc e in prep arin g mol ecules with co mpl exge ome trica l arr ang eme nts.  The success­
ful synt hesi s also m eans that  th e sex excitant can now be  p rep are d in sufficie nt q uan ­
tity to perm it exten sive inve stiga tions of its use in pest control.

Changes  Between  F Y 1980 Budget Request and F Y 1980 Cu rre nt Plan

Both the FY 1980 Budget Req uest  and the FY 1980 Cu rren t Plan reflect transfers of 
activitie s to the new Cros s-Di rectorate  programs activity. The amoun t tran sfe rred  to 
this activity  is $400,000. The FY 1980 Curr ent Plan rep res ent s an overa ll decreas e of 
$1,586,000 below  the  FY 1980 Budget Request. This decrease was ab sorb ed among each 
of the Chemistry progra m elem ents . In addition, since  submi ssion  of the FY 1980 
Budget, there  has been  a small  e nha nce ment in  the St ructural  Chemistry a nd Th ermo ­
dyna mics  Program in res pon se to exce ptiona lly high q ualit y proposals  in this p rogram.

FY 1981 Budget Highlights and Explanation of Increa ses  and  Decreases

Obligations
FY 1979 Actua l ................................................................................................................. $45,230,481
FY 19 80 Pr og ram ............................................................................................................... $51,414,000
FY 1981 R equest ............................................................................................................... $59,500,000
Dif fer ence—FY 1981 /FY 1980 .............................................................................................. $8,086,000

The incre ase of $8,086,000, from $51,414,000 to a total of $59,500,000, will be com­
bin ed with about $1,600,000 obta ined  by selec tive redu ctio ns in less compet itive 
resear ch areas, as de ter mi ned by peer review . Th e co mbin ed amount ($9,686,000) will 
be used  as follows:

• $7,123,000 to provide appr oxim ately  16% growth in the averag e award size. 
In rece nt years, most of the Chem istry Divisi on’s proj ect grants have fallen  
below le vels n eed ed to purs ue b asic re sea rch  eff icien tly. As a result, re al growth  
in grant  sizes  is n ee ded to meet the  high cost of chem icals and  to reac h adeq uat e 
personne l and inst rum entatio n levels on indi vidu al projects.

• To increa se s upp ort for instrume ntat ion serving group s of investigators in chem­
istry dep artm ents by $724,000. The FY 1980 total for dep artm ental ins trum enta­
tion is $3,946,000.

• To provide a n add itio nal  $86,000 per y ear  for the N ation al Resource for Comp u­
tation in Chem istry. In FY 1980 the Foun dation  is provid ing $814,0000 for this 
activity. ,

• To initia te about  40 ne w projects  ($1,753,000). Young inv estiga tors will be pr inc i­
pal invest igator s on many of these new  projec ts. The num ber of new  p rojec ts 
will be approx ima tely  eq ual to the num ber  of project s term inate d by se lecti ve 
reductions.
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• Instrumen tation sup por t inclu ded in indiv idual proj ect grants will increase  by 

15% ($900,000). The leve l of supp ort for indi vidu al proje ct instr umentati on 

in FY 1980 is a bout  $5.9  million. The level proposed for FY 1981 is $6.8 mil lion.

• Included with the new  proj ects  wi ll be res ear ch in subm icron rela ted science  

($500,000). New opp ortuni ties  for chemical res ear ch rel ate d to subm icron  sci­

ence include c hemical resists and photoc hemis try, surface analysi s and  ch ara c­

terizat ion and ultr am icro  elect rochemistry. Supp ort for this area  in FY 1980 

is about $2.3 million. A level of $2.8 million  is planne d for FY 1981.

The enhanced  support lev els provided in FY 1980 for re sea rch  re late d to cata lysis 

and  lase r chemistry will be ma inta ined in FY 1981.
Percen tage changes bet we en the FY 1980 Cur rent  Plan and the FY 1981 request for 

the Chemistry program elements are as follows:

Structural Chemistry and Thermodynamics ......................................................... 16.1%
Quantum Chem istry............................................................................................... 15.3%
Chemical Dynam ics............................................................................................... 15.8%
Chemical An al ys is ................................................................................................  15.0%
Synthetic Inorganic and Organometallic Chemistry ............................................. 15.0%
Synthetic Organic and Natural Products Chemistry ..............................................  15.9%
Chemical Instrum entation....................................................................................  17.0%

Coordination and Relationship to Other Efforts

Individual program dire ctors inte ract  w>th thei r cou nte rpa rts in other  agencies  

and, in addi tion, the NSF Chemistry  Division hosts inte ragency meet ings of adm inist ra­

tors who  are  responsible fo r fundin g in chem istry th roughout the Feder al Government. 

This group meets twice a year  to exchange inform ation , discuss problems  and coor­

din ate  efforts. The Chemistry Division also pa rtic ipat es in an in tera gency coordinating 

group in the area of la ser  developme nt and appl ications.
Only thre e Fede ral agenc ies suppor t chemica l rese arch in colleges and univ ersi­

ties in a significa nt way: Depar tme nt of Energy, 12%; National Insti tutes  of H ealth, 

26%; and  NSF, 48%. Although the  D epar tment of Defense  sup ports che mistry,  the total 

is small (8% ).
Within these totals, the role of NSF varie s by area . NSF s upports  about 60% of 

the re sea rch  in inorganic chem istry , 70% in physical and  anal ytica l che mistry , and 20% 

in org ani c chemis try. In addi tio n, NSF pro vid es ap prox im ate ly 80% of the total 

natio nal supp ort for chemical inst rum entatio n. Most of the sup por t for synthetic 

organic  che mistry (80%)  is provided by NIH. As a re sult,  the  NSF progr am in synthetic 

organic  chemistry is smaller than  one would othe rwis e expect. The Foundation's 

Synth etic Organic  and Natural Prod ucts  Chemistry Program  is the main source of 

supp ort of the nonh ealt h-re late d area s of organic synthesis.
Since  FY 1978, the National Science Founda tion and the Dep artm ent of Energy 

have  jointly  supp orted  the National Resou rce for Computation in Chemis try.
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Structural Chemistry and Thermodynamics
Program Elem en t....................................................................... $12,370,000

Objectives and Description

The Stru ctu ral Chemistry and Thermo dynamics Progra m prov ides  support  for: 
the det erm ina tion  and chemical int erp ret ation  of m olecular  s hape and composition, 
using spectrosc opic and diffr actio n methods: the exp erim ental and theo retical study 
of the bulk prop erties of matt er, using  therm odyn amic  and stati stica l methods: the 
investigat ion of inte rmo lecu lar intera ctio ns in solids and liqui ds by a varie ty of 
tech niqu es, including app rop riat e sca tter ing  m ethods for the cha rac teri zat ion  of the 
stru ctu ral and dynam ical pro per ties  of surface s and inte rfac es and also the ir ca talytic  
pro per ties  in chemica l reactions: the study of sm all mole cular aggregates: and the 
develop men t of new expe rimenta l and  theoretical tools re lated to the se. The s pecific  
objec tives  of rese arch  in this prog ram are to:

• Cha ract eriz e the rela tion ships betwee n inte rmo lecu lar force s and the pro per ­
ties of matter that are determined by large numbers of molecules acting together;

• Determ ine the energ y chan ges accom panying  mole cula r transfor mat ions  of 
eit her a physical or che mica l nat ure:

• Develop  app rop riat e stat istical theories to show how mol ecul ar char acte risti cs 
determ ine  the pr ope rtie s of gases, liquids and  solids;

• Dete rmin e the pro per ties  of surfaces  and inte rfac es, and the nat ure  of phase  
trans form ations in single an d multicomp onent liqu id and sol id systems;

• Measure and theore tica lly describ e the stru ctural,  dynamical and chemic al 
pro per ties  of molec ular  spec ies  found at the bo und ary  betwe en a gas and a solid;

• Dete rmin e s truc tura l p aram ete rs for molecules , including  tra nsi ent  spec ies a nd 
ions; and

• Develop ne w physical  me thod s for ch emical struct ure  determ ination .

FY1981 Budget Highlights and Explanation of Increases and Decreases

In addition to fu nds rel eased by sel ectiv e r eductions in less  compe titive area s, an 
inc rease of $1,712,000 from $10,658,000 in FY 1980 to $12,370,000 in FY 1981, is ne ede d 
for the following purposes:

• Develo pment  and app lica tion  of lase r spectrosc opic methods for stru ctural 
analysis of molecules a nd  chem ical r eact ion inte rme diates.

• Continued dev elopment  of laser light scatter ing, both elas tic and inelas tic, as a 
detailed probe of the structura l and dynamical character of molecules in solution.
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• Cha ract erizatio n of the concentra tion, structure, and reactivi ty of spec ies pr e­
sent on transition m etal-based cata lysts during the  course of a reaction.

• Acquisi tion of new  data systems that will auto mate spectroscopy and dif fra c­
tion studies and perm it prev iously imposs ible stu dies to be conducted.

• Development  of labora tory  equip ment to car ry out extended X-ray absorpt ion 
fine stru ctu re m easurem ents .

• Continued growth in experimental  and th eore tical  surface  chemistry.

Quantum Chemistry Program Elemen t......................................$9,587,000

Objectives and Description

The Quantum Chem istry  Program provides suppor t for the development of chemi­
cal theory, including both molecular stru cture theory and scattering theory; exp eri­
menta l studi es of chemic al transformat ion und er single collision conditions ; stud ies 
of the interaction  of electromagnetic  rad iation with atoms and molecules; and expe ri­
mental studies of energy transfer within and between individual molecules. The specific 
objec tives of the program  are  to:

• Develop chemical the ories to a id in the design and inte rpre tation of exp eri­
menta l studies;

• Improve und ers tanding of chemical reac tions through expe rimental studi es of 
single collisions of atoms and molecules;

• Acquire  and in terpre t data on the inte ract ion of radiatio n with atoms, molecules, 
and free radicals ; and

• Develop a be tter und ers tanding of energy  t ransfer  and relaxation  mechanisms 
within and betw een individual  molecules .

FY 1981 Budget Highlights and Explanation of Increases and Decreases

Support for this  pro gram will increase by $1,269,000, from $8,318,000 to $9,587,000 
in FY 1981. This increase , com bine d with selec tive reduction s, is required for ex­
pan ded  activity in the following areas:

• State-to-state chemistry. The appl ication of lase r technology to colliding molec­
ular beam studies  has m ade  poss ible the study of chemical reactions at the most 
fund amental quan tum -sta te level. This new research  are a is in its infancy and 
is undergoing significant growth,

• Theoretical chemistry.  The  applicat ion of new laser dev ices  to chemica l systems
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is placing new dem and s on theory. New method s and conc epts are needed  to 
int erp ret  and design  a wid e varie ty of e xper imen ts.

• Instr ume ntat ion.  A new gen era tion  of small on-line com pute rs for data acqu isi­
tion and control  is prov iding the capability nee ded  for many forefront exp eri­
ments. There is also an increas ing  d emand for lase r system s for sp ectroscopic 
obser vatio ns and for stud ies  of energy tran sfe r and relaxation.

Chemical Dynamics Program Element .......................................$11,501,000

Objectives and Description

Rese arch  in Dynamics invol ves eluc idati on of the facto rs that determ ine the 
mec hanisms and rate s of c hem ical  reactions. T hese factors include  the na ture  of re ac­
tants,  the influence  of chemical environments and energy sources, and the role of 
cata lytic  subs tance s. The princi pal  methodologies of che mical dynam ics are the mea ­
sur em ent of rea ction  k inetics and the identifica tion of tra nsi ent  inter med iates. Infor ­
matio n from kinetic studies, toge ther  with knowledge of s tru ctu res  and  composition of 
rea cta nts  and products, leads to an und ersta ndin g of the evolving molec ular events 
that  occur in the course of c hem ical  changes.

Ultimately, the goal of chemical dynamics res ear ch is to discov er gene ral laws 
that  govern  che mical rea ctio ns and to find co rrelatio ns that rel ate  mo lecul ar str ucture  
with reactivity. Specif ic obje ctiv es of this progra m are to:

• Deter mine the kine tics of those reac tion s which  will fur the r illum inate  the 
gene ral prin cipl es of chem ical reactivity:

• Und ersta nd the inf lue nce  of chemic al environ men ts, energy sourc es and cat a­
lysts on rates and  pro duc ts of chemical rea ctions:

• Obse rve and iden tify  s hort- lived  interm ediate s in r eac ting  systems and un der­
stand  the ir role  in pro duc ing  chemic al change:

• Develop correla tion s and general izat ions  betw een  mol ecul ar stru cture and 
reacti vity that allow design  of catalysts with des ira ble  properties;

• Develop new tec hni que s and instr ume nts to allow the above object ives to be 
achieved: and

• Provide  fun dam ent al rat e data of signific ance to othe r disc iplin es such as the 
atmo spheric an d life  sciences.

FY 1961 Budget Highlights and Explanation of Increases and Decreases

Support for the Che mical Dynamics Program in FY 1981 will in crea se by $1,572,000, 
$9,929,000 to $11,501,000. This incre ase, combined w ith sel ecti ve reductions  in less com-
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petitive subfi elds,  will b e di rec ted toward ac cele ratin g res ear ch in the following areas:

• Laser Chem istry, Spectr oscopy, and Kinetics. Contin uing studies  will test w he­
ther new chemical reac tion s d istinc t from thermal  process es can be induced by 

the rapid  influx  of energy , and whether symm etry and other rules  g overn ing 

normal chem ical rea ctio ns apply  und er these sev ere  r eact ion conditions. Pico­
second las ers  wil l be ap pl ied  inc rea sin gly  in tim e-reso lve d spe ctr osc op ic 

studies  of trans ien t i nte rmediate s of ch emical re actio ns, and to determi ne rate s 

of u ltra-fa st tran sforma tion s heretof ore not open to scrutiny.

• Catalysis. Solar ener gy, nitrog en fixation and alte rna tive s to petro chem ical syn­

thesis are  key are as in which substan tial effort  shou ld pay divid ends . The 

rationa l design of eff ecti ve catalys ts dep end s upon developing pred ictiv e pri n­

ciples which relate  stru ctu re and function. Organome tallic  and metal clus ter 

compounds, mac rom olec ules  such as micelles or mem bran es, and chang es in 

reaction  mediu m on ir rad iat ion  with light can  prom ote chemical  transformat ions 
while avoiding e nergy- a nd resou rce-w astin g processes. Researc h in bioorganic 

and bioinorganic mec hanisms will continue to unr ave l the complex react ion 

sequences emplo yed in cataly sis by l iving systems.

• Laborato ry det erm ina tion of rates and mechanism s of envi ronm enta lly sig­

nifican t chem ical reactio ns. Inte rnal combustion engi ne emissions, indu stria l 

effluen ts, pesticide cont ami nati on/deg radatio n, and atmo spheric phenomena 

such as smog form ation, ozone depletion , carbon dioxide accumu lation,  and 

acid rain are examples of key envi ronm enta l problems . Solutions  to these and 

preve ntion of new problem s hinge  on understand ing  th e dynamic inte ract ion of 
multiple and  sim ulta neo us ch emical rea ction s in the gas phase, in solut ions, and 

at gas-liquid inte rfac es. Both the rate s of fund ame ntal  reac tions  and the rea c­
tivity of tra nsient interm edi ate s are needed ; new mea surement techn iques will 

facili tate develop men t of such data on time scales and with an accurac y not 

previously possible.

Chemical Analysis Program Elemen t........................................$6,653,000

Objectives and Description

Chem ical analys is dea ls with  the separat ion,  iden tification and determ inat ion of 

the components , either atomic or molec ular, which comprise the complex mixtures 
found in all states  of matte r. Che mical analysis is, there fore , an esse ntia l tool for the 

disc ipli nes  of chemis try, for oth er discip lines  such as biology, oceanography and 

ma teri als  researc h, and for techno logies  such as clinic al m edici ne, metal refining, and 

food processin g, as well as those compri sing the chemical ind ust ry itself.
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The objectives of this program elemen t are to:

• Discover more sensitive, selective, accurate, and precise methods of chemical 
analysis which are applicable to all statesof  matter;

• Develop new or improved methods for the analysis of species that exist at 
surfaces  and interfaces;

• Enhance the usefulness of analytical techniques by coupling novel chemistry 
and advanced instrumenta tion with computer management of the entire analy­
tical process; and

• Discover comprehensive approac hes to the analysis of complex materials such 
as coal or airborne particulates.

FY1981 Budget Highlights and Explanation of Increases and Decreases

Support for this program will increase by $870,000, from $5,783,000 to $6,653,000. 
The increase is required  for continued support of high quality rese arch projects in the 
following areas:

• Studies of dynamic and equilibrium methods of analysis capable of determining 
bulk solution concentrat ions as well as the concentration of species at a liquid- 
solid interface and studies of the electrolysis processes related to energy con­
version devices.

• Studies of sources for the atomization, ionization or excitation of samples 
utilizing advanced instrumentation such as lasers, ion microprobes, and high 
intensity X-radiation with particular attention to submicron analytical metho­
dologies.

• Development of analytical techniques based on new instrumental capabilities 
that allow the measurement  of transient events on the nanosecond and sub­
nanosecond time scale using laser excitation.

• Understanding of the role of chemical interactions at conducting, semiconduct­
ing and insulating interfa ces that have been chemically modified.

• Research on improved chromatographic methods of separation which are based 
on novel chemistry and advanced instrumentation as well as new methods 
used in one-dimensional diffusion.
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Synthetic Inorganic and Organometallic Chemistry
Program Ele ment...... ..................................................................$6,682,000

Objectives and Description

The objective of this program is to increase  our overall com prehensio n of chemical 

reacti vity involving metal ion part icip atio n. This inform ation will in turn contrib ute 

grea tly to the basic und erst and ing  of catalytic activity extending all the way from 

industr ial processes  vita l to our economy to biological processes that affect the health 

of all plant and animal life.
Synthetic i norganic and orga nom etal lic c hemis try is conc erne d with the p rep ara­

tion an d re action s of chemical comp ound s composed of metals and nonmetals (such as 

silicon, chlorin e, boron, etc.). Inorga nic atoms rare ly hav e the ab ility to link chemically  

to oth er atoms of the same kind to provide exten ded molecules, as does carbon. 

However, com pounds made from m etals do have  the ability to act as catalysts for many 

organic chemica l reactio ns, and they  also play an impor tant role in plant and animal 

nutr ition , in medicine, in ecology, and in energy conservation. Catalys ts are exception­

ally impo rtant to the synth etic chem ist, beca use they i ncre ase the s pee d of a reaction 

and often direct the react ion in a spec ific way. Indust ry has an intense interest in 

catalys is, b ecause in large scale proc esses ca talysts can be used to conserve enormous 

amou nts of energy and minimiz e dispo sal or pollution  problem s. The discovery or 

design  of ideal  catalysts is a scientifi c and technological challenge before the nation 

and the wor ld—be it in the prod uction of fuels,  food substitute s, ferti lize rs, gasoline, 

fibers , plastics, or pharma ceut icals . For ration al design of idea l catalys ts, th ere must be 

an understand ing  of inorganic  reac tion s at a molecular level. This program supports 

rese arch  that will provide this inform ation .

FY 1981 Budget Highlights and Explanation ot Inc rea ses  and Decreases

The increase  of $874,000, from $5,708,000 to $6,682,000 in FY 1981, plus funds pro­

vided by selec tive reductions in less promising areas , will be used for expanded 

supp ort of rese arch  related to the following:

• Metal c luste rs and ca talysis.

• Plant and animal t race e leme nt nu trit ion  and nitrogen fixat ion.

• Heavy metal  ion removal in envi ronmen tal science.

• Researc h on chemica l basis of chemot hera py utilizing metal coor dination com­

poun ds and metal clus ters in the treat men t of arthr itis, cancer, and a host of 

specific metal ion deficie ncy diseases.

• Spec ializ ed equipment espec ially  in catal ysis- related re search.

• Meta llic element synthetic chem istry  rela ted to materia ls deve lopm ent and 

sur face science.
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Synthet ic Organic and Natural Products Chemistry
Program Ele me nt......................................................................$7,137,000

Objectives and Description

The ultim ate goal of this program is to deve lop synthetic  organic chemistry to the 
point that any organic compound, wh eth er previously known or not, can be readily 
pre pared  from avai lable  startin g m aterial s. A re late d o bject ive is to understand com­
plete ly how molecular stru cture determ ine s the chemical, physical, and biological 
pro per ties of a given compound.

To make progress toward the se ob jectives, it is necessary  to study  known reactions, 
discover  new reactions, and system atize syn thetic me thodologies. The result s of these 
effort s e nab le the synthetic organic  chemis t to sta rt w ith molecules  of one  compound, 
break specific bonds, add new groups of atoms, then adjus t the three-dimen sion al 
structure  of the molecule to give exac tly the desir ed product, all in fast and effici ent 
ways. Attent ion is also directed  toward the characte riza tion  and synthes is of natura l 
products  (organic compounds isolated  from man, animals, and plants) for reaso ns 
including the discovery of compounds with inte re ‘ing and useful properties,  the ap pli­
cation of new synthetic stra tegies to known target  compounds, and the unambiguous 
proof of the structure of such compounds. As their  synthe tic abi litie s evolve, organic 
chem ists are able to manipula te the structures of incre asingly complex compounds 
that not only are useful but also test the limits of the most fundam ental concepts in 
modern chemistry.

Over  the past century, esp ecia lly the last 30 years,  hundr eds  of diff erent classes  
of reac tion s have been disc overed and their  usefuln ess eva luated.  Over a million 
organic compounds have  been  synthesized,  rep resented  by such varie d types as 
pharma ceu tica ls, plastics, syn the tic fiber s, flavorings and frag rances , preservatives, 
pest icide s, herbicides, fuels, and explos ives. Clearly, synthetic organic chemis try has 
a m ajor impact on our nation's  econom y and s tandard of living. Yet, much remains  to 
he done,  espec ially  to develo p new  compounds with benefic ial effects.

FY1981 Budget Highlights and Explanation of Increases and Decreases

The funding level of this program will increase by $979,000, from $6,158,000 to 
$7,137,000. This increase will be used to mainta in the overall quali ty of wo rksupporte d 
by this prog ram and to in iti at e especia lly  pro mis ing new pro jec ts in syn the tic  
methodologies uti lizing s tarting materia ls d erived from renewabl e natu ral resources.

• The chemis try of organic compounds containing phosphorus , su lfur,  silicon and 
boron, and the ir uses  assyn the tic  reagents.

• Selec ted nonhealth  re lated projects.
• The synthesis  of compounds that test and extend th eoretic al concepts.
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Chemical Instrumentation Program Elem en t........................... $5,570,000

Objectives and Description

Chemistry is an exp erime nta l s cience that is con stan tly changing and its vi tality 
remains intimately tied  to the availability  of inst rum ents and equipmen t for bas ic 
research. The objective  of the chemical inst rum entatio n program is to assist de pa rt­
ments of chemis try in acq uiring major items of in stru mentation  and equipmen t. The 
program is managed to avoid unnecessary duplic ation  and to ensure that  instrum enta­
tion is used in a co st-ef fective way.

The inst rumenta tion program provides for the following types of support:

• Instrumen tation tha t is e ssen tial to the research objectives of a broad range  of 
chemical  subf ields and a large nu mbe r of scientist s in chemistry departments;

• Instrumentation  of crucial importanc e to the resear ch object ives of two or more 
members of a chemis try dep artment and  of a more rest rict ed technical scope; 
and

• Instrumentation  de velopm ent  re quir ing construction  of new instru men tation or 
improvement of exis ting instrume ntation  which is expe cted  to achieve basic 
resea rch objec tives  in chemistry.

This program elem ent also inclu des support for the National  Resource for Com­
puta tion in Chemistry (NRCC), located  at the University of California, Berkeley. 
NRCC is jointly funded with the Department of Energy in approximately  equal amounts.

FY 1981 Budget Highlights and Explanation of Increases and Decreases

Support for chemical instrumentation and equipment will be increased by $810,000, 
from $4,700,000 to a total of $5,570,000 in FY 1981. This is requir ed  to cont inue to supply 
new depa rtmenta l ins trum entatio n in the following areas:

• Nuclear magnetic resonance in strumen tation for broad depar tmental use.

• Mass spec trometry inst rum entatio n with multip le-source  capabil ity for support  
of basic research  in synthet ic and mechanis tic chemistry.

• High-speed mini -computers for data  acqu isition  and inte rpreta tion in experi­
menta l chemis try as well as  for computation in theoreti cal chemistry.

• Lasers in chemical r esearch.
In addi tion,  funding for the National Resource for Computation in Chemistry 

will be increased by $86,000 above the FY 1980 level of $814,000 to a FY 1981 level of 
$900,000.
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QUANTIT ATIVE  PROGRAM DATA 
CHEMISTRY PROJECT SUPPOR T PROGRAM SUBACTIVITY 

Proposal and Award Summary

Est im at e 
F Y I  979

E stim ate  
F Y I  980

Est im at e 
FY 1981

N um ber o f P ro po sa ls  R e c e iv e d * ........................................... ...........................  1.447 1.500 1.500
N u m b e r o f A w a r d s * * ................................................................ 905 900
D olla rs  Pro po se d (T o ta l) .......................................................... ...........................  $231,391,000 $259,808.0(10 $288,201,000
D o lla rs  Pr op os ed  (A nnua l Ra le)  ............................................ ...........................  92.556.000 103.923,000 115.280.000
D olla rs  A w a rd e d  ( T o ta l) .......................................................... ...........................  45.230.481 51,414.000 59.500.000
D olla rs  A w a rd e d  ( A n n u a l R a te ) ............................................ ...........................  43,422.000 43.357.000 57.120.000
A vera ge $ Pe r A  w a r d ............................................................ ...........................  49.978 57.127 66.111
Ave ra ge A w a rd  D ura tion  ( M onth s,  ...................................... ...........................  12.5 12.5 12.5

Percentage Distribution of Funds by Performer

Est im at e
F Y  19 79

E stim ate  
F Y I  980

Est im at e 
FY  1981

U n iv e rs it ie s  an d C o lle g e s .................................................. 97 .7 97.5 97.3
In d u s try ...................................................................... 0.5 0.6 0.8
bode ru l L a b o ra to r ie s ...................................................... 1.5 1.6 1.6
O th e r ...................................................... 0.3 0.3 0.3

Personnel and Other Factors

Est im at e Est im at e Est im at e
EY  1979 F Y 1980 EY1981

S en io r S cientists , F a cu lty ** *
N u m b e r o f yea rs  su pported ..................................................................... 126 130 138
A m oun t o f f acu lty  su pport  ..................................................................... $3,888,000 $4,372,000 $5,059,000

Postd octo ra l A ssoc iates
N u m b e ro f yea rs  su pported .................................... 553 576 610
Arn ount-of p os td oc to ra l support  ........................................ $5,733,000 $6,509,000 $7.513.000G ra dua te  St ud en ts
N u m b e r supported p er a w a rd -y e a r ................. 1.135 1.183 1.254
A m oun t o f gr aduate  student support  .................................................. $6,287,000 $7,120,000 $8,227,000( J lh o r p ers onne l costs  .............................................. 1.395.000 1.562.000 1.816.000

Land. B u ild in gs, and  F ixed E q u ip m e n t .............................. —0 — —0— —0—
M a jo r h q u ip m u n l (m or e than  $20 0,00 0) ................................................ —0 — 250.000 500.000O th e r E qu ip m ent .................................................. 8.686 .000 9.617.000 11.007.000( Jlh or C o s ts * * * * ............................................. 8.200 .000 9.315.000 10.769.000
In d ir e c t C o s ts ...................................................... 10.436.481 11.855.000 13.709.000
N a tio n a l Res ou rce f o r C om puta tion  in  C h e m is try * * * * *  .................... 625.000 814.000 900.000

1.....1.......................................................................................................... $45,230,481 $51,414,000 $59.51111.(111(1

* Inclu des prop os al s fo r c om m it te d  r enew a ls , e tc.
**  In clu des aw ard ed fo r com m it te d  re new als , su pp le m en ts , etc.
** *  I nc lu des fa cu lt y  asso ciates  an d o th e r pr of es sion al s.
* * * * Frin ge  Ben ef its,  expendab le  e ip ii p m e n l.  tr ave l,  p u b lica ti o n  cos ts, co m pute r cos ts,  o th er d ir ec t costs.

Split-1* un de d w it h  DO E.  T ra n s fe r o f Fu nd s to DO E.
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MATERIALS RESEARCH PROGRAM SUBACTIVITY

Obligations by Program Element

$78,550,000

Program Element
Budget

Ac tua l Request
FYI 979 F Y I 980

Cu rre nt
Plan  Estimate Diffe rence

FY1980 FY 1981 FY1981/80

Solid State Physics ................................................  $7,631,289
Solid State Ch em ist ry............................................. 4,342,550
LowTemperature Physics..................................... 4,336,721
Condensed Matter The ory..................................... 4,174,219
Metallurgy ...............................................................  6,434,276
Ceramics ................................................................. 3,326,970
Polymers ................................................................. 3,836,000
Materials Research Laboratories ........................ 18,130,000
National Magnet Lab orato ry................................. 3,800,000
Synchrotron Ra diation ..........................................  6,004,300
Small  Angle Neutron Scatte ring............................ 399,940

Total ..................................................................... $62,416,265

$8,100,000 $8,140,000 $9,550,000 $1,410,000
4,650,000 4,680.000 5,550,000 870,000
4,700,000 4,630,000 5,400,000 770,000
4,600,000 4,600,000 5,465,000 865,000
7,100,000 7,050,000 8,300,000 1,250,000
3,600,000 3,600,000 4,200.000 600.000
4,100,000 4.140,000 4,900,000 760,000

19,600.000 19,351,000 22,180,000 2,829.000
4,250,000 4,025,000 4,575,000 550,000
8,000,000 7,885,000 8,000,000 115,000

300,000 400,000 430,000 30,000

$69,000,000 $68,501,000 $78,550,000 $10,099,000

Objectives and Description

Fund amen tal research sup porte d by NSF’s Mate rials  R esear ch Program provides 

the scien tific unde rpin ning s to long-term technolo gical adva nces  in energy-producing 

systems, in manu factur ing, in nat iona l defense, in transpo rtat ion , in environmental  

matters, and in our ability  to co mpe te econom ically with o ther  na tions.  Because of the  

incre asing im portance of m ate ria ls to our society, materia ls re sea rch  is ent ering an  era 

of unu sual opportunity and nee d.
The common goal which uni tes  the variou s m ater ials  discip line s is the se arch  for 

basic under standing  of the beh avi or and prop erties of mat eria ls in terms of the m icro­

scopic inter actio ns betw een  the fund ame ntal  co nstitutents (elec tron s, ions, atoms and 

molecules ) and in terms of thei r bulk- and micro-chemical composition and stru cture 

(defe ct, crystal  and crystal aggregate).
Mate ria ls researc h at the NSF inc lud es the mater ia ls- re la ted dis cip lin es of 

meta llurgy , ceramics, polyme rs, solid state  physics, solid sta te chemistry , low tem per­

atu re physics, and condensed  ma tter  theory, and emph asize s the impo rtanc e of strong 

di sc ip lin ar y res earch  in pa ra lle l with  strong in te rd isc ip lin ar y app roa che s. The 

Ma teri als Research Labo rator ies, which  represent  a unique nati ona l resou rce,  fos ter 

inte rdis ciplina ry r esearch  on im por tan tsc ien tifi c proble ms which would notg ener ally  

be poss ible through indi vidu al gra nt support.
Prac tical  materials a re of ten e xtre mel y complex com pared with the model systems 

trad itio nal ly studied by scientists . There  is a hea lthy  trend  wh ere in scientif ically 

orient ed disc iplin es a re a ddre ssing the more c omplex systemsfre que ntly  encountered  

by meta llurg ists,  ceram ists and poly mer  scientis ts. For examp le, condensed matter 

theo rists are  working with poly mer  scientists  to d evelop and apply mode rn statistic al 

mechanics methods to understa nd the properties of technologically important polymers.
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Rapid advances in our understanding of the behavior and propert ies of materials 
have been stimulated by sweeping new developments in modern instrumentation. 
Electron microscopes which allow individual atoms to be seen, synchrotron radiation 
sources which provide high intensity X-rays, and high resolution surface analytical 
instruments have enabled materials researchers to probe the structu re and micro­
composition of condensed matter to a degree not heretofore possible. The support of 
major user facilities—for high magnetic field research, synchrotron radiation, and 
small angle neutron  sca tter ing —by the Division of Materials Research provides 
physicists, chemists, materials scientists, biologists and earth scientists with powerful 
new tools that allow the broad and cost-effective exploration of researc h opportunities 
that would not be possible otherwise.

These developments in interdisci plinary  research, advances in instrumentation 
and exciting opportunities for improved understanding in areas such as amorphous 
solids, microstructures research,  surfaces and interfaces,  phase  transitions, materials 
synthesis and processing, and corrosion and wear, suggest an unusually fertile future 
for all facets of materials research.

Majo r Research Questions

Although sustained progress has been made in un derstanding the properties and 
behavior of materials, many questions remain which requ ire the continued efforts of 
theorists and experimentalis ts in all sub-fields of materia ls research. Some examples 
of important topics being addressed by materials researchers are:

• What parame ters determ ine the behavior of materials near a phase transition, 
such as the melting temperatu re or a magnetic critical point?

• What are the basic mechanisms of hydrogen embrittlem ent of structural alloys? 
What role does hydrogen play in the fatigue fracture  of high strength steels?

• What are the m echanisms of electrical conduction in layered compounds such 
as intercalated graphite and organic conductors of the polyacetylene type?

• How do internal interfaces, such as grain boundaries, and microchemical segre­
gation to in terfaces affect the mechanical and physical properties of crystalline 
solids?

• What atomic transpor t processes determin e the high temperature  corrosion 
resistance of metals and ceramics?

• What are the detai led atomic and molecular structures of amorphous (glassy) 
solids and how does structure affect the magnetic, electronic, and mechanical 
behavior, and resistance to chemical attack?

• How can theoretic al methods be used to analyze the complex data produced by 
newly developed surface  analysis and characteriza tion techniques?

• How can the molecular arra ngemen t in polym ers be alte red  to prod uce  
materials of exceptional strength?
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• How is the occ urre nce  of su perc onductivity  in m etals and alloys de term ined by 

the normal state  pr opert ies  of these m ater ials ?

Significant Recent Achievements 

Ion Scattering By Surfac e Phonons

Recently, D. Mil ler of the Univ ersity  of Califo rnia at San Diego has shown that it is 

now possible to mea sure  ind ivi dua l lattice excita tions (pho nons) on the surfaces  of 

mat eria ls such as lithium fluoride and silver through the use of the  new tech nique of 

atomic beam  scattering. This technique  shows a signific ant adva ntage over t radit ional  

neutron  scattering, in that the atomic beam is non pen etra ting  and the scattering is 

the refo re very surface s ensitive . The mea sure men t of su rfac e excitat ions is an im por­

tant develo pment, since it p rov ides  detaile d inform ation on surf ace  atom interactions .

A Sensitive Nondes tructive Evaluation  Technique

Small flaws in a solid ma teri al may be highly s ignificant in affectin g mechanical 

pro per ties  but are exce edingly difficult to detect without  destr oying  the mater ial. 

Tec hnique s permit ting the identifi cation of existing flaws by no n-destruc tive tests are 

also technologically significant in leading to improved reliability of engineering designs. 

A study  of the feasibility  of new  tech niqu es has been  und erta ken  by a group at the 

Stanford Universi ty Materials Researc h Laborato ry. The theory  of a new type of eddy 

cur ren t probe  utilizing a small fer rit e sph ere reso nant a, micro wave freq uenc ies has 

been deve loped by B.A. Auld and N. Riaziat. When the probe  is p lace d near a metal 

surface its frequency  is dist urb ed.  This per turb atio n of fr equency  is fur the r changed 

by the pres ence  of a crack, so that  extremely small cracks can be detec ted. Results 

obta ined  gave a sensi tivity an o rde r of magni tude b etter than the conve ntiona l probes  

now available, thus providing a m ore sensitive nond estru ctive  eval uation technique.

Theoretical Pred ictions of Pha ses  in Polymers

Novel theoretical  ap proach es b ased on statistica l mechanics hav e bee n dev eloped  

by P. Taylor at Case Weste rn Rese rve University. The ap proa ches  cor rect ly pred ict the  

exi ste nce and  the rel ati ve  sta bi lit y of fou r cry sta lline  phase s in pol yvi nylid ene  

fluo ride  (PVFJ. This polymer is of con siderab le inte rest  b ecause of th e piezo electr ic 

and pyr oele ctri c prop ertie s of one of the crysta l structures. The resu lts will improve 

proce ss and prop erty  control nee ded  for more succes sful device  appl ications. 

Synth esis of a New Optical Material

Within the Cornel l Univ ersity  Ma teri als Researc h Laboratory con side rable em­

phasis has  been given to the develop men t of capabilit ies in crystal prepar atio n, in 

optical  materi als synthesis, and in las er techn iques . In the latt er are a, materia ls ex­

hibiting non line ar optical pro per ties  have  been  of par ticu lar inte rest.  H. Mahr found 

that ure a single  crystals, of app rop ria te size and cryst allin e perfectio n, exhib it non-
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linear  optica l proper ties  sup eri or to those of existing device mat eria ls. Of partic ular  
signi ficance is the exten sion of e ffic ient doubling and freq uen cy mixing applic ations  
in th e ultra violet down to 200 nm, of p otent ial impo rtance in submicr on devices. Urea 
cryst als have  a high threshold f or l aser damage, and can be used at room tem pera ture , 
unlike the best current ly ava ilable  materia ls which req uir e refr iger ation.

A Theory of the Dynamics of Catalytic Processes

Certain  chemic al rea ctio ns on solid surfaces exhibit anom alous oscilla tory or 
turbul ent  behavior, i.e„ eit her peri odi c or rando m fluctuati ons as a function  of time. 
Recent ly, H. Suhl and his col labo rato rs at the Univ ersity  of Cali forni a at San Diego 
have  qual itativ ely explain ed this beha vior in an elegan t and practica l applicatio n of 
non -lin ear  theory. The exa mple on which they focused  is the oxidat ion of carbon  
monox ide on a plati num sur face. By solving the set of non -lin ear  differen tial equ a­
tions for the vario us types of re acti ons  which occur durin g this proc ess, they w ere able  
to deri ve a num ber of mathem atic al condit ions for the exis tenc e of oscillato ry and 
turb ule nt solutions.  These are  qual itatively  sim ilar to the ex per ime nta l conditions for  
this type  of behavior . This kind of analysis  is importan t for under standi ng the dynam ics 
of cata lytic processes, of whi ch the oxidation of carbo n monox ide is a prime example. 

An Advance in Surface Scienc e

Mechanical, thermo dynamic , and elec trica l pro per ties  of bulk materia ls depend 
on crystal stru cture as well  as grain  size and a variety of cryst al lattic e defects. For 
surfaces  and inte rfaces, it is likely that defects and  the “is lan d” s tru ctu re—the equi­
valen t of grain stru ctu re in the bulk —are equally  im por tan t in determin ing materia ls 
propert ies of inte res t in catalysis; corrosion and oxidation; fabr icat ion of s upe rco n­
ducting and submicr on devices; fracture ; a nd ad hesio n. M. Lagally, of the Univ ersit y of 
Wisconsin at Madis on, has  modified the method of low energ y electr on diff ract ion 
(LEED) to make poss ible  the first qua ntit ativ e study of islan d size dist ribu tion s for 
any surfa ce or o verl ayer. Angular widths  of LEED be ams d iffra cted  f rom a fra ctio nal 
monolayer of oxygen on tungsten were mea sure d as a fu nction of coverage and  re lated,  
through the developme nt of a ppr opr iate  models, to isl and size. The dem onst ratio n of 
the fea sibili ty of qu ant ita tiv e mea sure men ts of this type has im plications for such tech ­
nologies as m olecu lar b eam  epitaxy, n ucleation  and crysta l growth, and heter oge neo us 
catalysis.

Applications of X-ray Topography

X-ray diffr acti on is one of the oldest and most imp orta nt tech niques for exam ining  
the st ructure  of materi als . However, X-ray cry stal lographer s a re sti ll making su bs tan ­
tial contributio ns to furth er  dev elopin g and apply ing diff ract ion techn iques. S. Weis s­
man of Rutgers Univ ersit y, using disl ocat ion-free  silico n as a model mat eria l, has 
appl ied X-ray diff rac tion  te chniques  to determ ine  str ain  d istrib utio ns a nd g rad ien ts in 
notched crysta ls deform ed elastica lly. The exp erim ent al dete rminati on of s trai n gra ­
dien ts in fro nt of th e n otch root by the X-ray top ographic  tec hniq ue prov ides  a basis for
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evalu ating  the val idi ty of co nti nuum  mech anics  fr ac tu re  m ode ls. T he research  is be ing  
continued to in clu de  s tu di es  of elast ic s tra in  di str ibut ions  in ele ctr on ic dev ices such as 
tan talum  sput ter ed  onto  s ilicon subs tra tes . These  r es ul ts cou ld imp act the ele ctr on ics  
ind ust ry.

Changes Between FY 1980 Budget Request and FY1980 Current Plan

Direct c om par isons be tw ee n the original FY 1980 Budget Reque st and  the Cur rent  
Plan  are  comp licated by the est ab lis hm en t of seve ra l Cross -Directo rate  ac tiv itie s 
which also sup port mater ia ls  r esea rch re la ted  project s. T he c ur rent ly  pla nned  fun din g 
of such programs tota ls $1,850,000, the major  co mp one nt be ing  the US-USSR Co opera ­
tive Re searc h Prog ram w hi ch  su pp or ts  ac tivi ties  in el ec trom et al lu rg y ($665,000), 
cor ros ion  ($250,000) and  po lymers ($150,000). Other  mater ia ls- re la ted area s inc lude  
Industry-U niv ers ity  C oo pe ra tiv e Resea rch , Reg iona l Instr um en tat ion Fac ilit ies,  2-/4- 
Year College Instr um en tat ion,  and  Resea rch  Initiation  in Minority  Ins titu tion s. The  
FY 1980 C urr en t Plan  re pr es en ts  a net  d ec reas e of $501,000 belo w the  re vis ed  FY 1980 
Budget Request . This de cr ea se  is mod est comp are d to th at ex pe rie nc ed  by o the r sub­
ac tiv itie s with in the M athe mat ica l and  Physica l Sc ien ces acti vity , because of the 
ra ns fe r of funds from  th ese  su ba ct iv iti es  to M ate ria ls Re sea rch . This transfer , coupled 
wi th mater ia ls- re lat ed  su pp or t via the above men tio ned Cr oss -Directo rate act ivi ties , 
is in res ponse  to a Co ng res sio na l rec om me ndati on  to i nc re as e the  rel ati ve  sup po rt of 
the  Mate ria ls Re sea rch  subacti vi ty.  The  bulk  of the  de cr ea se  was absorbed  by the 
Mater ia ls Resea rch  L ab oratory,  N ational Magne t La boratory , a nd  Sy nch rot ron  R ad ia­
tion  Programs.

FY1981 Budget Highlights and Explanation of Increases and Decreases

Obligations
FY 1979 Ac tual  ..........................................................................................................................  $62,416,265
FY 1980 Pro gra m ........................................................................................................................  $68,501,000
FY1981 R e q u e s t........................................................................................................................  $78,550,000
D if fe re nce —FY 1981/F Y 1980 ...............................................................................................  $10,049,000

The inc rease of $10,049,000, from $68,501,000 to a total  of $78,550,000, will be used as 
follows:

• Pro vid e an increa se  of $6,525,000 for gro wth  of sci en tif ic re se ar ch  pro jec t su p­
po rt in all sub -field s of mat er ia ls  r esea rch.  The av era ge  ind iv idua l aw ard  will 
be  inc reased , even at the cost of red uc ing  the  nu mbe rs  of invest iga tors su p­
ported. Such increa ses ar e urg ently  ne ed ed  to meet growin g res earch  costs , 
especia lly  in the  ar ea  of instr um en tat ion.

• Th e inc rea se of $2,829,000 f or the MRLs, in accord wi th the  first priori ty being 
given to ind ivi dual proj ec t suppor t, will  pe rm it som e in cr ea se  in the leve l of 
effort . This wi ll be d irec ted p rim ar ily  at high  risk res ea rch p rog ram s, in crease  of 
suppor t at sm all er MRLs, and ma jor  instr um en tat ion needs.
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• The $550,000 incr ease for the National Magnet Labor atory  w ill provide for the 
pur cha se of badly  need ed equ ipm ent  to expl oit more fully high magnetic fields. 
The se purc hase s have bee n def err ed for seve ral year s bec aus e of i nadequa te 
funds.

• Researc h to provide  an und erly ing  science  b ase for microst ructure s and to use 
microstr uctural tech niq ues  for the enhanc eme nt of materi als  scienc e will be 
incr ease d by $1,000,000. S upp ort for micro structure res ear ch in FY 1980 is about 
$3,500,000. The a ddit iona l $1 ,000,000 will be app ortioned  amon g variou s program 
elem ents  in accorda nce with  evolving need s and oppo rtun ities .

• Decrease d construction costs  for the syn chrotron radiatio n faci lities es sentia lly 
will be offset by incr eas ed  oper ating costs and inst rum enta tion .

• A decreas e in cons truction  costs plus an incr ease of $30,000 will provide for 
incr ease d oper ating costs and some inst rumenta tion  for the Small Angle N eu­
tron Scatte ring Facility at Oak Ridge N ational Laboratory.

Per cen tag e cha nge s be tw ee n FY 1981 and the FY 1980 Cu rre nt Plan for the 
Ma teri als  Researc h progra m elem ents are:

Solid Stale Physics ................................................................................................. 17.3'-
Solid State Chemistry ............................................................................................ 18.67*
Low Temperature Physics ....................................................................................  16.6'.
Condensed Matter Theory ....................................................................................  18.87*
M etal lu rgy............................................................................................................. 17.77*
Ceram ics................................................................................................................  16.77*
Polymers................................................................................................................  18.47*
Materials Research La bo rator ies ..........................................................................  14.67*
National Magnet Laboratory ................................................................................. 13,7'.i
Synchrotron Radiation ...................................................................................................  1.57*
Small Angle Neutron Sc at te rin g..................................................................................... 7.57*

C oord in atio n and  Relat ions hip to  O ther  Ef fo rts

Coordination between  the mate rials  resear ch activitie s of the NSF and those of 
the variou s o ther Feder al agen cies takes many forms. Program direc tors inte rac t with 
the ir peers at other agencies concerning programs and projects  of mutu al inte rest . 
Com mitt ees such as the  Com mit tee on Ma ter ial s, and  gro ups  such  as the In te r­
agency Mate rials  G roup mee t regularly and prov ide forums for exchange  of info rma ­
tion and coor dination of programs.

The NSF also co ope rate s with o ther agenc ies in dir ect  support of c onfe renc es and 
workshops of mutua l intere st. In the area of fa cilitie s, the coord ination betwee n the 
NSF and the Dep artm ent  of Energy (DOE) on the developme nt of synchrotron radia­
tion facil ities continu es. As one exam ple of this coor dina tion, res ear che rs at the 
Stanfo rd Synch rotron Radiation  Labor atory have  b uilt an expe rime ntal beam line to 
examine cha rac ter isti cs of the wiggler ma gnets which will be e ssenti al for the su ccess  
of the forthcom ing DOE Na tional  Sy nchrotron  Light So urce  at Brookhaven. Also, close 
coord ination was  m ain tained  between NSF and DOE in th e recent  decisio n to establ ish 
an NSF supp orte d small-angle neut ron scatt ering  res ear ch capab ility  at Oak Ridge 
National Labor atory.
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NSF contr ibu tes  ov er  507« of the Fe de ra l suppor t for  b asic ma ter ial s re se ar ch  in 
uni ver sit ies . Only th re e othe r age ncies, supp or t mater ia ls researc h in un iversit ies  to 
a si gni fica nt extent : DOE, DOD, and to a lesser  e xte nt NASA. NSF m ain tains a b road  
spe ctrum  of support . Th us  NSF plays a un ique  role  in sup po rting  the generic , mul ti­
purpo se researc h wh ich  de ve lop s the fund am en tal  know led ge base needed  to s olve 
fu ture and un an tic ipated  pro ble ms .

Solid State Physics Program Element ......................................$9,550,000

Objectives and Description

The object ive  of the  Sol id Sta te Physics  program is to inc rease the bas ic un de r­
stand ing  of the phy sical phenom enji and pro cesse s wh ich  un de rli e the ele ctr ica l, 
opt ica l and  mag net ic pr op er tie s of so lids. Ex perim en tal  re se ar ch  on metals,  s em ico n­
duc tor s an d ins ula tor s in the  crysta lline  sta te, the  am orphous s tat e and in in te rm ed iat e 
sta tes  of d iso rde r, form the  m ajo r p art  of the p rogram . P heno men a un de r in ves tiga tion  
inc lude  pha se tra nsi tions , cri tic al ph enom ena and  non-eq ui lib riu m phenom ena, as 
we ll as electroni c, ma gnetic and  lat tice str uc tures and  thei r exc itat ions. Impor tan t 
ar ea s of current act ivi ty includ e stu die s of phy sica l ph en om en a at sur fac es and  i nt er ­
faces:  in amo rph ous a nd  d isor de re d metals;  in se mico nduc tors and mag netic sys tems; 
in low er dim ensio nal sol id st at e systems ; and in  p hoto n, elec tro n and neutr on  sca tte r­
ing from  solids . The  de ve lopm en t of new  tec hn iques and  new ins tru me nta tio n is a 
na tu ra l com pon ent  of the se on-go ing res earch  act ivi ties .

Many pra cti cal ap pl icat ions  (e.g. tra nsi sto rs,  solid  sta te las ers , mem ory devices 
and sol ar cells) have ar isen  from  bas ic res ea rch in this  area . It is exp ect ed that  
cu rren t res earch  in solid st at e phy sics will have  equally  im po rta nt  applicat ion s.

FY 1981 Budget Highlights and Explanation of Increases and Decreases

The inc rea se of $1,410,000, from  $8,140,000 to a tota l of $9,550,000, in FY 1981 will 
supp or t: developing needs for  ins tru men tat ion and research  supp or t for ind ividual 
projec ts util izin g sp ec ial ize d re se ar ch  fa cil ities such as sync hrotr on  ra dia tion, n eu tro n 
scat te rin g and high magnetic  fie lds ; and  continued em phas is on am orp hous solids, 
su rfac es  and int erf aces , solid  st at e mi cro str uc tures  a nd new  t ec hn iq ue  developm ent . 
In cr ea se d pa rticip ation  by joi nt Ind us try -U nive rsi ty Co opera tiv e research  pro jec ts is 
ex pe cted  in several  are as .
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Solid State Chemistry Program E lemen t.................................$5,550,000

Objec tiv es a nd  Des cr ip tio n

The Solid State Chem istry program  suppo rts chem ical res ear ch on the extended 
pro per ties of solids (as distin ct from those of molecul es) and the ir surfa ces. It is con­
cern ed with the rela tionship s between  s truc ture , chem ical react ivity , surf ace proper­
ties, and such physical pro per ties as energy transpor t, elec trical conduct ivity, and 
magneti sm. Because of ad vances  in  physical  theor y and the a vai lability  of ins trum en­
tation with s ingular perce ptiv ity, the re are unp ara llel ed opp ortu niti es for  under stand­
ing the proper ties  of complex mat eria ls.

The object ive of this res earch  is to develo p ade qua te knowledge to permit the 
design  and chemical  synthesis of new materials, with some desired  set of proper ties,  
for emerging scienc e and technology. The ava ilab ility  of such new materials , which 
are not discov ered but which are  designed  and synt hesized,  has been crucia l for 
testing  theor ies and for new technologies. The role of solid state chem istry is to brin g 
abou t the interplay of solid sta te theory, new expe rimenta l methods, model form ula­
tion, and chemica l synth esis,  tha t leads to these materials.

FY 1981 Bu dg et  Highl ights and  Exp lanatio n of  Inc reas es  and D ec reas es

The increase of $870,000 o ver  the FY 1980 level of $4,680,000 to a total of $5,550,000 in 
FY 1981 will be used to: dev elop methods  for the synthesis of new types of solids, 
including the so-called one dime nsion al conductors, liqu id crystals and solid ionic 
conductors: develop and app ly atomic resol ution  technique s for the cha ract eriz atio n 
of complex stru ctures and of exciton tran spo rt mecha nisms: use picosec ond lase r 
tech niqu es, including tra ns ien t grating  and photon echo, to ex ami ne exciton dyn amics , 
excito n-phonon inte ract ions, and energy tran sfe r. The exist ing base for Industry- 
Unive rsity Cooperative Res earch and res ear ch relate d to sub-m icron stru ctures is 
expe cted  to grow.

LowTemperature Physics Program Eleme nt.......................... $5,400,000

Objec tiv es  and D es cr ip ton

The objective  of the Low Tem peratur e Physics progra m is to increa se b asic un de r­
stand ing of phenom ena  in which the effects  of quantu m mechanics  manifest the m­
selves  in macrosc opic pro per ties such as su percon duc tivi ty and sup erflu idity . Con se­
quently, the exp erime nta l programs involve  the use of low and /or  ul tralo w tem pe ra­
tures  in an essentia l way. Phenomena stud ied include d pha se trans ition s and criti cal
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point be havio r in the i so top es  of heli um , hy dro gen , and ot he r m ate ria ls, the o cc ur renc e 
and na tur e of s up er co nd uc tiv ity  among new  phases  of bin ary and ternary allo ys and 
compounds, the non equ ilib rium supe rcon ducing pro per ties  of weak-link and Josephson 
junctio n dev ices and  the  supe rf lu id  prop er tie s of the iso top es of hel ium . Pa rti cu la r 
area s of activ ity includ e the  s tud y of the se and re la ted  ph en om en a as they pe rtain to 
systems of re du ce d dimen sio na lity and  cry sta lline  pe rfe cti on . Basic low tem pe ra tu re  
res earch  activitie s ha ve  led  to seve ra l emerg ing  technolo gie s of im portance to the  
De par tment  of De fen se and the  De partm en t of Energy.  Fundam en tal  low te m pe ra ­
tur e res earch  is ex pe cted  to co ntrib ute to fu ture  tech nol ogi es.  This conne ction pr o­
vides a na tur al bas is fo r Ind us try -U nive rsi ty Co opera tiv e Research .

FY1981 Budget Highlights and Explanation of Increases and Decreases

The pro pos ed incr ea se  of $770,000 from $4,630,000 to a tot al of $5,4GO,000 in F Y 1981 
will  sup port inc reased  em ph as is on ul tra lo w-te mpe ra tu re  tec hn ique s and fac ili tie s, 
new sup erc onducting  m ater ia ls  and  com pos ite st ructur es  a nd  d iso rdere d mater ia ls at 
ult ralow  tem pe ratures. Th e level of ef for t in no n-eq ui lib riu m su pe rco nductiv ity , two- 
dim ensio nal su pe rcon du ctor s and sp in-pola riz ed  hydro gen will  be enhanced .

Condensed Matter Theory Program Ele ment.......................... $5,465,000

Objectives and Description

The obj ective of the  C on de nsed  Matter Th eory pro gra m is to p rov ide  the  t he or e­
tica l un de rst andin g of the ma ny topics c overe d by ex pe rim en ta l effort s in c ondensed  
mat ter  science s and  of the  ways in which the  s tru ctu re  and composi tion  of m ater ia ls 
ar e rel ate d to t he ir many pr op er tie s and  pe rfo rm ance . The  condensed ma tte r theo r­
ists for mu lat e hypothe ses  a nd  deve lop  mod els to exp lai n ex pe rim en ta l observations , 
to d ete rm ine whe ther  thei r theo rie s g ive a c orrec t de scrip tio n of experi me nts , and to 
sugges t new dir ectio ns  or op po rtu ni tie s for fu rthe r res ea rch.

FY 1981 Budget Highlights and Explanation of Increase and Decrease

Su pport  for this  pro gram  wil l increa se  by $865,000 from $4,600,000 to a total  of 
$5,465,000 in FY 1981. T his  wi ll pro vide  for increa sed em ph as is on phase  transi tions , 
no n- lin ea r phenom ena, su rfac e re la ted spec tro sco pie s, comp uting eq uip me nt,  and  an 
in cr ea se  of $125,000 to a tota l of $300,000 for  c on densed  ma tte r the ory  res ea rch at the 
Insti tu te for Th eoret ica l Phy sics . Some of the increa se  will  be  used  to fund theory  
re la ted to pro ble ms  in po lym ers , me tal lurgy and  cer am ics .
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Metallurgy Program Element .................................................... $8,300,000

Objectives and Description

The Metallu rgy program suppor ts a broad spectrum of research ranging from the 
extracti on and refining of ores into primary metals, through the processing of metal­
lic ma terials with specific propert ies  into useftd objects. The goal of such studies  is to 
rel ate  microscopic behavior of metallic  mate rials  from the point of view of str uctu re, 
composi tion and processing Io observed macroscopic propert ies. Once these rela tion­
ships are understood , the pro perties  of m ater ials can he contro lled and performance  
predic ted.  The program has  three major sub-areas: chemical metallurgy, physical 
metal lurgy, and mechanica l materia ls processing.

FY 1981 Budget Highlights and Explanation of Increases and Decreases

The incre ase of $1,250,000 above the EY 1980 level of $7,050,000, to a total of 
$8,300,000 in EY 1981 will be used to purchase badly nee ded  instrumentation such as 
elec tron  microscopes and mechanical testing facili ties and to provide expa nded  
research  support to take advantage of new opportunitie s in the sub-areas  of sur face  
stud ies (corrosion, erosio n, abrasio n and w ear), ch emical me tallurgy, and deformation  
processing. In addit ion, some of the increase is expe cted  to be used to fund new 
Industry/Universi ty Coo pera tive research  awards.

Ceramics Program Element ...................................................... $4,200,000

Objectives and Description

The objec tives of the  Ceramics  program a re to in crease  fundamenta l underst and­
ing of ceramic ma teri als  and to p rovide the scientific  basis for long term adva nces  in 
ceram ics technology. Research is suppo rted  on a var iety  of ceram ic materials, inc lud­
ing ref ractory oxides, nitr ides, carb ides  and othe r inorganic compounds, g lass, semi­
conductors. grap hite  and  cemented carbides (cermets).

A major goal of ceramic scientists is understanding the properties of these materia ls in 
terms of the ir chemical composition,  st ruc ture (elec tronic , de fect, crystal, and crystal 
aggregate), and the envi ronmen t in which they are used.  Synthesis and processing of 
ceramics inclu des fundam ental studi es involving reac tion  kinetics, thermodynmics 
and phase equ ilib ria.  High tem perature corrosion of ceramics in sev ere environmen ts 
presents  new challen ges  and opportunitie s for cera mic  scientis ts.
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FY1981 Budget Highlights and Explanation of Increases and Decreases

Th e inc rease of $600,000 abov e the FY 1980 level of $3,600,000, to a total of $4,200,000 
in FY 1981 will sup port ex pa nd ed  rese arch  act ivi ties in high tempe ra tu re  corr osio n, 
ce ramic processing and  s tudies  of frac tu re  m echanisms  of b ri ttl e ma ter ial s, as well as 
prov ide fun ds for the  pu rcha se  of replac em en t and new instr um en tat ion at un iversi­
ties.  Par t of the increase  will be  used  to fund new  Indu stry /U nive rs ity  Coopera tive 
Re search  in cer am ic scie nce .

Polymers Program Element ...................................................... $4,900,000

Objectives and Description

Th e obj ective of the  Po lym ers  progra m is to inc rease fund am en ta l un de rs tand ­
ing of macromolecules, i.e. the gian t, long-chain molecules  that make up such important 
m ater ia ls  as fibers , ru bb er , pla sti cs , pro tei ns , and  organi c comp osi tes . Res earch is 
di re cted  to the  syn the sis  of new type of polym eric ma ter ial s by new  method s and 
thr ough  uti lization  of re ne wab le  raw  ma ter ial s; to the inv est iga tion of the bas ic 
chem ica l and p hys ica l st ructur e o f m acr om ole cules ; to the  study of m acr om ole cules  in 
am orph ou s and  cry sta lline  ar ra ng em en ts  and  in the  dynam ics  of such systems; to the  
re la tio n of mo lec ula r str uc tu re  wi th such bulk  pr op er tie s as str en gth or electronic 
conduction; to the na ture  of su rfac es  and  int er face s in polym ers  and polym er mix ­
tur es ; and to t he prop er tie s of so lutio ns  a nd  li qu id cry sta ls of po lym ers . The  p rogr am 
also  su pp or ts the oreti ca l re se ar ch  unde rly ing advances in po lym er scie nce .

FY 1981 Budget Highlights and Explanation of Increases and Decreases

Th e increa se  of $760,000 above the FY 1980 level of $4,140,000. to a total of 
$4,900,000 in FY 1981, will be u sed  pr im ar ily  to inc rease the size of ex ist ing  grants wh ich 
is ab no rm all y sm all owing to li mi ted  fu nd s in the fa ce of the r ap idly g row ing  num ber of 
high q ua lit y p rop osals  rec eiv ed  by th e P rogr am.  The in crease  will  en ha nc e r esearch  on 
the sy nthe sis  of new  polym ers  wi th e nzym e-l ike  prop er tie s, on the dy nami cs  of motions  
in lon g-c hain molecules, on an un de rs tand ing of mo lec ula r be ha vior  in amorp hous 
po lym ers , and on rel ating  the  liq uid crys tal lin e ar rang em en ts of rig id chain s in s olu ­
tion to the  e xcep tional s treng th of fi be rs  th at can be  produ ce d from  them . Inc rea ses  in 
othe r ar ea s of sub sta nti al sc ien tif ic op po rtu nit y, such  as the  stu dy  of polym er- fib er 
in te rfa ce s in com pos ites , ene rgy  t ra ns po rt,  and  p olymer-b loo d in te ract ions  cann ot be 
accomm odate d with  the projec ted  fund s.
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M ater ia ls  Rese arch L ab or at or ies P rog ram  Elem en t .............$22,180,000

Objectives and Description

The objec tive of the Materi als  Research Laboratory  (MRL) program is to extend 
the range of traditional academ ic project research to include major problem s, which 
often req uire a divers ity of scientif ic and techn ical competence and sophit icated  
facil ities  to a ssure progress. In the past such problems, commonly involving multi- or 
inte rdis ciplina ry rese arch effo rts and often of major  significance in technology, have 
been  studied only in national or industrial labora tori es and usual ly limited to specific 
technological requ irem ents . Ove r the last severa l years,  subs tantial  in terd isciplin ary 
programs have developed with in the MRL’s. Thus, the range of p roblems feas ible in 
academ ic resea rch has been  significantly  extended. With MRL sup port  many c apab le 
sc ien tis ts in the academ ic com munity  are  addressin g in te rd isc ip lin ary research  
prob lems of national  importance.

Thirteen university labora tories are currently supported; Brown, Carnegie-Mellon, 
Case Western Reserve, Chicago, Cornell,  Harvard,  Illinois, Massachusetts-Amherst, 
Massachusetts Insti tute of Technology,  Northwestern , Pennsylva nia, Purdue and 
Stanford. Each of the individual labo ratories  is locally managed with respect to 
program  planning and impleme ntation. Over the past several  years each laboratory 
has developed three func tion al elements: (1) interd isci plin ary  or mult idisc iplinary 
programs d irected at selected complex materia ls pro blem s or problem  areas, in which 
several  researchers,  usually  from d ifferent disc iplines, work cooperative ly; (2) cent ral 
expe rimenta l facili ties, which usually cannot be deve loped and operated under  the 
project support mechanism , and which are sha red  by faculty working on a range  of 
rela ted  problem s; and (3) “o ther rese arch",  to explore novel,  often high risk, con­
cepts and to assis t younger faculty in initia ting resear ch programs.

Current thrus t program s in the MRLs cover most of the broad field of mater ials  
rese arch , and include major efforts on surfaces , inte rfaces  and catalysis; materia ls 
joining; polymer blends and copolymers;  deforma tion and fractu re of mater ials;  phase 
transit ions; amorphous ma teri als  and glasses; microstruc tura l mate rials ; novel 
mate rials  and processes; semiconducto rs and semiconduct ing polymers.  All of these  
areas require  multid isciplin ary  expe rtise  and in all of them the MRLs as a group 
are  among the leader s of the field.

The MRL program encourages academic  research on major  problem are as of 
potential  technological signif icance . This is indicated by growing incidence of spin­
off programs suppor ted by mission-oriented agencies. A good example is the poly­
acety lene program at the University of Pennsylv ania  which  now receives  major  sup­
port from ARPA and the Army Research Office. The bro ader education of ma teri als  
scient ists and engineers is a highly signif icant aspect of the program.
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FY1981 Budget Highlights and Explanation of Increases and Decreases

The proposed increas e of $2,829,000, from $19,351,000 in FY 1980 to a total of 
$22,180,000 in FY 1981, represe nts  real growth. At this level, all on-going program 
commitments will be met, and a modest increase in level of e ffort  will be feasible . 
This increase will be direct ed prim arily at higher risk areas for which adeq uate  
funding had not been ava ilab le in the past; at increasing  the suppor t of the smal ler 
MRL programs to more viab le and  productive levels; and at the upgrading of exp eri­
mental facilities, including the provision of ins trumentation.

National Magnet Laboratory Program Elem en t...................... $4,575,000

Objectives and Description

The Francis  Bitter National Magnet  Laboratory (NML) is the only national user 
facili ty for high magnetic field res ear ch in the U.S. Continued NSh suppo rt will be 
prov ided  for core-funding of three int err ela ted  objectives at the NML: (1) To develop, 
ope rate , and maintain the most adv anc ed magnet sys tems in the world; (2) To provide 
unique  magnetic field facil ities  for use by vis iting sc ientist s; and (3) To carry  out in­
house basic and appl ied resear ch utilizing high magnet ic fields.  The NML experi­
mental facil ities and staff suppor t are  m ade available to users  w ithout charge on the 
basis of the  scientif ic merit of their  proposed  experiments. U sers must obtain their own 
support  for their  research  costs which inclu de mate rials , specializ ed equipmen t and 
travel.

There  is little question that high magnetic fields  are and will continue to be an 
impo rtan t tool for research  in m any scien tific areas including p lasmas, superconduc­
tivity, magnetic ma teria ls, atomic an d m olecu lar physics and  chemistry , and biomolec- 
ular  science. In addition, high field s play an important role in a ppl ied areas such as 
plasma fusion,  magnetoh ydrodynamics  (MHD), magnet ic separat ion , and supe rcon ­
ducting  mach inery.  The NML is an important national resource  for many high tech­
nology rese arch programs—par ticula rly  in the  energy field. One ex ample of this is the 
ALCATOR projec t for magnetic confine men t of p lasmas which was initiated  at the 
NML and is now supported by the DOE fusion effort.

FY 1981 Budget Highlights and Exolenetion of Increases and Decreases

The increas e of $550,000, from $4,025,000 to a total of $4,575,000, will permit 
only a m inimal increase in the curre nt level of effort . This is ex pected to be utilized 
prim arily to provide for magnet dev elopment  and inst rumenta tion.
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Sy nc hroton  Rad iat ion  Progra m Elem en t $8,000,000

O bject ives  an d D es cr ip tio n

The objective  of NSF support for the national fac ilitie s at Cornell, Stanford, and 
Wisconsin  is to provide sync hrot ron radiatio n for expe riments  concern ed with the 
structure  of matter in all fields of sc ienc e. These sources provide a co ntinuous spec­
trum reachin g into the far ultr aviole t and X-ray regions, with high intensity in very 
short burs ts, and a high degree of polarization. The u niqu e prope rtie s of such radia tion 
sources facil itate  the study of long-stand ing fundamenta l questions in many disciplines 
including condensed m atter and sur fac e science, m ater ials  science , biology, chemistry 
and engineer ing.

The experimental  faci lities  and s taff  support a re av ailable to users wi thout charge. 
The exist ing facili ties are now s atu rated. There is a growing user community of more 
than 800 scient ists of whom nea rly  20'/, are from indu stria l labora tori es, 20'/, from 
U.S. Government labs, and the res t from U.S. universitie s.

The synchrotron radiatio n source at Wisconsin provides users with an intense 
beam of photons in the ultraviolet  th rough the soft X-ray region, and is used primarily  
for the study  of surfa ce pro per ties . New efforts in photoelectron diffraction and 
angle-d ependent photoemission prov ide direc t m easuremen t of atomic dis tances and 
site symmetry for sur face  atoms. Oth er thrusts  in solid state  science, catalys is, absorp­
tion and fluorescence  by gasses are  now possible .

A thre e-year  const ruction project was initi ated  in FY 1978 to provide a greatly 
improved  source  consisting of a 1.00 GeV e lectron storage ring (Aladdin) at the Wis­
consin  Synchrotron Radia tion Cen ter. Aladdin will serve nea rly  three times as many 
use rs as before over an ext end ed spectral  range  and will mee t the user demand in 
the ultravio let and soft X-ray regions when it becomes ope rati ona l in the second half 
of 1980.

A major expansion  of th e Stanford Synchrotron Radiation Laboratory  was init i­
ated  in FY 1978 to p rovide add itional  beam transport systems and equipment for ex­
per iments in the hard  X-ray as well as the ultravio let spe ctra l range.  A new exp eri ­
men tal building has b een  constructe d. This expansion will pr ovide capability for new 
types of exp erim ents  as well as help to meet the growing dem and  for use of the St an­
ford Synchrotron Radiation Laboratory (SSRL) facilit ies.

A modes, num ber  of e xpe rimental rese arch  stations have  been inst rumente d at 
Cornell to make use of the very  high energy sync hrotron rad iation generated at the 
Cornell Electron  Storage Ring. The radiatio n availab le a, the Cornell High Energy 
Synchrotron Source (CHESS) will make expe riments possible that need  photon ener­
gies greate r than 40keV-the lim it now available at SSRL. Experimen ts on CHESS were 
begun in late 1979.

A—V—14



430

FY 1981 Budget Highlights and Explanation of Increases and Decreases

The FY 1981 budget of $8,000,000 rep resent s an increase of $115,000 over FY 1980 
level of $7,885,000. The FY 1980 increment of $2,000,000 for dedicated operation s of 
SPEAR for the SRL will be continued. The rem ainder  of the budget has offsetting 
increases and dec reases  d ue to the completion of construction activities  at SSRL and 
Wisconsin, and the inc rea sed  level of opera tions  as well as the need for in stru menta ­
tion to effectively use the newly constructed  sources.

Small Angle Neutron Scattering Program Elem ent.....................$430,000

Objectives and Description

The objectives of the Smal l Angle Neutron Scattering Program are (1) to provide 
researche rs in severa l d isciplin es with the abi lity to obtain da ta on small angle sca tte r­
ing from materials  of in terest  to them and (2) to develop  fu rther the state-of-the-art in 
small-angle neutron and X-ray scattering  research .

The small angle sca tter ing capab ility  at Oak Ridge is av ailable to scientists from 
all parts of the U.S. NSF and Oak Ridge have developed  procedu res  to ensure that the 
facility will be managed as a national resource to the benefit of all participating scientists.

Beginning in FY 1978 and continuing in FY 1979, NSF provid ed for the construction 
of a beam tube and small angle neut ron scattering  cam era at an existing reactor at 
the DOE supported  Oak Ridge National Laboratory. Const ruction of the small angle 
neutron  facility was comple ted in FY 1980 on schedu le and  with in the planned budget,  
testing  and initiat ion of full-s cale  operation s are  scheduled for mid FY 1980.

FY 1981 Highlights and Explanation of Increases and Decreases

The amount of $430,000 is reques ted for cont inued  support  of the small angle 
neutron  scatte ring program in FY 1981. The incre ase of $30,000 over the F 1980 level of 
$400,000 will be used to help provide  the proper  level of support  for the operation of 
this uniq ue national user facil ity. Proper inst rumenta tion and staff are essential to 
make the facility viable for users.
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QUANTIT ATIV E PRO GR AM  D ATA 

MATERIA LS  RE SE AR CH  PR OGR AM  SUBACTIVITY

Proposal and Award Summary

Estimate  
FY 1979

Estimate Estimate
FY 1980 FY 1981

La rg e G ra nt s.
N u m b e r o f P ropo sa ls R e c e iv e d * ....................................................................
N u m b e r o f A w a rd s * * .........................................................................................
D o lla rs  Propo se d (T o ta l) ...................................................................................
D o lla rs  Prop os ed  ( A nnua l R a te ) ....................................................................
D o lla rs  Aw ard ed (T o ta l) ...................................................................................
D o lla rs  A w ard ed ( A nnua l R a te ) ....................................................................
A ve ra g e s  Pe r A w a r d .........................................................................................
A vera ge A w ard  D ura tion  ( Y e a rs , ..................................................................

O th e r P ro je ct A w ard s:
N u m b e r o f P ropo sa ls R e c e iv e d * .....................................................................
N u m b e r o f A w a rd s * * .........................................................................................
D o lla rs  Proposed  (T o ta l, ...................................................................................
D o lla rs  Proposed (A nnua l R a te ) ....................................................................
D o lla rs  Aw ard ed (T o ta l, ...................................................................................
D o lla rs  A w ard ed (A nnua l R a te , ....................................................................
A ve ra g e s  Per A w a r d .........................................................................................
Avera ge Aw ard  D ura tion  ( Y e a rs )..................................................................

22
20

$39,300,000
33.000.000
28.334.000
28.334.000

1.416.700
1.00

1.120
690

$153,000,000
81.000.000 
34.081.000 
31.556.000 

49.393 
1.08

23
20

$43,200,000
36.300,000
31.661.000
31.661.000
1.583.000

1.00

1,150
710

$170,000,000
90.000.000
36.800.000
34.393.000

51.830
1.07

24
20

$47,520,000
39.930.000
35.185.000
35.185.000

1.759.000
1.00

1.180
740

$192,000,000
102.000.000
43.415.000 
40.575.000 

58 670 
1.07

Percentage Distribution of Funds Awarded by Performer

Est ima te Estimate Estimate
FY1979 FY 1980 FY1981

I In iv e rs it ie s  and C ol lege s
16 MR Ls . N M L . SSRL & S R C .............................................................................
O th e r U n iv e rs it ie s  an d C o ll e g e s ....................................................................

O th e r P ro je ct  Aw ard s
In d u s try ..................................................................................................................
Federa l A ge nc ies ................................................................................................

O th e r ..........................................................................................................................

44.5 43.9 43.2
54.0 54.3 54.0

0.8 1.0 2.0
0.5 0.4 0.4
0.2 0.4 0.4

Manpower and Other Factors

Estimate  Estim ate Es timate
FY1979 F Y 1980 FY 1981

S en io r S cie nt is ts  Fa cu lt y ** *
N u m b e ro f yea rs  su pported  .............................................................................  195
A m ount o f fa cu lt y  su ppo rt  ...............................................................................  $5,905,000

Pos td oc to ra l A ssoc iates
N um ber o f y ea rs  s u p p o r te d .............................................................................  370
A m ount o f p os td oc to ra l s upport  ..................................................................... 4.500.000

G ra duate  Stud en ts
N um ber su pported p er a w a rd -y e a r ..............................................................  1.240
A m ount o f gra du at e s tu dent s u ppo rt  ............................................................  8.685 .000

O th e r M anpow er C o s ts .........................................................................................  4.704 .000
La nd . Bu ild in gs & F ix ed  E q u ip m e n t..............................................................  ....0_
M a jo r E q u ip m e n t...............................................................................................  3.500 .000
O th e r E qu ip m ent ...............................................................................................  8.200.000

O th e r C os ts ................................................................................................................  11.722.265
In d ir e c t C os ts ............................................................................................................  15.200.000

Tota l

200
$6,835,000

370
4.950.000

1.240 
9.555.000 
5.175.000 

—0— 
2.300.000 
9.200.000 

14.046.000 
16.440.000

208
$7,865,000

375
5.500.000

1.250 
10.990.000 
5.900.000 

—0 —
1.200.000 

11.200.000 
17.031.000 
18.864.000

$62,416,265 $68,501,000 $78,550,000

* In cl udes pro po sa ls  fo r  com m it te d  renew als , etc.
**  In clu des aw ard s fo r  com m it te d  re new als , su pple m ents , etc . 
** *  In clu des fa cu lt y  as sociates .

A-V -16

60-7 70 0 - 8 0 28
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ASTRONOMICAL, ATMOSPHERIC, EARTH, 
AND OCEAN SCIENCES

PROGRAM ACTIVITY SUMMARY

FY1981 PROGRAM TO TAL.................................................... $241,300,000

Obligations by Subactivity

Page Sub act ivity Act ual
FY19 79

Budget
Reques t
FY1 980

Cur ren t
Plan

F Y  1980
Estimate  

F Y  1981
Di ffe renc e 
F Y  1981/80

B-l Ast ron om ical  S cie nc es  ................. .......... S59.221.107 $58,550,000 $56,964,000 $60,200,000 $3,236,00 0

B- ll Atm osp her ic S c ie n c e s ................... .......... 59,106,778 65,750,00 0 63,169.000 71,100,000 7,931,000

B-l ll Eart h Sc ie nc es ' .............................. .......... 24,919,404 26,250,000 25,278,00 0 27,900,000 2,622,000

B-I V Oc ea n S c ie n c e s .............................. .......... 62,393,72 5 68.450,000 66,619,00 0 76,000,000 9,381,0 00

B-V Ar cti c R ese arc h P ro gr am ............... .......... 5,974,000 6,000,000 5,832,000 6,100,000 268,000

Total ......................................... .......... $211,6 15,014 $225,000,000 $217,862,000 $241,300,000 $23,438,000

' Th e Ocean Sediment Coring  Program has been moved from the AAE OS Activit y to Ocean Dr illing  Programs, a separate activity.

Goals and Description

The Astronomical, Atmospheric, Earth, and Ocean Sciences Activity supports basic 

research in selected disciplines that will increase our knowledge of the natural environ­

ment on ea rth  and in space. The overall  ob jective s of the various  e lem ents comprising 

the activi ty are as follows:

• Obta in new knowledg e of astron omy and the atmo sphe ric scien ces over the 

ent ire  spectru m of physic al ph enomena;

• Provide a better und ers tan din g of the physical  and chem ical make-up of the 

ear th and its geological history;

• Obtain further  insights into the oceans’ com position, stru cture, beha vior , and 

reso urce s, an d ex amine the ef fec t of human activ ities on the oc ean envir onme nt 

and  vice versa;

• Adva nce knowledge of n atu ral phe nom ena  and proce sses in the Arctic.

The objec tives are pur sued throu gh the following subactiv ities:

Astro nomic al Sciences: Sup port  of basic  r esearch  projec ts and nati ona l resea rch 

facil ities  is dire cted  at examining the physical prin ciples govern ing the univ erse as 

well as the prop erties and beha vior  of its objects. The latt er include pla nets and their 

atmo sphe res, our sun, other  stars, the Milky Way galaxy, and remote galaxies and 

quasars.
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Atm osp her ic Sciences: Su pport is provided for basic re sea rch  pro jects  and for the 
National Cente r for Atmospheric Researc h to faci litate our underst and ing  of the 
behavior of the ear th's  atmo sphere.

Earth Sciences: The p rograms under Earth Sciences a re designed to increase our 
basic knowledge of the solid earth and its evolution. Emphasis is placed on chemical and 
physical charact eris tics  and processes th at produce geologic features inc luding hydro­
carbon and ore deposi ts and even ts such as earthquakes.

Ocean Sciences: The activities  sup ported are geared  to improve underst and ing  of 
the natu re of the ocean, of its in fluenc e on human activit ies, and of soc iety ’s impact on 
the marin e envi ronment. This is accomp lishe d through Oceanography Projec t Support, 
Coordinated Ocean Research and Exploration, and support for oceanographic facilities 
essenti al to the rese arch  efforts.

Arc tic Research Program: Research is supported in the disc iplin es of geology and 
geophysics, biology, oceanography,  meteorology, glaciology, and upper  atmo spheric 
physics . Among the studi es und erw ay are those on perm afrost, dee p ice cores from 
Gre enland , arctic lake and tundra  ecosystems, and the reso urce s of the Bering Sea 
Shelf.

Changes Between FY 1980 Budget Request and FY1980 Current Plan

The FY 1980 Current Plan is $7,138,000 less than the FY 1980 Budget Request. As a 
result  of Congressional cuts to the budget requ est,  the AAEOS activity was red uced by 
$1,850,000. Further reduct ions resulted from reprogramming actions. Funds in the 
amo unt  of $1,975,000 were a dded  to the new Ocean Drilling Programs act ivity of which 
$1,500,000 is to acc ele rate  Oce an Margin Drilling planning and  $475,000 offsets changes 
in timing at foreign contr ibu tion s. In addition, $3,313,000 was repro gram med  to the new 
Cross-Directo rate Programs activity. This r epresen ted  the AAEOS share  of programs 
transf err ed and augm ented  in the FY 1980 cur ren t plan.

After the d ecrease and reprogramming , a total of $217,862,000 is ava ilab le for the 
AAEOS activity. The table below shows the distr ibut ion of the se funds compared to the 
FY 1980 Budget Request:

Suboc tiv ity
Budget
Request

Cu rrent
Plan Di ffe rence

Astronomical Sciences ........................................................... ...................  $58,550,000 $56,964,000 $-1,586,000
Atmospheric Sc ienc es ............................................................. ...................  65.750.000 63.169.000 -2,581.000
Earth Sciences ........................................................................... ...................  26.250,000 25,278.000 -972.000
Ocean Sc ienc es ......................................................................... ...................  68,450,000 66,619,000 -1,831.000
Arctic Research Program .......................................................... ...................  6,000,000 5.832,000 -168.000

Total .................................................................................... ...................  $225,000,000 $217,862,000 $-7,138,000

The decreases were  dis tributed in a manner intend ed to reflect ident ifiable  rep ro­
gramming actions and minimize impacts on research.  The dist ribution  of these cu ts is 
discussed in more detail at the subac tivity level.
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F Y 1981 Budget Highlights and Explanation of Increases and Decreases

Obligations

FY l97 9A ctu al ................................................................................................................. $211,6 15,014

FY 1980 Pro gram ..............................................................................................................  $217 ,862,000

FY 1981 R eq ue st ............................................................................................................... $241 ,300,000

D if fere nc e- FY  198 1/F Y1980 ........................................................................................ $23,438,00 0

Major  program or projec t chang es in  FY 1981 include:

In Astronomical Scien ces a $4,500,000 decreas e resulting from completion of 

funding for Very Large Array fabrication in FY 1980 is largely offset by a $1,850,000 

increas e for the first year  of full VLA ope ratio ns (total $5,200,000), and detai led 

design and specifications for a new 25 meter diameter, millimeter wave telescope 

at $1,700,000. The 25 m eter telescope will require an additional $27,000,000 in Fiscal 

Years 1982-1984.

An additional $2,826,000 for the astronomy centers will help meet increased oper­

ating cost ($1,523,000) and pro vid e instr ume ntat ion ($1,303,000) . Totals  in these 

categorie s are oper ation s $30,852,000  and instrume ntat ion $3,228,000.

An increase of $1,360,000 in Astron omy projec t supp ort to $19,220,000 will help 

meet incre ased  costs.

In Atmospheric Sciences an increase of $4,331,000 in project support to $38,600,000 

will expand atmospheric chemical research , climate modeling and cloud physics, 

continue Global Atmospheric Research Program (GARP) projects and begin data 

anal ysis of previous GARP field experim ents  and an obse rvati onal  program of 

the Solar  Maximum Year. Upgrading of a radar networ k for upp er atmospher ic 

observa tions and new obse rving tools to study mesoscale  meteorologic al pr oces­

ses are  also included.

’ An in cre ase  of $3,300,000 to $29,900,000 for the National Center for Atm ospheri c 

Rese arch  provides for cont inued  suppor t of s tudie s in solar vari abil ity, trace 

gases and aerosols, modeling and convective storm processes, and of ai rcraft and 

the Cray-1 computer . Administra tive servic es costs are incre ased .

A $3 00,000 incre ase to $2,600,000 f or the National S cientif ic Balloon Facility  will 

help  co ntin ue support se rvices to ongoing programs, r enovate the fo rme r op era­

tions building and begin procurement of equipment for Long Duration Ballooning 

expe rime nts.

In Earth Sciences, an increase of $2,622,000 to $27,900,000 will allow for increased 

emp hasi s on geologic r esearch  on the U.S. cont inenta l crust and cont inued sup­

port of the Consortium on Continental Reflection Profiling, luna r sam ple analysis, 

research  on the nature of earthquake s, modern geological processes, ore-forming 

fluids and ore deposits, and some instrumentation in geochemistry and geophysics.

> An inc rease of $3,250,000 to $24,600,000  in Ocean ography Project Support will 

main tain  the diversi ty of curr ent programs,  as well as increase emp hasis on
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open-ocean dynam ics using new tools such as satel lite imagery and chemica l 
tracers, all aspects of recent ly discovered  sea f loor hydrothermal vents, paleo- 
oceanography, and prim ary  product ivitiy and food cha in processes in the open 
ocean.

• The Coordinated Ocean Research and Exploration program element increases by 
$2,850,000 to $23,600,000 includes initia tion of projects  in ocean acoustic tomo­
graphy,  the impact of rivers  on the ocean, and studies of ecosystem productio n 
and control m echanisms. This increase will also expand  meteorological support  
for the Sea-Air Exchange project, study of the effect of Western boundary current 
eddies on the continental shelf and research, particularly chemical, on the hydro- 
thermal circulation  of seaw ate r through the oceanic crust.

• A $3,281,000 increase in Oceanographic  Facilit ies and Support  to $27,800,000 is 
necessary  to mainta in adequate  logistics suppo rt for the re sea rch  components of 
Ocean Sciences. Tec hnic ian suppo rt and ship board  equ ipm ent  a re increased 
along with operatio ns support. The cons truc tion /conve rsion budget includes  
$3,600,000 for a new  coastal research  ship to continue the plan ned  upgrading of 
the academic flee t to i ncrease its efficiency and meet resear ch needs.

• Arctic r esea rch inc reases  by $268,000 to $6,100,000 and will continue to provide 
support for biological research on the Bering Sea She lf, and geological and geo­
physical rese arch in Alaska and elsewhe re in the arctic .

Coordination and Relationship to Other Efforts

Since coord ination is pr ima rily  by the five AAEOS researc h are as, specific coordi­
nation  mechanisms and rela tion ship to similar federa lly sup por ted research are dis­
cussed at the subactivi ty level .

Changes in Budget Structure

Atmospheric Sciences: The Global Atmospheric Research Program and Climate 
Dynamics Program that were shown as sep ara te program elements  in FY 1980 are 
included as subelements in the Atmospheric Sciences Project Support program element. 
Research supported  under these elements has become increasingly similar to o ther  
atmospheric science project support and this change reflects  that fact.

Earth Sciences: The Ocean Sediment Coring program element has been  moved 
from the AAEOS Activity and redesigna ted as the O cean Drilling Programs Activity to 
increase the visibil ity of the Ocean Margin Drilling Project . Project Support in the 
several earth sciences subdisciplines now comprises the full Earth Sciences Subactivity. 
Within that subactivi ty a new element, Petrology, disp lays  a portion of the research 
formerly under Geoc hemistry that focuses on rocks.
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Ocean Sciences: T he Inte rna tion al Decade of Ocean  E xploration comes to an end 
in FY 19 80 . Phase out of IDOE proje cts and new p rojec ts of simi lar scale and in simi lar 
rese arch  area s will be sup por ted  und er the new Coo rdin ated  Ocean Resea rch and 

Exploration program elem ent .
Arctic Research: The forme r Environmental and Resource Related Research program 

elem ents  have been  repl ace d b y the v arious  disc iplin ary p rogra m e lemen ts sup port ed, 

includ ing atmos pheric , biologic al and eart h science s, glaciology and ocean ography.

Evaluation and Oversight

Evalua tion may be def ine d as the process by which the value of a plan  and the 
effec tivene ss of its imp lem enta tion  are dete rmin ed. It is also the process by which 
progra ms, projects and sch edu les  are app rais ed to de term ine thei r worth. Using this 

latt er defini tion as a guide , eva luat ion is app roached as a regu lar and continuo us 
proc ess, perfo rmed  by all eleme nts of the AAEOS Dire ctor ate,  and involving all 

mem bers  of the profe ssion al staff.
Exampl es of e valu ation  mec hani sms are: site visits, statu s and program repo rts, 

pub licat ions,  adv isory a nd ad hoc  pan el r eviews , au dits,  pro gram review s, com mittees, 
and focussed  eva luatio n stu dies . Evalu ation affects  policy, p lans, program s, and  im ple­

men tatio n of programs.
The AAEOS Direc torat e has  esta blis hed adviso ry comm ittees for each of its five 

Divisions as part of the Fou nda tion ’s oversight and eval uation effort .
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ASTRONOMICAL SCIENCES PROGRAM SUBACTIVITY . . . .  $60,200,000

Obligations by Program Element

Program Element Ac tua l 
FY 1979

Budget  
Request 
FY 1980

Current
Plan

FY 1980
Estimate 

FY 1981
Di ffe rence 
FY 1981/80

Astronomy Project Support................................
Nat. Astronomy ft Ionosphere Center .............
Kitt Peak National O bs erva tory .........................
Cerro Tololo Inter-American Ob servatory ........
Nat. Radio Astronomy Observatory .................
Sacramento Peak Observatory .........................

$16,341,654 
4,624,998  
9,701,455  
4,350,000  

22,703.000  
1,500,000

$16,450,000
4,950,000

10.600,000
4,850,000

17,990,000
1,710,000

$17,860,000
4,920.000

10.570.000
4,860,000

17,082.000
1,672,000

$19,220,000
5,370,000

11,500,000
5,200,000

16,960,000
1,950,000

$1.360,000 
450,000  
930,000  
340,000 

-122,000  
278,000

Total ................................................................... $59,221,107 $58,550,000 $56,964,000 $60,200,000 $3,236,000

Objectives and Description

The major objectives of the Astronomical Sciences Program are to increase knowl­
edge of:

• The origin, evolution and properties  of the solar system. This  includes the sun, 
planets, natural satelli tes, comets and the interplanetary medium.

• The life cyc le of stars. This requires knowledge of the physical processes taking 
place within a star throughout its life time. Present emphasis is on the formation 
of protostars and later evolutionary  stages of stars (pulsars, b lack holes, super­
novae).

• The dynamics and motions of stellar  groups. These groups range in complexity 
from binary stars to star clusters and galaxies . This research involves the study 
of stellar positions, motions and distances.

• The composition, formation and evolution of our M ilky W ay ga laxy, the inter­
stellar medium of dust and molecules, other galaxies and quasars. These studies 
require data acquisition, interpretation and cosmological modelling.

NSF support includes funding for:
• The operation and use of important telescopes at university  observatories.
• The development,  operation and use of advanced observing facili ties at the 

National Astronomy Centers by staff, visiting scientists and graduate students.
• The reduction and interpretation of data, theoretical modelling, publication 

of findings, and conferences.
• State of the art technology to design, construct and improve the instruments and 

telescopes used by astronomers to detect and analyze radiation at wavelengths 
through the electrom agnetic spectrum. Present emphasis is on infrared and 
millimeter wavelengths,  radio interferometry (e.g., the Very Large Array) and 
extremely sensitive solid state light detectors.
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Fundamental scientific laws and theories are regularly subject  to test by astronomical 

observa tions. App aren t ve locities of components of astronomic al objects as high as ten 

times the speed of light hav e provoked con side rabl e discussion  among scientists . The 

high rates of energy gen era tion  by quas ars and centers of galaxies  may also point to 

recasting the acce pted  la ws of physics. Discoveries of orga nic m olecules in deep  spac e 

have provoked revisio ns in theo ries  of molecular  fo rmatio n and the evolution of life.

While astronomy continu es to make major  contr ibut ions  to science, it also yields 

applications  to o ther  hum an needs . Careful stud ies of so lar activity are essen tial to 

understanding changes in the ear th’s climate. Astronomers are monitoring atmospheric 

pollu tants for compa rison with  condit ions 50 years  ago. Magnetic storms on earth , 

which  disturb radio comm unication s, are now pred icte d by monitor ing flare s on the 

sun. Very Long Baseline In terf ero metry  can be used  to dete rmi ne precis e lat itude s and 

longitudes. Special com pute r soft ware first deve loped for astrono my has application  

in the polishing of the  m irro rs nee ded  for the Nation 's laser fusion R&D program. And 

mill imeter wave tech niqu es hav e been used to d etec t bre ast  cancer.

Astronomy Project Support
The Foundation's  Astronom y Project Supp ort program a war ds g rants for  rese arch  

in all topical areas of gro und-bas ed astronomy. These inclu de the su n and  othe r bodie s 

of the solar  system, the str uct ure  and evolution  of sta rs, systems of stars, motions of 

stars , and the com position and behavio r of gas and dust throughout inte rste llar  space. 

Advance d technology is req uir ed  to e xtract inform ation  from light and radio waves 

received from the large var iety  of distan t objects. For this reaso n, in addition to awards 

for re sea rch , the Astronomy P roje ct Su pport program  funds deve lopm ent and pr ocu re­

ment  of new instrumentation.
Currently NSF expects to award 162 grants to scientists at about 70 institutions through 

the Astronomy Project Supp ort program. Research and the develop men t of new tech­

niq ues  w ill involve about 340 scien tists and 190 gra dua te students . A slightly s maller 

num ber of grants  will be made in FY 1981. Major U.S. astronomy obse rvato ries, inclu d­

ing the five NSF supp orted Nat iona l Astronomy Cente rs, will par tici pat e in projects 

sup por ted  under this program.
Sev eral  observato ries ope rat ed by universit ies rece ive progra m support. These 

include: the Five College Radio Astrono my O bserv atory  in M assa chusett s—site of the 

largest mill imeter wave ant enn a in the United  States: the Owens V alley Observatory  

in Ca lifo rni a—site of a three element  rad io int erfe rometer; the  Hat Cr eek O bserva tory 

in Califo rni a—site of a two elem ent  m illim eter  wave inter ferometer; and  the Haystack  

Obs ervatory in Massachusett s—which operate s a 120 foot diamet er radi o telescope as 

par t of the internation al Very Long B aseline Inte rferome try network .

National Astronomy Centers
The National Science Foundatio n is resp onsi ble for supp ort of the nation 's five 

Natio nal Astronomy Centers . Thes e are  the Nation al Astronomy and Ionosp here 

Cen ter (NA1C), the Kitt Peak National Observa tory  (KPNO), the Cerr o Tololo Inter-
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American Observa tory  (CTIO), the National Radio Astron omy Observa tory  (NRAO) 
and the Sacra mento Peak Obs erva tory  (SPO).

The major  pu rpo se of th ese  Centers is to make it po ssibl e f or astronome rs at u ni­
versities  throughout the nation to use the advanced and unique instrumentation r equir ed 
for fore fron t rese arch . The se centers  mai ntain and develop a varie ty of telescopes , 
inst rum ents and compu ting facili ties  that a re among the most a dvanced  in the worl d for 
radio , milli mete r, inf rar ed, and optical astronom y. Listed below are the kinds of 
resear ch and managing con trac tor  for each Center.

National Astronomy
Center Type of Research

Location of Major 
Facilities Contractor

National Astronomy & 
Ionosphere Center (NAIC)

Radio and Radar 
Astronomy and 
Ionospheric Physics

Arecibo.
Puerto Rico

Cornell University 
(CU)

Kitt Peak National 
Observatory (KPNO)

Optical and
Infrared Astronomy

Kitt  Peak. AZ Association of
Universities for  Research 
in Astronomy. Inc. (AURA)

Cerro Tololo Inter- 
American Observatory 
(CTIO)

Optical and
Infrared Astronomy

Cerro Tololo.
Chile

Association of
Universities for Research 
in Astronomy. Inc. (AURA)

National Radio Astronomy 
Observatory (NRAO)

Radio Astronomy Green Bank. WV
Kil t Peak. AZ
Socorro, NM

Associated Universities
Inc. (AUI)

Sacramento Peak
Observatory (SPO)

Solar Astronomy Sunspot. NM Association of
Universit ies for Research 
in Astronomy. Inc. (AURA)

The National Astronom y and Ionosp here C enter mai nta ins a set of u niq ue ins tru ­
ments and faci lities tha t are  req uir ed in radio and ra da r astronom y and ionosp her ic 
physics. It ope rate s the  wor ld’s large st single ra di o/ ra da r teles cope —1,000 fee t in 
dia me ter —in the mountains of P uerto  Rico nea r A recib o. FY 1981 will be the first  f ull 
year  of operati on of a new  ionospheric heat ing faci lity at NAIC. This i nst rum ent  w ill 
be used for res earch  in energy  and elec tric al chan ges in the ionosphere .

The Kitt Peak  Nat ion al Observa tory  is d edi cated to res earch in ste llar , s olar , and 
planetary  ast ronomy. Located about 50 miles  sou thw est of Tucson, Arizona, the s ite  is 
excellent for a stronom ical  obse rving. Ten s tel lar  telescope s are  ma inta ined , inclu ding  
one of the l arges t ope rat ion al optical i nstr uments in th e world ( the f our m eter  dia me ter  
Mayall telescope),  and  the McMath Sola r T elesc ope, the largest solar teles cope  in the 
world.

The Cerro  Tololo Inter -Am erican Obs erva tory  provides  access to the skies of the 
Sout hern  He mis phe re. It is sit uate d in the Andes  Moun tains  appr oxim ately  50 miles  
east of the coas tal town of La Serena , Chile. The obse rvato ry ope rate s the larg est 
telescope in the Sou thern Hem isph ere, iden tica l to the Mayall 4-meter tele sco pe on 
Kitt Peak. The observatory also ope rate s seven oth er telescopes.

The N ational Radio Astronomy O bservat ory o per ate s th ree major  radio  tele scopes
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for re sear ch in all fiel ds of radio astronomy. A 300-foot telescope and a 140-foot fully 

steerabl e telescope are  located in Green Bank, West Virginia. A 36-foot mil lime ter 

wave telescope is loc ated  at Kitt Peak. A fourth new observing facility, the Very Large 

Array (VLA), on the Plains of San Augustin, near  Socorro, New Mexico, will begin its 

first year of full opera tion  in FY 1981.
The Sa cramento Peak  Ob serva tory is located  9,200 f ee, above se a level a, Su nspot,  

New Mexico (ne ar Alamo gordo). The principa l inst rum ent is the vacuum solar t owe r 

telescope; its high resol utio n images of the s un's surf ace have  no, be en equ aled by any 

other solar telescope. The  obs ervat ory also op erat es the only large corona graph  in the 

Western  Hem isphere. This  instr ume nt makes it possib le to observe the solar  coro na 

regularly, an obse rvat ion otherwise possible  only d uring  a solar  eclipse. Four spec ial 

purpose telescopes are  also on the site, and there  are four small patro l teles cope s 

which record major sola r activity daily.

Sign ificant Recent Ach ievements

Gravity  Waves
Last year thre e astr ono mers at the Univ ersity  of Massachusett s anno unced the 

firs, expe rimental evid enc e dire ctly  su pport ing the exis tenc e of gravi tational waves.

Such waves, long hyp othe sized bu, neve r direc tly obse rved , are in some ways 

similar to rad io waves, but are  base d on the forces of gravity rather  than on those of 

electr icity and magnetism. The existence  of gravity waves  is one of the longsta nding 

but here tofor e unte sted  pre dic tion s of E instein’s ge nera l theo ry of rela tivity.

The discovery was based on observations over a four-ye ar period  of the bina ry 

pulsar PSR 1913+16. The pul sar , located some 15,000 light y ears away from Earth,  was 

observed with the 1000 foot diame ter radio antenna operated by the National Astronomy 

and Ionosphere  C ente r and located near  A recibo, Puerto  Rico. Discovered in 1974 by 

the same research  group, it is known to be orbit ing ano ther massive  o bjec t—perhap s 

ano the r pulsar,  or per hap s a black hole—beca use its rep etit ive  pulses  of emission 

speed up and slow down ove r a perio d lasting a little less than  eight hours.

Einstein's theory pre dic ts that such a system should  emit gravit ationa l waves 

which slowly extract energy  from the  orbit,  th ereb y cau sing the p ulsar and its compan­

ion to move closer together. As the size of the orbit decreases, the length of time required  

for the  pulsar to comp lete an orbit also dec reases. Without gravity waves the  puls ar and 

its compa nion would cont inue orbit ing at a nearly constant rate . Bu, if gravity waves 

are  given off the orbital per iod  should dec rease at a r ate  of one ten- thousandth  of a 

seco nd per year . The m eas ure d am ount  is almost precisely this value, or about four  ten- 

thou sand ths of a second since late  1974. Since it is hard ly poss ible that anything e lse 

could be causing precisely this annua l change in orbit, these results  have been accepted as 

the first observ ed evidence  tha t g ravity waves exist. This finding will give impetus to 

exp erim ental work dire cted  to detec tion of the gravitational  waves, as well as to 

furth er  theoretica l stud ies of the theory of relativ ity.
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The three  scient ists who performe d the  resea rch  are  Joseph Taylor an d Lee Fowle r 
of the Univers ity of M assach usetts at Amh erst and Pete r McCulloch who was on leave 
from the University of Tasman ia.

Double Quasar

Qua sars are believed  to be the most p owerful sources of en ergy  in the unive rse. 
Rece ntly the first double qua sar  was iden tifie d. The qu asa r was first dete cted  by 
Dennis  Walsh at the Jodr ell Bank Radio Obs erva tory  in England. Its approxim ate 
position was la ter de ter mi ned at the Natio nal Radio Astronomy Observat ory using its 
300 foot diam eter  antenn a. At this time the objec t a pp eared  to be an ordinar y q uas ar. 
Then in March 1979, Robe rt F. C arswel l of C ambridge Univ ersity  studi ed the object 
with the Kitt Peak Nati ona l Obs erva tory ’s 84-inch optica l teles cope. Detailed obs erv a­
tions reve aled  that the obje ct was in fact two images sep ara ted  by an angle of 5.7 
arc seconds. This find ing  was later confirmed by R. Weym ann and others  using the 
University of Arizona ’s 90-inch telescope on Kitt Peak and the new Mu ltiple-M irror 
Telesco pe ope rate d by the University of Arizon a and Smiths onian  Astro physic al 
Observatory.

Although bina ry in app ear anc e, the two images may be the result  of light from a 
single quasar being split by what amounts to a gravitational lens. This could be explained by 
the pres ence  of a sup erm ass ive black hole betw een  the qua sar  and Earth. Accord ing 
to Einste in's genera l theo ry of relat ivity  any objec t with  large mass will not icea bly 
deflect light rays pass ing nea r its edge. During solar eclipses  as trono mers  can  r ead ily  
confirm that star s near  our line of sight to the  Sun’s ed ge (limb)  app ear  d ispl aced by 
this effect. In the  case of a qu asar , if an extr eme ly m assiv e object we re close e nough  to 
our line of sight, a more  dram atic effec t could app ear . The light beam  from the 
qua sar could be def lec ted  in more than  one dir ect ion —thus produ cing a doubl e 
image. This exp lan atio n is support ed by spec troscopic data; the twin objects , des ig­
nated  0957+561A a nd B, have  identica l r edshift s and n ear ly id entic al fe atu res . Also, no 
othe r twins have bee n obse rved  among the thou sand known quasars.

More re cen tly B. F. Burke, P. E. Gree nfie ld, and  D. H. Roberts of the Massac hus etts  
Institut e of Techno logy observed the doub le qu as ar ’s radio  wave image. Using the 
Very Large Arra y in New Mexico they produced a radio wave map of 0957+56 1. It is 
quite common for a q uas ar or an act ive gala xy to expe ll je ts of matt er into the neig hbor­
ing region of space . The radio map of 0957+561  rev eal ed a classic case of this kind. 
However, only one of the two quasars is e xpel ling mat ter in this fashion . Th ere  is no 
simi lar activity assoc iated  with its twin. The refore , the radio wave obs ervatio ns 
indic ate that 0957+ 561 is a genuin e doub le qu asar and  that perhaps no gravi tationa l 
lens need  be postula ted.

For the prese nt there may not be enough evi den ce to de cide whethe r observer s 
have discover ed one qua sar and one gravita tional lens or two strikin gly sim ilar qu a­
sars. Future obse rvation s of changes in brig htne ss may be req uired to reach a final 
inte rpre tation. In any case, at pre sen t the dou ble qua sar  is a unique  objec t.
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Changes Betw een F Y 1980 Budget Req uest and F Y1980 Current  Plan

The FY 1980 C urrent  P lan for Astronomy is $56,964,000. T his is $1,586,000 less than 

the FY 1980 Budget Requ est of $58,550,000. This reduc tion is p rima rily a r esponse to 

the reprogrammi ng and cong ressional  cut discussed in the activity  summary.

Of the $1,586,000, $700,000 was taken from the Very Large Array  (VLA) cons truc­

tion budget. This saving was poss ible due to an unexpected  low bid for the last 

phas e of VLA con struct ion and a l iquid ation  of most of the VLA contingency account. 

The balance of the red uction w as d istri but ed among astrono my projec t support and the 

natio nal centers .

FY 1981 Budget Highlights  and Explanation of Increases and Decre ase s

Obligations

FY 1979 Actual ................................................................................................................. $59,221,107
FY 1980 Program ...............................................................................................................  $56,964,000
FY 1981 R eq ue st ................................    $60,200,000
Di ffe rence—FY 1981 /FY1980 ........................................................................................  $3,236,000

The $60,200,000 reques ted  for Astronomical Science s is $3,236,000 more than the 

FY 1980 Curr ent Plan of $56,964,000. Reduction in VLA fa brica tion costs (-$4,500,000) is 

par tial ly offset by increa sed  costs of VLA operatio n (+$1,850,000) and  the design of a 

new 25 meter millim eter wave tele scope (+$1,700,00 0). This leave s a net incre ase of 

$4,186,000 or 97r for Astronomy Proje ct Suppo rt and normal operati ons  of the five 

National  Centers.
The percentag e changes for the six Astronomy Program Elem ents are:

Astronomy Project  Suppor t ...........................................................................................  7.67*
Na tiona l As tronomy and Ionosphere C e n te r ..............................................................
Kitt  Peak Nat ional O bs er va to ry ......................................................................................
Ce rro To Io lo Inte r-A me rican  Obse rv ato ry ..................................................................  7.07*
Na tiona l Radio Astronomy O bse rv ato ry ......................................................................  -0.7%
Sacramento Peak Observatory  ...................................................................................... 16.67*

Program s or Pro jec ts Increased in FY 1981

$1,523,000 for incre ased  costs of ope rati ng the five Natio nal Astrono my Centers 

(excluding  the VLA and equipm ent costs). Total oper ation s costs at the five Centers  

will be $30,852,000, an increas e of 5.1% over  FY 1980 opera tions.
$1,850,000 for expanded  operatio n of the VLA. FY 1981 will be the firs t complete 

year  of full oper ation of all 27 ant enn as of the VLA ($5,200,000),
$1,700,000 fo r final design dr awin gs and  spec ificat ions for a new 25 me ter d iameter  

mil lime ter wave  telescope at NRAO. This  is the start on a projec t that will req uire  

$9,000,000 pe r yea r in Fiscal Years 1982, 1983 and 1984.
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$1,303,000 for non- expenda ble res earch  inst rumenta tion  and equipm ent at the 
Natio nal Cen ters  bringing the total to $3,228,000.

The inc rease in funds for res ear ch gra nts  und er Astronomy Project Support is 
$1,360,000 bring ing the total to $19,220,000. Incr ease d costs will absorb all of this 
amount . This inc rea se of 7.6% will not ma tch cur ren t inflation rates.  Increased empha ­
sis is given to the following projects:

• U.S. par ticipat ion  in (conc lusion  of the) inte rnat iona l Solar Maxim um Year 
($70,000 ).

• The oretica l and laboratory a stro physics  ($280,000 ).

• Use of rad io ast ronomy  techni que s to det erm ine s tellar positions ($ 60,000).

• Inc rea sed  supp ort obse rvat ions  by unive rsity astro nom ers for non -planeta ry 
res ear ch using the NASA inf rar ed  te lescope facil ity in Haw aii ($160, 000).

• More  ex tensi ve data analy sis req uir ed  for theoretic al und erst and ing  of oberv a- 
tions ($150,000).

• Data r educ tion  faci lities  at ma jor user insti tutions ($ 340,000).

• Visiting  users  of the VLA ($1 20,000).

• Improve ments to existing t eles cop es ($180,000).

Projects or Programs Discontinued or Reduced

The VLA fab rication  bu dget will be redu ced to zero in FY 1981. Co mpletion of this 
proj ect resu lts in a $4,500,000 red uct ion  from FY 1980.

Cost incre ases  will req uir e a re duction  in univ ersi ty r ese arc h equi vale nt to about 
five average-s ized astron omy gran ts, and cont inued tighte ning of natio nal center 
operati ons.

Coordination and Relationship to Other Efforts

The Foundation is the des ignated  lead agency for support of ground-based astronomy 
in the United  States. The Fou ndat ion provides over two-th irds of the total Fed eral  
sup por t for grou nd-based  a stron omy  in the form  of re sea rch  gra nts at un iversitie s an d 
cont racts  for the operati on of the National Astronomy Centers. Other major sup por t­
ing agencies a re the Nati ona l Aero naut ics and Space  Administrat ion, the Depa rtment 
of Defense , the Smithso nian  Institu tion, and the National Bureau of S tanda rds.

Coordination among agencies is c arr ied  out routine ly at all l evels of manage ment.  
In addition , m eetings are  h eld  of the Governm ent Astronom ers' Round Table (GART). 
Mem bers of GART repr esen t NSF, NASA, and othe r agen cies with astro nom ers in 
Washington  having funding a nd oversigh t respo nsibili ties  for  grou nd-based and s ate l­
lite born e astronomy.
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NASA and NSF coopera te on several projects. Both agencies are supp ortin g 
costs of visi tor use of the NASA inf rared telescope  in Hawaii . Both a re mainta ining 
close contact on new deve lopm ents  in astronomica l solid sta te light detectors. Satelli tes 
such as the Internatio nal  Ultraviolet  Explorer are  used by many NSF g ran tees in 
support of their projects . NSF staff have also he lped in p lanning for the NASA Space 
Telescope Scient ific Insti tute.

The U.S. Air Force main tains  a small scien tific  staff  at SPO for mission rel ate d 
studies  of the sun. SPO is also provid ing telescope  components to the USAF on a 
reimbursable basis for its worldwide Solar Optical  Observing Network. NASA a nd 
the National Center for Atmospher ic Research conduct regular research  programs  
using KPNO and SPO fac ilitie s. The KPNO optical  shops h ave been used for spec ial 
projects by NASA and the Depa rtment of Defense.

In early FY 1979 the U.S. Naval Observa tory  assu med  complete funding respon si­
bility for the NRAO 4-element inte rferom ete r telescope at Green Bank. West Virginia. 
It is expected that NRAO staff will continue to operate it for Naval Observatory resea rch 
programs.

At NAIC, NASA annu ally  funds a rad ar astronom y program relat ed to its pla netary  
missions.

Astronomy Project Support Program Ele me nt....................... $19,220,000

Obligations by Program Subelement

Program Sub ele me nt Actual
FY1979

Budget 
Request 
FY 1980

Current
Plan

FY1980
Estimate 

FY 1981
Di ffe rence 
FY 1981/80

Solar System As tronomy ............................... 51,024,275 $1.400,000 51,350.000 51,420.000 570,000
Stars S Stellar Evo lution................................. 3,568.700 3.900.000 3.950,000 4,230,000 280,000
Stel lar Systems a Motions............................. 1,127,296 1,350,000 1,260,000 1.320,000 60,000
Galactic a E itragalactic As tro no my............ 5,541,813 5.650.000 5,900,000 6,330,000 430,000
Astronomical Instrumentat ion a

Development .............................................. 5.030,102 6,050,000 5,300,000 5,820.000 520.000
Radio Spectrum M an ag em en t...................... 49,468 100,000 100,000 100,000 —0—

Total ......................................................... 516,341,654 518,450,000 517,860.000 519,220,000 51.360,000

Objectives and Description

The Foundat ion’s gran ts program in astronomy is devoted to research  on the 
na tur e and scope of ou r s olar system and the univ erse  beyond. Solar system studies 
inc lude the Sun, the planets, natura l satel lites , comets, and asteroids. Beyond the 
sola r system are numerous oth er  s tars,  star  cluste rs, and interste lla r gas clouds that 
form our galaxy. Beyond our galaxy  are other  galaxies and objects such as quasars. 
Astro nomers study the origin, evolu tion,  and interact ions of these diverse objects . The 
regions beyond our planet are a va luable natu ral la boratory with matte r and radia tion 
existing under a wide range  of physic al condi tions not rep rod uci ble  in any research
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laboratory. Unique  opportunities exist for crucial tests of fundamental physical theories.
The objectives of grantees suppor ted  by the Astronomy Projec t Support Program 

sube lements  ar e the same as those for  the astronomy subactivity as a whole  except for
those specifically  rela ted to the Nat iona l Cente rs.

Major Research Questions

• What is the distr ibut ion of ma tte r in the universe? Is the universe infinite in 
extent? Will the observ ed exp ans ion of the univ erse  con tinue  fo rever, or will it 
eventually  collapse upon itself?

• What is the mechanism for the production of the immense ene rgy output of qua­
sar s and radio galaxies? The dis tances  to many of these  ob jects and the size of 
the energy producing regions have yet to be dete rmined .

• What is the nature  of the evolutio n of a star  that in some cases leads to the 
form ation  of a p lanetary system and in othe r cases leads to a b ina ry st ar system 
that becomes a source  of high energy  X-rays and gamma rays?

• What  is the mechan ism for pr oductio n of int ers tel lar  organic molecules? Do they 
form the building blocks for the  evolut ion of life on plane tary  bodies?

• In the las t stages of a st ar ’s life , what determines its ultim ate fate?  What are the 
physical conditions in a sta r as it becomes a supernova?  How is a pulsa r formed? 
What are the condi tions tha t lead to the formation  of bla ck holes?

• What are the det ailed reactio ns going on deep with in our own Sun? How are 
these  related  to cycles  of solar activity? Is the Sun a va riable  star?  Can we l ear n 
someth ing about the int er ior  of the Sun from s tudies of its surface  conditions?

FY 1981 Budget Highlights and Explanation of Increases and Decreases 

Solar System Astronomy
This sube lement is conce rned with studi es of the  Sun, the nine  plane ts and thei r 

sate llite s, the as teroids, and the comets which make up the solar system. These bodies  
provide  us with our pr ime examples for the study of cosmogony and, although the past 
two decades have seen  the rap id deve lopment of sp ace pro bes  for in situ measu re­
ments , ground based observatio ns still form an ind ispens ible par t of the total effort.

Of special  inte rest  in this  period is that in 1980 and 1981, the Sun (the only star  
which  we can study in gr eat  detail) is passing through the maximum phase of its eleven 
yea r cycle of activity . An i nte rna tion al effort has been organized around this ‘‘Solar 
Maximum Year” (SMY) to observe and analyze so lar ph eno mena by all ava ilable tech­
niques . A nu mber of p rojects have already  begun for the SMY under this subele men t 
in FY 1980 and these  will, in most cases, be continued and  completed in FY 1981. The 
programs are coo rdin ated with the Solar Terre str ial  sub ele me nt of the  A tmosp heric
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Sciences subactivity to suppo rt ground based solar optical and radio  observations  in 
coope ration with the NASA Solar Maximum Mission satelli te launched  in late 1979.

The increase of $70,000 to a level of $1,420,000 in FY 1981 will provide support for 
United States as tronomers  for  the in ternation al SMY as well as continuing support for 
solar system projects.

Stars and Stellar Evolution
The life history of a sta r begins as it condenses  out of inte rstellar gas and dust. 

Nuc lear  energy generatio n takes place in the center,  and the st ar begins to evolve. The 
rate of evolution dep end s on the mass of the star. Eventually the star must d ie—as a 
white dwarf,  a supernova , or a black hole. Research suppor ted by this sube lement 
involves pro jects to stu dy all asp ects of this cycle, as well as the physica l proper ties of 
vario us classes of stel lar objec ts. Laboratory data of astrophysical interest is also 
obta ined  in o rder to aid in the inte rpreta tion  of observa tiona l data.

Funding requested for FY 1981 is $4,230,000, an  increas e of $280,000 over the FY 
1980 allocation. This increase will a llow for add ition al supp ort of theo ry and laboratory 
astrophysics, areas  in which sup por t has lagged in recent years and in which new 
opportunities exist for signi fican t advances. Increased  emphasi s will be placed on: 
suppor t of theore tical and labora tory  s tudie s associa ted with atoms and molecules in 
space, support for technica l per son nel  needed at university -based observator ies, and 
suppor t for postdoctoral work ers and rese arch personnel .

Stella r Systems and Motions
Prec ise measurem ents of the positions and motions of stars and st ella r systems are  

nee ded  to de termine the struct ure  of our galaxy and the distances  to othe r objects in 
the univ erse .

Extrap olations from such measurem ents  of nearby stars  and the more distant 
ste llar  background allow us to de termine where we are located  in the Milky Way 
Galaxy and to calibrate the methods of distance measuremen t to the limits of the 
visib le unive rse.

Although such mea suremen ts have  long been performed only optically, the dis­
covery of radio stars has encouraged the coope ration  between optical  and radio 
astronomers to apply the prec ise measurem ent  techniques of radio astronomy to the 
determ ina tion  of positions and coo rdinate systems. Such improvem ents provide  a 
bet ter knowledge of the three dimensiona l structure of the univ erse  on the largest 
scales and,  on the smallest scales, the position and motions of the earth.

The increas e of $60,000 to a leve l of $1,320,000 will support these fundamen tal 
studi es on the continuing and regular basis  needed for such long term projects. 

Galactic and Extragalactic Astronomy
The principal objective of this sube lem ent  is to obtain increa sed knowledge of the 

int ers tel lar  medium, inte rste llar  molecules, our own Milky Way, and dist ant galaxies 
and quasars .
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The FY 1981 budget level of $6,330,000 is $430,000 above  the FY 1980 current plans. 
The re will be an increase  of $120,000 for users of the complete d Very Large Array. 
Ther e will be incr eased supp ort of $150,000 for scientists using the new infrared  
telescope faci lity in Hawaii. The theore tica l suppo rt will continue at appr oxim ately  
the same le vel but ther e will be a shi ft of su ppo rt for  diff ere nt projects . The theoretica l 
rese arch is nee ded  to provide guid anc e and inte rpre tation of observ ational data. It is 
expe cted  that an incre ase of $160,000 for vario us projects will be  n ecessar y to provide 
supp ort for more extensive data analysis . The data are now being colle cted  by more 
sop hist icated equipment. Funds for engineer s, technicians, and prog ramm ers are 
now nece ssar y.

The re will be more  em phas is in mil limeter and infrared obse rvati ons. New instru­
mentation will allow for more pre cise mea sure men ts of s tars  and oth er fea ture s in 
exte rnal galaxies  and quasars.

Astro nomic al Instrum entation and  Develo pment

This progra m provides suppor t for developm ent and cons truct ion of state-of-the- 
art tele scop es as well as auxiliar y in stru men tation. Advan ced detectors , data handling 
systems and spectral  analy sis tec hni que s are provi ded over the ent ire wavelength 
range  from radio  to nea r ultra-violet . The FY 1981 budget req ues t of $5,820,000 is 
$520,000 ab ove the FY 1980 cur ren t p lan.  Im porta nt progress is ex pect ed in many areas.  
Some of the highlights for FY 1981 are:

• Optical and inf rared det ector develop men t will be continu ed at the enhance d 
level  of the FY 1980 plan. Solid state  de tectors are ava ilab le and the demand  for 
them to in crea se existing tele sco pe efficiency will rem ain  high.

• Resp onsib le enc our agement of arra y dete ctor use dem and s a commitment  to 
provide  a dvan ced data examin atio n and reducti on faci lities at m ajor user  insti- 
tuions. An addition al $340,00 0 will be spent for new star ts for these  facilities.

• Con side rabl e imp rov ement in methods for incre asing the angular  resolu tion 
capa bili ty of ground based  i nstr ume nts is ex pected. Inc rea sed  su ppo rt of these 
are as will req uir e $180,000.

• Comple tion of othe r pro ject s in the progra m will free funds needed  for the 
incr eased operatin g costs of on-going r ese arch  a nd a ca refully chosen selection 
of more gene ral new sta rts  in instrume ntat ion.
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QUANTITATIVE PROGRAM DATA 
ASTRONOMY PROJECT SUPPORT PROGRAM ELEMENT

Pro posa l a nd Aw ard  S um mar y

Estimate Est ima te Estimate
F Y 1979 EY 19 80  EY1981

Prop os als:
N um ber o f P ro p o sa ls ................................................................ ......................  347 35(1 33U

Tota l D o ll a r  Am ount ................................................................ $52,827,938 $52,000,000 $52,000,000

Award s:
N um ber o f A w a rd s .................................................................... ......................  24R 252 243

Tota l o f D o ll a r  A m ount ................................................................ ....................  $16,341,654 $17,860,000 $19.22(1.0011

Ave ra ge  D o ll a r  Per A w a r d ...................................................... 65.894 70.870 79.090

Ave ra ge  A w a rd  D ura tion ' (M on th s)  ................................... ....................... 13 13 13

P erc enta ge D is tr ib u ti o n  of Fun ds  by  P e rf o rm er

Estimate
FY1979

Est im at e
EY1980

Es tim ate
FY1981

U n iv e rs it ie s , r J  C o ll e g e s .............................................................. ................... 98.2 97.0 97.0

In d u s tr v ............................................................................................... .....................  —0— —0— —0—

Fed er al  L a b o ra to r ie s ...................................................................... .....................  —0— —0 — —0—

O th e r ................................................................................................... .....................  2.8 3.0 3.0

Pers onne l and O th e r Facto rs

Est im ate Est im ate Estimate
FY 1979 F Y I  980 FY1981

N um ber o f s c ie n tis ts  ve ar s s u p p o r te d ....................................... ..................... 159 162 157

Cost o f sc ie ntists  su pported  ......................................................... ..................... 3.100.259 3.370.000 3.585.000

N u m b e ro f g ra duate  st u d e n ts su p p o rt e d ................................... ................. 196 196 192

Cost o f gra duate  students  su pported ......................................... ..................... 1.200.158 1,410.000 1.490.000

O th e r p ers onnel costs  .................................................................... ..................... 2.562.946 2.950.000 3.200.000

R&D  f a c il it ie s .................................................................................... .....................  —0 — —0 — —0—

M a jo r e qu ip m en t ............................................................................ .....................  —0 — —0— —0 —

E quip m ent a nd  i n s tr u m e n ta ti o n ................................................. 2.337.900 2.380.000 2.570.000

Re se arch  re sourc es ........................................................................ .....................  —0— —0— —0—

O th er Costs  ...................................................................................... ................... 3.331.738 3.600.000 3.890.000

In d ir e c t C o s ts .................................................................................... ..............  3.808.653 4,150.000 4.485.000

T o ta l.............. ................................................................................... .....................  $16,341,654 $17,860,000 $19,228,000

'C o n ti n u in g g ra n ts  in vo lv in g  m u lt i- yea r c om m itm ents  a re  in c lu d e d  her e as 12 -m on th a war ds . 

Fring e bene fi ts , expendab le  equ ip m ent,  tr ave l p u b li c a ti o n  costs, o th er d ir ec t costs.
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National Astronomy and Ionosphere C ente r...........................
Obligations by Program Subelement

$5,370,000

Program  Subelement Actua l 
FY  1979

Budget
Request
FY1980

Current
Plan

FY1980
Estimate 

FY 1981
Di ffe rence 
FY 1981/80

Scientific Research Sup po rt............................. $4,847,998 $5,163,000 $5,093,000 $5,605,000 $512,000
Construction of Buildings and

Research Fac il it ies........................................ 77,000 87,000 127,000 65,000 -62,000
Subto ta l....................................................... $4,924,998 $5,250,000 $5,220,000 $5,670,000 $450,000

Less NASA Facilities Operation Support1 . . . . -300,000 -300,000 -300,000 -300,000 —O—

Total ............................................................. $4,624,998 $4,950,000 $4,920,000 $5,370,000 $450,000

' NASA provides $300,000 per year for  partial operations and maintenance support for the S-Band planetary radar research 
program at the NAIC.

Objectives and Description

The National Astronomy and Iono sphe re Cent er (NAIC) pro vides the U.S. scien­
tific co mmun ity with the wor ld’s larges t reflecting teles cope for resear ch in radio and 
rad ar astrono my and atm osph eric  physics. The 1,000 foot dia me ter  ante nna at the 
Arecibo Observato ry is loca ted twel ve miles south of the city of A recibo , Puerto Rico. 
When used with its associat ed high pow er r adar tran smi tter s a nd low no ise re ceive rs, 
it is on e of the worl d’s most sen sitive rese arch  in strumen ts. T he faci lities of NAIC are 
ava ilab le to q uali fied  scien tists  on a compet itive basis.

In addition to the main telescope, the C ent er’s faci lities i nclude  a sma ller remote  
100-foot dia me ter  an tenn a for  in te rfe ro m etric  re se ar ch  pro gra ms  and a high-  
freque ncy  transm itting facil ity for atmo spheric rese arch . Assoc iated with the main 
telescop e is a broad  spectru m of observing and data  proce ssing equipm ent including 
a m ulti tude of recei vers , se ver al very  pow erful rad ar  transmit ters , high s peed  sp ecial­
ized digital equipm ent for data acqu isitio n and proce ssing,  an d se ver al p ower ful com­
pu ter s for system control, data ac quisi tion,  and  dat a red uction. Scien tific and technic al 
assistan ce a re provided by the res ide nt staf f at Arecibo. The Obs ervatory has  avai lable 
to all scientific users temporar y living quarters , a dining area, library, offices and shops.

Hea dqu arte rs for the NAIC is located  on the Cornel l Univers ity campus in Ith aca, 
New York. The h eadq uar ter s com plex consists of offices  for scien tific , eng ineering an d 
adm inis trat ive pers onnel and  laboratory space for the design  and developm ent of 
receive rs, feeds, elec tronic systems, and special purp ose digita l devices.

Radio astrono my researc h progra ms at Arecibo are devoted  to measuring  the 
pro per ties  of radio  emis sions  from celest ial radi o sou rce s—the planets, stars, int er­
ste llar gas clouds, puls ars,  our  own galaxy (the  Milky W ay), far distant ga laxies, and 
quas ars. The objec tive of thes e programs is an und ers tan din g of the natu re of the 
objects , their  str ucture , s our ces  of energy, evolut ion, and how they and we fit into the 
overall natu re of o ur uni verse.

The Arecibo  Observ atory rese arch  capa bili ty in ground-bas ed rad ar astronom y 
is unequaled anywhe re else. Measurements  of the orbital motions of the nearby planets
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and the ir sat ell ite s, and de te rm inat ions  of the  rada r scatt er ing  prop er tie s of thei r 
res pective  sur fac e lay ers ar e a s ign ific ant  pa rt of the  ra dar  astr ono my research  pro­
gram. The S-Band ra da r sy ste m at Arecib o ha s su ffi cie nt s ensit ivi ty to study most m ajo r 
ob jec ts with in the  o rb ita l di st an ce  of Sa tur n (Mercury , Venus , Mar s, Jovian  sa tel lites , 
Sat ur n’s rings, ma jor  a ster oids  and  com ets ). For o bjects  beyond Saturn, the rou nd -tr ip 
ligh t-trave l time exceeds two-a nd -one-ha lf hours , the  tracking  limit  of the Arecibo 
tele sco pe.

Resea rch  p rog ram s in atmos ph er ic  phys ics are dev ote d to th e invest iga tion  of the 
str uc ture , dyn amics,  and  ch em is try  of the up pe r atm osph ere  a t a lti tude s r anging from 
6 to 6,000 km. Areas of inv es tig ati on  inclu de  the dynam ics  of the  s tra tosp he re , meso-  
phe re , and th er m os ph er e,  th e dy na mical  co up lin g be tw ee n thes e reg ions  of the  
atm osphere , the int era cti on  in  the  ion osph ere  of winds, e lec tri c curre nts , the chem ica l 
an d energy ba lan ce  of the  io no sp he re , and  the res po nse of the  ion ospheric p las ma  to 
pe rtu rbat ion by elec tro mag ne tic  rad iat ion at va rio us freq ue nc ies and pow er leve ls. 
Co ord ina ted  r esearch  p rogram s may u se a va rie ty  of d iff eren t ins tru men ts such  as the  
430 and  2380 MHz ra da r syste ms , air flow ins tru men tat ion,  a me teo r trai l rada r, a 50 
MHz ra da r and  inf ras ound  de tect or  arr ay.

A m ajo r new fac ili ty for iono sp he ric  r esea rch at the Arecibo Ob ser vator y began 
full  opera tio n in early  1980. T his  p ow erf ul high  f requ en cy  tr an sm itt er  facili ty is bein g 
used  for ion ospheric heati ng  ex pe rim en ts,  the  stu dy  of no nl in ea r proces ses  in the 
iono sp he ric  p lasm a, and pa rti al  refle cti on  and  wave int era cti on  me asurem en ts of the 
mi dd le atm osp here.  This  fa cil ity  c ons ists  of fo ur tra nsmitt ers, each  delive rin g 200 KW 
of po wer  over a frequency ran ge  of 3 to 11 MHz to an an tenn a ar ray consisting of 
32 e lem en ts.

During  FY 1979, th e f ac ili tie s a t th e NAIC—Arec ibo  Observ ato ry  were  use d by  152 
vis itin g scientis ts from 54 do me stic and fore ign rese arch  a nd ed uc at iona l inst itut ions. 
As a res ul t of im pro veme nts  m ade to th e Arecib o tel esc ope in rece nt  y ears, as wel l as 
int eg rat ion of ne wly develo pe d instr um en tat ion,  the dema nd from  the sci ent ific  com­
mu ni ty for the use of th e Arecibo  fac ili ty has increased dram ati ca lly . The  nu mb er of 
vis itin g sci entis ts now pe rfo rm ing observations has  ris en  to m ore  tha n ten times that  
of the  n um be r of v isitors  in the  e ar ly  1970’s. Of the tota l o bse rvi ng  time  on the Arecibo  
tel escope  avail ab le to use rs,  74% was ass igned to v isitors . The  tel escope  observing 
time w as divided  among the  dis cip lines as follows: radio  astronomy, 77%; rada r astronomy, 
7%; an d atm osp heric  phy sics , 16%.

Th e Const ruc tion of Bui lding a nd  Resea rch  Faci lit ies  su b-ele men t p rov ide s fund s 
for sit e im pro veme nts  and  the  co ns tru cti on  and  upgra din g of road wa ys  and  uti liti es 
sys tem s.

Major Research Questions

Ma jor research  quest ion s to be  explo red at the NAIC in FY 1981 inc lud e the 
following:

• Wh at are the p hys ica l m ec ha nism s in the  extre me ly d istan t and  highly energetic
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objects such as quasars, radio galaxies, and hydrogen rich protoclusters and 
what is their role in the evolution of the universe?

• What are the physical properties of the clouds of dust and gas in our galaxy and 
what role do they play in the early  and late stages of stellar evolution?

• What are the detailed physical processes involved in the emission of radiation 
from pulsars?

• What new information about the physical properties  of nearby solar system 
objects such as planets, satel lites, asteroids, and comets can be determined with 
high powered radar techniques?

• What processes are involved in the dynamic phenomena occurring in the Earth's 
upper  atmosphere and what are the effects of the coupling of these phenomena 
between different levels of the atmosphere?

• What is the detailed pattern of motions in the stra tosphere, and how does this 
effect the transport of contaminants to high altitudes?

FY 1981 Budget Highlights and Explanation of Increases and Decreases

Continuing emphasis and plann ed new thrusts for FY 1981 include:

• Studie s to compare neutr al hydrogen emissions of ga laxie s from d iffer ent 
clusters, which lead to new fundamental understanding of the role the environ­
ment plays in the galactic evolution.

• Studies of the chemistry of the interstellar medium near  recently evolved 
supernovae by observing pre and post shock molecules.

• Studies of solar active regions to determine the nature of intense (several million 
degrees) emission regions over a wide band of wavelengths.

• Studies of the maser emission mechanisms and other non-thermal radio emis­
sions from normal stars, and their relat ionship to stellar evolution.

• Studies of the place of origin of pulsar bursts and their rela tion to current emis­
sion theories.

• Studies of the orbital decay of the binary pulsar to measure  the gravitational 
radiation term contained in the General Theory of Relativity.

• Studies of star formations process in the inters tellar medium by means of 
observing highly condensed objects.

• Radar studies of the terrestrial planets that are in view to map topographic 
features. Fundamental studies, through radar  means, of asteroids to determine 
surface morphology, composition, size, and rotation rates.

• Observations, using the new high frequency transmitter facility, of controlled 
nonlinear wave plasma interactions that will provide enhanced  understanding
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of increa sing sol ar ra di at io n effects throug h the  ear th ’s var iou s atm ospheri c 
layers .

• Ob servations of winds in the str atos ph ere,  mesos ph ere an d the rm osphere, 
des ign ed to pro vid e info rm at ion on the  dynami cal coupling be tween these 
di ffe rent  levels of the atmos ph ere.

During  1980 staf f lev els  w er e increa sed over the pre viously  planned level to 
acc om odate  the opera tio n of the  h ea tin g fac ili ty and main tai n es sent ial  serv ices. This  
was ach iev ed by r edu cin g all ot he r costs  to a minim um a nd by elimi na tin g a r esea rch 
sci en tis t p osition. As a re sult of inc re as ed  costs devoted  to o pe ra tio n and  m ain ten ance  
of the  NAIC ’s Arecibo Obs erva to ry  and  its rem ote  site s, it is pl an ne d to de let e two 
ful l-t ime posi tions in 1981. Th ese consi st of a vis iting g radu ate stud en t and  a research  
supp or t spec ia lis t/t ec hn ic ian .

Pro jec ted  NAIC s taffing f or 1981 is t arge ted  at 169 fu ll- tim e pe op le.  The total 1981 
sta ff com ple ment consist s of 13 sc ien tis ts,  58 tec hn ici ans, 6 ad minist ra tiv e,  and 92 
op erat ions  a nd support  serv ice  pe rson ne l. Sta ff distr ibut ion be tw ee n major  seg ments  
of NAIC are  est imated to be 147 at the  Arecibo Ob servato ry , and 22 at the  Ithaca , 
Ne w York he ad qu ar ters . An ad di tio na l 6 NAIC sta ff mem be rs will  be suppor ted  
thr oug h cost sha ring of the S-Band plan etary ra da r progra m with the  Na tion al Ae ro­
na ut ics and S pace A dm ini str ati on . W ith reg ard  to eq uipm en t a nd  f ac ili tie s c ategor ies,  
in FY 1981 only min or all ocati ons of a va ila ble fun ds are possible , w hic h will allow for 
mi nim al upgradin g of se lecte d sys tem s.

Th e a mount  of NSF suppo rt for  NAIC (exclusive  of NASA funds) in FY 1981 will be 
$5,370,000,whic h is $450,000 above the  1980 suppo rt le vel of $4,920,000. This $450,000 will 
be ab so rbed  by the  increa sed op erat ing and  mainten an ce  costs  for  NAIC activitie s.
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QUANTIT ATIV E PRO GR AM  DA TA  
NATIO NAL ASTRONOMY AN D IO NOSP HERE CE NTE R

Personnel and Other Factors

Est im at e
FY 1979

Est im at e
F Y I 980

Est im at e
FY1981

N u m b e r o f S cie ntist Y ea rs  Support ed ' ........................................ ..................  12 12 12
Cost o f S cien tist s S upp or te d .......................................................... ..................  $382,000 $412,000 $431,000
N u m b e ro f G ra duate  Stud en ts  S u p p o r te d '.................................. ................... 5 5 4
Cost o f G ra duate  St ud en ts  Su pported .......................................... ..............  48.000 51.000 45.000
O th e r Per so nn el  Costs- .............................................................. ................... $2,160,000 $2,408,000 $2,662,000
Lan d.  B u ild in gs, a nd  F ixed  E q u ip m e n t........................................ ................... 77.000 127.000 65.000
M a jo r E q u ip m e n t............................................................ ..................  —0 — —0— —0—
O th e r E qu ip m ent ............................................................................... ..................  245.000 185.000 250.000
Res ea rch R esourc es.................................................. ..................  —0— —0— —0—
O th e r C os ts4 ............................................................ ..................  1.146.000 1.144.000 1.297.000
In d ir e c t C o s ts ................................................................ ................... 567.000 593.000 620,000

T o ta l'1 ...................................................................... ................... $4,825,000 $4,920,000 $5,370,000

' N um b e r o f w ork -y ears  du ri n g  th e p ro gra m  ye ar by  fu ll -t im e , re g u la r s c ie n ti fi c  st a ff  m em bers  o f tasks req u ir e d  to a cc om plis h
NA1C  s m ission , ex clu siv e o f the D ir e c to r.  N A IC . an d the D ir e c to r an d Ass oc ia te  D irec to r.  O bse rv a to ry  O pera tions (A re c ib o . 
Puerto  Rico) .

Sala ries an d benefi ts  on ly .
'G ra dua te  st ud en ts  em plo yed b y N A IC  d u r in g  th e ac ad em ic  year and  s um m er w ork  p e ri ods  w ho se  a c ti v it ie s  con tr ib u te  to the 

com p le tio n  of th e ir  gra du at e de gr ee  pr ogra m s.
4 In c lu des suc h ite m s as u t il it ie s  an d com m unic a tions, supp lie s an d se rv ices , lea se  an d m a in te nance  costs an d tr ave l.
Less N ASA fa c il it ie s  su pport .
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Kitt Peak National Observatory Program Element ................ $11,500,000

Obligations by Program Subelement

Program Sube lem enl Ac tua l 
FY I 979

Budget
Request
FY 1980

Current
Plan

FV1980
Estimate 

FY 1981
Differ en ce  
FY 1981/80

Sc ient ific  Research  S up p o rt .................... $9,511,455 $10,395,000 $10,358,000 $11,283,000 $925,000

Co nstruction  ol Bui lding s & Research
Facili ties.......................................................... —0— —0— —0— —0— —0—

S ub to ta l...................................................... $9,511,455 $10,395,000 $10,358,000 $11,283,000 $925,000

Manag ement  F e e .............................................. 190,000 205,000 212,000 217,000 5,000

Total ............................................................ $9,701,455 $10,600,000 $10,570,000 $11,500,000 $930,000

Objectives and Description

Kitt Peak National Observatory (KPNO) is the nat ion ’s major center for ground- 
based optical astronomy. It provides the U.S. scientific community with the large tele­
scopes, auxil iary inst rum entatio n, and support se rvices required for advanced stellar, 
solar , and plan etary astronomy research. KPNO also m aintains  a sched ule of in frar ed 
observing,  thus extending the usefu lness  of the observatory’s la rger telescopes into 
the daytime hours.

The observatory proper is located on Kitt Peak, a 6,875-foot mountain  in the 
Quinlan  Range, 50 miles southwest of Tucson, Arizona. The mountaintop  is easily 
reached by car and a por tion of the facil ities there , including a visi tor s center  and 
museum, are open to the p ublic  during the day. Over 100,000 people tour the obse rva­
tory each year. The KPNO hea dquar ters and labo rato ries  are located in Tucson, 
adjacent to the University  of Arizona.

KPNO operates  14 telescopes, two of which quali fy as world-c lass instruments . 
These are the 4-meter M ayall reflector , a ste llar  telescope,  and the 1.5-meter McMath 
solar  telescope.  The tally also includes the 61/91-cen timeter Burre ll Schmidt Telescope 
which  the Warner and Swasey Observatory of Case Western Reserve University 
relocate d from Cleve land, Ohio,  to Kitt Peak during FY 1979. Star ting in Februa ry 1980, 
KPNO will schedule  one -hal f of the telescope’s observing t ime in retu rn for sharing in 
its operation al support. This fast photog raphic  inst rument is equippe d with full- 
aper tur e objective  prism s, thus provid ing KPNO with an outs tand ing large-scale spe c­
troscopic as well as pho tometric  survey capability.

Over  40 items of major aux ilia ry inst rumenta tion are ava ilab le on Kitt Peak for 
use with the telescopes. These include  the spec trographs , photomete rs, polarimeters, 
cam eras , and image-tube systems necessary  for the wide range of investiga tions 
carrie d out by vis iting and staf f astronomers.

Apar t from the small percen tage of time (about 5 percent) used to maintain and 
car ry out essential improve ments on the telescopes, over 60 p ercent  of the available 
observing  time is rese rved for visiting scientists and grad uate studen ts. Since the
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amount of ob serving  time req ue ste d is se vera l times gre ater than  the time avai lable , 
writ ten rese arch  proposals  are  req uir ed  for observing time. These are judged on a 
competit ive basis by a scien tific  evaluation  co mmittee advisin g the KPNO Director. In 
FY 1979 a total of 433 visiting  astro nom ers including  90 gradua te stude nts used the 
teles cope s on Kitt Peak. They came  from 100 U.S. instit ution s and 30 fore ign inst itu­
tions. The re were  a total of 305 res ear ch programs.

The KPNO s taff in FY 1981 will total 289 full time equ ivalents (FTEs) and will be 
mad e up of 34 sc ientific, 21 en gine ering, 112 techn ical, 66 a dmi nist rative and cleric al 
and 56 other supp ort per son nel . This is a reduction of 36 FTEs from FY 1980.

In FY 1980, a reo rganizatio n of the Kitt Peak activ ities took place. The re are  now 
four major  divisions un der  whic h the obse rvato ry operates. These are:

• Telescope Ope rati ons  whic h covers all of the activ ities  relate d to the pro per  
working and  m ain ten anc e of the tel escopes on the mountain.

• Engineering and  Technical Services  which prov ides  e ngineer ing and techn ical 
supp ort for staff  and visit or equi pme nt and res ear ch and  developm ent in new 
area s such as detectors  and studi es of possib le desig ns for next gene ratio n 
telescopes.

• Administ ration and  Faci lities Supp ort which prov ides  adm inist rativ e supp ort 
(including the Dir ect or’s Office) for KPNO and in some area s for the other 
AURA obs ervatories  and is resp onsi ble for ope rati on and mainten ance  of the 
KPNO faci lities in Tucson . Inclu ded are managem ent, business  support, pu r­
chasing, accounting, pers onnel, shipp ing and receiving,  utilit ies and comm uni­
cation, lease  and mainte nan ce agre ements, prin ting  and reproducti on.

• Scientific Staf f Program s. The scien tific staff  who  a re resp onsi ble for d eve lop ­
ment of equ ipm ent  for their  own res ear ch,  and  for support  of visito rs wer e 
form erly con sid ere d under  two separat e heading s depend ing  on the ir own s ci­
entif ic spe ciali ty, namely, the Solar System Program and the Galactic a nd E xtra- 
galact ic Prog ram. The division be twe en these  area s has now  been abol ishe d an d 
all scien tific staf f are  combined into a single program.

The amoun ts bud geted for each of these divisio ns in FY 1981 are as follows:

• Teles cope Op erat ions, $2,909,000 (unc hang ed from FY 1980).

• Engineering and  Technica l Serv ices, $2,854,000 (unchang ed from FY 1980).

• Adm inist ratio n a nd Facilit ies Sup port, $2,052,000 (unc hang ed f rom FY 1980).

• Scien tific Staff Prog rams, $2 ,193,000 (up $160,000 fro m FY 1980).

In addition to the above, the amount of $1,275,000 has been budg eted for new 
scient ific projects  a nd equipm ent rep lacem ent  in FY 1981 (up $675,000 from FY 1980). 
These include rep lac em ent  of the moun tain com pute r facil ities  ($250,000); ins tal la­
tion of new  c ompu ting facil ities in Tucson ($250,000); inst rum enta tion  imp rove men ts 
on the 4-meter  a nd 2.1-m eter  te lescopes ($320,000 a nd $106,000, re spect ively ); ins tal la­
tion of a rra y det ectors  on several teles copes and res earch  a nd deve lopm ent on de tec-
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tors ($149,000); and cont inuing study and design efforts  on the next generation  of 
telescopes ($200,000).

A four-year program to repla ce the minicomputers used to control the telescopes 
was begun in FY 1980 bec ause  of costly ma intenanc e problems being encoun tered  with 
these  aging machines. Also, more computing  power is req uired at the telescopes in 
ord er to collect and handle dat a from array  detectors and other new instrumentation . 
The Tucson computing faciliti es require upgrading for much the same reasons since 
pre liminary  reduction of data must be carri ed out before  visitors retu rn to their  home 
institutions.

No projects are planned under the Cons truction  of Buildings and Research Faci li­
ties subelement. The Management Fee provides funds for co rporate  expenses incurred 
by AURA for the operation and management of Kitt Peak.

Major Research Questions

Research carr ied out at Kitt Peak, by visiting and staff astron omers, includes 
inves tigations of the following problems:

• Is the sun cooling down as some observat ions suggest?
• What are the elem ent abunda nce s in the old stars in globular  c lusters?

• How old are the  oldest s tars in our Galaxy? Are their ages cons istent  with the age 
of the Universe?

• Are the re large amounts of invisible  mass hidden in normal sp iral  galaxies?

• How can this decade 's technological developments be app lied to telescope 
engineering? New ways of using optics, materials , and compute rs can substan ­
tially reduce the costs of m ode rate  to large  s ized telescopes.

FY 1981 Budget Highlights and Explanation of Increases and Decreases

Continuing and plan ned thru sts in FY 1981 inc lude:
• Support of rese arch  that cannot  be  supported  e lsewh ere —research  on the sun 

and planets: the stars and gas that make up our Galaxy: and the galaxies, 
quasars, and other tantali zing  objects that populate and define the extent of the 
Universe.

• Replacement of com puters on Kitt Peak with modern systems that will enable 
the use of array  detec tors and  other new instrume ntation  on the KPNO tele ­
scopes.

• Upgrading  of the Tucson headquart ers  computing facility  to provide the inter­
activ e and batch processing capabi litie s req uired to r edu ce large  volumes of 
arr ay  data.
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• Development of large format charge-coupled device and charge-injection 
device detectors in orde r to combine the advantages of photography and photo­
electric photometry in a single image sensor.

• Performing the conceptual and engineering studies required to overcome the 
cost and technical difficulties involved in constructing optical telescopes up to 
25 meters in diameter.

The FY 1981 KPNO program will require a budget of $11,500,000, an increase of 
$930,000 over the FY 1980 level. The increase is due to increased costs and KPNO’s 
continuing commitment to provide  the state of the art equipment  required for first-rate 
astronomical research.
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QUANTITATIVE PROGRAM DATA 
KITT PEAK NA TIO NA L OBSERVATORY PROGRAM ELEMENT

Personnel and Other Factors

Estimate Estimate Estimate
FY1979 FY1980 FY 1981

Nu mber of scie ntist  vearssupported' ..
Cost of scientists supported  ...................
Nu mber of graduate students  supported 
Cost of graduate students supported.
Other  personnel costs ............................
Land, buiId ingsan d fixed equipment  . .
Major  equ ipm ent  ....................................
Othe r equipment ....................................
Research resources ................................
Othe r costs4 .............................................

32
$1,090,443

5
$12,713

5.693.927

—0— 
448.232

—0—
2.456.140

$1,275,000

$13,000 
6.445.000 

—0— 
—0—

431.000 
—0— 

o nnn

$1,299,000

$14,000 
6.225.000 

—0— 
—0—

785.000 
—0— 

3.177.000

T o ta l.................................................................................................................. $9,701,455 $10,570,000 $11,500,000

'The  numb er of years worked  du rin g the pro gra m year  by fu ll- tim e regu lar  sc ient ific  staf f members  in tasks re qu ired to

accomplish the center's  miss ion, exc lusive  of the  D ire ct or and the Assistan t to the Director.
Sa laries and ben efits  only.
Gradu ate  students employed by KPNO d ur ing summer work per iods  whose acti vit ies  con tribu ted to the comple tion  of  their 

gra duate  degree programs.
4 Inc lud es ut ili tie s and com munications,  c om pu te r lease and ma intenance costs, travel , suppl ies , and management fee.
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Cerro Tololo Inter-American Observatory
Program Elemen t....................................................................... . $5,200,000

Obligations by Program Subelement

Program Subelement Ac tual
FYJ979

Budget
Request 
FY 1980

Cu rrent
Plan

FY 1980
Estimate

FY1981
Di ffe rence 
FY 1981/80

Scientific Research Su pp or t........................... $4,268,000 $4,707,000 $4,765,000 $5,048,000 $283,000
Construction of Buildings & Research

Fa cil ities ........................................................... —0— 50,000 —O— 50,000 50,000
Sub to ta l....................................................... $4,268,000 $4,757,000 $4,765,000 $5,098,000 $333,000

Managem ent F e e ............................................... 82.000 93,000 95,000 102,000 7,000

Total ............................................................. $4,350,000 $4,850,000 $4,860,000 $5,200,000 $340,000

Objectives and Description

Cerro Tololo Inte r-Amer ican Obser vatory (CTIO) is the sou thern hem isph ere 
cou nte rpa rt of Kitt Peak Nat iona l Observatory . It provides the U.S. scient ific com­
munity with the large teles cope s, advan ced inst rum enta tion , and supp ort services 
req uir ed to study cele stial  obje cts in the southern skies.

For scientis ts inte res ted  in our Milky Way Galaxy and the nearest  galaxies, 
sou the rn hem isph ere obs ervatio ns are essen tial. Only from the south can one ob serve 
with ease the galactic ce nter and the concentration towards it of so many astrophysically 
importa nt objects such as X-ray sources,  pla netary  n ebu lae , and  glo bular cluster s. At 
far  sout hern  decl inat ions  are  also found the Magellanic Clouds, near est-neig hbor 
galax ies to our own, which hav e w ell-cha ract eriz ed co mpo nents tha t are  bright enough 
to serv e as standa rd can dle s for determin ing distance s to oth er galaxies. Even for 
objec ts at pla netary  dis tances , south ern obse rvati ons are  indis pensable;  vario us 
planets  cu lmin ate at relativel y high southe rn dec lina tions w hen near est to us. In sp ite 
of the impo rtanc e of the sou the rn skies, 80 per cen t of the light-g athering p ower  of the 
world's optical teles cope s has been locate d for histo rical  reas ons in the nor ther n 
hem isph ere.

The e xpe rien ce of 15 ye ars  of obse rving has shown that CTIO’s location,  7,250 feet 
in the Chilea n Andes, is one of the best teles cope  sites  in the world. Close to 300 
nights per y ear are usefu l for  obse rvatio ns and  betwe en 45 and 90 percent of these h ave 
two arc-sec ond or bette r seeing. (This has long been regard ed as the standa rd of 
exce llenc e for con tine nta l U.S. sites.)

CTIO’s m ajor tele scope, the 4-meter re flec tor is the larg est in the southern hemis­
phere. Seven addi tion al CTIO telescopes prov ide a wide range of observa tional 
opportunitie s to visiting scien tists. Extensive a uxi liar y ins trum entatio n eq uip ped  with 
highly sensi tive det ectors  and ope rate d with television  equipm ent and com puter 
controls  make obse rving  very effici ent at CTIO. On Tololo mounta in, bes ides  the 
tele sco pes , are  su pp or t fac ili tie s inc lud ing  la bo ra to rie s and  workshop s for  the
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te les cope -m ain ten ance  cr ew s, do rm ito rie s and a dining room  for the  vis itor s an d tec h­
nica l sup porting  staf f, a po wer  g en erat ing pla nt,  a w ate r pump ing -pu rifyin g faci lity , 
and a wareh ouse for  sp are pa rt s for the  eq uipm en t op erated  on the  mou nta in.

The  CT1O hea dq ua rter s ar e loc ate d in La Seren a, a coas tal city  300 mi les north  of 
San tiag o and 50 mi les f rom  Tololo mountain. The  complex  includ es  office, a co mpu ting  
ce nter , an engin eering fac ili ty,  ma ch ine and  vehic le mainten an ce  shops, a sci ent ific  
lib rary , qu ar te rs  for vis itor s, an d hou sing for the  res iden t sta ff. Vis itors use the  La 
Se rena  facili tie s for the pr ep ar at io n of observa tio na l p rog ram s a nd  fo r the ana lys is of 
da ta ob tained at the telesc opes.  Th e upgra din g and  test ing of the au xi lia ry  eq uip me nt 
used in the tele scopic  obs erva tio ns  is a lso  ca rr ied out in La Se rena . CTI O's opera tio ns  
re qu ire it to ma intain  ship pin g, rece iv ing and l iais on offi ces  in San tiag o, Chi le, and in 
Tuc son , Arizona .

CTIO is o pe rat ed  as  a v isi to r-o rie nted  inst itu tion. Ov er 60 pe rc en t of the telescope 
time is reserved  for vis iting sc ient ist s. In FY 1979, 184 inv est iga tor s (inc luding 22 
grad ua te  s tud ents)  carri ed  out 148 re se ar ch  p rog ram s. Sev enty pe rcen t of the inv est i­
gator s cam e to CTIO from  U.S. insti tu tio ns ; the  r est  w ere most ly from Latin  A mer ica , 
Ca na da , and  Weste rn Eu rop e. T he  res ea rc h pro gra ms  we re s ele cte d from  ove r 300 pro­
pos als  in an open and  comp eti tiv e man ne r.

CTIO's maj or objec tive in FY 1980 is to c on tinue  upgra din g the  cu rre nt ly  av ail a­
ble inst rum entatio n in o rde r to i ncrea se the efficiency and scien tific yield of te lescopes . 
Ad dit ion al observa tiona l op po rtu ni tie s will bec ome av ail ab le to vis ito rs as the tel e­
scopic  time re qu ire d to carry  out a program  is r ed uc ed  and  as the  ran ge  of sc ien tif ic 
pro gra ms  tha t can be ca rr ied out is inc reased .

For FY 1981 CTIO’s sta ff w ill tota l 192, which is th e same  as for  FY 1980 and FY 1979. 
The  CTIO  sta ff in FY 1981 in ad di tio n to the  Direc tor  will inc lude  13 scient ists , 14 
en gine ers, 51 tech nic ian s, 37 admin is tra tiv e e mp loy ees  and 76 othe r su pp or t pe rsonne l. 
CTIO's re mote loca tion  re qu ires  it to e mp loy  a r es ide nt s taf f of sci en tif ic and  en gin ee r­
ing spec ia lis ts capa ble of ma in tai ning  the  ob se rvato ry’s advanced  ins tru me nts .

Th e Co nst ruc tion of Bui ldings an d Resea rch  Facil itie s Su be lem en t support s the 
const ruc tion, ren ovation , and ex pa ns ion of t ele sco pe  b uildin gs,  l ab or ator ies and r es i­
dent  staff  housing. The only such proj ect f or FY 1981 is the add ition  of one staf f res idence at 
CTIO he ad qu ar te rs  in La S ere na .

Major Research Questions

• Th e Ma ge llanic  Clouds: Based  on observati on  of the se ne arby  galax ies  how 
often  do star s undergo  explo sio ns  an d become  novae or su pe rnov ae ? How do 
the  ch em ica l evo lut ions of the  two Cloud s di ffe r from  eac h othe r and from the 
evolu tion of the Milky Way?

• Th e Ga lac tic  X-ray Sources:  To wha t ex ten t can  optica l co un terp ar ts  of these 
sources be discovered ? What in fo rm at ion about the  s tru ctur e of th e ob jec ts can 
be prov ided  by sim ult aneous  ob se rvati on s at X-ray and opt ica l wa velen gth s 
made,  res pecti ve ly,  with  sat ell ite  an d with the  CTIO tele sco pes?
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• The Universe at Large: What is the extent and nature of the Universe? (Only in 
the southern sky is a truly represe ntative  sample of extragalactic space out to 
about 25 megaparsecs observable.)

• Quasar Research: What are the mechanisms by which quasars radiate extra­
ordinary amounts of energy? Since quasars, the most distant observable objects 
in the universe, are being observed as they were when the universe was young, 
what clues do they provide about the evolution of the universe?

FY 1981 Budget Highlights and Explanation of Increases and Decreases

The increase in funding from FY 1980 to FY 1981 is $340,000. With this increase, 
CTIO must cover inflationary cost increases in Chile as well as an increasingly 
unfavorable dollar-peso exchange rate.
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QU ANTITATIVE PROGRAM DATA
CERRO TOLOLO INTER-AM ERICAN OBSERVATORY PROGRAM ELEMENT 

Personnel and Other Factors

Estimate
FY1979

Estimate
FY1980

Estimate 
F Y 1981

Num her of  scientis t years supported ' 
Cost of scientists suppor ted 
Othe r personnel costs 
Land, buildin gs  and fixe d equ ipme nt1 .
Major  equ ipment  ..................................
Othe requ ipmen t ..................................
Research resources ..............................
Other  costs* ...........................................

13
$441,200 

2.571.800 
—0— 
—0— 

515.000 
—0— 

1.332.000

13
$477,000 

2.808.000 
50.000 
—0— 

357.000 
—0 -  

1.508.000

Total
$4,860,000 $5,200,000

The  number o l years worked du rin g the  program year by  ful l-t im e,  regu lar sc ient ific  s ta ff members in tasks re qu ired to

accomplish the center's mission, exc lus ive  o f Di recto r.
-Sala ries and ben efit s only. , , , . . , , , ,,
■Physical fa ci liti es , such as land,  build ing s, and capital ize d equipment  (w he the r rea l of pe rsonal  property)  wh ere  the prim ary 

purpose is to enla rge o r impro ve the capita l plan t avail ab le fo r research and development  . . .  . r

•In cludes  ut ili tie s and com munications,  co mpu ter lease and maintenance costs, t ravel, suppl ies , and management fee
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National Radio Astronomy Observatory Program .................. $16,960,000

Obligations by Program Subelement

Program Subelement Actual
PV1979

Budget
Request 
F Y 1980

Current
Plan

FY1980
Estimate 

FY 1981
Difference  
FY 1981/80

Scientific Research S up po rt ............................ $10,790,000 $12,470,000 $12,362,000 $15,025,000 $2,663,000
Construction of Buildings and Research

Facil ities ........................................................... 11.703.000 5,300.000 4,500,000 1,700,000 -2,800,000

Subtotal ........................................................... $22,493,000 $17,770,000 $16,662,000 $16,725,000 $-137,000
Management F e e ................................................ 210,000 220.000 220,000 235,000 15,000

Total ............................................................. $22 ,703,000 $17,990,000 $17,082,000 $16,960,000 $-122,000

Objectives and Description

The scien tific commu nity is su ppo rte d by the Nation al Radio Astronomy Ob serv a­
tory (NRAO) through its p rovision of fa ciliti es and equ ipm ent nee ded  for r esearch  in 
the field  of radio astronomy. The Very Large Array  (VLA) will be complete and 
ava ilab le for full oper ation by th e end  of 1980. This p ower ful new inst rum ent in New 
Mexico is very much a gen era l-purp ose  astron omica l tool usefu l for the study of 
almost every type of cele stial  obje ct that radiate s at centimeter  and decime ter wave ­
lengths.  Radio emission from sola r sy stem objects, galact ic so urces , q uas ars and radio 
galaxies  can all be mapp ed with  angu lar resol ution  com parable  to that of a large 
optic al telesco pe. In Gree n Bank, West Virginia, single dish obs erva tions have been 
made  by eith er the 300-foot me rid ian  transi t teles cope  or the 140-foot fully steerable  
teles cope . These teles copes con tinu e to provi de highly valu ed obse rvati ons over a 
wide range  of centim eter  and dec imete r wavelengt hs because of th eir location  in  the  
Nat iona l Radio Quiet Zone. In this area , harm ful radio  int erf ere nce  so common else­
wh ere  is m inimize d by the na tur al shielding  of the moun tains , and  c ontrol over radio  
trans mission  activities. An im por tan t role of the 140-foot tele scope conti nues  to be its 
use as part of the Very Long Basel ine Interfero meter (VLBI) network . At the Kitt Peak  
site, west of Tucson, the 36-foot te lescope is used to observe a t m illim eter wavelengths . 
Continue d deve lopm ent of short w avelen gth receive rs for that te lescope have allow ed 
obse rvat ions  p roducing sign ifica nt scien tific resu lts at w avelengths at which the tele­
scop e was not design ed to ope rate.

The observin g programs scheduled on the teles copes dur ing  calend ar yea r 1978 
brough t 317 vis iting scie ntis ts, repr esentin g 97 insti tutio ns to the NRAO facilit ies. Of 
the visitors, 60 were s tudents. W hile observing pre ssu re on all the instru ments is heavy,  
and  proposals greatly exceed  available time even  on the olde st telesco pes, the VLA 
now has the grea test over -sub scrip tion , with a wide range of proposals with high 
scien tific  potential from both optical and radio  astro nom ers.

Because of the advancing age of m any of the NRAO telescopes, an important p art 
of the program is th e desig n and deve lopm ent of ne w ins trum entatio n that can main­
tain the efficien cy of the telescop e as dem ands  are made to work  at ev er short er w ave-
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lengths. New radio mete rs and dat a process ing systems provide capability for as tron­
omers to work at an ever  increasing  range of frequ enc ies in spite  of a world full of radio 
transmitte rs. Past design stud ies have  now demonst rated ways that the telescopes ' 
perfo rmance can be improved and each year small modif ications are made, e.g., to 
reflecto r systems or pointing system s to increase the useful life of the facility. Looking 
to the future , feas ibility  design w ork has be en completed  for a propo sed 25-meter mill i­
meter wave telescope that isgrea tlv  needed  to main tain the pr eem inent position of the 
U.S. in millimeter wavelength  astronom y.

At the VLA site near Socorro, New Mexico, the installat ion is progressing on 
schedule. No problems with eit he r budget or schedule are forse en through to its 
planned completion in January, 1981. All twenty seven ante nnas plus one spare are 
now completed, the last five of these 25 meter diam eter  dishe s wait now only for 
completion of electronics and the  track necessary to move them into location on 
the array. While working with only a part ially  completed aper tur e synthesis array,  
scientist s have demonstr ated  the ability  to produ ce radio maps  equal to the best 
optical photographs.  While dur ing 1979, opera tion and mainten ance manpower con­
stra ints  limited the num ber  of anten nas operating at one time to 17, and operating time 
to approxima tely 50 percen t of a vai lab le hours, this will be increased  in the coming 
year. At completion, the southwest and southe ast arms  of the array will be 13 miles 
long (presently  10.7 miles are complete), and the north  arm will be 11.8 miles long 
(present ly 2 miles are complete).

In January, 1981 a scientific, engi neering  and support staff of 106 will be require d 
to operate the VLA. As cons truct ion of the instrument is completed in the late months 
of 1980, this will mean a reduct ion from the level of 132 people in the combined 
operations  and construction areas. Upon completion of the VLA the staff of the NRAO 
will total 352, a decrease of 25 from the level at the end of 1980.

Major Research Questions

Areas in which it is anticipate d that th ere will be extensive resea rch  include:

• Mil lime ter wavelength obse rvation s of the continuum emiss ion from compact 
radio sources and quasars. In this relat ively inaccess ible  region, the spectral 
shape,  the source  var iability  and its correlation with the bette r documented 
optical, infrared, and radio spe ctra l proper ties  will prov ide valu able  insight 
into the emission and absorption  mechanisms found in these sources.

• Cont inuat ion of the high resolution  radio obse rvations of the inne r portions, 
including the radio  jets, of radio galaxies. Such data aids in evaluating the 
several  theor ies proposed to account for the t ransport of ene rgy f rom the active 
nuclei in these  objects.

• VLBI and VLA observa tions  of maser sources in molecular  clouds and young 
star-forming regions. P inpointing  the geometry of these regions will significantly 
improve our unde rstanding of the earl iest  stages of sta r formation.
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• Extended solar observations following up the coordinated efforts during the 
1980 Solar Maximum Year observations. Fundamental questions dealing with 
the evolution of magnetic s tructures above active solar regions and the nature 
of coronal holes remain to be answered.

• The distribution of molecular species in the interste llar medium and the com­
plex interstel lar chemistry associated with regions as diverse as the prestellar  
cores of dark clouds or the turbulent volumes just behind recently shocked 
boundaries.

FY 1981 Budget Highlights and Explanation of Increases and Decreases

The $15,025,000 requested for Scientific Research Support includes $5,200,000 for 
operation of the VLA, an in crease  of $1,850,000 over the preceding year. This increase 
provides for operations with the completed telescope for 100 percent of the available 
time. In January, 1981, all 27 antennas, located along the full length of all three arms, 
will be available.

Operations at Green Bank in support of the 300-foot and 140-foot telescopes will 
require an increase of $250,000, to a level of $2,980,000. It is expected  that the 300-foot 
antenna  will continue to be neede d for search and survey observations. Programs are 
mostly extragalactic observations at distances of over 400 million light years and 
requi re the large collecting area  of the 300-foot telescope. The 140-foot antenna is used 
25% of the time as a VLBI ele ment for observations of quasars, astrometric measure­
ments and geodetic studies. The rest of the time is allocated to single dish observations 
where spectral lines most often  must be studied. Continuing development of maser 
receivers for the 140-foot te lescope increase its efficiency by decreasing the number 
of receiver changes re quired to cover the required frequencies.

For the 36-foot telescope approximately three times more good proposals are 
received than there is time available. While the dish efficiency is very low at short 
wavelengths, the demands of observing programs have encouraged NRAO to col lab­
orate with the University of Oregon and Queen Mary College, London, to produce  a 
new cooled receive r that  will work at the 1-mm, 2-mm, and 3-mm atmospheric 
windows. Opportunities are now available to observe the higher order transitions of 
certain light molecules. The operating budget associated with the 36-foot will increase 
by $86,000 to $1,030,000.

The Technical Support and Development Group, comprised of the computer, 
engineering and electronic development divisions, will re quire  support in the amount 
of $2,310,000, an increase of $293,000. Salary increases will require part of the increase, 
with a new central processing computer planned to use the balance of the increased 
budget.

General and Administrative activities include the Director’s office and the fiscal 
and business groups. Holding these activities to a minimum feasible level will require 
an increase of $94,000 to $1,215,000.
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The R esear ch Sup por t group at the NRAO will incre ase  by one person. This group  

maintains the scie ntif ic capability of the Observat ory and ensur es adequa te hel p to 

visitors in the areas of observing techniques, calibra tion  and data handling, as well 

providing add ition al hel p to the technical groups in the spec ificat ion and testing  of new 

instruments . The budget for this g roup will be $1,605,000, an incre ase of $165,000.

In the are a of Non-Exp endable equipm ent to be u sed  for the upgrading of obs erv­

ing facilities, a net decre ase  of $75,000, to $685,000, will be necessary. This activity 

enab les the NRAO to mainta in its facil ities at the fore fron t of the field. The FY 1981 

funds will be used for advanced milli mete r radi ome ters , completion of the mas ter 

upgrading at Gree n Bank, and contin uation  of c omp uter and software supp ort of all 

telescopes .

Management Fee
The managemen t and  o pera tion  of the NRAO is thro ugh Associated Universit ies, 

Inc. (AUI) unde r contrac t with the NSF. The contra ct prov ides  for the payment of 

$235,000 for FY 1981 to c over the corporate  e xpen ses relate d to the admin istra tion and 

opera tion of the Obs ervatory, an increase  of $15,000.

Construction of Building and Research Facilities
The end of 1980 will see  th e completion  of the VLA, wh ich has been the only m ajor 

const ruction activity duri ng the past few years. The  $1,700,000 in new construction will 

be for the deta iled plan s and speci ficat ions  of a 25 meter diamet er, millim eter wave ­

length telescope to be ins tall ed at Mauna Kea, Haw aii. Heavy  u se of and results from 

existing millim eter wave tele scop es has dem onst rated the need for a large r telesco pe 

able to obs erv e in the wa velen gth  regio n be tw een tra di tio na l opti cal and rad io 

doma ins. This first incr eme nt of funding  rep rese nts a comm itment to requ est add i­

tiona l funds ($9M per year) in FY 1982, 1983, and 1984 to complete this project.
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QUANTITATIVE PROGRAM DATA
NATIONAL RADIO ASTRONOMY OBSERVATORY PROGRAM ELEMENT 

Manpower and Other Factors

Es tim ate
FY 1979

Est im at e
FY 19 80

Es tim ate
FY1981

N um b e r o f sc ie n tis t m an -v ea rs  su ppo rt ed ’ ................................. ...................  34 37 38
Cost o f sc ie ntists  su ppo rt ed  ........................................................... $990,000 $1,160,000 $1,283,000
N um ber o f g ra duate  st udents  su p p o rt e d ' ................................... ...................  14 16 16
Cost o f g ra duate  stu dent supported ............................................. ...................  50.000 75.000 75.000
O th e r m anpow er c o s ts .................................................................... ................. 5.937.000 6.720.000 8.368.000
In vest m ent costs:

Ong oing  re se ar ch  e ff o rt
C onstruction  ............................................................................... ................... —0 — —0— 1.700.000
N on-e xpendab le  eq u ip m e n t4 .................................................. ................... 725.000 760.000 1.754.000

V L A  Pro je ct
C onstruction  .............................................................................. 4.841.000 1.694.000 - 0 -
N on-e xpendab le  e q u ip m e n t ................................................. ................... 6.063.000 2.123.000 —0—
Pro je ct  m a n a g e m e n t................................................................ 623.000 683.000 —0—
Prop os ed  a lt e rn a ti ve s  ......................................................... ................  —0 — —0 — —0—

O th er costs ' ......................................................................................... ................  3.474.000 3.867 .000 3.780.000

To tal ..................................................................................................... ..................  $22,703,000 $17,082,000 $16,960,000

'N u m b e r o f m an -y ea rs  w ork ed d u ri n g  the p ro gra m  ye a r by  the sc ie n ti fi c  s ta ff  m em be rs , in c lu d in g  those on  v is it in g  appoil-  
men ls.

'S a la ri es an d bene fi ts  o n l\ .
'T h is  p ro gra m  in c lu des fo u r stud en ts  em plo ye d at N R A O  wh ose activ ites co n tr ib u te  to the co m p le tio n  of th e ir  gr ad ua te  

de gr ee  pr og ra m s,  an d 12 s tu de nts w ho pa rt ic ip a te d  in  th e su m m er pr og ra m .
'I n c lu d e s  su ch  ite m s as obs er ving  equ ip m ent,  e le c tr o n ic  rese ar ch  equ ip m ent,  e le c tr o n ic  tes t eq u ip m e n t,  an ti  fa c il it y  m a in ­

tena nc e equ ip m en t.
In c lu des equ ip m ent in  the fo llo w in g  V LA  e x p e n d it u re  ca tego rie s:  an te nn a sy stem , an te nn a tr a n sp o rt e r,  an te nn a se rv ices , 

e le c tr on ic  sy stem s,  an d com pute r sys tem s.
’ In c lu des  o pera tion  and  m ain te na nc e o f fa c il it ie s , b u il d in g  renta l,  c om m unic a tions a nd  u t il it ie s , co m pu te r re n ta l,  t ra ve l an d 

A U I m an ag em en t fee.
Do es  no t in c lu d e  G re en  Ba nk  In te rf e ro m e te r o pe ra tions  fu nded by  the U.S.  N ava l O bserv a to ry .
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Sacramento Peak Observatory  ................................................ $1,950,000

Obligations by Program Sube lement

Program Subelement Ac tua l
FY1979

Budget
Request
FY 1980

Current
Plan

FY1980
Estim ate 

FY 1981
Diff er en ce  
FY 1981/80

Scientific Research Su pp or t............................. $1,787,000 $1.995,000 $1.954,000 $2,249,000 $295,000

Construction........................................................ —0— —0— —0— —0— —0—

Subtotal ........................................................... $1,787,000 $1,995,000 $1.954.000 $2,249,000 $295,000

Management F e e ................................................ 38,000 40,000 43,000 46,000 3.000

Total ................................................................. $1,825,000 $2,035,000 $1,997,000 $2,295,000 $298,000

Less DOD Facilities Operating Support' ........ -325,000 -325.000 -325,000 -345,000 -20.000

Total ............................................................. $1.500,000 $1,710,000 $1,672,000 $1,950.000 $278,000

'Funds provided by ihe US . Air  Force |USAF) of the Department of Defense (DOD). The amount for FY 1981 is being 

negotiated but $345,000 is used for planning purposes.

Objectives and Description

The Sacramento  Peak O bservato ry (SPO) is recognized as one of the wor ld’s major 
solar  astronom ical faci lities. Located at an elevation of 9200 feet on a crest of the 
Sacramento  M ountains in south-cen tral New Mexico, 37 road  miles east of the city of 
Alamogordo, the site  p rov ides  excellen t day-time seeing . The SPO makes avai lable to 
qual ified  scientists highly advanced telescopes and instrumentat ion capable  of 
observing the sun and other  ast ronom ical objects in the opt ical and inf rared regions of 
the spectrum.

The Solar Vacuum Telescope at the SPO, under favorable atmospheric  conditions,  
can observe the sun at an ang ular resolution  un atta inable  by any other solar  telescope, 
either  ground-based or in space . This high resolution capability permits unique research 
studies of the fine struct ure  of the so lar magnetic field, veloci ty field,  and convective 
processes. With its ech elle  spect rograph, bire fringen t filte r, detectors, and relat ed da ta 
acquis ition equip ment , the Tower Telescope can obtain unequa lled  spectral data, 
simutaneous ly, at widely sep ara ted  wavelengths. The  observato ry’s Big Dome complex 
with a batte ry of coronagrap hs pro vides  an unduplic ated  capacity  for coronal research,  
including the measurem ents  of coronal magnetic fields. The scient ific staff of the 
observatory supports visitors by helping them to design and execu te their approved 
observing programs effi cien tly and by developing new inst rum ents and modifying old 
ones. The resident scien tific  staf f on occasion collaborate s with visitors in r esea rch 
programs.

Solar activity will reac h a maximum in FY 1980, while the largest solar f lare s are 
expe cted  in FY 1981. As a result  both visitors and s taff will g ive grea ter a ttention to the 
physics of solar and ste llar  activity. The launch of the Sola r Maximum Mission by 
NASA in January  1980, will trigger  an intensive world-wide study of solar activity, 
from the ground and from space. The SPO staff anti cipa tes close collaboration with 
scientist s in space solar  programs that are funded by the Nat iona l Aeronautics and
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Space Adm inist ratio n (NASA) during  FY 1981. SPO staff itse lf will par tici pat e as guest 
invest igators  in making obse rvatio ns with NASA's Solar Maximum  Mission sate llite . 
Throughout FY 1980 and FY 1981 the Air Forc e scient ific res ident staff at SPO will be 
heavily  involv ed in making flar e observation s with  SPO's equip men t and  in c oor din at­
ing these obse rvat ions  with those made  with  the Solar Optical Obse rving Network 
(SOON). Scien tists  at SPO collabor ate exte nsiv ely with thei r collea gues at the Kitt 
Peak Natio nal Observa tory and the High Altit ude Observato ry of the National  C enter 
for At mo sph eri c Res earch thro ugh  the  con duc t of re se ar ch  pro jec ts of mut ual 
interest and joint parti cipa tion  in topical workshops and semin ars.

During FY 1979 and FY 1980, SPO deve loped inst rumenta tion  for dete cting and 
studying the global circu lation  of the sun. Obse rvatio ns made will aid theor ists in 
developing  more reali stic physical mod els of the solar activity cycle.

In FY 1979, 48 visiting inves tigators from 26 insti tution s used the SPO facilitie s. 
Almost 68 7( of the available teles cope  t ime was as signed to those visito rs and  reside nt 
USAF sc ienti sts, whose rese arch  propos als received the highes t rank ings  by anony­
mous ext ern al refe rees. Thi rtee n studen ts from ten univ ersi ties  were sele cted  from 
over 30 a ppl icants to work with  staff sc ient ists  on rese arch project s during  the summer. 
SPO supplie s the so lar community w ith impo rtant  obs erva tions tha t com plem ent so lar 
obse rvat ions  from space, form the bas is of solar activity  fo recas ts, and  aid invest iga­
tors in analy zing their  da ta. Daily photo grap hs h ave been s upplied  r egu larl y to NASA 
and to NOAA to aid these agencies in fulfilling thei r missions. SPO held  a summ er 
workshop in July 1979 to focus atte nti on on the le ading  prob lems in the physics of solar 
magnetic fields . Approximately fort y scien tists and gra dua te stu den ts from aroun d 
the w orld  participa ted.  The  USAF su ppo rts a nine-man  resea rch  tea m at  SPO that con­
ducts stud ies rela ted to solar  ter res tri al phenomen a. In FY 1979 and  1980 the USAF 
con trib uted  $325,000 toward the ope rati ona l costs of SPO.

Major Research Questions

Major research questions being explored at the SPO in FY 1981 inc lude the following:

• What is the phy sical basis  of the sun ’s magnet ic cycle ?

• What processes are  res pon sib le for the large  s cale  convective and circu latory  
flows in the so lar env elope, and what is the rela tion ship  of these motions to the 
eleven-y ear cycle of sola r activity?

• What are the p hysical pro cesses involved in the origin and  evolution of various  
forms of tran sien t sola r activity such as sunspo ts, flar es, ener getic  charged- 
part icle streams, and act ive prom inences that exte nd hun dre ds of thousands 
of miles in spac e?

• What physical  mec hanisms are  resp onsi ble for the str uct ure  and energ y and 
mass balance of the  so lar  c hrom osph ere and corona and the acce lera tion  of the 
solar  wind which modulates the ear th's  magne tosphe re?
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FY 1981 Budget Highlights and Explanation of Increases and Decreases

Continuing and planned thru sts in FY 1981 include:

• Expanded obse rvat ions  of the proper ties  of solar  fla res  and other trans ient 
phenomena dur ing so lar maximum. These  studies will be conducted in collabor­
ation with othe r ground-based obse rvato ries as well as spaceb orne experiments 
on the NASA Solar Maximum Mission satelli te.

• Measurement and analysi s of the global circulation of the sun. Included are 
pulsa tions of the whole  sun,  with periods betw een 5 and 160 minutes. These 
pulsat ions are par ticu larly inter esting b ecause they o ffer a chance to probe the 
sun ’s interior.

• Theoretica l and o bservat ional studi es of wave motions of ionized  solar gases to 
improve our under standing of energy transport  in the enve lope and outer 
atmosphere of the sun. In par ticu lar,  the role of the strong magnetic fields in 
channeling wave energy  into the upper atmosph ere will be examined.

• Improvements in t ech niques  to sharpen solar  images that have  been degraded 
by the ea rth' s atmosphere.  If successful , solar  physic ists will be able  to study the 
prop ertie s of small areas of high magnetic fields, as they inte rac t with convection 
cells. Eighty percent of the sun 's magnetic field energy res ides in such knots, 
which are too small to be re solved with co nvent ional ground-based  telescopes.

• Cont inued monitoring of coronal holes to dete rmine their  rela tion  to the produc­
tion of high-speed solar  wind  stream s and inte rplane tary  shock waves and their 
subs equent effects  upon the ter res tria l environment.

• Studies  of sta rs which show phenom ena similar to those obse rved  on the sun 
such as fla res and magnetic va riab ility .

The projected staff level for FY 1981 is 53.5 Full time equi vale nt represen ting an 
inc rease of one over  the FY 1980 level  of 52.5. The increase  consists of one scientist. The 
total Sacr amento Peak Observa tory  staf f will consist of the Director, 11 scientists, 1 
visiting sc ientis t, 2 support  scien tists , 22 technicians, and  16.5 operations, main tenance 
and adm inis trat ive support personnel .

The NSF- budget for SPO inc reased  in FY 1981 by $278,000 to a lev el of $1,950,000. 
The inc rea se consists of $295,000 for Scien tific Research Support and $3,000 for the 
AURA Management Fee. The S cien tific  Research Support in crease includes  funds for 
one new operations staff member, an expanded visitor support program, and the in­
creased cost of existing staff and ope rati ons  and maintenance  activit ies.
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QUANTITATIV E PROGRAM D AT A 
SA CRAMENTO  PE AK  OBSER VA TO RY

Personnel end Other  Factors

Estim ate
FY1979

Estimate
F Y I 980

Estimate 
F Y I 981

Nu mb er of  Scientis t-Years Supported  ...................................... ................ 10 11 12
Cost of Scient ist  Suppor ted  ......................................................... ...............  $300,000 $350,000 $418,000
Numb er of Graduate Students Suppo rte d4 ................................ ...............  12 10 10
Cost of Gradua te Students Sup ported ........................................ ................ 27.000 22.000 24.000
Other Personne l C os ts ................................................................... ...............  773.000 969.000 1.096.000
Land. Buildings & Fixed E qu ip m ent............................................ ................ —0— —0— —0—
Ma jor E qu ip m ent........................................................................... ................ —0— —0— —0—
Other Equip me nt ........................................................................... ................ 74.000 34.000 82.000
Research Re sources....................................................................... —0— —0—
Othe r Co sts '.................................................................................... ................ 651.000 622.000 675.000

Total  ............................................................................................ ................ $1,825,000 $1,997,000 $2,295,000

1 Numb er of w ork-y ea rs dur ing the program year by fu ll- tim e re gu la r sc ient ific  sta ff members on tusks requ ire d to accomplish 
SPO's mission,  exclusive of  the Directo r of SPO.

Salaries and bene fits only .
Students em ployed b y SPO dur ing  the academic yea r and su mm er wo rk  periods  whose ac tiv itie s cont rib ute to the comp letion 

of their gradua te prog rams.
'In clud es  such items  as maintenance, travel, u ti lit ie s and comm unica tions, supplies and service s and management fee.
Inc ludes DOD fa cili tie s operating support: FY 1979: $325,000; FY 1980: $325,000; FY 1981: $345,000 (FY 1981 DOD suppor t is 

estimated .!
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ATMOSPHERIC SCIENCES PROGRAM SUBA CTIVITY.........$71,100,000

Obligation* *  by Program Element

Program Element

Atmospheric Sciences Pro|ect Sup po rt..............
National Center for Atmospheric Reseerch . . . .  
National Scientific Balloon Fa ci li ty ......................

Actua l 
FY 1979

Budget
Bequest 
FY I 980

Cu rre nt
Plan

FY I 980
Estimate 

FY 1981
Differen ce  
FY 1981/80

$31,976,778
25,260,000

1,670,000

$36,250,000
26,950,000

2,550,000

$34,269,000
26,600,000

2,300,000

$36,600,000
29,900,000

2,600,000

$4,331.000
3,300,000

300,000

$59,106,778 $65,750,000 $63,169,000 $71,100,000 $7,931,000Total

Objectives and Description

The objectives of the Atmospheric Sciences Program Subactivity  are to:
• Increase our knowledge of the behavior of the earth ’s atmosphere from the earth’s 

surface to outer space ,
• Provide basic knowledge that can underpin  applications by mission agencies, and
• Strengthen research  in atm osph eric sciences.
The elements that make up this subact ivity are research support programs in:

• Aeronomy
• Atmospheric Chem istry
• Climate Dynamics
• Exper imenta l Meteorology
• Global Atmospheric R esea rch Program (GARP)
• Meteorology
• Solar Terrestr ial R esea rch
The subactiv ity also sup por ts the:

• National Centerfor Atmospheric Research (NCAR); and
• National Scient ific Balloon Facility  (NSBF)
Atmospheric Sciences  is a disc ipline in which knowledge of physics, chemistry, 

biology, and  other sciences  is com bined in various ways to improve  our u nderstanding 
of the atmosphere. The resear ch that is support ed will, in time, contribute to the 
solut ion or a lleviat ion of atmospheric  problems such as those associa ted with pol lution 
from major  indus tries , growing populations, and other societal actions. There also is 
much to be learned about  the o rigin  of droughts and seve re storms such as tornadoes 
and hailstorms, in o rder to less en their  economic and human impacts.

Research support is provided  over a wide range of subjects. Included are studies of 
the physics , chemistry, and dynamics  of the ea rth ’s upp er and lower atmosphere:  the
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acqu isition  of data  on p hysica l processe s in  th e tr oposphe re and strato sph ere  that will 
aid in u nde rsta nding the g eneral circ ula tion  of the atmosph ere and the physic al basis 
of climate; and  research on c lima te pro cesses  and varia tions , as well as rese arch  on 
sma ller  scale, shorter  term phe nom ena  leading to greater  knowledge of wea ther  
proc esses . Th e N ational  Ce nter  for Atmosphe ric Research (NCAR) is a majo r rese arch  
complex tha t is devote d to (1) sup por t of la rge-scale atm osph eric res earch  p rojects in 
coop erat ion  w ith universit ies and oth er organ izatio ns a nd (2) the p roviding  and main­
tena nce  of large facili ties for use by univ ersi ty and NCAR scientists . The National 
Scientific Balloon Facility (NSBF) provides the necessary support for scientific research 
req uir ing  in situ m easu rem ents  at high a ltitudes.

In p revious years  the b udgets  fo r Global Atmo spher ic Research Program (GARP) 
and the Climate Dynamics Program wer e separat e Program Elem ents  within the 
Atm osph eric  Sciences  Program Suba ctivi ty. In FY 1980 Atm osph eric Science s was 
reorganized to bring all univ ersi ty grant program s into one elem ent.  The FY 1981 
budget r efle cts this new arrang ement . T here  are  no inte rrup tion s in fu nding continui ty 
or budg et deta il as a resu lt of this change .

In the Atmosp heric Sciences Gra nt Programs the emph asis will be on:

• Observa tion,  analy ses and theo ry during  the solar maximum  years of 1980 and 
1981,

• Part icle  processes as they de ter mi ne energy, chemical and rad iat ive  balan ces in 
the upp er atmosp here , io nos phe re and ma gnetospher e,

• Rad ar measure men ts of th e global dynamics and  com position of the at mosp here 
up to 150 km,

• Atmospheri c Chem istry of global  cycles of gases including  minor  c onstitutents  
and p ollut ants in both the u pp er and lower atmosp here ,

• Mesoscale (regions 10 to 100 km in size) Meteorology whic h encom passes all 
local w eath er ph eno me na e.g., cumulus  cloud format ion,

• Conti nued  analyse s of dat a from the GARP Atlantic Topical E xperimen t

• Completion of data  pr ocessin g from the regional Monsoon Expe rime nts (Win ter 
and Su mmer Monex) and  resea rch  based on th e data,

• Studie s of the supp ort of the field pro gram for the GARP Alpin e Exp erime nt

• Studie s of the nat ura l va riab ility  of climate

• Numerical climate modeling  for diagnostic stud ies and  appl icati ons to societal  
issues such as the CO 2 increase , and

• Impact stud ies that will aid in bet ter managem ent of food, energy and wat er 
resources.

The Nation al Cen ter for Atmospheri c R esear ch and the Balloon Facility prog rams 
will emphasize:

• the causes of climatic t rends and  varia bility,
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• improved understanding of weather processes and weath er prediction,

• solar processes—their variability and impact on the interplanetary medium and 

the terrestrial atmosphere,

• better understanding  of severe  storms,

• the chemical quality of the atmosphere,

• continued support of stratospheric scientific balloon flights, and

• implementation of the operational  phase of Long Duration Ballooning.

Major Research Quaatlona

• How do the sun's variations affect the magnetosphere, ionosphere, upper atmos­

phere and, finally, terrestrial climate and weather?

• What magnetic, electrical, radiative and chemical interact ions occur in the mag­
netosphere and ionosphere and how do they affect the earth ’s atmosphere?

• What are the fundamental chemical and radiative propertie s of the upper at­

mosphere?

• Are the magnetosphere and lower levels of the atmosphere coupled and, if so, 

what are the physical mechanisms for such coupling?

• What are the factors that control the formation, organization and decay of con­

vective and severe storms?

• What are the key processes in the formation of precipita tion including the role 
of dynamical-microphysical interactions and electrical charges?

• What are the crucial physical processes that initiate and maintain cyclonic storms 

of the middle latitudes?

• Which atmospheric processes are sensitive to del iberate or accidential modifi­

cation by human activities and can these changes be made beneficial to society?

• What processes govern climate, climate change and climate variabili ty and how 
can the effects of oceans, ice fields, the biosphere, radiation, cloud cover, water 

vapor, trace gases, and aerosols be modeled successfully?

• How does climate impact human activities and do human activities in turn have 

an effect upon climate?
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Significant Recent Ac hie vem ents 

New Focus on High Latitude Circulation
The global scal e circu lation  of th e up pe r atmo sphe re displa ys dramat ic weath er 

charact eris tics  sup erposed on a smooth sea son ally  varying back ground pa tte rn driven 
by so lar rad iati ona l heating. In resp onse  to s trong geomagnetic storms, up pe r atmos ­
pheric winds as grea t as 1,000 miles /ho ur h ave  be en found to surge across th e n orth ern  
U.S. bo rder as far south as P ennsylvania. Obser vatio ns, disjo inted in tim e and s pace, 
have taught us that th ese " we ath er” p att ern s ar e dr iven by highly vari able he at so urces 
at high latit udes. These heat sourc es are  due  primarily  to auro ral elec tric field s that 
drive  high-velocity charged part icle s or plasma flows.

A new  ca pability  for measuring th ese  e lectric fields  continuou sly in time and also 
spanning the full auroral zone from 60 to 75 degrees North has been accomplished by the 
addit ion of a 150 foot diam eter  full y-s teerab le ante nna  to the Mills tone Hill rad ar 
facility at Westford, Massac husetts . We a re now accum ulating a much b ett er d efini tion 
of how aur ora l electr ic field pat ter ns are distor ted beca use of incr easing  levels of 
solar-dri ven magnetic disturba nces . The next step is to seek the caus al rela tions hips  
linking the obser ved sub- auro ral atm osp her ic effects  to the high lati tud e phenomena 
producing  them. Eventua lly, it may be possib le to determ ine  if such activi ty is impor ­
tant to the wea ther  and climate obs erved at the ea rth ’s s urface.

Test of Early Warning Tornado Radars
A coop erative national program calle d Sever e Environmental Storms and Meso- 

scale Expe rimen t (SESAME) spo nso red  an obse rvat iona l period in April-Ju ne 1979 
that included the disastrous tornado outbreak of April 10 in Texas and Oklahoma. Using 
NSF, NOAA, NASA and  FAA supp ort,  SESAME aims at im proving o ur und ersta ndin g 
of sev ere  convectiv e storms  and the ultima te app lica tion  pre dic tion  of such storms. 
New tech niqu es utilizing Dop pler  r adar  w ere tested. Success  in this are a will signifi­
cantl y r educ e de ath, inju ries  an d p rope rty damage. NSF’s role is to suppo rt both NCAR 
and university scien tists in fun dam ent al res ear ch on convective storm process es. 

Acid Precipitation Experiments (APEX)
Scientists from the NCAR and seven univ ersi ties  mad e in-fl ight sam ple co llections 

of air,  cloud water , an d rai nw ate r d uring 1979 to le arn  how and wh ere acid rains form. 
APEX is the first such pro ject  to measure  the imp orta nt airb orn e acids and acid 
prec urso rs simultan eous ly in an effort to tra ce the origins of acid rain and to iden tify 
options  for its control. In four  spring storms  in the Northeas tern  United States 78 
perc ent of the acid in the rai n (on the aver age)  was accumul ated  from the air  below  the 
cloud. This i mplie s origins within  nearby  regions rat he r than  long-range tran spo rt by 
the air above the cloud. APEX is a coo perative  program with the Environm ental  
Protectio n Agency.
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Effects of Agricu ltural  Burning on the Atmosphere
Large scale sava nnah and  bru shla nd fires  associated with shifting agricultur e 

pat tern s in South America a re  a major  sou rce of tra ce gases in  the global atmosphere. 

Agricu ltural burning is used in the savannahs  of east c entr al Brazil, w here the re sidu e 

from harvested crops is bu rned  befo re new crops are plan ted.  Fire also is used 

extensively to clear  land in the heavily fores ted Amazon Basin in northern  Brazil. 

During August-September 1979, NCAR and university scientists  co nducted a program 

in Brazil to study the effec ts of biomass burni ng on the atmosph ere.  Measurem ents 

were made from the NCAR Sa berliner airc raft  and from the ground. Prel imin ary 

resu lts of this expe rime nt ind ica te that this method  of clear ing the ground is a major 

source of atmospheric poll utan ts, including CO2 (carbon diox ide)  and CO (carbon 

monox ide). The experim ent will be rep eated in the summ er of 1980 to obtain  a more 

comp lete understan ding  of the impact on the atmo sphe re and of tr ansp ort mechanisms 

involved.

Monsoon Experiment (MONEX)—The Field Observation Year
August 1979 saw the end of the year-lon g observational  phas e of the Monsoon 

Expe rime nt, (MONEX). With ov er 20 nations  participa ting.  MONEX is a major int ern a­
tional Global Atmosph eric Researc h Program expe riment aimed  at incr ease d und er­

standing  of atmos pheric and  oc eanic p roces ses associa ted with the monsoon. U.S. field 

programs, primarily under NSF sponsorship, were supported by 3 res earch aircraft, 3 r e­

search ships, special satellite programs and portable radar, surface, and upper air observa­

tions platfo rms. Approximately  200 U.S. scientis ts, technicia ns and supp ort perso nnel 

from abou t 25 universit ies were involve d.
MONEX was staged in two phases: the Winter  Phase cen tere d over the South 

China Sea and the Summer  Phase  over the northern  Indi an Ocean,  Saudi Arabia and 

the Bay of Bengal. The monsoon is the most energetic  regional circ ulat ion in the e ar th’s 

atmosph ere.  Because of its tr emend ous  infl uence on the agricu lture , economy, poli tics 

and hea lth of a major portion of the world's popul ation,  forecasts of the onset and 

break s of the monsoon are among the most important recurring we ath er predic tions. 

Also, because of the size and level of at mos pheric e nergetics , the mo nsoon circulation 

affects weath er and climate on a global scale. It is an ticip ated  that the rese arch using 

MONEX data sets will make imp ortant  adva nces  in atmo sphe ric scie nce s through a 

more thorough unde rstan ding  of monso on processes  and predict ion of the time and 

intensity of monsoons.

New Measurements of the Earth’s Energy Budget

As a result of newly d eveloped  c om puter techniques, it is possible now to process 

vast qua nti ties of sola r radi atio n data obse rved  from geostationa ry sate llite s. For the 

first time, measu rem ents  of the ea rth ’s radi atio n bud get can  be made on a 24 hour  basis. 

Accurate knowled ge of the amount of energ y that heats the atmosp here and oceans is 

essentia l in the co nstruct ion of num eric al models  of the ear th's  clim ate. These  models 

ultim ately  will be used to pr edic t fu tur e atm osph eric state s an d hence , loc al weather.
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Changes  Between  FY 1980  Budget Requesta nd FY1980Current Plan

The differen ce between the Budget Reques t for the Atm osph eric Sciences and the 
Cu rrent Plan is $2,581,000. This dec reas e reflects repro gram ming  to the new Cross 
Directo rate  Programs activity , to the new Ocean Drilling  P rogram s activity, and the 
Atm osph eric  Science s' sha re of the budget reductions made  by the Congress. The 
reduct ion  was abso rbed  to some extent by all programs; however,  a large r pe rcen tage  
of the reduction was alloc ated  to the grant  programs. This was because the NCAR FY 
1980 budget appeared to con stra in disp ropo rtion ately  NCAR’s research programs. 
Also, NCAR cannot rea ct e asily  to m ajor changes late in the alloc ation  cycle bec ause  of 
per son nel  policies that requ ire  a ye ar’s notice be given to p rofession al staff.

FY 1981 Budget Highlights and Explanation  of Increa ses  and Decre ase s

Obligations
FY 1979 Actual .................................................................................................................  $59,106,778
FY 1980 Prog ram...............................................................................................................  $63,169,000
FY 1981 R eq ue st ...............................................................................................................  $71,100,000
Differen ce —FY 1981ZFY1980 ........................................................................................ $7.931,000

The $71,100,000 req ueste d for Atmos pheric  Sciences is 12.6 percen t or $7,931,000 
more  than the FY 1980 program.

The distr ibut ion of the FY 1981 budget reques t for the pr ogram e leme nts of Atmos­
pheric  Sciences  gives prio rity  to the following areas:

• Cloud physics and  convectiv e storm processes inclu ding  rese arch  that will 
unde rgird w eat her  modific ation  activit ies,

• Dete rmin ation  of the sour ces and sinks of trace sub stance s in the atmosph ere 
and their  che mical , d yna mic  and energet ic ro les on the atm osp here and on each 
other,

• Ocean-atm osp here-ic e-la nd coupling  processes that will aid in understand ing  
and modeling  the cl ima te system, and

• Cont inuation of upg rading  incohere nt sc atte r ra dar syste ms

This result s in the follow ing percentage increases :

Atm ospheric Sciences Projec t S up p o rt ........................................................................  12.6%
Na tiona l Cente r fo r A tm osph er ic R es ea rch................................................................. 12.4%
Na tiona l Scien tif ic  Balloon  F a c il it y ..............................................................................  13.0%

Increases:
• $4,331,000 in Atmosph eric  Sciences Project Sup port (total $38,600,000) to:

— upgr ade an inc ohere nt scatt er rad ar  ne twork  fo r u ppe r a tmospheric o bse r­
vations,

— continue s upp ort  for expanded atm osph eric chem ical rese arch  generally.

— supp ort the basic r ese arch com ponen t of wea the r modification projects ,
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— expand climate modeling and assessment of the impact of climate change and 
variabil ity on man and his environ ment ,

— support the  Alpine Experim ent fie ld program,
— begin analyses  of first GARP Global Exper imen t and MONEX data sets,

— study mesoscale  meteorologica l processes using new observing tools,

— support the observational program of the Solar Maximum Year (SMY).

The increase will help resto re basic rese arch  in are as such as cloud physics that 
was cut back when the Applied Science and Research Applications (ASRA) Weathe r 
Modification program was term inated during FY 1979. The reemp hasis  of re search  in 
wea ther  modification  is respo nsiv e to inc reas ed inte rest  by the scient ific community 
and by Congress. The inc rea se will continue to upgrade and relocate an incoherent 
scat ter radar network in the Americas. The final netwo rk will permit an organized 
research  program to eva lua te the global scale dynamics as well as the transports  of high 
altit ude energy, monemtum and mass. The increase will insu re that the  a tmospher ic 
chemistry program begun in FY 1978 will receive continuing support . The increase will 
continue to support rese arc h necessary  for the U.S. Climate Plan. Finally, the re will be  
university support for the SMY.

• $3,300,000 for the Nat iona l Center for Atmospheric  Research (total $29,900,000) 
to:
— continue scientif ic progress in s tudies of solar variability, trace gases and 

aerosols, m odeling, and convective  storm processes:
— provide ongoing suppor t for faci lities such as aircraft  and the Cray-1 compu­

ter; and
— increase  adminis trat ive  services.

NCAR's facilitie s are vital to the university atmo spheric sciences community as 
well as to NCAR scientist s. NCAR research , also is vital to the National effort and will 
be main tained at on-going levels.

• $300,000 for the National Scien tific Balloon Facility (total $2,600,000) to:
— continue support servic es to ongoing scien tific ba llooning programs,

— renovate the former op era tion sbu ilding,  and
— begin procurem ent of communications equipment necessary for an o pera­

tional long-durat ion ba llooning program (LDB).
The renovation of the build ing and the beginning of LDB were d efe rred  in 
FY 1980.
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Decreases:
Although the b udget  line items  do not d ecrease, there will b e changes of emphasis 

with in program areas.

• As the Global Atm osph eric  Research Program's exp erim ents move into new 
phases some e xisting p hases are deemph asized. This is the case  with the GARP 
Atlantic Tropica l Exp erim ent  (GATE) in which anal ysis  activity is decr easing.

Coordination and Relationship to Other Efforts

Atmosph eric res ear ch support  is coo rdin ated  through a num ber  of formal and 
inform al mechan isms. The  coord inating mech anism  for rese arch will be the new 
Fed eral  Committee for Atmosph eric Resea rch which is a par t of the Commit tee on 
Ocean s and Atm osph ere (CAO). CAO is a comm ittee of the Federal  Coordinating 
Council on Science , Engineering and Technology. A spec ial CAO panel  has been 
establish ed to develop a National Plan for Wea ther  Modif ication rese arch  and to 
coordinate Fed eral  acti vitie s in w eath er modification. All aspec ts of a ppli ed res ear ch 
and services are coordina ted through the Federal Committee for Meteorological Services 
and Supporting Rese arch  (FCMSSR).

A working gr oup un der the stru cture of FCMSSR coordin ates  the Global Atmos­
pheric Research Program (GARP). Project o ffices h ave been  set up for all m ajor GARP 
experimen ts, the GARP Atlantic Tropical Expe rime nt and  F irst GARP Global Exp eri­
ment Project Offices at NOAA's Rockville Mary land , He adquart ers  and the MONEX 
Project Office at NCAR in Boulder, Colorado . The U.S. Committee for GARP of the 
National Academy of S cien ces/Nation al Rese arch  C ounci l (NAS/NRC) gives advice, 
helps plan and eva lua tes  the Feder al effort in GARP. Inter nat ionally , GARP is co ord i­
nated  by the Joint Organiz ing C ommittee which rep orts d irectly to the World Me teoro­
logical Orga nization and  the Inte rnat iona l Council of Scien tific Unions.

With the passage of P.L. 95-367, the Natio nal Clim ate Program Act, all clim ate 
activit ies w ithin the F edera l Govern ment are  coo rdinat ed by the U.S. Clima te Pro gram 
Office, an inte ragenc y office located at NOAA’s Rockville Hea dqu arte rs. P.L. 95-367 
provides for OMB, OSTP and Congressional input into the planning of climate activities. 
A Climate  Program Policy Board, c haired  by NOAA, is co mposed  of r ep res en tat ive s 
from agencies inv olved  in clim ate act ivities . In addition, the NAS/NRC h as es tab lished  
a Climate Research Board to hel p sh ape  the  U.S. Climate  Program and give adv ice and  
critical eval uatio n to ag ency climate programs. Inte rnation ally , a World Climate Pro ­
gram has been dev elo ped  that is pat tern ed adm inis trat ively afte r GARP, altho ugh 
many UN s pec iali zed  agenci es will be involved.

The inc reas e of  car bon  diox ide in the a tmo sph ere  and its possi ble ef fects  on global 
climate have beco me a major nation al and intern atio nal  problem. T he Dep artm ent  of 
Energy (DOE) has assumed a lead role in supp orti ng rese arch in this are a and  in 
evaluating its im pact  on society. DOE, NOAA, and  NSF staff  me et regul arly  to discuss 
pending rese arch  prop osals and are jointly  su ppo rtin g rese arch  in this area. NSF has
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an in-house task force on carbon diox ide that coordinates the NSF role and st reng then s 
its coordina tion with othe r agencies.  Inte rnat iona l coord ination probably will be 
through the World Climate Program.

Programs at NCAR are  closely integ rated with othe r NSF a tmospheric science 
programs. In addition to the coordination mentioned  above, NCAR and other NSF 
atmospheric science programs rec eive advice from com mittees of the NAS/NRC such 
as the Committee on A tmosphe ric Sciences, the Geophys ics Research  Board and the 
Ocean Science Committee. In addi tion,  the Found ation 's Atmospheric  Sciences Advi­
sory Committee over sees  programs, gives advice, and reviews programs.

The network of informal  contacts as well as formal ad hoc groups is la rge, thus 
supple menting formal mechanisms  in providing  additional information on what othe r 
agencies are doing and thinking within the field of atmo sphe ric sciences, both natio n­
ally and internationally.

Finally, the University Corporation for Atmospheric Research (UCAR), the cor­
poration  that operates NCAR, coord inate s university opinions, needs, etc., and acts as a 
focal point for university  atmo sphe ric sciences . Since UCAR is an NSF contrac tor, it 
provides close cooperation between  NSF and the academic  community  on atmospheric  
science policies and plans.
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Atmospheric Sciences Project Support
Program Ele men t.......................................................................$38,600,000

Obligatio n* by Program Elem ent

Program Element Actual 
FY 1979

Bu dg et
Req ue st
FY 1980

Current
Pion

FY 19 80
Est im at e

FY1981
Difference 
FY 1981/80

Aeronomy ................................................................. $4,838,445 $5 ,950 ,000 $5,700,000 $6,500,000 $800,000
Atmospheric Chem istry .............................. .......... 3,081,933 4,70 0,00 0 3,700,000 4.800,000 1,100,000
Cllmete Oynsmlcs .................................................. 4,739,932 5,600,000 5,200,000 6,000,000 800.000
Experiments! M eteo ro logy ................................... 2,200,044 2,500,000 2,500,000 3,300.000 800,000
Globel Atmospheric Reseerch

Progrem (GA RP).................................................. 5,661,194 6,000,000 5,600,000 5,600,000 —0—
Meteorology ............................................................ 6,610,230 6,400,000 6,469,000 6,900,000 431,000
Soler T errestriel Re see rch ..................................... 4,845,000 5,100,000 5,100,000 5,500,000 400.000

Totel ................................................................. $31,976,778 $36,250,000 $34,269,000 $38,600,000 $4,331,000

Objectives and Description

The object ive of the Found atio n’s Atmosp heric  Sc ience s Project Support is to ex­
pand  fundamental knowledge of the atmospheres of the earth and other planets, as well 
as of the sun. This include s:

• developing the scientific bases and tools for understanding the dynamic and phy­
sical behav ior of cli mate an d we ather on all scales.

• develo ping the scie ntif ic bases  and tools for und erst and ing  the natu ral global 
cycles of gases and  pa rtic ula tes in the e art h's  atm osph ere,

• improving our un der sta ndi ng of the co mposition, energetic s and par ticu larl y the 
dynam ics of the u pp er  atm osph eric sys tem, and

• improving our know ledge of the sun  and neigh borin g pla nets , esp ecia lly as  they  
relate to our understanding  the earth’s upper atmosphere and space environment.

Suppo rt to a chie ve the se objec tives is provide d to scien tists  from a broad range  of 
disci pline s through  the sev en atmo sphe ric scien ces gran ts program s.

The Aeronomy Progr am suppo rts t heoretical and e xpe rim ental programs d irec ted 
at und ersta ndin g the up pe r atm osp here—its behavior, and  the physical  processes 
determin ing that behavior. This is the region within  which  fluct uation s in charged 
particle concentra tions can disrupt long distance radio communication channels, including 
satellite channels: auror al currents flow, which can produce  power-line surges; studies 
in the iono sphe ric plasma  laboratory , free of confini ng wall effects, have exte nded 
knowledge  of proc esse s of plasma s, a topic of co ncern  to sc ientis ts engaged in  th erm o­
nuc lear research: and a grea t varie ty of proce sses are found which are of intr insic 
scientific interest as well as of importance in controlling this region of our environment.

The Atmo spheric Chem istry Program  supp orts res ear ch on aspects  of chemis try 
that are  uniq ue bec aus e the atmosphere, being fluid , tran spor ts large num bers of
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minor cons tituents inc luding aerosols  and mixes them in a chemically, radia tively, an d 
dynamically inte ract ive system.

The goal of the Clim ate Dynamics Program cont inues to be the deve lopment of 
improved u ndersta nding of global clima te processes as a basi s for predicting climate 
variations and for assess ing their impact on human a ffairs . To achieve such an u nd er­
standing will require  improve d and expanded global observations of prese nt climate 
variables and inc reased  e fforts to describ e important physical processes that contro l 
climate. Improved clim ate prediction is a nat ional  effort that involves the activities  of 
many Government agencies. Under the National Climate Program, NSF has the respon­
sibility to suppor t re sea rch  tha t provides  improved un derstan ding of the physical bas is 
for climate, the causes of climate variation s and its past history.

The Exper imental Meteorology Program supports field-or iented research  on the 
physics and dynamics of the troposphere, including research on both advertent and 
inad vertent wea ther  modification.

The Global A tmospher ic Research Program (GARP) supports re search d irec ted at 
answering  fundamental ques tions such as: how do various atmospheric and ocean ic 
processes interact to change the basic state of the atmosph ere?  NSF has the responsi­
bility of supporting univ ersi ty and priva te sector s cient ific part icipation in U.S. GARP 
activities. The program is designed to accomplish the objective s through a combination 
of field experiments,  global observations of the atmosph ere and oceans, and numerical 
modeling research.

The Meteorology Program supports a broad spectrum of research  on the physical 
and dynamical behavior  of the low er atmosp here.  This p rogram  is the corne rstone for 
tropo spheric re sea rch  as it re pre sen ts the major single sou rce of support in the nation 
for research  in meteorology.

The Solar-Te rrest rial Research  Program is composed of four major discip lines  that 
correspond to four physical regions  between the sun and the earth . They are: (1) the 
sun, (2) the interplanetary medium, (3) the magnetosphere and (4) the upper atmosphere. 
A fifth resea rch topic is that of cosmic rays, that p ervade  all these  regions and, in fact, 
are  used as tr acers to invest igate  so lar- terrestr ial inte ract ions  as manifested by pa rti­
cles and fields. These objectives are met mostly through support of university researchers 
in relat ively  small, individual projects. Much of the research is collaborative with 
othe r divisions of NSF and other agencies,  part icularly  NASA.

FY 1981 Budget Highlights and Explanation of Increases and Decreases 

Aeronomy
Laboratory and analy tic tech niques  have  advanced to the degree of being used to 

examine individua l specified energy  states of atoms. Application of these techniques is 
nee ded  to define  the microscopic  processes whereby atmo sphe ric partic le species 
are  split apart or ionized, chemically  in terac t, radiate,  and exchange energy. FY 1979 
and 1980 construction of major facilities with unprecedented capabilities for controlled 
plasma experiments in the ionosphere have primed the field for renewed experimental
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and theo retical effort in fund ame ntal  plas ma processes rele van t to our environment. 
Research into the pro per ties  of the up pe r a tmo sphe re has l ed to the recognition  of the 
need to de al with it as a global scale  system  that is co upled to the strato sph ere  below 
and the mag netosphe re above. Cons eque ntly,  a major  new phas e of rese arch was 
laun ched in FY 1980, with the init iation of an upgrading of existing in coh eren t s catte r 
rad ars  to estab lish a longitudinal  cha in by 1982. T his chain  is the key to an extens ive 
progra m of research , predom ina ntly  by unive rsity  resear che rs through indiv idual 
grants.  The  shift of emphasis is to stud ies  of the dynamics and  global scale trans ports  of 
energy,  mo mentum , and mass, w ith s pec ial concern for the role of energ y deposition at 
high latitudes. Increased emphasis on coordination is needed for effective research on the 
upper  atmo sphe re as a global sca le system. This is exemplifie d by work in sup port of 
the Inter nat ional Magneto sphe ric Study; effor t on the very poorly unders tood  “ middle 
atm osp her e” (20 Kms to 100 Kms), w ithin the fram ework of the in tern atio nal ly planned 
Middle Atmosphere Program; and growing emphasis on coordinating planned operations 
at the longitu de-cha in of rada r statio ns with Euro pean  cou nte rpa rt opera tions, and 
closel y rela ted NASA satelli te opera tions .

Given the specia l opp ortuni ties  outlined above, the FY 1981 $800,000 incre ment in 
funding, from $5,700,000 to $6,500,000 will: help rest ore  the univ ersi ty g rants program 
across the broad range of re sea rch  mentio ned above; ac comm odate lim ited entry  into 
the i nternat iona l M iddle Atm osph ere Program with par tial  re spo nse  to the new opp or­
tunities in atmospheric plasma-process research; and sustain the longitude-chain radar 
upgrading program to allow the emerg ence of the req uir ed global scale view of the 
dynam ic upp er atm osph ere.

Atmosph eric Chem istry

Because trace  con stituen ts enter into hun dre ds of chem ical reacti ons, some of 
which are driv en by s ola r energy, atmosph eric chemistry canno t be understoo d as a 
straight-line se que nce  of ind epe nde nt chemical steps. Some und erst and ing  is possi ble 
by comp uter simulat ion of the enti re inte ract ing system, that req uir es as inpu t the 
deta iled  knowledg e of mole cular proc esses along with field observations of trac e 
amounts  of key chemical entitie s. The ultim ate goal is to dev elop  a model cap abl e of 
predicting the fut ure  evolut ion of the atmosp here inclu ding  its chemistry  and the 
effects of natu ral and  man-m ade per turbat ion s on it. Expe rimen ts on arti fici ally  
polluted air have been  hard  to int erp ret  in practica l terms becau se of exp erim ent al 
artifa cts an d u nav oid able  ass umptions ab out the chem istry  involved. Thus, progre ss in 
the chemis try of both clea n and pollu ted air r equir es a mo re inte nsive  dev elopme nt of 
the un derly ing b asic  chemical knowledg e. The  FY 1981 Atmospheric  Chem istry b udget 
of $4,800,000 will allow adde d emph asis on this aspe ct of the rese arch . It will provide  
for furt her  stud ies of sourc es and sinks of trace  gases  and airb orn e par ticulates ; of 
prec ipita tion  ch emi stry  inclu ding ac id rain; and of the tran spor t and exchange of gases 
and aerosols bet ween the troposph ere and the st rat ops her e. T he in crea se of $1,100,000 
from $3,700,000 will acce lera te the ent ire spec trum  of rese arch  on trop osp her ic and 
stra tosp heri c chem istry .
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Climate Dy namics

In FY 1981 Climate Dynamics Program  s upport will be inc reased  by $800,000 to a 

total of $6,000,000. To document the natura l fluct uatio ns of c lima te on a global scale 

from historic to modern times, empha sis will be given to the assem bly and a nalysis of 

data from ground and marin e st ation s, satel lite and upp er-air soundings, ice cores, and 

historic da ta sources. Actual ob ligations in the assem bly and an alysi s of data in FY 1980 

will be nea r $1,800,000. An inc rease of $200,000 will bring this are a to $2,000,000.

Paleoclimatic data are assemb led  and analyzed  to reconst ruct  past climates as a 

mean s of evaluating the rate , mag nitude and freq uen cy of cl imatic change. Primary 

sources of pal eoclimatic data inc lude tree  rings, fossil pollen  pre ser ved in lakes and 

bogs, ice cores and the deep-se a rec ord  of fossil plan ts and animals. FY 1980 funding  

suppor t will be close to $1,700,000. An increas e of $200,000 will bring  the level to 

$1,900,000 in FY 1981. As a result of the  success  of a new  hyd raul ic p iston  coring device, 

FY 1981 emph asis will be  placed o n the  conti nued  analyse s of the new ly obtained ocean 

cores.
The Climate Dynamics Program supports the development of a spectrum of climate 

models,  the ir valida tion from data sets, and thei r use as diagnostic tools to isolate 

impo rtan t physical  mechanisms governing climate. Need s in FY 1980 will be near  

$1,300,000. Many prop osals of high merit a re now being  receive d a nd it is expected that 

$1,630,000 will be neede d for climate model ing in FY 1981. The inc rease of $330,000 will 

be used to initia te studi es of air-sea inte ract ive modeling.
Various human activities such as the burning of fossil fuels are rapidly approaching 

a level  w here they may have  some impact on global climate. The n atu ral  va riab ility  of 

climate is sufficie ntly large and the rate  of oper ation of some physical processes 

sufficiently slow, that, by the time a signi ficant ma n-mad e change in a clima te var iable 

is ob serv ed, changes beyond the dan ger  point could follow, even if c orrec tive action 

were taken immediately. This program will support research on dynamical mechanisms 

involved in such changes and the develop men t of simple models for determin ing the 

sensi tivity of the climate to human  ac tiviti es. Research on questio ns that deal with the 

agricultural , ecological, socioec onomic , and politica l impacts of c lima te and climate 

change also will be  suppor ted. Funding  in FY 1981 is $400,000, an inc rea se of $100,000, 

with emp hasis placed on und ers tanding at region al levels the imp act of climate  on 

energy and wate r resource  managem ent.
The Climate Dynamics Program  has assum ed resp onsi bilit ies in several areas 

outsid e the normal propos al review  and awar d role such as sup por t of pert inent 

workshops and National Academy of Sciences  commit tees. In FY 1981 these  costs are 

estim ated  to be $70,000, a decreas e of $30,000.

Experimental Meteorology

Major research areas covered in this program are the development of precipitation 

within  cloud systems, the inte ract ion of physical  and dynamical process es in cloud 

systems, cloud intera ction s with their environ men t and oth er clouds to form o rganized 

mesoscale systems, the role of mesoscale elem ents  in large-scale  cyc lones and anticy­

clones, and possib le alte ratio n of cloud proce sses and the cloud envi ronm ent, both
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del ibe rat e and u nintended . Th e devel opm ent of new obser vational tools and  adva nces 
in co mputer simulation offer opportuni ties for improving significantly our understanding 
of mesoscale, midlati tude  we ath er systems. Strong emph asis is being given to basic 
studie s of cloud proce sses that  will enha nce the capabil ity to modify the weat her. In 
FY 1980 the program will support limited U.S. university cooperation in the Precipitation 
Enh anc eme nt Project (PEP) spon sore d by the World Meteo rologic al Organiz ation. 
The  pre lim inar y field pha se of this inte rnation al weath er modif ication experim ent 
took plac e in Spain durin g the winter-s prin g of 1979 and 1980.

In FY 1981, the program will incr ease by $800,000 from $2,500,000 to $3,300,000. 
A $400,000 increase will be utilized to support university participation in the Cooperative 
Experime nt on Convective Precipitation, a major interagency field experiment in Montana 
dur ing  the  summ er of 1981. Th is experim ent will focus on the physical processes asso­
cia ted  with summ er conv ective precipi tatio n and its modif icatio n. Another $150,000 
will be used for the U.S. pa rticip ation in PEP. The  rema ind er of the in crea se ($250,000) 
will be used to suppor t a rang e of research  activities  to streng then the physical  basis 
for weath er modific ation.

Global Atmospheric Research Program (GARP)
The Global Atmospheric Research Program budget will be  level funded at $5,600,000. 

The research and anal ysis pha se of the GARP Atlant ic Trop ical  Exper iment  (GATE) 
will continue as a high pri ori ty item during FY 1981. Some of the m ajor analysis projects 
will have been com pleted by FY 1980. T herefore, the pla nned funding level will be 
$600,000—a dec reas e of $630 ,000 for FY 1981. This refle cts the planned phasing out of 
this effort.

The observational phase  of the First GARP Global Experimen t (FGGE) was completed 
in FY 1980. FGGE's main objectives are to develop better  models for weather forecasting 
and  to assess th e predictabi lity  of weat her  systems. U.S. part icip atio n in the  field  pha se 
was fu nded  main ly by NOAA and NASA. NSF part icipated  in the planning an d fun ding  
of the experim ent to a ssu re that unive rsity inves tigators would  have the informat ion 
needed  for thei r r ese arc h. In FY 1981 NSF will prov ide $700,000  for FGGE re search, an 
increas e of $70,000 over  FY 1980.

In association with FGGE, two regional e xpe riments were  conducted that involved 
the U.S. These  were:

1. MONEX—The Monsoon Experiment is a major stud y to increase  our un de r­
standing of the d ynam ics and therm odyn amic s of the atmo sphe re a nd the ocean 
in monsoon regio ns. Three geogr aphica l areas have  b een iden tified for this ex­
perim ent. They are  the A rabia n Sea, the Bay of Bengal an d Indon esia-M alaysia. 
The field program s of MONEX were succe ssful ly car ried  out in FY 1979 and a 
subs tant ial par t of the process ing of the obse rved  data  is being comp leted  in 
FY 1980. MONEX is impo rtant sc ient ifica lly and also h as significance for globa l 
agric ultur e, economic s and politics. The NSF is resp onsi ble for suppo rting  the 
cost of res ear ch,  logistics, e quip men t, and man agem ent of U.S. parti cipa tion  in 
MONEX. In FY 1981 the processing and the large amount of data obtained by U.S.
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scien tists must be com pleted and  the ongoing r esearch must be supported . A total 
of $2,600,000 is budgete d fo r MONEX, inc reas ing that  supp or t by $30,000 over  
FY 1980.

2. POLEX— The Polar Exper ime nt is a study of the energy ba lance of the atmosphere 
in the  po lar  region s. Ma jor  U .S. inv olv em ent in POLEX nev er  has d eveloped. In 
FY 1981 $50,000 will suppor t the necessa ry Po lar Ex perim ent Projects. This amounts 
to no change  from FY 1980.

The lat es t GARP fie ld eff ort  is the Alpine Experim ent. This ex pe rim en t will 
explore the effects of the  Earth ’s m ajo r mountain  bar rie rs on the large -scale circulation 
of the atmo sphere. This inte rna tional  effo rt will be und ertake n through a field program 
in the  Alps dur ing  FY 1981. U.S. pa rti cipa tio n will  re qu ire $700,000 in FY 1981, an 
increase  of $550,000 over the plan ning  costs of FY 1980.

Fu nd am en ta l s tud ies  of the  inh er en t p redicta bi lity of  the  a tm osph ere a nd the role 
and eff ec t of  turbu len ce  must  be co nt inue d in o rder  th at the  ge ne ra l c irc ula tio n of the  
atm os ph ere can  be mo del led . These stud ies wi ll b e le vel  fu nded  at $900,000 in FY 1981.

Sup port  of national and inte rna tional GARP plann ing through the N ation al Academy 
of Sc ien ce  will  requ ire  fun din g of $50,000 in FY 1981, dow n $20,000 from  FY 1980. 

Meteorology  Program
Th e em phas is for the  pas t se ve ra l years  has  be en  on process es and systems 

dir ectly  r el at ed  to m id- lat itude  w ea ther . Sca les  of ma jor  in terest ran ge  fro m h un dred s 
of kil om ete rs to the mo lec ula r. The  ge ne ra l objec tive is to have  ad va nc es  in both 
dynamical and phy sica l meteorology converg e on pro ble ms  re la ted to loca l we ath er 
systems. New un ders tand ing of the b eha vio r of we ather on this scale  offe rs a considerab ly 
inc reased  po ten tia l for addit ion al suc cessful research  on these im po rta nt  and  often  
ha za rdou s wea ther  systems.

The new observ ing  tools inc lude  Do pp ler  rada rs  that  pro vid e inf orma tio n about 
the  in te rn al  motions of cloudy air , inco he rent  sca tte r rada rs  tha t can  pro vide  data  on 
th ree-dimen sio na l air  motions, and  du al wave- length  and po lar iza tio n rada rs  that  
pro vid e mo re inform ation on the  mi cro physi cal str uc ture  of clouds . The  Meteoro logy  
Program is su pporting the gather ing and a nalyse s of such data  together with corresponding  
mo del ing  e ffo rts . Additiona l comp onents of resea rch inc lude  s tudie s of the  b oundary  
lay er,  m icr ophysic s of cloud s, ele ctr ic charge  sep arati on  a nd clou d ele ct rif ica tio n,  th e 
dynamics of down dra fts , and  tor nado -like  vortic es and the  int era cti on  of con vec tive  
clouds w ith  the  e nviro nm ent. The  prog ram continues to sup po rt re se arch  on rad iat ion , 
the  bas ic flu id  dynam ics  of wea ther  sys tem s, and  mic rom eteo rolo gy.

Stu dies  of  w ea ther  sy stem s a re  rece iving  ren ew ed  em phasis thro ugh  c ooperat ive  
work by seve ra l uni versi ty re se arch er s. Th is arr an ge me nt  perm its  eff ici en t use of 
res ou rce s an d has ini tia ted  seve ra l ex ce lle nt  working  rel ati onsh ips  with NOAA's 
Na tional Me teo rologi cal  Cente r. The  scope of exis ting  gra nts  is re la tiv ely  broad.  
Several  inv est iga tions are  addre ssing  the diagno stic  ch arac ter ist ics  of cyclones and 
comparing  these  with the numerica l simulat ion of the  sam e sys tems using the opera tional 
forec ast  mo del  of the  Na tion al Weathe r Servi ce .
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In the Meteorology P rogram, the $431 ,000 increas e from $6 ,469,000 to $6,900,000 will 
be u sed in two ways: (1) to initi ate new  in strumen tatio n or to pr omote the exploi tation  
of recen tly developed  devices ($331,000),  and (2) to ini tiat e new int erp ret ative rese arch  
on the el ectr ical pr ope rtie s of thu ndersto rms , includin g the lightning d ischarge process 
($100,000 ).

Sola r Terrestrial

Many res earc h gran ts made in the Solar-T erre stria l Program  contri bute to intern a­
tional programs. Currentl y the re are  thre e major progra ms in progress or plann ed. 
They are  the Inte rnat iona l Magnet osph ere Study (IMS), the Sola r Maximum Year 
(SMY) and the Middle  Atm osph ere Program. The IMS will continu e until 1985 as an 
ana lysi s/th eoretic al program using  the d ata co llected du ring  1976-1979. The aim of IMS 
is to underst and  how the sun 's ac tivity energizes th e magnetic fie ld of the ear th causing 
dis turban ce of the upp er atm osp here, e.g., the auro ra. The SMY is an observ ation al 
program aimed at the  origins of that solar activity, e.g., solar f lare . SMY will last from 
1979 to 1982. As a first step, NSF and NASA are jointly funding a Scientific  Coordinato r 
to help  plan and implement observa tional effort s of both grou nd-b ased  and sate llite  
missions . Finally, MAP in 1982 to 1985 will inves tigate  the m iddle  atm osph ere from 10 to 
100km. Particu lar a reas of ignoranc e conc ern the che mist ry and  dynamics of this region 
in respo nse to (varying) sola r inputs. The three programs form an integ rated r ese arch 
plan  aimed at thoroughly invest igating the sun /atmo sph ere  connection.

FY 1981 rese arch  in thes e areas is cur rently planne d at the $5,500,000 level, an 
increas e of $400,000. This incr eas e will be  used in the most active obse rvati onal  prog ram 
i.e., the SMY.
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QUANTITATIVE PROGRAM DATA 
ATMOSPHERIC SCIENCES PROJECT PROGRAM ELEMENT

Proposals and Awards

Est im ate
FY 1979

Es tim ate
FY 1980

E stim ate  
FY 1981

Proposals:
N um ber o f P ro p o sa ls ................................................................................ 587 632 739

Tota l D o lla r A m ount ................................................................................ . . $86,330,311 $92,977,744 $108,783,960

Awar ds :
N um ber o f A w a rd s .................................................................................... 475 487 539

Tot al  D o lla r A m ount ................................................................................ $31,976,778 $34,269,000 $38,600,000

Ave ra ges Per A w a r d ................................................................................. . . . 67.320 70.368 71.600

Ave rage  A w ard  D u r a t io n ........................................................................ 12 12 12

Percentage Distribution of Funds Awarded by Performer

Est im ate
FY  1979

Est im ate
F Y I 980

E stim ate  
FY  1981

U niv ers it ie s  and  C o lle g e s ..................................................................................... 87.1 86.3 86.3

In d u s tr y ..................................................................................................................... 2.3 3.0 3.0

Fed er al  L a b o ra to r ie s ............................................................................................. 4.6 4.7 4.7

O th e r ......................................................................................................................... 6.0 6.0 8.0

Personnel and Other Factors

Est im at e Est im ate Est im ate
FY 19 79 F Y I 980 FY1981

N um ber o f scien tist  yea rs  su pported ................................................................ 237 229 246

Cost o f sc ie nt is ts  supp or te d ................................................................................ $6,436,279 $6,898,430 $7,900,334

N um ber o f grad ua te  st ud en ts  s u p p o r te d ......................................................... 459 492 517

Cost o f gr ad ua te  st ud en ts  su pp or te d ................................................................ $3,817,544 $4,088,590 $4,604,334

O th e r p er so nn el  costs ........................................................................................... 5.249.560 5.626.600 6.408.334

Lan d.  B ui ld in gs, and  F ixed  E qu ip m ent ............................................................ —0 — —0— —0—

M a jo r E q u ip m e n t.............. ..................................................................................... —0 — —0— —0—

O th er E quip m ent ................................................................................................... 1.998.014 2.110.480 2.320.334

O th e rC o s ts '............................................. ................................................................ 6.511.637 7,006.260 7.542.334

In d ir e c t Costs 7.963.744

T o la l ................................................................................................................... $31,976,778 $34,269,000 $38,600,000

‘ Exp endable  eq u ip m ent,  t ra ve l,  p u b li c a ti o n  costs, c om pute r costs , o th er d ir e c t a nd  i n d ir e c t costs.
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National Centerfor Atmospheric Research
Program Ele men t...................................................................... $29,900,000

Obligations by Program Subelement

Program Subelement Actual 
FY 1979

Budget 
Bequest 
F Y I 980

Current
Plan

FY1980
Estimate

FY1981
Difference 
FY 1981/80

Atmospheric Analysis and Prediction .......... *2,433,300 *2,253,000 *2,419,000 *2,504,000 *85,000
Atmospheric Quel lty........................................ 1,418,000 1,736,000 1,630,000 1,741,000 111,000
Convective Storms .......................................... 2,169,000 1.946,000 1,915,000 2,542,000 627,000
Advanced Study Program .............................. 802,100 686,000 855.000 863,000 8,000
High Altitude Ob servatory.............................. 2,202,000 2,195,000 2,343,000 2,565,000 222,000
Facilities Operation and Oevelopm ant.......... 10,581,000 12,054,000 11,325,000 12,962,000 1,637,000
Administration and Support Serv ice s............ 5,119,600 5,545,000 5,578,000 6,188,000 610,000
Management F e e .............................................. 535,000 535,000 535,000 535,000 —0—

Tota l ........................................................... *25,260,000 *26,950,000 *26,600,000 $29,900,000 *3,300,000

Objectives and Description

The National Center for Atmospheric Research (NCAR) serves as a focal point for 
the atmospheric sciences resea rch program of the National Science Foundation. The 
NCAR effort is conducted in cooperation with scientists in universities, government 
laboratories and other institutions, and is directed toward obtaining a better  under­
standing of the behavior of the atmosphere. Within this mandate NCAR has two major 
goals and functions:

• Plan and conduct high quality research on selec ted atmospheric problems of 
national and internation al scope and importance.

• Develop and make avai lable selected quality rese arch facilities and services re­
quired by the atmospheric sciences community for effective progress in atmos­
pheric research.

NSF supports NCAR through a cost plus fixed fee contract with the University 
Corporation for Atmospheric Research, a non-profit corporation of 49 universities with 
doctoral programs in atmospheric sciences. NCAR’s main laboratory is in Boulder, 
Colorado. The NCAR staff totals about 600 of which 40 pe rcent are scientists and 60 
percent are technical, maintena nce and administrative personnel.

NCAR’s research is focused on obtaining increased understanding  of atmospheric 
processes of importance to society. The fundamental information gained may be 
expected to lead to improved weather predictions, greate r knowledge of climate 
changes, increased capability for evaluating the possible modification of severe storms, 
better  understanding of air quality and acid rain  processes, and added com prehension 
of the mechanisms involved in solar energy driving the atmospheric heat engine. 
NCAR also develops and operates major facilities for the atmospheric sciences com­
munity—computing, aircraf t, radars, etc.
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A tmospheric Analysis and Prediction

The goal of this r esearch  is to incr ease fundamen tal understand ing  of the physical 

processes governing geop hysica l fluid  motions and apply this knowledge to pr edictin g 

the behav ior of the atm osp here as coupl ed to the oceans and continents. Specific 

research objectives rela te to the predictio n of weather , and und ersta ndin g climate 

tren ds and their causes. The res earch  strategy is b ased on a balance  of th ree compon­

ent s—theory, modeling and o bse rva tions—with strong links be twe en them. Numerical 

models are being developed to integ rate such components, which include many physical 

processes and interactions. An example is a general circulation model of the atmosphere 

with its coupling of oce an circ ulat ion , the dynamics of sea  ice, radiativ ely important 

trace gases, and lan d surf ace processes to p rovide a global climate model. Both theory 

and modeling need testing and validation against the observed behavior of the atmosphere.

The rese arch  activit ies in this program include:

• Mesosca le studi es over a ran ge of up to 2,000 km to dem onst rate  and enhance 

short range wea ther  pr edic tabi lity .

• Climate stud ies to improve num eric al s imula tion models.

• Large scale dynamics studie s to formu late models of the atm osph ere that can 

des crib e the sig nificant phy sica l processes.

• Oceanography studies to improve the understanding of the processes in the global 

ocea n c ircula tion and the air- sea  in terac tions , and the re lations hip  of these pro­

cesses to the atmosphere.

Atmospheric Quality

This group studies the chemical composition of the earth’s atmosphere with special 

emph asis on relat ively  long-lived constitu ents  a nd develops photochem ical-m eteoro­

logical mode ls for analyse s and interp ret ation  of global obse rvatio ns of atmospheric 

constituents. It determines the significant chemical, physical and biological mechanisms 

that m aintain or pe rtur b che mical bal anc es within the atmosphere.  Im porta nt appl ica­

tions of the se activit ies rela te to a tmo sphe ric pollution, acid  rain , and the impacton  the 

ozone lay er with its implication s for mank ind.
The res ear ch activitie s of this grou p include:

• Acqu isition , analysis  and inte rpr eta tio n of da ta from satellite  obse rvati ons in­

cluding application of global data sets to study the chemistry, physics and dynamics 

of the upp er atmos phere .

• Development of numerical simulation models of the global structure and circulation 

of the atmos phere to an a ltitude of 50 miles.

• Obtaining stratosphere-mesosphere observations of the space-time distribution of 

gases that influ ence the ea rth ’s ra dia tion budget, ozone b alance, and dynamics 

of the stra tosphe re and meso sphere.

• Obtaining observations through cooperative  ecology-oriented projects to explore 

those sub stan ces  and processes respo nsible  for acid ra in.
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• Investigating the exchange of ai r and its chemical constituents betwe en the strat­
osp here an d tro posp here.

Convective Storms
The objective  of the NCAR convective storms stud ies is to gain basic  under ­

stand ing of the dynamical and micr ophy sical  proce sses that produce  convect ive 
storm prec ipitatio n and cause some storm s to inten sify and becom e dange rously  
destructiv e. Practical long range  goals are to improve severe storm forecas ting, 
leading to improved warning services, and to increase the capability for evaluating 
the possi ble modification of the storm prec ipita tion  proce sses in benef icial  
ways. A three month com preh ensi ve field observi ng program, sch edu led  for FY 
1980, w as postp oned and will occur dur ing  FY 1981. The program is designed  to:

• Improve and refi ne con cept ual and quan titat ive models of how precipi tatio n is 
form ed in various storms with  em phas is on the in teraction of pre cipitat ion  pa rti­
cles and air flow:

• Investigate the effects of the environment on storm development and growth; and

• Study the effect of aerosols on precipitation processes, particu larly condensation 
and  freez ing nucle i.

Advanced Study Program
This activity supp orts visitin g scien tists and edu cational  programs designed 

to enh anc e long term inte rac tion s betw een NCAR and univ ersi ty scientists and 
to develop  scientific talen t in the atmo sphe ric scien ces and rel ate d areas. A pro­
gram to study envi ronm enta l and  societal  impacts of aspec ts of the atmo sphe re 
also is conduc ted.

Advan ced Study Program activitie s inclu de the following:

• A postdoctoral fellowship program that provides research appointments at NCAR 
for recent PhD’s;

• A graduate assistant program that supports pre-doctoral and masters candidates; 
and

• A pilot study that d eve lops a m ethodology link ing social v alue  models  with phy s­
ical scienc e models, concent ratin g on the air pollu tion prob lem in the Denver  
area .

High Altitude Observatory
The r esearch  prog ram of HAO is directed  tow ard i mpro ved und ersta ndin g of solar 

processes and their influence on the in terplanetary medium and the e arth ’s atmosphere, 
including climate  tren ds and  the ir causes.

HAO ac tivities  consist of:

• Studies  of so lar atm osp her e and magneti c fi elds  and the bala nce  of energy  a nd 
momentum within the p hoto sphe re and chr omosphere ;
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• Studies of the solar corona, magnetic fields and solar winds to provide information 
on w hat may be an impo rtant  l ink betwee n sola r variab ility and the ter res tria l 

environment. The NASA-sponsored HAO solar maximum effort provides a special 

oppor tunity to gain com preh ensive coverage of the active solar corona;

• Study of int erp lan eta ry physics, a crit ical eleme nt in relating solar phenom ena  

to the sola r win d an d sub sequen t te rrestri al effects; and

• Solar variability studies on the fundamenta l nature of the sun's output—radiation, 
magnetic field and particles—over a range of time scales, from weeks and months 

to thousands of years .

Facilities Operation an d Developme nt

One of the two major missions of NCAR as a national c enter is to provide investigators 
in universities , NCAR, and other  labo rato ries  with fac ilitie s suppo rt of the qua lity  

require d for effectiv e progre ss in the  atm osph eric sc iences. The  facilit ies op era ted  and 

maintained by NCAR include Computing, Field Observing, Research Aviation, Research 

Systems, and the Global Atmospheri c Mea sure men t Program.
The Computing Facil ity provides atmo sphe ric res ear che rs with state -of-t he-a rt 

computer services. Through the CDC 7600, users  can perf orm  statistical analy ses and 

process data from large  data sets. The Ampex Terabi t Memory  System prov ides the 

atmos pheric  sc ience  community with the mean s of storin g massive quantities of da ta 

and finally, the CRAY-1, a power ful high spee d fifth gene ratio n compu ter, gives 
scientists the cap abi litie s of develo ping and oper ating large  numerical atmo sphe ric 

models.
The Researc h Avai ation Facility operate s highly inst rum ented aircra ft, provides 

the necessary ground  sup por t, and conducts technical deve lopm ents  to main tain and 

update these capabilities. The four NSF-owned inst rumente d research aircraft presently 

operated are: a four -eng ine turbo prop Electra,  a twin-jet Sab reli ner  and two twin- 

engine  Queen Airs. Th ese airc raf t su ppor t rese arch activ ities  conducted by un ivers ity 

and NCAR scientists (abo ut 2/3 unive rsity  and  1/3  NCAR) prin cipa lly in the following 

areas; atmospher ic bou nda ry laye r (lowest level of the atm osp here), cloud physics, 

mesoscale  and seve re s torms, air chemist ry and  radiation. Demand for ai rcra ft sup port  

is expected to con tinue  to exc eed  pr ese nt ca pabi lities. Rep lacemen t of an aging Queen 
Air to meet the growing dem and s of the atmo sphe ric scie ntif ic community with a 

modern airc raft of greate r cap abi litie s is nec essar y. In FY 1981 pla ns a re to le ase with 

option  to purc hase  a twin engi ne turboprop airc raf t as a rep lacem ent  for the Queen 

Air.
The Field Obser ving Faci lity provides suppor t and inst rumenta tion  to obtain  

mea sure men ts nee ded  in  ex per ime nta l meteoro logical programs , including advanced  

sensing systems, developme nt of new mea sure men t system s and oper ational and 

anal ytical techniques for o ptimum use of its fac ilities . Recently incr eased recognit ion 

of the importance of seve re convective storms, win ter cyclonic storms, boun dary  laye r 

proce sses, and air pollution as coupl ed to b oundary  l aye r turb ulence , trans port  and 

diffusion have increased the deman d for Field Observing Facility services. The facilities
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inclu de two Doppler rad ars  and a conve ntion al radar, four rawindson de systems, an 
extensive software libr ary  and data  proce ssing services and the Port able  Automated 
Mesonet, a grou p of 30 remote, auto mat ic w eath er o bserving station s r epor ting  in real 
time to a cen tral  data collect ion stati on.

The Rese arch  Systems Facil ity maintains an engineering design capability to 
deve lop sensor, comm unicati on and  data acquis ition systems. The majo r goal of RSF 
is to develop  new inst rum entatio n and data processing systems for use by other 
NCAR faci litie s and specia l nat ional and internation al progra ms such as the Global 
Wea ther  Exper iment , Monsoon Exp erim ent,  etc.

The Global Atmospheri c M eas ure me nts  Program prim ary func tion s are the inn o­
vation, develop men t and fea sibility demo nstra tion of sophist icate d sup erp ressur e 
balloo n systems, and of t he as soci ated lightweight meteorologica l sen sing  systems, and 
coop erat ion  with the at mos pheric s cien tific  community in utilizing th ese  tech niques in 
res ear ch endea vors.

The se facil ities serve  NCAR and  the un iversi ty atm osph eric res ear ch community. 
In FY 1979, NCAR fa cilitie s u tiliz ation by unive rsity and other non-NCAR users was as 
follows:

No. of No. of
Facili ty Institutions Scientists

Aviation ..................................  28 45
Computing ...............................  87 305
Field Observing........................  22 22

FY 1981 Budget Highlights and Explanation of Increases and Decreases 

A tmospheric A nalysis and Prediction
The increase  of $85,000 from $2,419,000 in FY 1980 to $2,504,000 in FY 1981 combine d 

with a dec reas ed req uir em ent of $70,000 for staff term inat ed during FY 1980 will 
pro vide $155,000 req uir ed for  incr eased costs.

Atmospheric Quality
The increase of $111,000 from $1,630,000 in FY 1980 to $1,741,000 in FY 1981 combined 

with  a d ecreased req uir em ent  of $60,000 for staff  term inat ed in FY 1980 will provide 
appr oxim ately  $60,000 to augm ent the biogeochem ical resear ch effort and $111 ,000 for 
incr ease d costs.

Convective Storms
The $627,000 inc rea se from $1,915,000 in FY 1980 to $2,542,000 in FY 1981 will 

prov ide $500,000 re qu ire d to conduct a field program in FY 1981. This fie ld experiment 
will be conducted in cooperation with university scientists and the Bureau of Reclamation 
at its High P lains Exp erim ent  site  in Miles City, Montana. The convectiv e storm s f ield
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program will inc lude coo rdin ated  m easu rem ents  using an NCAR in strum ented Q ueen 

Air aircraft, both doppler and conventional radars, and the por table automated mesonet. 
The NOAA sailp lane  also will be used. The rema ining  $127,000 are require d for 

incre ased  costs.

High Altitude Observatory

The $222,000 increase  for the HAO from $2,343,000 in FY 1980 to $2,565,000 in FY 
1981 will provide  $70,000 for augme nting the solar va riab ility  programs. The remaining 

$152,000 will be req uir ed for increas ed costs.

Advanced Study Program

Funding is increased by $8,000 from $855,000 in FY 1980 to $863,000 in FY 1981. At 
this fund ing level the gr adu ate  ass istan t prog ram will be r edu ced  from six in FY 1980 to 
four in FY 1981. Also the sum mer  colloqu ium program will not be condu cted in FY 1981.

Facilities Operation and  Develop ment

The funding increase  of $1,637,000 from $11,325,000 in FY 1980 to $12,962,000 in FY 
1981 will provide $400,000 for re placing  the oldest and now obsol ete Queen Air airc raft 

with a twin engine tu rbo p rop airc raft . The new aircra ft will be leased  with an option to 
buy. Developm ent of the Por tab le Autom ated Mesonet, PAM II, system and the rapid  

scan rad ar will begin in FY 1981 at  a cost of $150,000. The op erat ion and d evelop ment of 

the facili ties can expec t an e xtr aor din ary  in crease in costs of $660,000 in the following 

four  areas:

Ob ligat ion s

Computer Maintenance............................................................................................... $225,000
Aviation Fuel .............................................................................................................. $110,000
Computer Supplies ..............................................................................................  $55,000
Salaries of Programmers* Computer Engineers......................................................... $270,000

In addition, the expected ordina ry increase in costs in FY 1981 is $800,000, primarily 

in s alar y increa ses. Funding a vai lab le for this category is only $427,000. This $373,000 

shor tfal l will resul t in a red uct ion  of services prov ided to the users  of the computer 

facility , reduc tion in some develop men t programs, and redu ction in aviation facility 

servic es.

A dministration and Su ppo rt Serv ices

The increase  of $610,000 from $5,578,000 in FY 1980 to $6,188,000 in FY 1981 will be 

req uir ed for repla cem ent of worn out equipm ent such as a tele pho ne switchboar d and 

libr ary  comp uter termi nal, $90,000; repairs  to roof of the NCAR Mesa Laboratory, 

$35,000; in crea sed cost of util ities , $95,000, and increa se in o ther costs, $390,000, par ticu ­

larly  salaries .
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' QUANTIT ATIVE  PROGRAM DATA
NATIONAL CENTER FOR ATMOSPHERIC RESEARCH PROGRAM ELE MENT 

Personnel and Other  Factors

Est im at e
FY 1979

Est im ate
FY 1980

Es timat e  
FY  1981

N um ber o f sc ie n ti s t y ea rs  supp or te d*  ........................................ ..................... 264 248 241
Cost o f s c ie n ti fi c  su p p o rt- '........................................................... ... ....................  $8,247,000 $8,944,000 $9,624,000
N um ber o f g ra duate  stu de nt s s uppo rt ed ’ .................................. ....................  13 13 11
Cost o f g ra duate  stud en ts  .............................................................. ....................  $80,000 $79,000 $75,000
O th e r p ers onne l costs .................................................................... ..................  7.906.000 7.775.000 8.392.000

T o ta l p ers onne l cos ts4 ............................................................ ....................  16.233.000 16.798.000 18.091.000
In vestm ent cost s:

N onexpendab le  e qu ip m en t’’ .................................................... ....................  2.491.000 2.922.000 3.653.000
C onstr uc tion  ................................................................................. ....................  —0— —0— —0—
O th e r costs'* ................................................................................... ..................... 6.536.000 6.880,000 8.156.000

T o ta l ............................................................................................. ....................  $25,260,000 $26,600,000 $29,900,000

'T h e  n u m ber o f ye ar s w ork ed d u r in g  th e p ro gra m  by  fu ll - ti m e  re gu la r s ta ff  m em be rs  in  tasks re q u ir e d  to ac co m plis h the 
cen te r' s  m issio n, exclu siv e o f D ir ec to r,  an d Asso ci ate  D irecto r.

S a la ri es an d benefi ts  on ly .
'N u m b e r o f stud en ts  em plo yed by  the c e n te r who se  acti v it ie s  c o n tr ib u te  to the co m p le tion  o f a gra du at e de gree  pr og ra m .
4 In cludes sa larie s fo r scie nti fic  v is itors  on NCAR payro ll ($806,000 fo r 37 sc ient ist-y ea rs  in  FY  1979; $857,700 for 36 scien tis t-y ea rs  

in  FY  1980; $943,470 fo r 36 s c ie n tis t-years  in  FY 19 81 .)'

Footnote Distribution

Est im at e
FY 1979

Es timat e
FY1980

Est im at e  
FY  1981

'In c lu d e s :
C om pu te r lease  pu rc ha se  c r e d i t s .......................................................... $1,128,000 $1,193,000 $1,193,000
Pro gr am  e qu ip m en t a nd  s c ie n ti fi c  in s tr u m e n ta ti o n ........................ 1.243.000 1.604.000 2.223.000
Pur ch as e o f com puting h a rd w a re .......................................................... —0 — —0— —0—
O th e r e qu ip m ent ....................................................................................... 120.000 125.000 237.000

T o ta l ............................................................................................................ 2.491.000 2.922.000 $3,653,000
“ In c lu des:

C om pu te r r en ta l an d m a in te n a n c e ........................................................ 1.730.000 1.656.000 1.987,000
C om m unic a tions an d u ti li ti e s  ................................................................ 601.000 706.000 855.000
T ra v e l an d tr a n s p o rta ti o n ......................................................................... 666.000 616.000 708.000
S upp lie s an d m ate ria ls  ............................................................................. 1.419,000 1.588,000 2.007.000
Ren ta l o f e qu ip m ent,  b u il d in g sa n d  la n d  ........................................... 457.000 485.000 524.000
O th e r p ur ch as ed  s e rv ic e s ......................................................................... 1.128.000 1.294.000 1.540.000
M an agem ent f e e ......................................................................................... 535.000 535.000 535.000

T o ta l.............. .............................................................................................. $6,536,000 $6,880,000 $8,156,000
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National Scientific Balloon Faci lity ........................................... $2,600,000

Obligations by Program Subelement

Program Subeieme nt
Budget Cu rre nt

Actu al Beq ues t Plan
FY1979 FY1980 FY 1980

Estimate
FY1981

Di ffe ren ce 
FY 1981/80

National Scientific Balloon Facility
Con struction ....................................

Total ..........................................

St ,870,000 $2,470,000  $2,270,000
—0— 80,000 30,000

$1,870 ,000 $2,550 ,000 $2,300 ,000

$2,600,000

$2,600,000

$330,000
•30,000

$300,000

Objectives and Description

The mission of the National Scient ific Balloon Facility (NSBF) is to provide the 

scientific community with  the most efficient  and reli able balloon  operation al support 

possible within the state-of-the-art and to conduct a research and development program 
to advance that state-of -the-art to mee t the growing and changing requirem ents  of the 

scientific community. NSF sup port s the NSBF und er the sam e contract as NCAR.
The NSBF is situate d at  Palestin e, Texas and i ncludes a sta ff of approximately 53 

engineers, technicians , and suppo rt per sonn el. It provides ba lloon  launching , tracking, 

payload rec overy, d ata acq uisi tion  and engineeri ng serv ices  for scien tific o bserv ations  

from balloons . Balloon flights ar e la unch ed from  the NSBF base and from o ther s ites 

in the U.S. and some fo reign c oun tries , i.e., tra nsa tlan tic flights from Sicily; Souther n 

Hem isph ere fl ights from Austr alia,  New Zealan d and some South Am erican co untrie s.
In FY 1979 the NSBF conducted 91 ballo on flights, 82 from its base  at Palestin e, 

Texas,  and 9 from remote lo cations, in su ppor t of a broad s pec trum  of scientific 

experim ents  in cosmic rays, X-rays, infrared a stronomy, pa rtic les  and fie ld in the 

magnetosphere , and  me asu rem ents of dynamical a tmos pher ic pa ram eter s, t race gases 
involved in ozone form ation and  dest ruction, and co nden satio n nu clei im porta nt for 

aerosol productio n.
The NSBF is the most adv anc ed balloon facility in the worl d. Its support is 

provide d to a large numbe r of U.S. invest igators whose  exp erim ents are  fund ed by U.S. 

agencies including  NSF, NASA, DOD, FAA, and to foreign investigators from several 

countries. Support is provided through the assembly of payloads, launching of balloons, 

the ir tracking and recov ery, as we ll as in the acqui sition and proc essin g of data and  in 

the pr ovision of engin eerin g serv ices .
This subele men t also in clu des  fundin g for the U.S. contri bution to the cooper ative 

Uni ted State s-Austral ian sc ient ific  ballooning program in the S outh ern Hemisphere. 

This p rogram  is suppo rted  un der the terms of an ag reem ent b etw een  the Nati onal 

Science Foundation an d th e Au stra lian  Dep artm ent of Science .
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FY1981 Budget Highlights and Explanation of Increases and Decreases

In FY 1981 the NSBF is exp ected to provide s upport to app roxi mately 80 scientif ic 
ballo on launches. R epla cem ent of ou tmoded ai rbo rne  tel eme try a nd com mand system 
which  bega n in FY 1980 will con tinu e in FY 1981.

The fu nding  for this sub ele me nt in FY 1981 will be $2,600,000, an inc reas e of 
$300,000  over FY 1980. The exp ected incr ease in costs of oper ating the  facility  in FY 1981 
is $150,000. The re main ing $150,000 will allow par tial  develo pme nt and  testing  of the 
long dur ation bal loon systems: $80,000; and rep lacem ent  of one airb orn e te lementry 
and comma nd system: $70,000.
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QUANTITATIVE PROGRAM DATA
NATIO NAL SCIEN TIF IC BALLOON FACILITY PROGRAM ELEMENT 

Personnel and Other Factors

Est im ate
F Y 1979

Es tim ate
FY1980

Est im at e 
F Y 1981

N um b e r o f sc ie nt is t y ea rs  su p p o r te d ................................................ 7 7 8
Cost o f scien tis ts  sup po rted  ................................................................ ..............  $200,000 $243,700 $268,100
O th e r p er so nn el  costs ........................................................................... ..............  827.000 1.054.300 1.159.700

Tota l p er so nn el  c o s ts .................................................................... ..............  1.027.000 1,298.000 1.427.800

In ve st m en t costs:
Lo ng  du ra tion  no n-e xpendab le  e q u ip m e n t ............................... ..............  25.000 —0— 120.000

O th e r n on- ex pe nd ab le  e q u ip m e n t.............. .................................. ..............  41.000 115.100 70.000

C onstruction ...................................................................................... ..............  —0— 30.000 —0—

'O th e r costs ........................................................................................ ..............  777.000 856.900 982.200

T o ta l.............. ..................................................................................... ..............  $1,870,000 $2,300,000 $2,600,000

'In c lu des:
C om m unic ations and  u t i l i t i e s ........................................................ ..............  82.000 103.600 124.300

T ra ve l and  t ra n sp o rt a ti o n ................................................................ ..............  36,000 45.000 58.500

L o n g d ura tion  su pplie s an d m a te ri a ls  ......................................... ..............  15.000 —0— —0—

O th er s upplie s and  m a te r ia ls .......................................................... ..............  143.000 338.500 398.700

Ren ta ls  of e quip m ent,  b u ild in g s  and  l a n d ................................... ..............  113.000 30.900 34.000

L ongdura tion  pu rc ha se d s er vi ce s ................................................ ..............  15.000 —0— —0—

O th e r p ur ch as ed  s e rv ic e s ................................................................ ..............  373.000 338.900 366.700

T o ta l ................................................................................................... ..............  $777,000 $856,900 $982,206
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EARTH SCIENCES PROGRAM SUBACTIVITY ....................... $27,900,000

Obligations by Program Element

Program  E le m en t A c tu a l 
FY 1979

Budget 
Reque st 
FY 1980

Cur ren t
Plan

FY  1980
Estimate 

F Y I  981
D if fe re n ce 
F Y 1981/80

Ge olo gy  ................................................................... $4,634,30 8 $5,050,000 $5 ,050 ,000 $5,650,000 $6 00 ,000
G e o p h y si cs................................................... .......... 9,857.574 10.350.000 10,040,000 11,000.000 960,000
Ge oc he mi str y' ........................................................ 10,427,522 10,850,000 8,138, 000 6,700,000 582.000
Pe tro log y' ..................................................... ..........  —o— —0— 4,050 ,000 4,550,000 500,000

Tote l ....................................................... ........ $24,919,404 $26,250,000 $25,27 8,000 $27,900,000 $2,622,00 0

' The Ge ochemistr y element has been  div ided  to provide in crea sed vi sib ili ty  for a form er component, the Petrolo gy elemen t.

Objectives and Description

The objective of NSF's Earth Sciences Program is to increase knowledge of the 
solid portion of the planet. This goal includes investigating the Earth’s evolution from 
its beginning to the present, its chemical and physical properties, and the processes 
that operate and have operated on it to produce all the features that we see and use and 
by which our lives are constrained. Mountains and plains, ore deposits and fertile soils, 
earthquakes and landslides, are the result of a complex interplay of physical, chem­
ical, and biological processes. To achieve a better understanding of these interrela­
tionships is a key aim of the Foundation's support of research  in geology and its 
related fields.

As human population increases and spreads, it is becoming more and more vul­
nerable to the effects of natural processes on and within the earth. These processes are 
not well understood, as is clearly shown by our inability to predict or mitigate natural 
catastrophes, such as earthquakes and volcanic eruptions, and by the severe damage 
to ecological systems produced by human activities. Increased basic knowledge of the 
earth sciences can in time, if well used, prevent loss of life  and mitigate damage to 
property by natural disasters.

Basic geologic data are essential also to the technological society in which we live 
today. The industrial base of our economy is dependent on the development and wise  
use of our natural resources. The discovery of new mineral and fuel deposits has 
become increasingly difficult as the more easily found deposits are consumed. A 
better understanding of fundamental properties of ores, mineral fuels, and host-rock 
characteristics can provide a basis for discovery of new economically attractive deposits.

The most important part of the earth to biological organisms, including humans, is 
the crust on which we live, build our houses, and obtain our resources. Now that the 
Deep Sea Drilling Project and other research have tested the plate tectonics hypothesis 
(a revolution in earth sciences), we are in a position to re-examine the continental 
crust with new understanding. Researchers are embarking on an ambitious new thrust 
to re-examine the U.S. continental crust and its associated mineral deposits, earth ­
quakes, and geothermal areas. Outstanding examples of this new thrust are a seismic
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refle ction  profiling program (COCORP) to und erst and  the complex stru cture of the 

U.S. crust down to the man tle,  and a scientific drilling program, sponso red by sev eral 

agenc ies to resear ch key p orti ons  of that crust that up to now have  been inacc essible.

Earth Science s projec t su ppo rt res ults in over 500 aw ards from about 900 propos als 

subm itted by sc ientist s, mostly  f rom colleges and univ ersit ies. Research topics cover 

a ver y wide  range , from theore tica l studies of motions of the ea rth ’s core to field ob ser­

vatio n of how a sh orel ine erodes , and  from the study of ea rthqua kes  to the history of 

life on this pla net. In FY 1980 the Petrology elem ent was adde d to the thre e t radit ional  

elem ents , Geology, Ge oche mist ry and Geophysics. The new e lem ent  is deriv ed mostly 

from the old Geoch emistr y program.

Significant Recent Achievements

Neodymium-Samarium Used for Dating the Earth's Crust and as Tracers

In the past yea r there have  bee n rem arkable adva nces  in the eart h scienc es 

throu gh applicatio n of neod ymium isotopic  variation s resul ting from the decay of a 

radioactiv e sam arium  isotop e an d the chem ical sepa rati on of Sm and Nd in natur e. The 

tech nica l advan ces over the pas t d eca de and a renew ed inte rest  a nd vigor in apply ing 

new  method s to old prob lems  in the eart h sciences have  res ult ed in major steps in 

solving classica l prob lems  and the generat ion of new and fundam ental questio ns 

whic h urgen tly req uir e answ ers.  This year it has be en dem ons trat ed that it is possib le 

to date igneous rocks ranging  in age from  100 million years to 4.6 billio n years. This class 

of rocks is one of the key p rod ucts  of me lting in the ear th's  i nte rio r and occurs in the 

ocean basins and on the contine nts.  T he ability  to date  these  r ocks now permits us to 

esta blis h the major times of me lting  in the mantle . The sep ara tion  of these melts from 

the man tle leaves  a res idu e with isotopic ab undances which give the averag e age of the 

ea rth’s crust  (3.6 billion year s) and  the history  of the earth ’s crust. It seems that 

almost all of the early crust of th e ear th that formed betw een  4.6-3.6 billion  yea rs ago 

has bee n destroyed by rem ixing back into the ea rth ’s mantle at a bout 3.6 b illion years 

ago. T his may explain the abs enc e of much older rocks which have  been  se arche d for 

over the past  25 years. »
In addi tion,  the isotopic  stud ies have shown that wate r from dif ferent  o ceans is 

rea dily  disting uisha ble by dire ct measu rem ent  of Nd in the  ocea n wate r or in de ep sea  

sediments. This will now p ermit a s tudy  of the flow b etw een  ocea ns today and in the 

past. Pluto nium and Nd behave  ver y similarly geochemically so that using these 

methods the re is now also an opp ortu nity  to und erst and  the tran spo rt of man-made 

radioac tive  plutonium in the env iron ment by studying  the transp ort  of naturally  

occu rring  Nd, which is non-toxic.

Appalachian Structure
The Consortium for C onti nent al Reflection Profiling  (COCORP) conducts a con­

tinuing proj ect that uses deep seism ic reflection s to study the cont inen tal crust. This
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past year  has bee n one of the most fr uitf ul. A prof ile across par ts of the southeaste rn 
United  State s h as given a new an d s urp risi ng picture of the s truc ture  an d origin of the 
App alachian s. The area  east of the mou ntains (the P iedmo nt) was fou nd to conta in an  
extensive layer  of flat-lying sedimen tary rocks buried  beneath the metamorphic crystalline 
rocks of the surf ace and sep ara ted  from them by a large horiz ontal thru st fault. The 
discov ery has impo rtant  impl ications for the origin and deve lopm ent of most major 
mountain  ranges. It also highlights a reg ion of the United States that may hav e hitherto  
unsusp ecte d deposi ts of oil and gas.

Chemical Composition of the Mantle
The man tle of the eart h rep res en ts some two-thi rds of its mass. It is impor tant, 

therefo re, to un derstand the che mis try of the mant le in ord er to un der sta nd  be tter its 
conve ction and therm al budget whi ch affec t the plate motions of the crust, and the 
melting pr oces ses which prod uce volcanoes.  Recently  MIT scientists,  by working with 
minute quantit ies of min erals der ive d from the mantle , have  foun d that some trace 
elem ent  abu nda nce s in common mantle  minerals are very dif fer ent  from what was 
prev iousl y suspected. The results c ont rad ict c urre nt models of mantle melting and will 
lead to revis ed, pres uma bly more  accurate,  calcu lations of mantle chemistry and 
melting behavior.

Evolution and Deep Structure of the Michigan Basin
The first s ampling of rocks th at give informa tion on ancie nt volcanic  and str uctu ral 

activi ty as much as one billio n y ear s ago bene ath  th e Mic higan Basin was provided by 
a cooperativ e effort involving  thr ee  oil companies, several  universities and suppo rt 
from an NSF grant through  the Geology Program. The gran t sup por ted  taking cores 
from the bottom of a 5,324 me ter  hole, dril led for petr oleu m explorat ion by the oil 
companie s, and the me asu rem ent  of a num ber of physical, magnetic, g ravim etric, and 
geochemical proper ties  in the h ole and on the cores. Exp erim ents  inc lude d the  deep est 
measurem ents  that have  bee n mad e of am bien t stres s in the ea rth ’s crust. Recently 
publis hed  inte rpreta tion s of the coop erative stud ies reve al a pro bab le stage of con­
tine nta l rifting  a nd volcanic activ ity prec eding the sub side nce  that  for med one of the 
majo r petro leum -prod ucing basins in North America. The stud y may prove to be a 
prototype for futu re coo per ativ e studi es involving acad emic insti tutions, govern ment  
agencies, and indu stry in o rde r to deriv e the maximum sci enti fic inform ation from the 
dril ling  of d eep holes on the contin ent.

Changes Between FY 1980 Budget Request and FY1980 Current Plan

The FY 1980 C urrent Plan  is $25,278,000 com pared to the Budget Request  for FY 
1980 of $26,250,000, a d ecr eas e of $972,000. Th e Geology Program has b een main taine d 
at the requ este d level bec aus e of the new importa nt thru st for rese arch  on the U.S. 
cont inental crust. The Geoc hemi stry and Petrology sub eleme nts  have been  redu ced
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by a total of $662,000, and Geophysics by $310,000. The decreases will result in less 
funding for new scientific instruments,  a loss of new growth for the COCORP seismic 
profiling project and a general reduction in the number of projects supported.

FY 1981 Highlights and  Explanation of Increases  and De creas es

Obligations
FY 1979 Actual ................................................................................................................ $24,919,404
FY 1980 Prog ram ..............................................................................................................  $25,278,000
FY 1981 R eq ue st ..............................................................................................................  $27,900,000

Diffe ren ce—FY 1981/FY 1980 ........................................................................................ $2,622,0 00

The $2,622,000 increase over the FY 1980 Current Plan to a total of $27,900,000 in 
FY 1981 will be largely devoted to inflationary increases in on-going programs. How­
ever, specific research areas that will be highlighted in FY 1981 include:

• Research on the basic nature of earthquakes.

• Reflection seismic profiling to study deep crustal structures, and thegeology and 
geochemistry of the U.S. continental crust.

• Support of new instrumentation in geochemistry and geophysics.

• Study of current geological processes.

• Geology, geochemistry, and petrology of ore deposits, especially their relation 
to crustal plates.

• The nature of ore-forming fluids.

• Geologic research on U.S. continental crust.

Funding for lunar sample analysis will continue at a constant level. (In FY 1979, 
such funding was $1,200,000).

Major Research Questions:

• Were plate tectonic processes operating prior to the breakup of the super- 
continent some 200 million years ago?

• What processes in the core cause the earth’s magnetic field?

• What are the limits and constraints of the convection model for the mantle? How 
deep is convection: how heterogeneous is the mantle?

• How are copper and lead-zinc o res related to subduction zones at active plate 
margins?

• Is the elastic-rebound theory of earthquakes completely ruled out by recent data?

• What a re the differences  in the processes forming the lunar crustal rocks and 
the rocks forming the early crust of the earth?
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• When di d oxygen firs t start  accu mul ating in the e arth 's at mosph ere?

• What cau ses hot spots  in the m antle, w ith th eir a ssociated volcan oes?

• What are  the mechanics of faul ting,  espe ciall y faults  that are  n ear ly horiz ontal 
and involv e the moveme nt of large  ove rthr ust plates?

• How do sea-floor hyd roth erm al proc esses rela te to those of the cont inent al 
crust, and their  associa ted min era l de posi ts?

Coordination and Relationships to Other Efforts

NSF’s coordination of Earth  Scie nces  with othe r agencies is p artl y formal , with 
progra m s taff  partici pating in int era gen cy committee or discussion gro ups, such as the 
Inter agen cy Geophysics  Discussion Grou p or the ad hoc E arth qua ke Committee, and 
partl y inform al, by person al contac ts. T he sta ff of the Ea rth S ciences Divis ion has be en 
active in committees that deal  with  eart hquakes , geophys ics, cont inen tal drilling, 
mine ral depos its, and analy sis of luna r samples.

Objectives and Description

Project suppo rt in the Ear th Scien ces is divid ed into four  elemen ts: Geology, 
Geophy sics, Geochem istry, and Petrology.

Geology
The Geology program su ppo rts basic res ear ch in a broad  range of subjec ts, in clud­

ing st ruc tura l geology, str atig rap hy,  paleontology, erosio n, sed ime ntat ion  a nd glacio l­
ogy- The program is largel y fiel d-orien ted, sup ple me nted by la bor ato ry testing. T ypical 
proj ects  range from a sea rch  for trac es of ear ly life in rocks over 3 billion years  old to 
the study of algai mat accum ulat ions nea r mod ern coral reefs; or from a field study  of 
alp ine  folds to a labo rato ry simu lation of how a brit tle rock can be 'aged' witho ut 
breaking. Increa sing atte ntio n is being paid  to resear ch on min era l depos its and how 
they fit into the plate  tecto nic framew ork.

The increase  in the Geology budget of $600,000 to $5,650,000 in FY 1981 will allow 
increas ed emphasis on the geology of the con tinental  crust.

Geophysics
The rapidly expa nding study  of the physics of the pla net  ear th is the doma in of 

NSF’s Geophysics program. It covers the sub-fields of seismology, gravity, geodesy, mag­
netism, earth  curr ents , heat flow, and the behavio r of natura l mate rials  at high 
press ures . The r ese arch is partl y fie ld, part ly labo rato ry-o rien ted. The  advent of plate  
tectonics has inte grat ed all of the geological sciences: now her e is this more appa ren t 
than in geophysics. Twenty  y ears  ago what  would have  b een  i solate d projects in rock
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magnetism or seismic prob ing of the earth ’s crus t a re now linked with each other and 
with field geology, in the testi ng of the new model of a working ear th and applying of 
the knowledg e g ained to pract ica l problems  like ear thquak e prediction. The increase  
of $960,000 to $11,000,000 in FY1981 should cover increa sed costs of continuing rese arch . 

Ear thqu ake rela ted resear ch inc reases  by $600,000 to $7,200,000.

Geochemistry
The Geochem istry element, as now cons tituted , is large ly labo rator y-bas ed and 

seeks  to unde rstan d the chem ical  processes  that have  form ed and are forming the 
min era ls of the earth.  Res earch range s from labo rato ry simu latio n of chem ical proc­
esses to the study of chem ical migration  in the envi ronm ent. The geochemistry of ore- 
formin g fluids and hyd roc arb ons  are an importa nt segment of the program. Many of 
the stud ies of geochemists  res em ble  sup erfic ially  the projects  of inorgan ic chemists  
who may be investigating the compounds of silicon or carbon. The differen ce is in the 
questions being asked, and in the  aims of the projec t. The chem ist is i nter este d in a 
rea ctio n rate or the surf ace activ ity of a crysta l as a ch emical p rocess . The geochemist 
wan ts to know how Nature mak es his min erals and con cen tra tes or dispe rses them. 
The increas e of $562,000 to $6,700,0 00 in FY 1981 should cover  incre ased  costs of 

cur ren t program.

Petrology
The Petrology elem ent sup por ts the overa ll study of rock chem istry , geochronol­

ogy, lu na r studies  and fiel d-o rien ted  studies  in economic geochemi stry a nd rock evolu­
tion. Petrology, the knowledg e of rocks, is the link betw een  la boratory chemis try and 
the field study of grani te, bas alti c volcanoes , kim berl ite diam ond pipes,  or the ore 
bod ies of lead  and zinc sulfi des.  Because mete orite s and lun ar rocks can help  us 

un derstand the early ea rth and bec aus e the processes tha t form all rocks are  of interes t 
to th e petrolog ist, rese arch  on meteorite s and lun ar rocks is include d in this program. 
The inc rease in the Petrology Program of $500,000 to $4,550,000 in FY 1981 allows no 

inc rease in emphasis in this area .
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QUANTIT ATIVE  PROGRAM DATA 
EARTH SCIENCE PROJECT SUPPORT PROGRAM ELEM ENT 

Proposal and Award Summary

Estimate 
FY 1979

Estimate Es tim ate
FY 19 80  FY1981

Prop os als:
N u m b e r o f P ro p o s a ls .........................................................................................
T o ta l D o ll a r  A m oun t .........................................................................................

N u m b e ro f A w a rd s .................................................................................................
To ta l D o ll a r  Am o u n t .............................................................................................

A vera ge D o ll a r  Pe r A w a r d ...............................................................................
Avera ge D u ra tio n  of A w ard  ( M o n th s ) ..........................................................

795 815 840
$47,920,000 $51,000,000 $56,000,000

503 495 525
$24,919,404 $25,278,000 $27,900,000

49,542 51.067 53.143
18 18 19

Percentage Distribution of Funds by Performer

Est im at e 
F Y I 979

Est im at e 
F Y 1980

Est im at e
FY1981

U n iv e rs it ie s  and  C o lle g e s ....................................................................................
In d u s try .....................................................................................................................
Federa l L a b o ra to r ie s .............................................................................................
O t h e r ..........................................................................................................................

98 99 97
—0— —0— 1
—0— —0— —0—

2 1 2

Personnel and Other Factors

Est im at e
FY 1979

Estimate
FY1980

Est im at e 
FY 1981

N u m b e r o f S c ie ntist Yea rs  S u p p o r te d ..............................................................  200 190 215
Cos t o f S c ie ntist S u p p o r t .................................................................. ..................  $4,200,000 $4,500,000 $5,000,000
N u m b e r o f G ra du at e Stude nts S upported ................................. ....................  425 420 460
Cos t o f G ra duate  Stud en ts  Supported  ......................................... ..................  $3,000,000 $3,300,000 $3,700,000
O th e r P er so nn el  C o s ts ...................................................................... ....................  2.500,000 2.500.000 3.000.000
Land, B u ild in gs an d F ixed  E q u ip m e n t.............. ................................................  —0— —0— —0—
M a jo rE q u ip m e n t .............................................................................. ....................  —0— —0 — —0—
O th e r E qu ip m en t ............................................................................... ..................  2,519,704 1.848.000 2.500.000
O th e r C o s ts ........................................................................................... ..................  7.999.700 8,130,000 8.300.000
In d ir e c t C o s ts ....................................................................................... ................... 4.700.000 5.000.000 5.400.000

T o ta l ............................................................................................... ..................  $24,919,404 $25,278,000 $27,900,000
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OCEAN SCIENCES PROGRAM SUBACTIVITY....................... $76,000,000

Obligations by Program Element

Program El em enl Act ual
FY1 979

Budget
Reques t
FY1 980

Cur ren t
Plan

F Y  1900
Estimate  

F Y  1981
Diff ere nce  
F Y  1981/80

Oce an ograp hy  Proj ect  Su p p o rt .....................
Co ord inated  Ocean Re search  and

$19,736,736 $21,850,000 $21,350 ,000 $24,600,000 $3,250,000

Explo rat ion ' ................................................. 19,456,617 21,400,000 20,750,000 23,800,000 2.850,000
Ocea no gra ph ic Fac ilit ies  and Su pp or t.......... 23,200,372 25,200.000 24,519,000 27,800.000 3,281,000

Total .............................................................. $62,393,725 $68,450,000 $66,619 ,000 $76,000,000 $9,381,000

‘T he  international  Deca de of O cea n Ex plo ratio n is s ucceeded by this program element in 1981. F Y  1979 and FY  1980 ID O E 
fun din g is  incl uded in this lin e and work  sup por ted  in these years is included in the C O R ES  budget  justif ication.

Objectives and Description

The Ocean Science s Program  supp orts  r ese arch that will improve unde rstan ding  
of th e sea and its relationshi p to hum an activities . Two research program s, p lus one to 
suppor t ships, e quip men t and tech nici ans , p rovide f unds for this work. Oceanography 
Project Support awards nearly 400 grants to individual scientists to s tudy basic problems 
in Physica l Oceanography, Marine  Chemist ry, Sub marine Geology and Geophysics, 
and  Biological Oceanography. The Coordinate d Ocean Researc h and Exploration 
elem ent  suppo rts large scale, long term  (3-5 y ears) mult i-ins titut ional projects. This 
elem ent succe eds the Intern atio nal  Decade of Ocean Exploration  that has s uppo rted 
the large  projects that have beco me an importa nt and integral par t of m odern ocean 
science. Ships and equi pme nt to ca rry  out both large and small res ear ch projec ts are 
suppor ted by Oceanog raphic Faciliti es and Supp ort (OFS), which prov ides  two-th irds 
of the total support for 27 of the res ear ch ships of the acade mic fleet , and seeks to 
upg rade  these  sh ips and facilities, bas ed on con tinuing  review and evalu ation  of sh ip 
perform ance and material condition , and through design and cons truct ion of rep lace­
ment ships.

Significant Recent Achievements

Deep Sea Discovery of Unknown Anima ls and Areas Rich in Metals
The dee p rese arch  sub mer sibl e Alvin has cont inued to pr ovide ocea nogr aphe rs 

with a v iew of important and une xpe cted sea floor proces ses. During 1979 two major 
diving expe ditio ns in the eas ter n Pacif ic studied the circu lation of seaw ate r through 
the ocean crus t and the effect of the he ate d discharging water  on sea f loor animals and 
sedim ents. Northeast of the Galapagos Island s mari ne biologists exam ined  dense 
comm unities of animals which pop ulate are as where sea water has tem per atu res  of 
20°C (more than 15°C hotter  than nor mal). The communities of these are as contain
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clams up to 30 cm (one foot) in length, mussels, crabs and forests of giant tube worms 
uniquely  ada pte d to their  sea floor environm ent.  Sulfur-oxidizing bac ter ia in the 
sulfur rich discharging wate rs app are ntly form the base of the food chain.  The com­
muni ties the refore  owe thei r exis tence to chemica l energy  supplied from the ocean 
crust  rather than  the solar powered  photosynthesis in surface waters .

Near the mouth of the Gulf of Cal ifor nia res earche rs observed and sampled dis­
charging wate r with a temperatu re of 350°C. Copper , zinc, and iron su lph ide  minerals 
pre cip itate from this super -heated wa ter , forming chimneys up to 9 m eters in height. 
These  m etal rich deposits are sim ilar to some ore  deposits  on land and sho uld provide 
important insights  to ore forming processes.

The chem ical reac tions  between  s eaw ate r and crustal rocks sustain the bacter ia, 
form min eral deposi ts and also have  impo rtan t impl ications in con troll ing the chem­
istry of both  seawa ter and the oceanic crust. Data from the Galapagos indic ate that the 
amoun t of magnesium removed from sea wate r by crustal rocks equals  the amount 
supplie d to the oceans by rivers. Other  elements  such as calcium, bar ium  and silica are 
removed from crustal  rocks and sup pli ed to the overlying seaw ater s.

Open Ocean Discovered to be More Productive Than Sus pec ted
The open ocean has long be en thought to be as unprodu ctive of plan t and animal 

life as terr est ria l deserts . How ever , recent work by a num ber  of scientis ts suggests that 
product ivity  of the open seas  may have  been underestim ated by at least 20"/,. This 
suggestion sheds new light on a ques tion that has long puzzled biological ocean­
ographers,  i.e., how do the observed animal  popu lations of the open  sea subsist in 
waters of low apparent  pro duct ivity . New insight on this quest ion comes from studies 
that show:

• Unknown, smal l plants (bluegreen algae) exist in the open sea in large  num bers 
(up to one -third of the total num ber  of plant  cells).  These p lants w ere missed in 
ea rli er  stu dies because  the ir small size allowed them to pass through nets and 
filte rs previously in use.

• Some of these bluegreen  algae are adapted to extremely low light levels and 
consequently occur in abundance  at depths greater  than those previously sampled.

• Some algae can rap idly take up nutr ients from areas of abundance  (i.e., near  
a dead or defeca ting anim al) and use these nut rien ts to con tinue growing even 
when sur rounde d by the gene rally  nutr ient poor water of the open-ocean.

Shipboard Equipment Upgraded
Shipboard equ ipm ent was upgraded in FY 1980 through a 50"/, incre ase in funds 

committed to new equ ipm ent  acquisition and basic  shipboard  improvements . This 
initi ative developed  from a growing concern of both fund ing agenc ies and the ocean ­
ographic rese arch  comm unity  about the general  inadeq uacie s of shipboard equ ip­
ment, the widely differing capabilities of fleet ships, and the lack of comparable inventory 
maintenanc e and man agem ent procedures among ship ope rator institut ions. Conse­
quently  the University-National Oceanographic  Labo ratory System in cooperation
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with the National Academy of Science s' Ocean Science  Board sponsored a workshop 
in e arly  1979 to d efin e the bas ic minimum ship and inst rum entatio n capabili ty, opera ­

tion and main tena nce for all UNOLS' ships. The FY 1980 fundi ng initiative in sup port 
of this effort is fo cused on such basic ship impr ovem ents and  perm anen t shipb oard  
gear as modern elec tron ic navigation equipme nt, oceanog raph ic cable and related 

machinery,  and state-of -the -art ocean ographic  inst rumenta tion.

Prog ress in Ship Con struc tion/ Conv ersio n

FY 1980 marked the second  consecutive  year  in which a major initia tive in the 
Ocean Sciences budget was the inclusion of fun ds for sh ip cons truct ion—$3.0 million 
in FY 1979 and $3.1 million in FY 1980. The FY 1979 initia tive resu lted  in issuance of a 
solicit ation for p ropos als to buil d and operate  a 130-140 ft. c oasta l ship in accordan ce 
with one of two Foundatio n own ed designs. The solic itation  elicited nine proposals 

repr esentin g some 36 ac ade mic  institut ions i ncludings eve ral forma lly consti tuted con­
sortia and led to the awa rd of a contr act with University of Mia mi for co nstruct ion of 

the FY 1979 ship. The FY 1980 awa rd will be based on the same competi tive review  
and  may result  in a two-ship pur cha se und er a sing le contract. The FY 1979 ship is a 
rep lace men t for a 208-ft. Navy owned  ship costing twice as much to operate. The 
revi ew and assignment of b oth the FY 1979 an d FY 1980 ships has  as its first c ons ider a­
tion the achie veme nt of the bes t possib le impr ovem ent in the overall academic fleet 
inventor y and a concom itant saving s in annual opera ting costs. Completion of these 
ships  in early  1980 will add a cap abi lity  not now avai lab le—coastal rese arch  pla tforms 
wit h good yea r-round sea-k eeping  ch aracter ist ics , ad eq ua te  working spa ce and  
capacity  for handl ing modern  ins trum ents, yet cost-effective for f req uen t short cru ises.

Changes Between FY 1980 Budget Request and FY 1980 Current Plan

The $1,831,000 r eduction from the FY 1980 budget re que st of $68,450,000 to a current  
plan  of $66,619,000 results  prim aril y from reprog ramm ing to h elp suppo rt se veral NSF 
initi ativ es including the Ocean  Margin  Drilling Program and also from Congressional 

budget cuts. This red uctio n was dist ribu ted  across both research  and facilities support 
with resul ting decreas e in the n um be r of research  projects u nde rta ken  and decr ease d 

flexibil ity in scheduling res ear ch activ ities at sea.

FY 1981 Budget Highlights and Explanation of Increase and Decreases

The $76,000,000 req ues ted for Ocean Science s is $9,381,000 more than the FY 1980 
Program  of $66,619,000. This req ue st will allow an incre ase in effor t and partia lly 
cou nte rac t a steady t rend  towa rd dec reas ed effort preval ent  over the last 5 years. The 
1981 in cre ase  is pa rticular ly imp orta nt for con tinue d deve lopm ent of ocean science . It 
comes at a time when the U.S. h as assum ed respo nsib ility  for managing the marine  
fish erie s in the World's largest 200 mile zone. It com es at a time when National and 
World Climate  Programs have bee n established to develo p our ability  to predic t
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climate changes. It comes at a time when pollu tion in, and mineral  resources  from, the 
oceans and sea floor are areas of great nat iona l concern . In all of th ese areas basic 
ocean science is needed to provide a solid foundation of scien tific knowledge for 
managing living resources, under standing climatic  variability, determ inin g the path ­
ways and impacts of pollu tants, and exploring for mine ral and hydrocarbon concen­
trations beneath  the sea floor. The FY 1981 requ est will support  a b road program of 
rese arch  with par ticu lar emphasis on studies in the following areas :

• wa ter circulation in open ocean and cont inental shel f are as using modern  
sate llite , acoustic and chem ical t rac er techniques:

• geochemica l and biological processes  associated with newly disc overed areas 
where geothermally  heated w ate r circulate s through the oceanic crust;

• ocean and animal  evolution bas ed on new coring techniques that  allow collec­
tion of undisturbed ancient sea floor  sedimen ts: and

• open  ocean produc tivity and  food chain processes.

Major Research Questions

Despite the emphases des cribed  above, the overa ll objec tive of the Ocean  Sci­
ences Program will continue to be to support  rese arch  to improve un derstan ding of the 
sea and its rela tionship to hum an activ ities . Attaining this objec tive will r equ ire main­
taining a b road rese arch  program into major unansw ered questions about the ocean. 
Some of these questions are  sum marize d below:

• What are the general  fea tures,  characterist ics and spa tial  scales of oceanic 
cur ren t patterns and ve rtic al mixing processes? How and why do the circu lation  
pat tern s change with time? How can we predict  these changes?

• In what ways do circ ulat ion  pat tern s and mixing in fluenc e dist ribu tion  of heat 
and nutr ients and hen ce wea ther , climate and biological produ ctivity in the 
oceans? How does the tem per atu re stru cture of sur face wate rs in the North 
Pacific affect seasonal we ath er across North America?

• What are the effec ts of the moving pla tes that make up the crust  of the earth? 
How do the processes at the plate  bou ndaries  cause  ear thquakes,  volcanoes, 
concentrations of mineral resources and effusions of crustal and mantle material 
into the sea?

• What are  the processe s w hich control the generat ion,  t ransport ation, and modi­
fication of particula te matter  in the ocean? How can  se afloor sedim ents which 
form from the depo sition of this part iculate  matter be used to reconstruct the 
history of the ea rth ’s physical, chemical and clim atic environment? What a re the 
geological and geochemical processes that modify sed ime ntary mate rial to form 
hydrocarbon and min era l resources?

• How do marine organ isms and communiti es react to pollu tion produced  by 
activitie s such as ma rine waste  disposal and sea floor mining?
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• How do the distribution patterns and biochemical interaction of marine organisms 
control the distribution and population of fisheries resources and damaging 
events such as red tides?

• What are the general characteristics, reactions and inputs which control the 
chemical composition of seawater? How do chemical pollutants enter the ocean 
and how are they removed? What is the capacity of the ocean to absorb 
atmospheric carbon dioxide and what would be the effect on the oceans of 
increasing carbon dioxide in the atmosphere?

Coordination and Relation to Other Efforts

NSF provides about half of the federal funds used to support ocean researc h 
conducted by U.S. academic institutions. Most of these funds come from NSF’s Ocean 
Sciences subactivity, but ocean research is also supported in the Division of Polar 
Programs, the Division of Atmospheric Sciences, the Division of Environmental Biol­
ogy, and the Division of Earth Sciences. The Office of Naval Research (ONR), and the 
National Oceanic and Atmospheric Administration's (NOAA) Sea Grant Program are 
the other major federal agencies that provide funding for ocean research at academic 
institutions.

Interagency coor dina tion  of fede ral funding for ocean resea rch is achie ved 
through the federal Committee on Oceans and Atmosphere and with advice from the 
National Advisory Committee on Oceans and Atmosphere and the National Academy 
of Sciences. A special University National Oceanographic Laboratory System is su p­
ported by NSF, ONR, and NOAA to provide a formal mechanism for efficient use and 
maintenance of the academic portion of the oceanographic research fleet. Additional 
coordination is provided by the increasingly important mechanism of informal contact 
between NSF staff and their counterparts in other federa l agencies.

Oceanography Project Support Program Elem en t................ $24,600,000

Obligations by Program Subelement

Program Subelement Actual 
FY 1979

Budget
Request
FY1980

Current
Plan

FY198O
Estimate 

FYI 981
Difference 
F Y 1981/80

Physical Oceano graphy.................................. $3,793,000 $4,250,000 $4,150,000 $4,650,000 $500,000
Marina Chemistry.............................................. 3,506.980 4.000,000 3,850.000 4,350,000 500,000
Submarine Geology and Geo physics ............ 7,182,756 7,750,000 7.550.000 8,450,000 900,000
Biological Oceanography .............................. 5,254,000 5,850.000 5,800,000 7,150,000 1,350,000

Total .......................................................... $19,736,736 $21,850,000 $21,350,000 $24,600,000 $3,250,000
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Objectives and D escription

Oceanography Project Support seeks to develop fundamental knowledge about 
the oceans and the ocean basins through support of a broad spectrum of basic research 
projects. The projects deal with the physical, chemical, geological, and biological 
processes which occur in the ocean and  at its boundaries with the atmosphere, the sea­
floor, and the shore line. These processes control the chemical composition and 
motions of ocean waters, the nature and distribution of marine life, and character  of 
the solid earth beneath the sea. Studies directed toward unders tanding these processes 
are supported through four program subelements: Physical Oceanography, Marine 
Chemistry, Submarine Geology and Geophysics, and Biological Oceanography.

In physical oceanography, investigators study the motions of water masses and 
transport processes in oceans, estuaries, and large lakes. They seek to understand 
these motions in terms of the physical properties and boundaries of the water masses 
themselves and in terms of the driving forces, such as the wind, solar radiation, 
precipita tion, the earth’s rota tion, and solar and lunar tides.

Researchers in marine chemistry determine the distributions  of chemical ele­
ments and compounds in the oceans and large lakes and try to understand  these distri­
butions in terms of where the various chemical components have come from, how they 
have been mobilized, where they a re going, how they are  changed in transit, and how 
they affect and are affected by living organisms.

In submarine geological and geophysical research, sc ientists define the chara cter 
and distribution of marine sediments and rocks and try to decipher the natural 
processes such as plate tectonics, sediment transport, earthquakes, and submarine 
volcanism which control the natu re of the sea floor.

In biological oceanography, investigators descri be the d istributions of life forms 
in the oceans and large  lakes and seek to understand these distributions in terms of the 
nature of the individual organisms, their interact ions with one another in communities 
and their interactions with the surrounding physical/chemical environment.

In addressing the many aspects of these general problem areas, about 400 research 
projects involving some 700 highly qualified researc h scientists and graduate students 
will be supported in FY 1981. In size, these projects will range from several thousand 
to several hundred thousand dollars and in duration from several months to several 
years. In approach there is also much diversity. The projects may involve any one or 
combination of the following approaches: theoretical studies, analysis and synthesis, 
laboratory experiments which simulate important aspects of the real oceans, and field 
experiments which provide information about the actual marine environment and the 
natural processes occurring there.

The overall resea rch program plays a significant role in developing basic u nder ­
standing of the marine environment, how it behaves  naturally, how human activities 
affect it, and how it can affect humans. More specifically, this research is improving 
our understanding of oceanic water masses, their response  to atmospheric forcing 
(wind, air pressu re), their  inf luence on local weather conditions and global climate, 
and their role in transport ing and dispersing pollutants. It is providing the scienti fic 
basis needed for the environ mentally safe and economically sound exploitation of sea-
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floor mineral reso urce s. It is develo ping knowledge  of the physical, chemica l and 

biological factors which regu late  life in the sea and which  ult imately control the living 
resource s of the ocean s. And it is exte nding  our und erst and ing  of plate  tecton ics p roc­
esses which pro vid e a cr iti ca l frame wo rk for ea rth qu ak e pre dic tio n and oil and  

mine ral resource  expl orat ion.

FY1981 Budget Highlights and Explanation of Increases and Decreases

Responsibility for m aintain ing  a broad  ba se of sup port  in all aspects of oceanogra 
phy lies with the Oce anograp hy Project Support Element. Because of this about one- 
half  of the budg eted  inc reases  will help  contin ue the dive rsity  oi suppo rt across the 
enti re field. T he rem ain der will al low in crea sed emphasis  in FY 1&81 for the following 

four areas:

• open-ocean dynamics and tran spor t field  s tudie s which  make use of new  tools 
and t echn iques such  as sa telli te ima gery an d the c hemical t racer freon:

• chemical, b iological, and geological processes assoc iated  with the high tem per a­
ture, high pressure fluids of the recently discovered sea floor hydrothermal vents;

• application  of newl y deve lope d long coring tech niqu es to studies of pa leoc ean-  

ography, se dim ent diag enes is, and the evolution of marine microorganisms:

• prim ary pro duct ivity  and  food chain  processes in the op en ocean.

Collectively the res earch  in these four areas illu stra tes  the vitality of the ocean  
scienc es and indicates sev era l continuing trends in the field.  One of these trend s is the 
increa sing cross fer tiliz atio n betw een the several  disci pline s. The use of chemica l 
trac ers in physical oceanograph y and the biological and geologica’ implications  of 

hydr othe rma l vents are pri me  examples. A seco nd rela tes to the developme nt and use 
of new tools and tech niqu es i n studying the oceans,  eg. sate llite  imag ery and the abi lity 
to take long continuous  sedi me nt cores. A third re lates  in part to the firs t two. It involves 
the increasi ng need to sup port inte rme diate scale projects  which can effectively 

ad dress a nu mb er of im po rta nt  and fre qu en tly  in te rd isc ip lin ar y pro blems  using 

power ful but often expe nsiv e new tools.

Physical Oceanography
This program  sub eleme nt will supp ort r ese arch in the  following areas:

• Open Ocean Circu lation : Focu sed regional field studies, descr iptive and analy­

tical s tudies , and mode ling studi es will contin ue to inve stigate qu estions about 
large scale ocean  circ ula tion  and trans port.  Studie s of processes on the meso- 
scale (100’s of kilo meters)  and thei r effects on global energy and momentum 
transp ort will also co ntin ue. These large  and  medium sca le c ircula tion patterns  
control to a large exte nt the global trans port  and dist ribution  of heat  and 
polluta nts in the oceans . An increase  of $300,000 to an FY 1981 level of $2,150,000 
will provide for inc reased  developme nt and use of n ew tools and techniques
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including the tracer freon for u ppe r ocean transport studies and satell ite imagery for 
the continuing, large scale cover age needed  in ocean  dynam ics studies.

• Estuari ne and Coastal Studies:  Field, descripti ve, modeling and theoretica l 
stud ies will contin ue to investig ate physical proce sses of cir cula tion , eddy gen­
era tion , and turb ulent mixing on the cont inent al shelves . Efforts  will contin ue 
on the mixing p roces ses and  circulation in rivers and bays wh ere  fresh  wat er 
and ocean meet. Thes e studie s are aimed at und erst and ing  and predictin g the 
circu latio n and resulting  tra nsp ort  of m ater ials  introduced  into these are as as 
a resu lt of inc reased ind ust ria l and urban activities. An in cre ase  of $100,000 to 
an FY 1981 level of $1,300,000 will provide for incr eased emp hasi s on i nte rdis­
cipl inar y studies of tran spo rt processes in the coastal  zone.

• Waves and Tides: This area  includ es studi es of win d-gene rate d s urfa ce waves, 
inte rnal waves, and tides. Knowing how wind energy  is tra nsf err ed into waves 
and then dissi pate d with in the oceans is impo rtan t to our understand ing  of 
ocean  c urre nts and to th e impr ovem ent of forecasting and  accura te monitor ing 
of sea s urfa ce conditions. Con side rabl e progr ess is bei ng m ade toward  the theo­
retical und ersta ndin g of non line ar inte ract ions  of inte rna l waves and their 
consequences for the ver tica l trans port of momentum and energy. Field pro­
grams are in progres s to test the theories and to inve stiga te the gene ratio n and 
dissipation of in tern al waves. Other  ongoing stud ies are  pro vidin g new  insights 
into the global ocean tide s and are making use of tidal mea sure men ts to un de r­
stand  bett er tidal var iab ility  on time scales  from w eeks to year s. No inc reas e is 
requ ested over the FY 1980 level of $500,000.

• Micr ostruc ture and Turb ulen ce: Thes e s tudi es examine tran spo rt processes on 
very small scales (ge ner ally  less than a me ter) , such as diffus ion, condu ction 
and convection, 3-dimen sion al turb ulence , and  the phys ical proper ties  of se a­
water . Such mixing processes play an impo rtan t role in the verti cal tran spo rt of 
polluta nts, nutr ients, and  energy in both the deep ocea n and she lf/e stu ari ne 
environme nts. Field, labo ratory, and model ing effo rts will contin ue on ques­
tions impo rtant to sma ll-sc ale mixing in the ocean int eri or as wel l as at the air- 
sea inte rfac e and at the ocean bottom bou nda ry l ayer.  An i ncrease of $100,000 to 
an FY 1981 level of $600,000 will prov ide for increased  field studi es rele van t 
to the tran spor t of sedi men ts and the mixing and tran spo rt of physica l and 
chemical  pro per ties  in the bottom bou nda ry lay er of the ocean.

• Limnology: The phys ical processes of circu latio n an d mixing in lakes  are  simi lar 
to those in the ocean except  for the absence  of salt in the lakes. Lakes often 
provide large  nat ura l laboratories for the study of some physical  proce sses 
without the logistics problems  of going to sea. Mixing processes in lakes are 
impo rtant bec aus e of the effects of cities and ind ust ries  loca ted on the ir s hores . 
Some p riori ty is m ain tain ed in this program for su ch studi es, but no in crea se is 
requested over the FY 1980 level of $100,000.
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Marine Chemistry
Researc h efforts in the following are as will be  suppor ted:

• Seaw ater Chemica l Equi libria: Investigations  will continu e providing informa­
tion on the eq uil ibr ia of chem ical sp ecie s and compounds in seaw ater, and their  
availability for re acti ng w ith o ther chem ical phas es in the mari ne en vironment.  
An increase of $50,000 is req ues ted to the FY 1981 level of $700,000, which will 
allow for grea ter emp hasi s to be place d on investigat ion of organo-m etallic  
interactions. This are a of Mari ne Chemistry is still in its infancy,  but in all 
proba bility such inte ract ions play a sign ificant  role in  dete rmin ing the chemical 
beha vior  of diss olved metals in the ocean.

• Sea Floor- Seawa ter Reactions: Studie s of the reac tion s occurr ing in surf ace 
sediments and active  hyd rother ma l areas of the sea floor  a re direc ted toward 
gaining an und erst and ing  of the fluxes b etw een  the sea floor and overlying sea­
water, and the fate of ma ter ial  depos ited on the ocean  floor. Such studies are 
of growing impo rtanc e in  our ef forts to unde rsta nd the role played by ca rbon ate 
sedim ents in the global carbon  dioxide balance,  the pote ntia l environmental 
imp acts of sea floo r was te dispos al and min ing activ ities , and the role of 
sea water-basal t inte ract ions in forming ore deposi ts. Incr easing technological 
capa bilit ies are provid ing a basis for c onducting a large r spect rum  of investiga­
tions on this ar ea of ma rine  e nviro nment. An increase of $150,000 to the FY 1981 
level of $1,250,000 is req ueste d. This will perm it fur the r sup por t of res earch in 
this rapidl y expa nding  are a of Mari ne Chemistry, par ticula rly  in regard  to 
studying  chemic al process es in area s of h ydrothe rma l venting .

• Par ticulate Matter- Seaw ater  Interactions: Rese arch on the reac tions  that are 
occurring in se awater w ith sus pen ded  p arti cula te mate rial,  b oth  inorganic and 
organic , are aimed at determ inin g how materia l is al tere d as it transits  the water 
column and the effects of such  alte ratio n on the avai labil ity of nut rien ts and on 
the sedimentary record. This par t of the  program will be  i ncr eas ed by $100,000 
to a total of $700,000.

• Chemical-Biological Interactions: Rese arch in this area seek s a bet ter under ­
standing  of the inter actio ns occurrin g betw een  the  che mistry a nd biology of the 
marine  envi ronm ent and of the degr ee to which each system driv es the other 
and/or  is dep end ent on it. T hes e inte ract ions strongly infl uen ce the primary 
produ ctivi ty of the oceans as w ell as nume rous  r egula tory process es in marine  
organisms. Thus t heir  un der sta ndi ng provides an im portant bas is for  improving 
managem ent of the oce an’s living re sources. An incre ase of $50,000 to an FY 1981 
total of $1,250,000 is plan ned  to allow for supp ort of this deve lopin g area  of 
Marine  Chemistry. The prim ary  emp hasis will be on marin e organ ic, chemical  
and biochemica l investigations inclu ding  the part icipation of m icrobiologists in 
field studies.

• Air-Sea  Interactions: Studies of air-sea exchange phenom ena are  oriented 
towar d determining whethe r the sea  is a source  or a s ink for man-mad e and
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naturally mobilized chemicals (e.g. nitrous oxides) and the degree to which 
transport through the air contributes to the chemical properties of the ocean 
surface. An increase  of $50,000 to an FY 1980 level of $150,000 is planned. This 
will primarily be direc ted at measurements of seawa ter uptake rates of trace 

gases.

• Physiochemical Propertie s of Seawater: Investigation of the physical chemistry 
of seawater is sup ported  to understand better the kinetic and thermodynamic 
reactions that a re taking place in the marine environment as well as to describe 
the physical and chemical p roperties of seawater. New technologies are rapidly 
becoming available which offer a chance to make significant advances in this 
area. An increase of $100,000 is planned which will bring the total for FY 1981 
to $300,000. The major area of emphasis will be on chemical kinetics and the 
solid-solution interfac e.

Submarine Geology and Geophysics

This program subeleme nt support research  in the following areas:

• Geologic Structure, Tectonics: Geophysical and geologic studies continue on 
the s tructure of the oceanic crust and overlying sedimentary layers. Support 
will be provided for studies of continental margins, oceanic rise systems, and 
deep-sea se dimentary basins with specific projects ranging from local detailed 
structural studies to exploring global crustal dynamic processes. Increased 
emphasis is to be placed on intermediate-scale  and interdisciplinary studies of 
ocean crust formation and the deep structure  of continental margins. These 
studies are strongly field-oriented with primary data sources of seismic, gravity, 
magnetic, bathymetric, thermal, and e lectromagnetic measurements coupled to 
determinations of the physical properties  of geologic materials. The increase  
of $200,000 to the FY 1981 level of $3,400,000 will provide additional support for 
intermedia te-scale geophysical studies of oceanic crust formation and conti­

nental margin projects.

• Ocean Crustal Formation, Volcanic Processes: Major efforts in this area involve 
chemical and mineralogic studies of the rocks and sediments that form the 
ocean floor. Support will continue for studies of the processes that control the 
exchange of heat and chemical elements  between seawater  and oceanic rocks. 
Increased emphasis  is to be placed on tectonic and volcanic activity occurring 
at mid-ocean ridges associated with hydrothermal  vent  fields. The increase of 
$200,000 to an FY 1981 total of $1,700,000 will suppor t field programs using the 
research submersible ALVIN and maintain basic studies of samples obtained 

from the Deep Sea Drilling Project.

• Marine Sedimentation: Geological and geochemical studies of oceanic sedi­
mentary sections are directed toward understanding the physical processes of 
sediment decomposition and erosion, sediment distribut ion patterns, geochem­
ical alteration  of sediments with time, and the dominant geologic and ocean­
ographic processes controlling marine sedimen tary systems. Emphasis will be
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on the analy sis of Deep Sea Drilling Projec t core samp les for organic g eoch em­

istry, physical pro per ties, and s trat igra phic and  lithologic me asurements and on 

the inte ract ion of bo ttom wate r cur rents and sed ime nt deposit ion and erosio n. 

The $200,000 inc rea se to th e FY 1981 total of $1,800,000 will suppo rt impr oved 

mapping techniques and a slight increase in small indepe ndent  research projects.

• Geologic History, Paleoenvir onme nts: Studies a re dire cted  toward under sta nd­

ing the evolu tion of the ocean  basins and the inte ract ion of the geological 

systems with oth er environ men tal patt erns . C ontin ued supp ort will be provid ed 

for study  of past oce anic circula tion patt erns, paleo clim ates , evolution of micro­

fossil groups, and the inte ract ion  of la nd and ocea nic geologic pr ocesses. Pri­

mary data sou rces  ar e micro paleontologic  and geoch emica l measurements from  

Deep Sea Drilling Project and conve ntion al ocean ic sedim ent cores coupled to 

chemica l and biological models of the geologic and clima tic history of the eart h. 

The inc rease of $300,000 to the FY 1981 level of $1,550,000 will su ppor t new in stru ­

mentation for long coring  capability to study pale oenvironme nts of the last 

500,000 years  and exp and ed studies of cont inuous core sequences from the 

Deep Sea Drilling Project.

Biological Oceanography

Research suppor ted by this  program  su beleme nt will be condu cted in the fol low­

ing areas:

• Open Sea Populatio ns and  Processes: Rese arch will be condu cted on the dist ri­

bution,  abun dance, physiolo gy and life history of pelag ic marin e organisms, 

their  inte ract ions  with the chemical and physica l envi ronm ent and thei r rel a­

tionships with other organisms of the open  sea. This rese arch  will include 

studies on phyt opla nkto n productivity , stru cture and inte rrel atio ns of pelagic 

food cha ins and roles  a nd  ac tivities of micr obial popu lation s. It will em phasize 

identification of caus al mechanism s regulating  the dist ribu tion  and abun dance 

of pelagic organisms. The pelagic envi ronm ent conta ins much of the ocean's  

biota and suppor ts a n um ber of imp ortan t fisheries. An inc rease of $700,000 to an 

FY 1981 level of $3,300,000 will support  incr eased research on the role of very  

small photo synthetic organ isms  in mar ine produ ctivity and on the impact of 

pred aceous zooplankto n in struc turing mari ne food chains .

• Shorelin e Popu lations and  Processes: Studies will be carrie d out on the  dist ri­

bution , abundance,  physiology a nd life history of coastal marine  organisms and 

their inter actio ns with the physic al and biologica l aspe cts of the benthic sea 

bottom envi ronm ent. Emphasis will be place d on work on the structur e of 

detr itus -based  food chai ns and  on mani pula tive,  experim ental studies (mainly 

by SCUBA-equipped inve stiga tors)  analyzing the factors which regula te the 

developm ent of be nthi c comm uniti es. The near -shore zone is the ocean region 

most affecte d by hu man  a ctiv ities and most he avily  ex ploit ed for f isher ies and 

othe r purpos es. An inc rease of $200,000 to an FY 1981 level of $2,300,000 will 

support additional manipulative field experiments on coral reefs and soft bottom 

communities.
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• Ecology of the Deep Sea: Research will be sup por ted on ecological inves tiga­
tions of the organ isms,  c ommu nities and biological processes of the floor of the 
deep  sea. Work will emp hasize inte ract ions  of biologica l processes of the sea 
floor with the overall ocean ecosystem and biologica l specializ ation s of the 
organism s of this envir onm ent. In situ studie s em ployin g the  dee p s ubm ersi ble,  
ALVIN, may provide  insight into th e limita tions  in ada pta bili ty of organisms an d 
may permi t pre dic tion  of e nvironm enta l effects  of p ropo sed activities such as 
deep  sea dumping and mining. The amount req ues ted  fo r FY 1981 is $1,200,000, 
an increase  of $4 50,000 over FY 1980. This increase will suppo rt a n expansio n of 
research effort on the ecology of deep sea hot springs, brine pools, rocky substrates 
and other deep sea envi ronm ents  d iffe ren t from the soft se dime nt are as which 
have rece ived  maj or study  in the past.

• Ecology of the Gre at Lakes: Research will involve ecological inves tigatio ns of 
organisms and com munities  of the Gre at Lakes with  emphasis on factors re gulat­
ing phyto plank ton popu lations. Work in this are a mainly  paralle ls that con­
ducted  in Open  Sea Populations and  Processes bu t is di rect ed specif ically at the 
specia l prob lems  of the Great Lakes. No increase over  the FY 1980 level of 
$350,000 is req ues ted .
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QUANTITATIVE PROGRAM DATA 
OCEANOGRAPHY PROJECT SUPPORT PROGRAM ELEMENT 

Proposal and Award Summary

E st im ate  Es tim ate
FY 1979 FY1980

E stim ate
FY 1981

Proposals:
900

$110,000,000
N um ber o f P ro p o sa ls ................................................................
To tal D ol la r Amo un t

....................... 746
$82,300,000

800
$90,000,000

Awar ds :
N u m bero f A w a rd s .................................................................... ......................  362 375 400

Tota l D o lla r A m ou nt  .................................................................... ......................  $19,736,736 $21,350,000 $24,600,000
Ave ra ge  D o lla r Per A w a r d ...................................................... ....................... 54,521 56.933 61,500
Ave ra ge  A w ard  D ura tion ' (M onth s) ................................... ......................  14 14.5 15

Percentage Distribution of Funds by Performer

E st im ate  Es tim ate
FY 1979 FY 1980

Est im at e
FY1981

U niv e rs it ie s  and C o lle g e s .....................................................................................
In d u s try .....................................................................................................................
Fed er al  L a b o ra to ri e s .............................................................................................
O th e r .........................................................................................................................

99.4
—0— 

0.3 
0.3

99.4 
0.3 

—0— 
0.2

99.0 
0.8 

—0—  
0.2

Manpower and Other Factors

Est im at e
FY 19 79

Es tim ate
F Y I 980

Est im at e 
FY 1981

N u m b e ro f s cien tis t m an v ea rs  su p p o rte d ................................... ................... 140 145 150
Costs  of scien tis ts  su pported .......................................................... ..................  $3,396,000 $3,700,000 $4,000,000
N u m b e ro f g ra d u a te s tu d e n ts su p p o rt e d ..................................... ..................  230 235 245
Cos t o f gra du at e s tude nts sup ported ........................................... ..................  $1,591,000 $1,700,000 $2,000,000
O th e r m anpow er c os ts ...................................................................... ....................  3.102.000 3.400.000 4.000.000
In vestm ent Costs:

C onstruction  ................................................................................ ....................  —0—
N onexpendable  E q u ip m e n t............................ .......................... ....................  1.732.000 1.900.000 2.300.000

O th erC osts  ...................................................................................... ....................  5.937.736 6.350.000 7.800.000
In d ir e c t C o s ts .................................................................................... ....................  3.978.000 4.300.000 4.500.000

Tota l............................................................................. ....................  $19,736,736 $21,350,000 $24,600,000

'C o n ti n u in g  gra nts i nvo lv in g  m u lt i- ye a r c om m itm ents  are  in c lu ded  here  as l2 -m on th  a war ds .
Fring e Ben ef its , expe nd ab le  equ ip m en t,  tr a ve l,  pu b lica tio n  costs, com pute r costs, o th e r d ir e c t costs.
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5 1 9

C o or di n at e d O c e a n R e s e ar c h a n d E x pl o r ati o n
Pr o gr a m El e m e n t........................... .......................................... $ 2 3, 6 0 0, 0 0 0

O bli g a ti o n s b y Pr o gr a m El e m e n t

Pr o gr a m El e m e nt A c t u al  
F Y  1 9 7 9

B u d g et
B e q u est
F Y 1 9 8 0

C u rr e nt
Pl a n

F Y 1 9 8 0
Est i m a t e
F Y 1 9 8 1

Di ff er e n c e 
F Y 1 9 8 1/ 8 0

O c e a n D y n a m i c* ( E n v ir o n m e nt al
F o r e c a st i n g) .......................................................

O c e a n  C h e m i c al Pr o c e s s e s ( E n vir o n m e nt a l
$ 8, 7 7 8, 3 0 7 $ 7, 2 0 0, 0 0 0 $ 9, 5 0 0, 0 0 0 $ 1 0, 5 0 0, 0 0 0 $ 1, 0 0 0, 0 0 0

1, 4 5 0, 0 0 0Q u a lit y).................................................. ............... 5, 1 5 1, 5 6 9 6, 2 5 0, 0 0 0 4, 6 5 0, 0 0 0 6, 1 0 0. 0 0 0

S e afl o or Pr o c e s s e s ( S e a b e d A s s e s s m e n t) . . . . 4, 6 9 1. 8 2 3 5. 0 5 0, 0 0 0 4, 4 0 0, 0 0 0 5, 4 0 0, 0 0 0 1. 0 0 0. 0 0 0

Li vi n g R e s o u r c e *.................................................... 2, 5 4 8. 6 0 0 2, 3 0 0. 0 0 0 1, 6 0 0. 0 0 0 1, 0 0 0, 0 0 0 - 6 0 0. 0 0 0

G e n e r al S u p p o rt..................................................... 2 8 6, 3 1 8 6 0 0, 0 0 0 6 0 0. 0 0 0 6 0 0, 0 0 0 — O —

T ot al  ..................................................................... ’ $ 1 9, 4 5 6, 6 1 7 ’ $ 2 1, 4 0 0, 0 0 0 ’ $ 2 0, 7 5 0, 0 0 0 $ 2 3, 6 0 0, 0 0 0 $ 2, 6 5 0, 0 0 0

' N u m b e rs t hr o u g h F Y 1 9 8 0 a r e f or t h e I n t er n a ti o n a l D e c a d e of O c e a n E x pl o r ati o n, w hi c h e n d e d i n t h at y e a r a n d is s u c c e e d e d 

b y t his pr o gr a m el e m e nt.

O bj e cti v e s a n d D e s cri pti o n

C o o r di n a t e d O c e a n R es e ar c h a n d E x pl or ati o n s u p p orts t h e c o m pl e x, m ulti- 
i nstit uti o n al pr oj e cts of t h e t y p e t h at pr o d u c e d m aj or a d v a n c es i n o ur u n d erst a n di n g of 
t h e o c e a n i n t h e 1 9 7 0’s.

I n F Y 1 9 8 0 t h e I nt er n ati o n al D e c a d e of O c e a n E x pl or ati o n pr o gr a m el e m e nt w as 
r estr u ct ur e d as t h e C o or di n at e d O c e a n R es e ar c h a n d E x pl or ati o n S e cti o n ( C O R E S) t o 
pr o vi d e c o nti n ui n g s u p p ort f or t h e l ar g er o c e a n s ci e n c e pr oj e cts. Its cl os e c o or di n ati o n 
wit h ot h er N S F o c e a n s ci e n c es s u p p ort e ns ur es t h at t h e b est pr oj e cts c o nti n u e t o 
r e c ei v e a p pr o pri at e s u p p ort, r e g ar d l ess of si z e or c o m pl e xit y.

Wit hi n C O R E S, t hr e e pr o gr a ms w er e r e or g a ni z e d t o pr o vi d e m or e fl e xi bilit y i n 
r es p o n di n g t o t h e pr o p os als of t h e o c e a n s ci e n c e r es e ar c h c o m m u nit y d uri n g t h e 1 9 8 0’s. 
T h e E n vir o n m e nt al F or e c asti n g Pr o gr a m w as r e d esi g n at e d t h e O c e a n D y n a mi cs Pr o ­
gr a m, E n vir o n m e nt al Q u alit y is n o w t er m e d t h e O c e a n C h e mi c al Pr o c ess es Pr o gr a m, 
a n d t h e S e a b e d Ass ess m e nt Pr o gr a m is n o w t h e S e afl o or Pr o c ess es Pr o gr a m. T h e 
Li vi ng R es o ur c es a n d G e n er al S u p p ort S u b el e m e nts r et ai n t h eir ori gi n al titl es.

T h e O c e a n D y n a mi cs ( E n vir o n m e nt al F or e c asti n g) Pr o gr a m s u p p orts m aj or 
st u di es of o c e a n cir c ul ati o n, air-s e a i nt er a cti o ns, a n d t h e o c e a n ’s r ol e i n cli m at e 
c h a n g es. Pr oj e cts s u p p ort e d u n d er t his pr o gr a m s u b el e m e nt s e e k t o e x p a n d o ur u n d er ­
st a n di n g of t h e o c e a n’s i nfl u e n c e o n t h e at m os p h er e a n d cli m at e a n d t h e r ol e pl a y e d 
b y o c e a n c urr e nts i n s h a pi n g w e at h er a n d cli m at e. T h e O c e a n C h e mi c al Pr o c ess es 
( E n vir o n m e nt al Q u alit y) Pr o gr a m s u p p orts m aj or st u di es of c h e mi c al tr a ns p ort i nt o 
a n d wit hi n t h e o c e a n a n d t h e r ol es of m ari n e or g a nis ms i n t h es e pr o c ess es. E xt e nsi ve 
us e is m a d e of p oll ut a nts s u c h as t h os e r e m ai ni n g fr o m at m os p h e ri c t esti n g of n u cl e ar 
w e a p o ns, c ar b o n di o xi d e fr o m b ur ni n g of f ossil f u els, a n d p oll ut a nts r el e as e d i n c o astal 
w at ers a n d est u ari es t o st u d y c h e mi c al pr o c ess es t h at mi g ht ot h er wis e b e i m p ossi bl e 
t o d et e ct. S e afl o or Pr o c ess es ( S e a b e d Ass ess m e nt) Pr o gr a m s u p p orts i nt e gr at e d l ar g e
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scale projects that study processes control ling the formation  a nd distributio n of sedi­

ments and other  deposits in the ocean, the formation and a lter atio n of the oceanic  crust 

and the struc ture  and histo ry of the ocean basins.
Living Resources  proj ects  prov ide basic knowled ge abou t ocean processes that 

affec t the dev elopment  a nd abu ndance of marine organisms. T hese  include studies of 

seagr asses,  and of u pwe lled, nut rien t-rich subsurface  w ater s in coastal area s of high 

fish productivity.
Gene ral Suppo rt activitie s incl ude  mana geme nt of scien tific  da ta, technique a nd 

instr ume nt developme nt, coo per ativ e planning for the overall CORES program, and 

stud ies of the soc ial, economics, and politica l implications of ocean  sc ience research .

FY 1981 Budget Highlights and Explanation of Increases and Decreases

Ocea n Dynamics (Enviro nmental Forec astin g) Program

Research p rojects incl ude the following:
The North Pacific Experiment  a study of large-scale, long-period ocean-atmosphere 

cou pli ng  in the Nort h Pacifi c Oc ean , is sch edule d to be com ple ted  in FY 1982 

($1,400,000). In this project, unu sua l sea-surface tem per atu re condit ions in the mid­

lati tud es of the Pacific Ocean hav e been rela ted to abno rma l win ter wea ther  over 

Nort h America. To und erst and  thes e phen omena and to perm it improv ed seasona l 

fore casts, research  has pro cee ded  in five areas: (1) statis tical  stud ies of histor ical 

dat a on ocean conditions; (2) moni torin g of ocean and atmosph ere conditions using 

moored buoys; island  stations and  ships of oppo rtunity; (3) investigatio ns of a ir-sea 

inte rac tion s in the Cent ral North P acific Ocean; (4) theoretic al stud ies of mixed layer 

form atio n and modeling of ocean processes on a region al scale, and (5) co mplem entary  

effo rts to develop sate llite  tech niq ues  and a c omprehen sive ocean model for use in 

global  climate modeling.
In ter na tio na l South ern  Oc ean Stu dies focus on the An tar cti c Cir cum polar 

Cu rre nt that controls most of the wat er exchange among the South Atlantic, South 

Pacific , and India n Oceans. This cur ren t system influ ences deep wate rs throughout 

the ocean. Understanding thei r charact eris tics  and circulation pat tern s is funda­

men tal to identifying the role played  by the Southern  Oceans  in global weather  and 

clim ate ($1,200,000).
Joint U.S./U.S.S.R. Central Nor th Atlant ic Dynamics Experim ent a sequel to 

MODE-1, is stud ying  in teracti on s be tw ee n the me diu m-sca le edd y fiel d and the 

aver age,  large-scale ocean circulat ion . These  experim ents  will impr ove our und er­

standing  of oce anic eddies w hich c orr esp ond  to storms in th e atmosp here . Data reduc­

tion will be complet ed in FY 1982. ($1,500,000 )
The Pacific Equat orial Oce anic  Dynamics projec t involves expe rimenta l work 

(FY 1980-1985)  focused on the equ ato rial  ocean south and east of Hawa ii. The work 

con cen trat es on vertical and h oriz ont al waves trapp ed at the  equator and  the r elat ion­

ship of t hese  waves to the large-scale  c urrents and winds. Und erst and ing  these equ a­

torial waves is vital to understa nding t he y ear-to -year  vari abil ity of th e tr opical Pacific
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Ocean  whic h is resp onsi ble for El Nino off Per u-Ch ile and clima te changes  ove r much 
larg er areas. ($2,500,000)

The Coastal Ocean Dynamics Exper ime nt studi es the respo nse of she lf wat ers to 
changing w inds and  riv er dis charge (FY 1980-1984 ) ($2,700,000). The e xpe rim ental area 
is the con tinental  shelf between Bodega Head and Pt. Arena s, California , a region 
whe re few mod ern data have been  gather ed.  Results of the experim ent should be 
corre ct, sim plifi ed models of wat er circ ulat ion  that can be used for pollution , bio­
logical, tran spor tatio n, and sear ch and res cue  applica tions.

A new thre e-y ear  rese arch  project, scheduled to s tart  in FY 1981, is the Ocean 
Acoustic Tomography projec t ($1,200 ,000). This projec t will develop remot e-sen sing 
tech niques to monitor and study inte rna l ocean weather . The  te chn ique ha s two steps: 
first, mea surin g fluctu ations  in acous tic trave l time betw een  each of a num ber  of 
moored acous tic source s and receive rs sep ara ted  by 100 km, and second, computin g 
the size, locat ion and natu re of the featu re causing the disturba nces . The proje ct will 
use four acous tic trans mitters and six r ece ive rs moored on opp osite sides of a 300 km 
by 300 km are a southwest of B ermud a.

The O cean  Dynamics program will increase by $1,000,000 to $10,500,000 in FY 1981. 
This increase will allow the initiation of the tomography project.

Ocean C hemi cal Pro cesses (En viron ment al Quality) Program

Rese arch  projects now in var ious stages of completion  include:
Pollutant Responses in Marine Animals is developing and evaluating physiological, 

biochemica l, and  morphological cr ite ria  that can b e used to assess the  hea lth  of marine 
animals sub jected to pollut ants. Effec ts of selec ted pollutan ts on specific marin e 
organisms at the tissue, cel lula r and  sub cell ular  level are being asse ssed  by projec t 
invest igators. The projec t is s che duled  for completion in FY 1983. ($700,000)

Sea-A ir Exchange Project is investigatin g fluxes of organic  and  inorganic pollu t­
ants from the a tmos phere to the  ocean. Simultane ously  dif ferent  com poun ds in the  air, 
rain, and dryfa ll are being me asu red  in remot e islan d locations to estim ate global 
poll utant tran sfer  rates. Completion of the p rojec t is sched uled for  FY 1984. ($1,400,000)

Vert ical Transport and Excha nge of M aterials in the Upp er Wate rs of the  Ocean 
will cha rac teri ze par ticu late  ma tte r in the ocean and its ro le in sc avenging chemic als 
(FY 1980-1983). The fate of po llut ants in the oc eans must be known to det erm ine their  
parti tioning betw een sedime nt and  our food supply . ($750,000)

Tra nsie nt T racers in the Oce ans  will meas ure sele cted  ra dioche mic als along with 
othe r parameter s in section s of the North Atlant ic Ocean to assess mixing processes 
and the exchang e of carbo n diox ide across the sea surf ace (FY 1980-1984). Physical 
mea sure men ts will be com bined with these results to es timate ocea n circu lation  and 
predic t effects of fossil fuel burning . ($1,350,000)

The Warm Core Rings Project will deter min e the im pact of w estern  boundary ring 
cur ren ts on the trans port of energ y and organisms to the conti nen tal shelf. The rela tive ­
ly w arm core wate rs in such rings  c arry  organisms q uite dif fer ent  from those in shelf  
wat ers  with which they mix. ($1,200,000)
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The Ocea n Chem ical Processes Program  will inc rease by Si,450,000 to $6,100,000 

in FY 1981. This inc rea se will augment meteorological support for the Sea-Air Ex­

change project ($200 ,000),  e xpan d the study of the effe ct of west ern boundar y c urr en t 
eddies  on the con tine nta l shelf  ($550,000) and init iate  new projects on the impa ct of 

rivers on the ocean ($700,000).

Seafloor Processes  (Seab ed Assessment) Program

Research pro jects now  underw ay include:
Manganese  Nodule Proje ct is investigating  processes  that control dist ribu tion s 

and composition of de ep- sea  fe rrom anganese nodules. Stud ies of five sites are un de r­

way to relate nodule comp osition to the flux of metals into the seaw ater -sed ime nt 

interface w here the nodules form. The studies will be completed in FY 1985. ($1,500,000)
Cenozoic Pa leoc eano grap hy Project is a c oord inated study of changes in cu rre nts  

and sedim entation pro cesses  durin g the last 25 million years of ocean history. The 

project  uses cores from the Deep Sea Drilling Project to stud y changes reco rded in 

deep-sea sedime nts, and is scheduled to term inat e in FY 1983. ($800,000)
South East Asia Tectonics and Resources proje ct is co mpleting studies of geolog­

ical and geophysical processes along the active plate margins in East Asia. Empha sis 

is placed on proce sses that form metal depos its a nd hydrocarbon accumu lations . Data 
was collected during the fin al year by ships, ocean  a nd land based seism ometers and 

by geologic and chemic al mapping  of is lands.  Final stages of data  reduc tion will be 

underway in FY 1981. ($700,000 )
Shelf Sediment Dynami cs Project will assess processes resp onsi ble for se dime nt 

distr ibuti on and tran spor t on continental shelv es (FY 1980-1986) . The projec t will 
conc entrate its rese arch  on the benthic  (near- botto m) bou nda ry layer to develo p 

pred ictiv e models relating sed ime nt flux to w ave and cur ren t conditions. ($1,200,000)
Large Ape rture Seismic Experim ent is a coordinated study of the deep s truc ture  

of c ontine ntal margins (FY 1980-1983 ). The proje ct will use three ships  equip ped with 

mult ichan nel profiling system s to provide resolu tion of sedime nt layer s at grea ter 

depth than is possible using sta ndard  techniques. ($200,000)
The Seafloor Processes Program will incr ease by $1,000,000 to $5,400,000 in FY 

1981. New areas of emph asis ($1,000,000)  will inclu de stud ies of the hydrother mal 

circulati on of seawa ter through the ocean ic crust and its effec t on crusta l chemis try, 

seafloo r sediments and the chemis try of s eawater .

Living Resources Program

Rese arch  projects now in t heir final s tages include:
The  Sea gra ss Ecosystems  Stu dy is stud ying  benth ic mar in e pla nt syste ms, 

par ticula rly  the processes that control the global d istrib ution  an d s peci es composition 

of se agra ss ecosystems and thei r ben efic ial cont ributions to the ma rine environment. 
Such ecosystems have been  shown to be stable and are per hap s the most productive 

region s in shallow coastal ocean areas arou nd the world. The s tudy  wil l complete the 

synthesis of its 1978-79 field  c ruis e data and publish  the inte rdisciplin ary  results  of its 

5 y ear  findings. ($300,000)
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The Living Resources  Program will decreas e by $600,000 to $1,000,000 in FY 1981 as 
the Seagr ass Ecosystems and Coas tal Upwelli ng Ecosystems Analysis  projec ts com­
plete  the ir synt hese s and analy sis phases.  New a reas of res ear ch emp hasis ($700,000) 
inclu de a study of ecosystem  pr odu ctio n and control m echanisms. One such ecosystem 
study will focus on the com merciall y and biologically impo rtant ocea nic area s in the 

No rtheas tern  and equatorial  Pacif ic Oceans.

General Support

Gener al Suppo rt activities  ($600,000) seek to suppor t genera l require ments of 

ocean  science rese arch activ ities , such as tech niqu e and inst rum ent  develo pment, 
data  stor age, retr ieva l a nd dissemi nat ion, and studie s of social, ec onomic and political 

implications of ocean scien ce res earch  projects.
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QUANTITATIVE PROGRAM DATA
COORDINATED OCEAN RESEARCH AND EXPLORATION SECTION 

Proposal and Award Summary

E st im ate
FY 19 79

Es tim ate
F Y 1980

Est im ate
KY1981

N u m b e ro f Propo sa ls R e c e iv e d .......................................................... .... ..........  300 340 360

N um ber o f A w a rd s ..................................................................................... ..........  240 250 265

D o lla rs  Pro posed (T o ta l) ........................................................................... ........  $40,000,000 $45,000,000 $55,000,000

D o lla rs  Proposed  lA n n u a l Rale)  ............................................................ ..........  85.000 88.000 6

D o lla rs  Aw ard ed ( T o ta l) ........................................................................... ..........  19.456.617 20.750.000 23.600.000

D o lla rs  Aw ard ed ( A nnua l Ra te)  ............................................................ ..........  60.000 62.000 87.000

Ave ra ge  D o lla rP e r A w ard  ....................................................................... ..........  81.069 83.000 89.000

Ave ra ge  A w ard  D ura tion  (M onth s)  ...................................................... ..........  18 18 16

Percentage Distribution of Funds by Perform er

E st im ate Es tim ate Est im at e

FY 19 79 F Y I 980 FY 1981

U n iv e rs it ie s  and C o lle g e s .....................................................................................  92 62 93

In d u s try .....................................................................................................................  1 1 1

Federa l A ge nc ies ....................................................................................... 4 4 3

O t h e r ............................................................................................................. ............  3 3 3

Paraonnsl and Other Factors

Est im at e
FY 1979

Es tim ate
FY1980

Est im at e
FY1981

S en io r S cien tis ts  Fac ulty
N um ber W or k Y ea rs  Sup ported ........................................ ..........................  122 124 1Z4

A m oun t o f F aculty S u p p o rt............................ ...................... ..........................  $2,680,000 $3,250,000 $3,850,000

Pos t D octo ra l Assoc iates
N u m b e r W ork  Ye ars S upported .............. ......................... ..........................  28 30 30

A m oun t Post D oc to ra l S upport  .......................................... ..........................  400.000 450.000 480.000

G ra duate  Stud en ts
N u m b e r S upp or te d Pe r A w a rd  .......................................... ..........................  0.6 0.8 0 6

A m oun t G ra d Stu de nt  Support  .......................................... ..........................  $785,000 $840,000 $900,000

O th e r P er so nn el  C o s ts .............................................................. ..........................  3.390.000 3.830,000 4.100.00ft

Lan d.  B ldgs  and Fixed  E qu ip m ent ........................................ ..........................  — o— —0—— —8 —

M a jo r E q u ip m e n t.............. ........................................................ ..........................  —0 — —0— —0—

E qu ip m en t an d In s tr u m e n ts .................................................... ..........................  $2,350,000 $2,750,000 $3,050,000

Res ea rch R esourc es.................................................................. ..........................  600.000 850,000 750.000

O th e r C o s ts .................................................................................. ..........................  5.331.617 4.980.000 6.220.000

In d ir e c t C o s ts .............................................................................. ..........................  3.920.000 4.200.000 4.450.000

T o ta l ........................................................................................... ..........................  $19,458,617 $20,750,000 $23,600,000
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Oceanographic Facilities and Support Program Elemen t. . . .  $27,800,000

Obligations by Program Subelem ent

Program  Sub el em en t A c tu a l 
FY 1979

Budget
Bequest 
FY 1980

Current
Plan

FY 1980
Es tim ate 

FY 1981
Difference 
FY 1981/80

O p e ra t io n s ............................................................. $18,905,909 $20,250,000 $19,719,000 $22,200,000 $2,481,000
Ship Construction & Con ve rsion.................... 3,109,626 3,100,000 3,100,000 3,600,000 500,000
Shipboard Equipment & Other Shared

Facil itie s......................................................... 1,184,837 1,850,000 1,700,000 2,000,000 300,000

Total  ........................................................... $23,200,372 $25,200,000 $24,519,000 $27,800,000 $3,281,000

Objectives and Deception

The Ocean ograp hic F acil ities and Su pport (OFS) program provides a major sh are  
of the supp ort for 27 res earch  ships and a num ber  of spec ialized  facil ities operate d 
by 16 academic  oc eanogra phic  lab oratories. The c ontinuing objec tives  of this prog ram 
are  to (1) maintain and imp rove  a co opera tion system of oce anog raph ic facil ities and 
ope ratio nal capabil ities  at key locations in the academic  community, (2) promote 
sh ar ed  use of fac ili tie s thr ough the aca demic com munity  org ani zat ion  en tit led  
Unive rsity-N ational Oce anog raph ic Laboratory System (UNOLS), and (3) promo te 
effec tive manageme nt of ocean ographic  facil ities. Through these objectives, the 
program helps sustain a viable oceanographic rese arch effort at the Nation’s universities.

Oceanography is r api dly  evolving f rom an explora tory  des crip tive scienc e into a 
more highly analytic sc ienc e r equiring increasingly sop hist icated tools and te chnique s 
for measuring  complex  process es. It remain s, how ever , a pre dom inantly  fiel d-or iented 
activity. Specialized  fac iliti es such as subm ersi bles , towe d devices , and aircra ft are 
increasingly  importa nt tools for data collection; and rem ote sensing from unm ann ed 
platfo rms such as sa tel lite s, buoys, and moored equ ipm ent  arra ys is a rapi dly dev el­
oping field. But surface  ship s contin ue to const itute  the major and ind ispensable 
faci lities—meeting new dem and s for the depl oyment and  monitoring of remo te 
senso rs as well as carr ying scien tific par ties  into the field .

Ocea nogra phic ships  and facil ities not only serv e the basic oceanographic pro­
grams of the Foundatio n but a con side rabl e range  of o the r scien ces which also must 
deri ve some of t heir  data and  research mat eria ls from the  ocean en vironment . N otable 
examples are biom edic al rese arch in metab olic proc esses, neurobio logy, physiology, 
and pharmacology; atm osp heric research , par ticu larl y in climate dynamics  and long- 
range envi ronm enta l forecasting; and geological and geophy sical invest igations by 
terr estr ial rather  tha n su bm ari ne specialists . The se r ese arc h activit ies hav e con tinu ed 
to use as much as 15 perce nt of OFS fu nded ship time.

The O pera tions  pro gram  subele men t pr ovides su ppo rt for the operatio n and  main ­
tenan ce of rese arch  ship s, subm ersib les, and othe r platf orms , for the salari es and 
exp enses  of ma rin e tec hn ici an s who ma int ain  and  op er ate shi pb oa rd sc ien tif ic
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systems; and for UNOLS and other community coordina ting activities. The ob jectives 
of this sub elem ent are to support and mainta in the operatio nal capability of a p rop er 
set of facilities nee ded  for academic oceanographic  fa cilit ies, and to promote  l iaison 
with the academic comm unity  and coord ination of suppo rt activitie s among F ede ral 
agencies.

Support of the sur fac e ships  composing the academic fleet continues to be the 
largest component of the Ope rations sube lement.  In FY 1980, OFS will provide about 
72 percent of the funds req uir ed  to support  fully 24 of the  27 ships cu rren tly constitu t­
ing the fleet. Approximate ly the same level of suppor t is projected for FY 1981. The 
remaining 28 per cen t of suppor t der ives  from other Federal agencies—Office of Naval 
Research (ONR), Bureau of Land Management  (BLM), DOE, USGS, NOAA and EPA— 
and from State and priv ate  sources . Layups of two or three major ships during par t 
or all of the year will occur in 1980 and 1981 owing to an excess of ava ilable ship  time 
over use requ irem ents  for fund ed rese arch  projects. Rapid ly escalating price in­
creases for fuel also con trib ute  to the short fall in flee t funding, exaggerating the 
impact of declining support  f rom non-NSF sources. A djustments in f leet composit ion, 
both in number  and size dist ribu tion , have somew hat alle via ted the support p roblem 
but furthe r ad justments ap pe ar  to be necessary to offset the persi sten t decline in ONR 
suppo rt for large open ocean ships and overall changes in utiliza tion patterns. NSF 
utilization of the fleet is dis trib uted over the enti re range  of sh ip sizes—extending 
from 64 ft. to 245 ft. in overall leng th—and accounts for over  80 percent of use on the 
under-150 ft. ships. This re flects  a strong res earch commitment to the coastal and con­
tinental  shelf regions as w ell as to open ocean studies .

Another significant component of the  Operatio ns sub element is suppor t for the 
dee p submersib le (DSRV) Alvin, operated by the Woods Hole Oceanographic Insti­
tution as a UNOLS Nationa l Ocea nographic Facility. An interagency agreement initi­
ated  in 1975 among NSF, the Navy, and the National Oceanic and  Atmospheric Admin­
istra tion and ex tended through FY 1980 will be renego tiated with the intent of assuring 
cont inued  multi-agency sup por t of this va luab le facility. In addition, a UNOLS spon­
sored study undertaken in la te 1979 to assess c urrent  and pro jected requ irem ents  for 
submersible science faci lities will provide alte rnative s and recommenda tions for 
planning possible new directio ns in the decade of the 1980’s. In FY 1981 NSF will 
suppor t approximately 100 use days on the existing submersib le system at a cost of 
about $1,200,000.

Under the Ship Construction/Conversio n su belemen t, funds may be prov ided for 
the design, construc tion, or co nversion of ships and other  p latforms.  FY 1980 m arked 
the second consecutive year  in which  a major initiative in the Ocean Sciences budget 
was the inclusion of funds  for ship cons truction—$3.0 million in FY 1979 and $3.1 
million in FY 1980. The FY 1979 in itiat ive resu lted in the issuance  of a solicita tion for 
prop osals to build and ope rate  a 130-140 ft. coastal  ship in acco rdance  with one of two 
Foundation owned designs, and in the award  of a contract with University of Miami 
for construction of the FY 1979 ship. The FY 1980 award will be based  on the same 
competitive  review and may result  in a two-ship purchase under  a single contract. 
A new solicitation will be issued for an addit ional coastal ship in FY 1981 expected to
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cost $3,600,000. The review and assignment for the FY 1981 ship, like those funde d in 
FY 1979 and  FY 1980, has as its fir st cons ideration the achieve men t of the best possible 
imp roveme nt in the overall aca dem ic fleet inven tory and a conc omit ant savings in 
ann ual  oper ating costs.

The Ship boar d Equipme nt and  Other Shared Faci lities sub eleme nt provides 
fund s for acquir ing, reh abi lita ting , and upgrad ing ships an d major  item s of equip ment  
and machine ry. The specific obje ctiv es of the program  are to ac hieve fleetwide  com­
par abilit y within classes of shi ps of basic equipm ent and outfitt ing. Specifically , 
effo rts enta il upgrading pre sen tly  hel d ships and equipm ent; supp ortin g the acquisi­
tion of ne w machinery a nd equip me nt for shared mult i-pro ject utilizatio n; and, w hen 
funds perm it, suppo rting  the c onstruc tion  of shore  fac ilitie s re qu ire d for staging cruise  
oper ations.

FY 1981 Budget Highlights and Explanation of Increases and Decreases

• Oper ation s budget pro vid es supp ort for ship operati ons  ($19,300,000), ship ­
board technicia ns ($1,500,000), spec ializ ed facil ities  such as subm ersib les and 
airc raft  ($1,200,000), and  UNOLS and other coordina ting  bodies ($200,000).

• Ship oper ations sup port incr eases $1,930,000 over FY 1980 and specializ ed 
facil ities  su pport (DSRV Alvin) increases $300,000 to match projected rese arch 
requ irem ents .

• Technicia n s upport inc rea ses  $200,000 in response  to assess men t of a continuing 
need  to impr ove sub stantia lly the calib ratio n, ma inte nan ce and ship board 
deployment of costly shared-use  gear, cable , and equipm ent .

• Support for UNOLS a nd  o ther  coo rdina ting bodie s inc reases  $51,000 to achieve  
impr ovem ents in com munity-wid e sc hedu ling and rep orti ng of cruises in di stan t 
waters.

• Ship cons truc tion /con vers ion budget prov ides $3 ,600,000, an increase of $500,000 
(16.1 per cen t) over FY 1980 to cont inue  upgra ding  the inven tory of acad emic 
fleet  s hips un der 140-ft. in length for s hort- rang e inte nsiv e season al and syno p­
tic stud ies of coastal and estu arin e proce sses. Coasta l ships  in the 130-140 ft. 
size range are  curre ntl y poorly rep res ented  in the acad emic  fleet  and are  
urgent ly nee ded  to com plem ent larg er fl eet ships whos e ope ratio ns are inc rea s­
ingly costly owing to rising  fuel prices . The se sta ble,  seaworthy coastal ships ar e 
needed to mount new  and expanded stud ies of nea rsh ore  processes such as 
movement and m ixing of water masses, dy namics of continen tal sh elf organisms, 
and the role of suspe nded part icles in sea war d tran spo rt of chemicals. These 
and other r ela ted  a reas of incr ease d rese arch  e mph asis  ar e vita l to un derst an d­
ing our econ omic ally impo rtant coastal waters.

• Ship boar d equ ipm ent  and othe r sha red  fac ilitie s budget provides an increase 
of $300,000 to a level  of $2,000,000 in FY 1981 to co ntin ue a major thrus t aimed  
at significant imp rove men ts in flee twide sta nd ard s for perf orm ance  charac-
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teristics of deck machinery; wire and conducting cable; navigation, communication, 
data logging and processin g equipment; contribution to acquisiti on of sp ecial 
one-of-a-kind systems such as swath -mapping sonar; and for for mid-life  up­

grading of one or sev era l ships.
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QUANTITATIVE PROGRAM DATA
OCEANO GRAPHIC FACILITIES AND SUPPORT PROGRAM ELENT 

Proposal and Award Summary

Estimate Estimate Estimate
F Y 1979 FY1980 F Y 1981

Proposals:
Nu mbe r of P ro po sa ls ..................................................................................
To ta l D ol la r Amoun t ..................................................................................

Aw ard s:
Nu mbe r of A w ard s......................................................................................
To ta l D ol la r Am ou nts..................................................................................
Average D ol lar Per A w a rd .........................................................................
Average Aw ard D ura tion (Months) ..........................................................

80 94 100
$56,161,800 $30,220,000 $40,000,000

60 80 80
$23,200,372 $24,519,000 $27,800,000

386,673 306.488 347,500
12 12 12

Percentage Distribution of Funds by Performer

Estimate
FY1979

Estimate
FY1980

Estimate 
FY 1981

Un ive rs itie s and Co lle ge s...............................................................................
In dustr y ............................................................................................................
Federal L ab or ator ies......................................................................................
Other  ................................................................................................................

100 
—0— 
—0—

100 
—0— 
—0— 
—o—

Manpower and Other Factor

Est ima te
FY 1979

Estimate
FY1980

Estimate
FY1981

Nu mber of scientis t man years su pp or te d......................... ......................... N /A N /A N/A
Costs of scientists  supported  .............................................. ......................... N /A N /A N /A
Nu mb er of graduate students su pported........................... ......................... N /A N /A N /A
Cost of graduate students  supported ................................. ......................... N /A N /A N /A
Other  manpow er costs ........................................................ ......................... $8,500,057 $8,824,000 $10,036,520
Investment Costs:

Construc tion  ..................................................................... ......................... 3.109.626 3.100.000 3.600.000
Nonexp end able E qu ip m ent ............................................

Other Costs '...........................................................................
......................... 1.184.837 1.700.000 2.000.000
......................... 8.754.214 9.185,000 10.210,000

Indi rect  Costs........................................................................ ......................... 1.651.638 1.710.000 1.953.480

T o ta l.................................................................................... ......................... $23,200,372 $24,519,000 $27,800,000

' Three ship construc tion  proposals  total ing ap prox imate ly $10,000,000 car ried for ward  fo r fund ing considerat ion  in FY 1980.
Crew salar ies, ma rine  techn ician  salarie s, sea pay. and related  fring e benefits .

•Fuel . food, insurance , ma intenance, equ ipm ent and supplies.
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ARCTIC RESEARCH PROGRAM SUBACTIVITY ....................  $6,100,000

Obligation s by Program Element

Program Element Actual 
F Y 1979

Budget 
Request 
F Y I 980

Current
Plan

F Y I 980
Estimate

FY1981
Difference 
FY 1981/80

Atmospheric Scienc es ................................ ........ $626,161 $600,000 $600,000 $600,000 —0—
Biological Sciences...................................... ........ 1,630,760 1,700,000 1,700,000 1,800,000 100,000
Earth Sciences ............................................. ........ 906,841 900,000 900,000 900,000 —0—
Glaciology ..................................................... ........ 1,783.690 1,700,000 1,600,000 1.600,000 —0—
Oceanography ............................................. ........ 897,131 900,000 900,000 1,000,000 100,000
Information A Advisory Service s............... ........ 129,417 200,000 132,000 200,000 68,000

Total .......................................................... ........ $5,974,000 $6,000,000 $5,832,000 $6,100,000 $268,000

Objectives and Description

The major objectives of the Arctic  Research Program are to gain new knowledge 

on mec hanisms of energy  tra nsf er b etw een  the m agnetosphere, the io nosp here  and the 

neu tra l atmo sphere; th er ol eo f th e Arc tic Basin in inf luencing climate; the inter actio ns 

of arctic and subar ctic seas with the global ocean  system; sea ice occurrence and 

behavior in coastal waters; the his tory of clima tic changes as re veale d in the study of 

ice cores  obtained at depth in the Greenland  ice sheet; permaf rost  propert ies and 

cha ract eris tics  re quired  to e nab le info rme d resource  a nd land use deve lopm ents  and 

environ men tal manag ement  in the Far North; and the structur e, func tion  and regu la­

tion of arctic  terrestr ial and ma rine ecosystems.
The objectives of the prog ram are  pur sued in seve ral scientifi c disciplines:

• In atmospher ic scien ces the emp hasi s is on the collection  and  analysi s of data  

on the ionos phere  and  mag neto sphere rece ived  and rec ord ed  at Roberval, 

Canada,  the geomagnetic coun ter part of Sip le Station, Anta rctic a. These data 

are  used to investigate the ef fects on the io nosp here and m agnetospher e of ultra 

low frequenc y and very low freq uency radio  waves  tran smi tted  from Siple 

Station, Antarctica.

• In biology the emphasis  is on the deve lopm ent of an und erst and ing  of the 

processes that lead to th e p rod uct ion  of the unus ually  large num bers of an imals 

on the contin ental  shelf of the sou the astern  Bering Sea. The pr ogram focuses on 

the production  of the Alaska pollock  as a biological trac er of the  highly efficient 

tra nsf er of matter and energy from prim ary producers to and  among higher- 

leve l mari ne life.

• In ear th sciences  emp hasis is on perm afro st rese arch  to learn  more about the 

age, de velopment,  and sta bili ty of froze n soils. Field  stud ies in clu de d rilling  and 

geophy sical probing  in of fsho re areas, and laboratory r ese arch involves studi es 

on physical processes  and cha rac teri stic s of perm afros t. This knowledg e is
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essen tial to the wise use of arctic land s and the recov ery of minera l resources 
in perm afros t areas.

• In glaciology the em phas is is on the recovery and a nalys is of deep ice cores from 
Greenla nd for recon stru ctio n of past  clima tes, for dev eloping an understand ing 
of pres ent  world clima te and  for predicting  futu re climat ic trends.

• In ocean ography the e mp hasis is on rese arch to improve  und erstand ing  of ocean 
and ice dynamics in pola r regions, and the effect of the pola r ocean ic energy 
bud get on global weath er and  climate.

• The Inform ation and Advisory Serv ices progra m elem ent will continue to sup­
por t centers for sorting and disse mina ting natu ral history speci mens and ice 
core s from the pola r regions  and  will provide funds for pr ocu rem ent  of scient ific 
advi ce from such groups  as the National Research Council.

Major Research Questions

• How do summ er stra tus cloud s and  arctic  haze  influ ence  the arctic energy 
bal anc e and thus contr ibut e to global c lima te?

• What  is the precise role of the new ly disco vered  system of oceanic fronts and 
interf ron t zones of the SE Bering Sea in the pro ductio n of the eno rmo us num bers 
of high er animals pres ent the re?

• In w hat ways can knowledge  of the biological signific ance of oceanic fr onts and 
interf ron t zones in the Bering Sea  contribute to our knowledg e of the role of 
fron ts in the function ing of marine  ecosystems on othe r cont inental shelves?

• When did the arctic  c ontin ental  she lves develop , and how old are  the earli est 
unal tered se diments  of the shelv es?

• What is the geologic and tectonic rela tion ship  of Spitsbergen, Gre enland , the 
arctic isla nds, to the rest of North A mer ica?

• What a re the geochemical an oma lies in the Gr eenl and ice she et that can b e used 
to distingui sh the annu al ac cumulati on l ayer s?

• What caus es the app are nt stra tificat ion  and stru cture in the Gre enland  ice 
she et that is in dica ted by radio-ec ho signals that p ene trat e the ice ?

• What cau sed  the build  up and sub seq uen t disint egrat ion of the major  n orth ern 
ice sheets of th e last mill ion ye ars?

• How do the variation s in hea t and mass tran spor t by ocean cur ren ts affect 
the stab ility  of the sea ice cover ?

• What ar e the sign ificant  time scales on whic h the polar  heat  sink ope rat es?
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Significant Recent Achievements

• Three years  of res earch  from oceanographic  vesse ls opera ting in the Bering 
Sea have re vea led a complex sys tem of oce anic f ronts and interfron t zones that 
are the prim ary oceanograph ic features of the so utheastern  Bering Sea, and that 
are directly rela ted to the transfer  of energy and ma teri als  from the primary 
level of producers  to the higher forms of marine life in that jemark abl y p roduc­
tive area .

• Investigations in the Isua region, Greenland, have discovered the earliest organic 
molecules and the ear lies t traces of meteor ites, both appro ximately  3,800 million 
years old, known on earth.

• A new deep  d rill was developed , in cooperation  with Denmark, and tested on 
the Greenland ice sheet in 1979. Larger vers ions of this ba ttery pow ered elect ro­
mechanica l drill  show p romise of being capab le of drilling through and recover­
ing core from the thick ce ntral portion of the ice shee t wh ere bottom ice may be 
as much as 100,000 years old.

• An arra y of twenty data buoys deployed over the Arctic Ocean has produced 
meteorological data for the Global W eather Experiment, an d info rmat ion on the 
synoptic-scale deformat ion of the sea  ice cover.

Changes Between FY1980 Budget Request and FY 1980 Current Plan

The FY 1980 Current Plan is $168,000 below the FY 1980 Budget Req uest,  requiring 
minor adjustm ents to the Glaciology and Inform ation and Advisory Servic es program 
elements.

FY 1981 Budget Highlights and Explanation of Increases and Decreases

The inc rea se of $268,000 for FY 1981, an increase  of less than five percen t, is less 
than the cur ren t ra te of inflation, and, there fore, r epresents no growth in total program 
activity. The 1981 Budget highlights are:

• Analys is of da ta on the ionosphe re and magnetosphere collected at Roberva l, 
Canada.

• Support of the  fi fth year of the biological study  of the P rocesses and Resources 
of the Bering Sea Shelf.

• Field resear ch will continue in Alaska,  Greenland, and Svalbard, where  geo­
logical and geophysical investigations are developing knowledge on tectonics , 
paleoclimate, and permafrost.

• The investigat ion of g lacier dynamics and the paleo clima te of the Northe rn 
Hem isph ere will continue  with e mph asis  on drilling through the Green land ice 
shee t and inte rpretin g the g lacial geology of the arctic regions.
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• Biological productivity studies and marine ecosystem researc h will be extended 
to other arctic areas.

Coordination and Relationship to Other Efforts

Twelve Federal agencies are involved significantly with arctic research. Repre­
sentatives of these agencies meet periodically at the NSF to discuss research priorities, 
plans for new arctic research programs, and the results of ongoing arctic research pro­
grams. Other Federal agencies often cooperate with NSF in funding arctic research.
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QUANTITATIVE PROGRAM DATA 
ARCTIC RESEARCH PROGRAM SUBA CTIVITY

Proposal and Award Summary

Est im ate  Est im ate Est im ate
F Y 1979 F Y I 980 FY1981

Propo sa ls:
N um ber o f P ro p o sa ls ............................................................................ ..........  78 90 90

Tot al  D ol lar A mou nt  ..................................... $11,932,000 $12,000,000 $12,000,000

N um b e r o f A w a rd s .................................................................................... ..........  '87 76 79

T o ta l D o lla r A m ount ................................................................................ ..........  $5,974,000 $5,832,000 $6,100,000

A vera ge D o lla r Per  A w a r d .................................................................. ..  •..........  68,700 78.700 77.200

Ave ra ge Aw ard  D ura tion  ( M on th s)  ...................................................... ..........  12 12 12

Percentage Distribution of Funds by Performer

Est im ate Es tim ate Est im at e
FY 19 79 FY  1980 F Y I 981

U n iv e rs it ie s  and C o ll e g e s ........................................................................ ..........  92.0 92.0 92.0

In d u s try ......................................................................................................... ..........  —0 — —0— —0—

F edera l L a b o ra to r ie s ................................................................................. ..........  4.0 5.0 5.0

O t h e r ............................................................................................................. ..........  4.0 3.0 3.0

Personnel and Other Factors

Est im at e Es tim ate Est im ate
FY 19 79  FY1980 FY 1981

N u m b e r o f Sc ie ntist Yea rs  Su pp or te d^  ............................................................ 36
Co sts o f S cien tis ts  S u p p o rte d ..............................................................................  SI .600.000
N u m b e r o f Gra duate  S tu de nts S upported .....................................................  87
O th e r P er so nn el  C o s ts ..........................................................................................  913,500
Land , B u ild in gs and Fixed  E q u ip m e n t.............. ................................................ —0 —
M a jo r E q u ip m e n t..................................................................................................  —0—
O th e r E qu ip m ent ................................................................................................... 200.000
O th e r C o s ts '............................................. ................................................................  2.900.500
In d ir e c t C o s ts ........................................................................................................... ................. 960,000

40
$1,205,000

70
664.000 

—0— 
—0—

300,000
2.663.000
1,000.000

41
SI .220.000 

71
672.000

—0— 
305.000 

2.785.000 
1.118.000

T o ta l ....................................................................................................................... $5,974,000 S5.832.000 $6,100,000

' In c lu des sp li t funded a war ds . Does no t i n c lu d e  pur ch as e o rd er s.
-N u m b e r o f s c ie ntist ye ar s s upported is lo w  in  c om pariso n to num ber o f g ra nt s because a rc ti c  r es ea rch is a seasona l e ff o rt . 
'I n c lu d e s  co ntract support , a ir li f t ,  tr ave l,  exp endab le  s upplie s a nd . equ ip m ent,  com pute r costs , co re  s torage  expenses , an d 

adv is o ry  se rv ices .
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U. S. A N T A R C TI C P R O G R A M

P R O G R A M A C TI VI T Y S U M M A R Y

F Y 1 9 8 1 P R O G R A M T O T A L ...................................................... $ 6 3, 4 0 0, 0 0 0

O bli g ati o n s b y S u b a cti vit y

B u d g et  C u rr e nt
P a g e S u b a cli vil y  A c t u al  R e q u e st  Pl a n  E sti m at e  Diff e r e n c e

P Y 1 9 7 9  F Y 1 9 8 0  F Y 1 9 8 0   F Y 1 9 8 1  F Y 1 9 8 1/ 8 0

C-l  U. S. A nt ar cti c R e s e a r c h P r o g r a m ............  $ 7, 2 8 1, 8 0 9  S 8, 0 0 0, 0 0 0   $ 8, 0 0 0, 0 0 0  ’* *  9, 3 0 0, 0 0 0  $ 1, 3 0 0, 0 0 0
C-ll  O p er ati o n s S u p p ort Pr o g r a m ....................  4 3, 8 0 9, 0 4 4  4 7, 0 0 0, 0 0 0  > 4 7, 8 4 0, 0 0 0  > 5 4, 1 0 0, 0 0 0  6, 2 6 0, 0 0 0

T ot al  ..........................................................  $ 5 1, 0 9 0, 8 5 3  $ 5 5, 0 0 0, 0 0 0  $ 5 5 , 8 4 0, 0 0 0   $ 6 3, 4 0 0, 0 0 0  $ 7, 5 8 0, 0 0 0

' T h e s e f u n d s w ill s u p p or t s ci e ntifi c a cti viti e s  i n A nt a r cti c a  d u ri n g t h e O ct o b er 1 9 8 1 t o M ar c h  1 9 8 2 a u s tr al s u m m e r fi el d  s e a s o n. 
T h e s e  f u n d s w ill p r o vi d e s u p p ort  f o r t h e r e s e ar c h a cti viti e s  t o b e c o n d u c t e d  i n A nt ar cti c a  d u ri n g t h e O c t o b er 1 9 8 0 t o M a r c h  1 98 1 

a u s tr al s u m m e r fi e l d  s e a s o n.
'I n cl u d e s $ 8 4 0, 0 0 0 s u p pl e m e nt al a p pr o p ri a ti o n r e q u e st f o r F Y 1 9 8 0 c o st s o f O c t o b er 1, 1 9 7 9, mili t a r y  p a y  i n cr e a s e.

G o al s a n d D e s cri pti o n

T h e U. S. A nt ar cti c Pr o gr a m s u p p orts n ati o n al g o als t o: m ai nt ai n t h e A nt ar cti c 
Tr e at y, i ns ur e t h at t h e c o nti n e nt will c o nti n u e t o b e us e d f or p e a c ef ul p ur p os es o nl y, 
f ost er c o o p er ati v e r es e a r c h t o c o ntri b ut e t o t h e s ol uti o n of r e gi o n al a n d w o rl d wi d e 
pr o bl e ms, pr ot e ct t h e e n vir o n m e nt, a n d i n s ur e e q uit a bl e a n d wis e us e of li vi n g a n d 
n o nli vi n g r es o ur c es.

T h e U. S. s ci e ntifi c r es e ar c h pr o gr a m i n A nt a r cti c a c o nti n u es t o b e t h e pri n ci p al 
e x pr essi o n of n ati o n al i nt er est a n d p oli c y. T h e g o al of t h e U. S. A nt ar cti c R es e ar c h 
Pr o gr a m is t h e s ci e ntifi c i n v esti g ati o n of A nt ar cti c a a n d t h e s urr o u n di n g o c e a ns. 
O bj e cti v es ar e t o d e v el o p a n u n d erst a n di n g of t h e r ol e pl a y e d b y t h e a nt ar cti c i c e 
s h e ets a n d t h e a nt ar cti c p h ysi c al, bi ol o gi c al, g e ol ogi c al, m et e or ol o gi c al, at m os p h e ri c, 
c h e mi c al a n d o c e a n o gr a p hi c pr o c ess es.

T h e a nt ar cti c ar e a is of f urt h er i nt er est t o t h e U nit e d St at es b e c a us e it:

• H as a m aj or i nfl u e n c e o n w orl d w e at h er a n d cli m at e,

• H as t h e w orl d's ri c h est m ari n e pr ot ei n r es o ur c e p ot e nti al,

• H as ot h er f e at ur es of u ni q u e s ci e ntifi c a n d pr a cti c al i nt er est, a n d

• Pr o vi d es a n e x c ell e nt e n vir o n m e nt f or i nt er n ati o n al c o o p er ati o n.

T he N ati o n al S ci e n c e F o u n d ati o n h as b e e n assi g n e d o v er all m a n a g e m e nt r es p o n­
si bilit y f or pl a n ni n g, f u n di n g, a n d i m pl e m e nti n g t h e n ati o n al pr o gr a m i n A nt ar cti c a.
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The U.S. Antarct ic Res earc h Program subac tivity supp orts a multid iscip linar y 

res ear ch program on the A ntar ctic  contine nt an d in  the adja cent  oceans. The research 

is con ducted at fo ur anta rctic  stations, from remote temp orary field sites, and aboa rd 

ships.  Remote sensing  t ech niques , using s atell ites, aircraft, rockets , ba lloons, and un­

man ned stations , are  used in the conduct of the rese arch . Cooperative rese arch  

programs with scientists of oth er nation s are common place.
The Oper ation s Supp ort Progr am subact ivity provides for the direc t support of 

scien ce activitie s and the ma inte nan ce of an effec tive U.S. pre sen ce in Antarct ica.

The National Science Fou ndation  is designated as the single sour ce of funding and 

management for the U.S. Antarct ic Program. The Depa rtment of Defense and the 

Dep artm ent of Tran spor tatio n provide operation al suppo rt as reques ted  by NSF on a 

cost reim bursable basis. The Foun datio n also contracts for support  servic es when it 

is cost effective .

Changes Between FY19R0 Budget Request and FY1980 Current Plan

The FY 1980 Curre nt Plan is $840,000 above the FY 1980 budget request. The in­

cre ase  of $840,000 is a FY 1980 sup ple me nta l app ropr iation req ues t for FY 1980 costs 

of the Octob er 1, 1979, milita ry pay  raise.

FY 1981 Budget Highlights and Explanation of Increases and Decreases

Obligations

FY  1979 Actu al .........................................................................................................................  *51,090.853

FY 1980 Pro g ra m .......................................................................................................................  $55,840,000
FY  1981 R e q u e s t.......................................... ........................ ................- ............. ............... ..... $63,400,000
D if fe re n ce —F Y 1 981/F Y1980.....................................................................................................  $7,560,000

The $63,400,000 reque st for t he U.S. Antarctic  Program is $7,560,000 more than the 

FY 1980 program of $55,840,000.
The distr ibuti on of the FY 1981 budget  amounts betw een  the two budget suba ctivi­

ties and the percentag e increas es over  FY 1980 are as follows:

U.S. Antarct ic Research Program $9,300,000, up $1,300,000.

Ope rati on Suppo rt Program $54,100,000, up $6,260,000.

The FY 1981 budget highlights  are:

• Ove r one-half of the FY 1981 in cre ase  will be ab sorb ed by inf latio n.

• Interdis ciplina ry research on the stru cture and function of the anta rcti c m arine 

ecosystem will receive e mp hasis to provide inform ation nee ded  for the wise use 

and  conservatio n of a ntarcti c mar ine living resou rces.

• About forty percent of the ope rati ons  suppor t i ncrease is for repa irs  to a crash-
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damaged LC-130 aircra ft a nd for modifications to exte nd the p rese nt service life 
of an olde r LC-130 aircra ft.

• The McMurdo Station physical facilities rehabilita tion program will be accelerated.

Coordination and Relat ionship to Other Federal Efforts

NSF coordin ates  all Federal  activ itie s in the Antar ctic. NSF also fund s in dividu als 
and groups of invest igators  from Feder al agencies, educ ational institution s, and pri­
vate co mpa nies  submitti ng merito riou s proposals for fie ld re search  or analysi s of data.

Policy guida nce for U.S. activitie s is provid ed by the Anta rctic  Policy Group, 
cha ired  by the State Departmen t.

The Arms Control and Disarmame nt Agency, un der  guidan ce of the  Departm ent of 
State, condu cts perio dic inspe ction s provided for und er Article  VII of the Antarct ic 
Treaty. NSF provides logistics sup por t for the conduct of these  inspection s.

The Directo r, NSF, a fter  consultation with the Secretary of State and other ap pro ­
pria te Fed eral officials, is r esp ons ible  for imple ment ation  and adm inist ratio n of Ihe 
Antar ctic Conservation Act of 1978.

The Gene ral Accounting Office , in a study completed in 1978, conclu ded there 
shoul d be no change in the basic roles of the vario us Federal  agen cies involved in 
the U.S. Antarct ic Program. This stud y was und erta ken  at the req ues t of the Senate 
Foreign  Relations Committee.

During 1979 the Science, Researc h and Technology Subc ommittee of the House 
Science and Technology Committe e conducted oversight hea ring s of the program 
with par ticu lar ref ere nce  to the role of DOD in suppor t of th e program. No cha nges 
in cur ren t arra ngemen ts wer e reco mm ende d as a resu lt of the hear ings.

Evaluation and Oversight

A major par t of the staf f effo rt in the NSF Division of Pola r Program s (DPP) is 
devoted to the evalu ation  of the many, varie d, and complex aspe cts of the program .

The domin ant obje ctive  is the conduct of an effec tive mul tidis cipl inar y basic 
resear ch program to take advanta ge of the unique  res ear ch oppo rtuni ties which 
exist on or near  the Anta rctic  Continen t. In the d evelopm ent of a scienc e program for 
Anta rctica the eve r pr ese nt s eve re e nviro nmental,  logistic, and operat iona l constraints 
are  major factors, int ens ive  and continuous evaluatio n, plan ning  and coord ination 

takes place betw een DPP scien tific and oper ations s upport staff , and among DOD, the 
NSF staff, and the sup por ting  U.S. Navy and Coast Guar d staffs and the civilian 
contra ctor.

An Advisory Committee for Polar Program s has bee n formed to eval uate  the 
rese arch  program as well as the conduct  of the Ope rati ons  Support Program. The 
biology and  glaciology sub-c omm ittees are  o rganiz ed and functio ning. Special  p ane ls
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of the Advisory Committee  for Polar Programs will also conduct peer oversight reviews.
Both the science and support activities in Antarctica are monitored through periodic  

reports from all stations and major field activitie s. During  the antarctic field season 
at least three  DPP staff m embers a re present  to monitor or observe ongoing activit ies.

Joint NSF, Navy, and contractor evaluation and planning meetings are held several 
times each year. These meet ings have proved to be an effec tive management tool.

The Navy’s Faci litie s and Engineering Command provides, on a reimb ursabl e 
basis, design reviews and oversight , as reques ted  by NSF, of construction or facil ities  
rehabilita tion done in Antarct ica under a civilian contract.

The Naval Audit Se rvice conducts per iodic audits of the support ing Navy organiz a­
tions. DPP staff pa rticip ate  in developing the scope of the audits  and rec eives copies of 
the audit reports.
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U.S. ANTARCTIC RESEARCH PROGRAM SUBACTIVITY . . . .  $9,300,000

Obligations by Program Element

Program Element Actual
FY1979

Budget
Request
FY3980

Current
Plan

F Y 1980
Estimate

FY1981
Difference 
FY 1981/80

Atmospher ic Science *.............................. .......... $1,960,653 $2,000,000 $2,000,000 $2,300,000 $ 300,000
Biological Sc ience *.................................... .......... 1,402,677 2.200,000 2,200,000 2,500,000 300,000
Earth S cie nce*............................................ .......... 1,394,214 1,400,000 1,400,000 1,600,000 200,000
Glaciology ................................................... .......... 853,657 900,000 900.000 1,100.000 200,000
Oceanography ....................................................... 1,019,225 1,000,000 1,000,000 1,200,000 200,000
Information and Advisory Services........... .......... 651,383 500,000 500,000 600,000 100,000

Total ......................................................... .......... $7,281,809 $8,000,000 $8,000,000 $9,300,000 $1,300,000

Objectives and Description

The major objec tives of the program are to s tudy the rela tion ship of Antarc tica 
to global wea ther  and climate;  to develop a bet ter basic  und erst and ing  of upp er 
atmosp here physics, tecton ics, terr est rial  biology,and paleontolo gy of Antar ctica and 
their relat ionsh ips to the res t of the world; to evaluate the ren ew able and non renew­
able re sources, and to gain add itio nal  knowledge of th e phy sica l and biological ch ara c­
teris tics of the cont inen t and  adja cent seas. An addi tion al imp orta nt objectiv e is to 
fost er coope rative int ern ational rese arch cont ribu ting  to the se objec tives and toward 
envi ronm enta l prote ction and the equi tabl e and  wise use of living and nonliving  
nat ura l resources.

The objecti ves of the prog ram are pur sue d in sev eral  scientifi c disc iplin es—

• In the atmo sphe ric scie nces, upp er atm osph eric  phys ics research is dire cted  
toward the dev elopment  of more accura te know ledge  of the ea rth ’s nea r-sp ace  
envir onme nt. Un ique s tudies of sun-eart h rela tio nsh ips  ar e possible be cau se of 
Antarct ica’s phy sica lly stab le location  at high g eomagnetic latitudes. Meteoro ­
logical r esearch  is dir ec ted  toward und erst and ing  the physical proce sses pec u­
liar to the high lat itu des and to det erm ine  the role  tha t Antar ctica  has in af­
fecting global we ath er and  climate.

• In biology major att ent ion  is focused on stud ies conc erning the stru cture and 
function of the vast ma rine ecosystem, stress ing, in p arti cular, the natu re of the 
tran sfer  of ma ter ials and energy through  successiv e troph ic levels from the 
prim ary produc ers,  the phytoplankton, through  the seco ndary consumers, the 
zooplankton, to the hig her  trophic levels in cludin g whale s, se als, b irds  and fish. 
These  studi es ar e in ter- disc ipli nar y and  incl udes one s of physical  oceanogra phy 
and nutr ient  dis trib utio n and rege nera tion , in an attem pt to und ersta nd the 
rem arka ble prod ucti vity  of the Sout hern  Ocean.

• Earth  scien ces res earch  in Anta rctica is directed tow ard an improved und er-
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standing of the geology and geologic history  of the r egion, to assess the mineral - 
resource  poten tial of Antarc tica, and to understa nd the role of Antarc tica in the 
tectonics and geodynamic processes of the earth .

• Antarct ic glaciology resear ch is directed  towards understa nding the physical 
and chemical cha rac ter isti cs of the ice cover of the continent. This is being  
accomplished through integ rated  analysi s of the ice sheet.  Results include a 
histor ical record of climate over the last 100,000 years and are expected to 
yield a record of pas t solar activity and atmosph eric chemistry. A major goal 
is to determ ine the stab ility  and long-term variations in the ice sheets.

• The objective of oceanographic rese arch  is to inc rease our understa nding of 
the dynamics of the  ocean  surro unding Antarctica  with respect to currents , 
tempera ture  struct ure , hea t exchange,  and sea ice format ion, and wate r mass 
modifica tion processes.

The Information and Advisory Services program element will continue support 
of cura toria l centers for sort ing and distributin g natu ral history specimens and ice 
and ocean bottom cores. Publica tion  of rese arch  plans and result s of U.S. program 
activi ties will continue , and  an antarctic  bibliography will b e ma intained. Support will 
continue for U.S. par ticipat ion in the Scienti fic Committee on Antarctic Research of 
the Internatio nal Council of Scien tific Unions.

Major Research Questions

• What role does An tarc tica  play in global weather  and climate?

• What is the rate  of inc rea se in the levels of atmosph eric pollutan ts, and how 
do these affect anta rcti c wea ther ?

• What are the  sun ’s effects on the ea rth 's atm osphere, ionosphere and nea r space 
environment?

• What role does par tic le prec ipitatio n at sub-auroral  lati tudes play in main­
taining the nightside iono sphe re?

• What is the origin and g ene rat ing  mechanism for n atu rally occurring  ultra-low- 
frequ ency  waves?

• Do magnetosp heric  processes affec t global weather?
• What are  the propaga tion characterist ics  of very-low-frequency and ultra-low- 

frequency waves in space, and how do magnetosphere and ionospheric processes 
affec t communications at these frequenc ies?

• What a re the  key re lat ionships between the structure  and  dynamics  of antarctic 
water masses and the biological processes leading to high productivity in second­
ary and tert iary  trophic levels?
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• What are the key biochemical, physiological, behavioral, and structural adapta­
tions of the biota to existence in the polar environment?

• What features of the biology of Antarctic Krill are essential to understanding the 
population dynamics of this singularly important species?

• What was the tectonic rela tionship of West Antarctica to East Antarctica during 
geologic time?

• What are the origins, geology, and structure of the large, s tructural, ice-filled 
basins of West Antarctica?

• What is the composition and thickness of the unexposed base of the Dufek 
Intrusion?

• Why is Antarctica the only continent essentially free of earthquakes?

• What is the mineral-resource potential of Antarctica, including the continental 
shelf?

• What was the past climate, atmospheric chemistry and atmospheric particulate 
content, based on data from the ice sheets?

• Is the West Antarctic ice sheet collapsing or about to collapse?

• What is the age of the glacial ice at the base of the Earth Antarctic ice sheet?

• What are the dynamics of the large oceanic gyres along the antarctic coastal 
perimenter , and what are  thei r effects on sea ice production, iceberg movement, 
and climate?

• What is the effect of high latitude air/sea exchange processes on the atmospheric 
budget of trace gases and carbon dioxide?

• What is the petrology and geochemistry of the major fracture  zones in the 
Antarctic tectonic plate boundaries?

Significant Recent Achievements

• Investigators determined  that high winds in the northwestern Weddell Sea 
exert a profound effect on the motion of sea ice, icebergs, and water masses 
in that region producing a strong effect on the climate of that region.

• Studies in the dry valleys near McMurdo Station have revealed a unique 
assemblage of microscopic plants living in rocks. This has led to speculation 
that similar life may exist in similar environments on other planetary bodies 
such as Mars and the ice moons of Jupiter.

• The results of work at the South Pole have indicated  that some individuals 
living in a small isolated group, while showing no symptoms of illness, con­
tinue as ca rriers of some of the normally transient viruses causing colds, and 
they may do so over a period of several months. If this finding is verified, it will
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change our und ers tan din g of the app are nt rapid  deve lopm ent of immunity to 

viruses causing res pir ato ry infections usual in such situations, and thus our 

unde rstan ding  of the rea ppear anc e of these infec tions while the groups remain 

isolated.
• Recent, in tensiv e st udi es of impo rtant antarctic  phytopl ankton, the food base of 

the sea, have rev eal ed  that their  metabolism app ear s to be diffe rent  from that 

seen in other parts of the wor ld’s oceans. During photosy nthesis , most of the 

carbon fixed by them is incorpora ted in fats. At 2°C, and in dim light, as much 

as 907, of the fixed carb on is in fats wherea s in othe r parts of the oceans the 

amount is gene rally  less than 107,. Why this occurs is still unknown, but this 

fact has great signi fican ce for some of the higher  organism s feeding  on the 

phytoplankton in that  the ir diets inclu de fats that have a much higher  caloric  

value than prote ins or carb ohydrates.

• The known area of the  Dufek Intrus ion was subst anti ally  en large d by results of 

airborne  m agnetic  surv eys  in 1978. It is at least com parable  in size to the Bush- 

veld Intrusion in sou the rn Africa. The Bu shveld is the la rges t in the world. Such 

intrusio ns in other par ts of the world are a so urce of many strateg ic minerals.

• For the third cons ecut ive year  large num bers of m eteo rite s were  found on the  

East Antarc tic ice shee t. The 309 reco vered  in 1978/79  wer e 10 to 20 times the 

number of mete orite s n orm ally  recove red annu ally in the rest  of the world. The 

antarctic  m eteor ites are  proving to be  e xtrem ely valuab le in the stud y of ext ra­

terrestr ial geology and organ ic chemistry.

• A corre lation  has bee n discovered betw een  the amount of nitrate in South 

Pole snow and solar  ac tivity  over the last 1,000 years.  If this relat ionsh ip proves  

to be correct , then an ice core through the antarctic  ice shee t could contain  

a record of sola r activity back 400,000 y ears.

• The plann ed field program of the Ross Ice Shelf Proje ct was comple ted in 

1978-79. Two access holes  w ere  b ored through the shelf using a hot-water  dril l. 

An ice core through the entir e ice sh elf was also obtain ed. These  studies aid in 

the explan ation of the hist orical developme nt and physical characteristics of 

this floating ice mass that is as big as Texas.

Changes Between FY1980 Budget Request and FY1980 Current Plan

The FY 1980 cur rent p lan for res ear ch is the same as the budget request. Howeve r 

the FY 1980 Operat ions S uppor t Prog ram, which sup ports  the re sea rch  program funded 

with FY 1979 funds, has bee n im pac ted  by inf latio nary  cost increase s. The military pay 

increas e, effective O ctober 1,19 79, was se ven percent. Funds for it are  in cluded in the 

FY 1980 supplemental request. In addition, fuel price increases, also effective October 1, 

1979, range d from 26 to 36 per cen t, depending on the type of fuel (aviation fuel, 

hea ting  f uel, etc.). If ad ditio nal funding for oper ation s supp ort is not provid ed in FY
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1980, or savings cannot be made in the cur ren t field oper ation , it may be necessary 
later in FY 1980 to reprogram some fun ds from the resear ch progra m to the support 
program.

FY 1981 Budget Highlights and Explanation of Increases and Decreases

The increase of $1 ,300,000 to $9,300,000 for FY 1981 will be used to increase the 
level of re sea rch  activity in all of the r ele van t scientific d iscipl ines.  The FY 1981 budget 
highlights (for field rese arch  to be  conducted durin g FY 1982) are:

• Inte rdis ciplina ry rese arch on th e s truc ture  and  fun ction  of th e a ntarcti c m arine  
ecosys tem will contin ue to provide inform ation on the  a bun dan ce,  distribution , 
and ecology of anta rctic  krill. The work will be  cond ucted in c oncert with that of 
othe r nations in an effort  to obt ain  the inform ation  ne ede d for the wise use and 
conservat ion of a ntar ctic ma rin e living resources .

• A major multi-discipline, multi-institutional, international project will be funded 
in FY 1981 for field a ctivit ies in  nor ther n Victoria Land during FY 1982. Emphasis 
in the investigations of this complex area  will be on geological structur e, tec­
tonics, paleontology, glacia l geology, glaciology, min era l-re sou rce p otential, and 
geophys ics. A temp orary fiel d camp in the central  part of Nor ther n Victoria 
Land will act as a logistics and  supp ort center. Tra nsp orta tion  in the field area  
will be motor toboggans and  helicopters.

• A expeditio n is planne d to exam ine the ocean ic and atm osp her ic processes 
which  main tain the Weddell Polynya —an enormous ice- free  area in the ice 
pac k—through the aus tral  win ter.

C -I- 5

60-7 70 0 - 8 0 - 3 5



544

QUANTITATIVE PROGRAM DATA 
U.S.  ANTARCTIC RESEARCH PROGRAM

Proposals and Awards

Es tim ate
F Y I  979

Es tim ate
FY 1980

Est im at e
FY1981

Prop os als:
N um ber o f P ro p o sa ls ......................................................................................... 188 200 200

T o ta l D o lla r A m ount ......................................................................................... $21,466,000 $22.000.1,00 $22,000,000

N u m b e ro f A w a rd s ................................................................................................. '140 150 170

Tota l D o ll a r  Am ount ............................................................................................. 7.281.8,8) 8.000.000 $9,300,000

Avera ge- D o ll a r  Per A w a r d .................................................................................. 52.013 53.300 54.700

Ave ra ge A w a rd  D ura tion  ..................................................................................... 12 mos 12 mos 12 mos

'I n c lu d e s  sp li t f unded a war ds . Doe s not i n c lu d e  p urc ha se  orde rs .

P e rc en ta ge  D is tr ib u tion  of F un ds  A w ard ed by  P e rf o rm e r

Est im ate Est im at e Es tim ate

FY 19 79 FY 1980 FY1981

U n iv e rs it ie s  and C o lle g e s .................................................................................... 85.0 85.0 83.0

In d u s try .....................................................................................................................
1.7 2.0 2.0

Fed era l A ge nc ie s ................................................................................................... 7.3 8.0 10.0

O th e r ..........................................................................................................................
6.0 5.0 5.0

P ers onne l and O th e r Fac to rs

Est im at e Est im at e Es tim ate

FY 1979 FY 1980 FY  1981

N u m b e ro f S c ie n tis t Yea rs  Supported ' ............................................................ 37 41 47

Cost o f S c ie ntists  S u p p o rt e d ................................................................................ $1,043,000 $1,145,000 $1,331,000

N u m b e ro f G ra duate  Stude nts S up po rted  ...................................................... 105 115 133

Cos, o f G ra duate  Stud en ts  Su pp or te d .............................................................. 785.000 862.000 1.000.000

O th e r Per sonnel C o s ts .......................................................................................... 1.375.000 $1,510,000 $1,775,000

La nd . B u ild in g s  an d F ixed  E q u ip m e n t............................ .................................. —0— —0 — —0 —

M a jo r E q u ip m e n t..................................................................................................
—0— —0 — —0—

O th er E qu ip m en t ................................................................................................... 325.000 357.000 415.000

O th e r Co sts ............................................................................................................. 2.003.809 2.204.000 2.479.000

In d ir e c t C o s ts ...........................................................................................................
$1,750,000 1.922.000 2.300.000

T o ta l.............. .......................................................................................................... $7,281,809 $8,000,000 $9,300,000

'N u m b e r o f s c ie n ti s t y ea rs  is lo w  because a n ta rc ti c  re searc h is  a seasona l e ff o rt . Few  re se ar ch er s a re  su pported  yea r rou nd .

Equ ip m ent pu rc hased b y gra nt ee  in s ti tu tio n s  using  gra n t fu nds.  M os t equ ip m ent in  use in  A n ta rc ti ca  is  p ur ch as ed  b y the Nav al  

Sup po rt  For ce  o r th e c iv il ia n  co nt ra ct or.

'Inc lu des dom estic  tr ave l,  ex pe ndable  supp lie s a nd  co m pu te r se rv ices  a t the gran tees  in s ti tu tions ; in fo rm a ti o n , advi so ry  a nd 

cart ogra ph ic  a c ti v it ie s .
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O P E R A TI O N S S U P P O R T P R O G R A M S U B A C TI VI T Y $ 5 4, 1 0 0, 0 0 0

O bli g ati o n s b y Pr o gr a m El e m e nt

Pr o gr a m  El e m e nt E sti m at e  
F Y 1 97 9

B u d g et
B e q u e st
F Y 1 9 B 0

C urr e nt
Pl a n

F Y 1 9 8 0
E sti m at e

F Y 1 9 8 1
Diff er e n c e
F Y 1 9 8 1/ 8 0

Dir e ct S ci e n c e S u p p or t..................................
B a t e L a v al S u p p or t........................................
M aj or C o n atr u ctl o n 8 Pr o c u r e m e nt.............

S  7, 5 7 3, 5 4 5
2 8, 0 1 3, 0 0 6
8, 2 2 2, 4 9 3

$ 8, 3 9 8, 0 0 0
2 9, 9 9 2, 0 0 0
8, 6 1 0. 0 0 0

$ 8, 3 9 8, 0 0 0
3 0, 8 3 2, 0 0 0
8, 6 1 0, 0 0 0

$ 9, 5 3 3, 0 0 0
3 5, 2 3 8, 0 0 0
9, 3 2 9, 0 0 0

$ 1, 1 3 5, 0 0 0
4, 4 0 8, 0 0 0

7 1 9, 0 0 0

T ot al  ............................................................. $ 4 3, 8 0 9, 0 4 4 $ 4 7, 0 0 0, 0 0 0 ’ $ 4 7, 8 4 0, 0 0 0 $ 5 4, 1 0 0, 0 0 0 $ 6, 2 8 0, 0 0 0

I n cl u d e s $ 8 4 0, 0 0 0 s u p pl e m e nt al a p pr o pri at i o n r e q u e st f or F Y 1 9 8 0 c o st s of O ct o b er 1. 1 9 7 9. milit ar y p a y r ai s e.

T h e o bj e cti v es of t h e s u b a cti vit y ar e t o p r o vi d e t h e s u p p ort f a c iliti e s a n d s er vi c es 
r e q uir e d f or t h e c o n d u ct of a nt ar cti c r es e ar c h i n t h e m ost c ost ef f e cti v e m e a ns c o nsis ­
t e nt wit h s af et y, r eli a bilit y, a n d t h e m ai nt e n a n c e of a n eff e c ti v e U. S. pr es e n c e i n 
A nt ar cti c a.

It w as d et er mi n e d, aft er a c o m pr e h e nsi v e i nt er a g e n c y r e vi e w, t h at effi ci e nt a d mi n ­
istr a ti o n of t h e U. S. pr o gr a m i n A nt ar cti c a r e q uir es a si n gl e s o ur c e of f u n di n g a n d 
m a n a g e m e nt. Si n c e s ci e n c e s er v es as t h e pri m ar y e x pr essi o n of U. S. i nt e r est i n A nt ­
ar cti c a, t h e N ati o n al S ci e n c e F o u n d ati o n w as d esi g n at e d t o m a n a g e t his pr o gr a m.

T h e l o c ati o n, cli m at e, a n d t h e a bs e n c e of d e v el o p m e n t i n A nt ar cti c a r e q uir e 
t h at all f or ms of s u p p ort a n d s er vi c es n e e d e d t o c o n d u ct r es e ar c h m ust b e i m p o rt e d. 
T h e pr o visi o n of s u c h s u p p or t a n d s er vi c es is gr o u p e d, f or c e n tr al m a n a g e m e nt p u r ­
p os es, i n t h e O p er ati o n s S u p p ort Pr o gr a m s u b a cti vit y. I n t h e Ar cti c R es e a r c h Pr o ­
gr a m a n d m ost ot h er F o u n d at i o n pr o gr a ms, t h e f ull c osts of t h e c o n d u ct of a r es e ar c h 
pr oj e ct, i n cl u di n g all s u p p or t a n d s er vi c e s, ar e i n cl u d e d i n t h e gr a nts t o a c a d e mi c 
i nstit u ti o ns. T his is n ot tr u e i n t h e A nt ar cti c, w h er e m ost s u p p ort s er vi c es a n d e q u i p ­
m e nt ar e pr o vi d e d t hr o u g h o p er ati o n s s u p p ort r at h e r t h a n as p art of t h e r es e ar c h 
gr a nt.

T h e m aj or s u p p or t s e r vi c es i n t his s u b a cti v it y pr o v i d e t h e a nt a r cti c pr o gr a m wit h 
t h e " B as e L e v el S u p p ort ” w hi c h m a k es t h e s ci e n c e pr o g r a m p ossi bl e. T h es e s er vi c es 
ar e pr o vi d e d o n a r e i m b u rs a bl e b asi s b y t h e D e p art m e nts of D ef e ns e a n d T r a n s p o rt a ­
ti o n a n d b y ci vili a n c o nt r a ct o rs.

T h e N a v al S u p p ort F or c e, A nt ar cti c a ( N S F A) pr o v i d es t h e pri m ar y l o gisti cs s u p ­
p ort f or t h e U. S. A nt a r cti c Pr o gr a m. T his i n cl u d es t h e o p e r ati o n a n d m ai nt e n a n c e of 
M c M ur d o St ati o n, t h e m ai n st a gi n g p oi nt f or m ost U. S. a cti viti es o n t h e c o nti n e nt. Als o 
i n cl u d e d is t h e y e ar -r o u n d o p er ati o n of A n t ar cti c D e v el o p m e n t S q u a dr o n Si x ( V X E- 6) 
w hi c h pr o vi d es all air s u p p or t i n A nt ar cti c a wit h s e v e n N S F o w n e d s ki- e q ui p p e d 
C- 1 3 0 a ir cr a ft a n d s e v e n N a v y U H- 1 N h eli c o pt e rs. A d diti o n all y t h e N S F A is r es p o n si ­
bl e f or s urf a c e a n d air tr a n s p o rt of all c ar g o a n d p er s o n n el b et w e e e n t h e w est c o ast 
of t h e U. S. a n d N e w Z e a l a n d a n d A nt ar cti c a. T his r e q uir es t h e c h a rt er of s p e ci al 
missi o n C- 14 1 a n d ot h er air c r aft fr o m t h e Milit a r y Airli ft C o m m a n d. T h e pri m a r y
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supply  mode is through the use of two Milita ry Sealif t Command ships that del iver  

most of the cargo and all of the petro leum  products used  to support the U.S. program  

in Antarctica. Additionally,  the  NSFA is respo nsible for commun ication s to and within 

Antarctica and mai ntains a commu nicatio ns and staging base detac hment in Chr ist­

church , New Zealand, on a year- round basis.
The civilian s upp ort contrac tor is responsi ble for mu ch of the special ized supp ort 

req uire d for the U.S. A ntar ctic Program. This includes  the  operat ion and m aintenan ce 

of all labo ratory  facil ities  as well as the opera tion  and ma inte nan ce of a small research 

ship, the R/V Hero. The contrac tor also is respo nsib le for the operat ion of th ree re­

search stations: South Pole, Siple, and Palmer. As a res ult  of a recent  decision, the 

contra ctor is r espo nsible for  all major supp ort program  engi neer ing design and con­

struct ion in Antarct ica.
The U.S. Antarct ic Prog ram dep end s upon the British A ntarc tic Survey ship Brans- 

field  to provide seal ift servic es in supp ort of Palm er Station. The primary mission of 

this British ship is to sup por t United  Kingdom stations in the Antarctic Peninsula. 

Ther efor e, the additio nal ser vic e provi ded to NSF on a rei mb ursabl e basis is very cost 

effective.
The Department of T ranspo rtat ion , through the U.S. Coast Guard, provides ice­

bre aker suppo rt to the U.S. Anta rctic  Program. Two icebre akers  break  a channel 

through  the ice of McMurdo  S ound and provi de escort serv ice for the Mil itary Sealift 

Command ships during  the ir tran sit through the ice pack and into McMurdo Station. 

Additio nally, the icebre akers  are  utilized in dire ct supp ort of mari ne rese arch  pro­

gram s while they are dep loy ed in Antarctica.
The program elem ent “D irect  S cience Supp ort" inclu des estim ates of those costs 

whic h directly supp ort scie nce activity  and would not b e nee ded  if the U.S. were  to 

mer ely maintain  the present  stations  as a “presence" in Antarctica . Within this element  

are such activities as ope rati on of the ships for rese arch , tran spor tation of science 

pers onn el and e quip ment, and special s uppo rt re late d to scientifi c work at the stations  

and  in the field programs.
The program elem ent “M ajor Construction and Pro cure men t" includes es timates 

for the design, procu rement, and  construction of support faci lities for ba se level and 

dire ct science support activi ty. Also, within the elem ent is the p rocu rem ent of vehicles, 

const ruction equip ment , cons uma bles  and short life equipm ent needed to sustain the 

program.

Significant Recent Achievements

The Darwin Glacier Cam p—From early  Nove mber  1978 to mid-January 1979 a 

majo r field  camp was establ ishe d at the Darwin Glacie r, a re mot e area of the Trans- 

ant arc tic Mountains, app roxi mat ely 150 miles south of McMurdo Station. The field 

camp,  consisting of sever al p ort abl e hu ts tha t wer e constructed on site, accommodated 

some 50 scienti sts and suppo rt personn el, including air crew for three helicopters that 

sup por ted  the scientis ts in thei r field work. All material for the field  camp was air-
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lifted  to the site by C-130 ai rcra ft operati ng from McMurdo Station. Near ly 700 heli ­
copter hours  we re flown in supp ort of the scient ific rese arch  condu cted from the 
camp.

Following the complet ion of the scie ntif ic research , the camp was completely 
dism antle d and  retu rne d to McMurdo Station. In effect, the site was essentially  left 
as clea n as it was befor e the field proj ect start ed.

SipJe Sta tion — Construc tion of the rep lacem ent  Siple Station  was comp leted  in 
January of 1979 in time for its occupatio n by eight scientists and supp ort staff  during 
the 1979 win ter. Siple Station is a smal l b ut extre mely  imp orta nt p art of the n etwor k of 
U.S. stations in Antarct ica. The stat ion is an upper atmo sphe re res ear ch facility 
idea lly loca ted for studies  of ve ry low freq uen cy radio  transmissions. It is unique in 
this r egar d bec aus e it is conjugate to a s imi lar station in Roberval, Queb ec, Canad a in 
the nor the rn hem isphe re. The actual  on-site construction of Siple Statio n started in 
1978. All of the mate rial was flown to the  site  by C-130 aircra ft and  the c onstructio n was 
carried  out by a civilian support  contrac tor. The station  was officia lly dedicated  on 
Janu ary 14, 1979 and has just com plet ed its first successful winter.

McM urdo Statio n/Wil liams Fiel d Cons tructio n— During the past  year , two new 
60 per son dormitory  buildings have  b een  com pleted at McMurdo Statio n and the start  
of con struc tion of three  more is com mencing during the 1979-80 field  seas on. The add i­
tion of these new fac ilities  will he lp rel iev e the seriou s berthing sh ortage  that has been  
pre val ent  for the past several  years.

The design  and engineering for a new power  pl ant at McMurdo  S tation has been 
under wa y and the constructio n of the facili ty will commence during the 1979-80 season.

At the Williams Field Air Op era tion s Facility located on the Ross Ice Shelf near  
McMurdo Station, 54 modu lar building s are being se t up to repla ce an o lder  outmoded 
facility . These  buildings wer e occupie d in Decem ber 1979. The buil din g u nits are de­
signed so that they can be moved  as req uire d to allevia te the seri ous  snow drifting 
problem s that occur on the Ross Ice Shelf. These building s units w ere  prefa bric ated in 
the Unit ed States and ship ped  to M cMurdo  Station by surfac e tran spo rt. The civilian 
contrac tor is respo nsible for establis hing the facili ty on the Ross Ice Shelf.

FY1981 Budget Highlights and Explanation of Increases and Decreases

The overall increase fo r th e budg et subactiv ity is about 14 per cen t and  most of it is 
in the Base Level Support program element.

Direct Science Support
The program element Direct Science Support is increased by an amount of $1,135,000. 

The increase  in Direct Science Support,  combined with savings in other area s will 
allow  for an increase in res earch  sh ip c har ter time to comp ensa te for the lay up of the 
res ear ch ship Islas Orca das  a nd a continua tion of the  upgrad ing of science  lab orato ry 
equ ipm ent part icularl y at McM urdo and Palm er Stations.
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The detail by cost e lement for all elem ents  of Direct Science Support is shown 

in the following table.

Estimates of Direct Science Support

Cost Elem ents FY1979 FY I 980 FY1981

Con tractor Sup por t Equipm ent & O pera ti ons............................. .............  $3,667,6 06 $3,600 ,000 $4,455,000

Islas Or codas (Re sea rch  S h ip )....................................................... .............  100.000 —o— —0—

Hero (Rese arc h Sh ip) .................................................................... 1.690.000 •2.106.000 1.743.000

Ice bre aker Su ppo rt (R es ea rc h) ...................................................... 90.000 550.000 530.000

Ship C ha rte r ( R e se a rc h )................................................................. ............. 270.939 392.000 1.000.000

Aircraft O p e ra ti o n s........................................................................ ............. 1.050,000 1.000.00 0 1.025.000

Tra nsp ortation o f Scien ce P er so nn el ............................................ .........  380,000 400.000 420.000

Tra nsp ort ation  of Scie ntifi c C arg o ................................................ ............. 200.000 225.000 230.000

Subsiste nce  Costs  for Civ ilian Perso nne l ..................................... .............  125,000 125.000 130.000

T ot al ............................................................................................... .............  $7,573,545 $8,396 ,000 $9,533,000

'Inclu des  incre ase  forov erh aul in the U S.

The cont racto r suppo rt equ ipm ent and  oper ation s elem ent prov ides  for  the total 

cost of op erat ing the South Pole, Sip le, and  Palmer Stations on a year -rou nd basis and 

at least two season al field camps for sup port of sc ience projec ts at rem ote  locations 
during  the aus tral  summer. Addi tiona lly, this elem ent inclu des the s upply and  op era­

tion of the Ecklund Biological Labo ratory and the Berg Field Center at McMurdo 

Station. I, is thr ough these two major f acil ities that most of the scient ific field  act ivities 

are processed.
R/V Hero  is a small woo den- hulle d rese arch  ship which ope rate s during the 

austr al summ er off the Antarctic P enin sula . It is parti cula rly e ffect ive in th e placeme nt 

of small field  parti es in remote areas of th e Antarct ic Penins ula. It also tr anspor ts sci­
entists to an d from Palmer Station and sup por ts rese arch  in  sub-anta rctic  waters  and 

along the geologically rela ted areas of s out her n South America.
The m ajor portion of icebreaker  suppor t is to provide escort for the s uppl y ship s to 

McMurdo Station  as well as to b reak a cha nne l through the ice for cargo offloading 

directly at the station. Iceb reak ers are also  u sed in the a reas of heavy pack ice in con­
nection with vario us scient ific rese arch  progra ms. Iceb reak er days involv ed in this 

work are charged  to the direc t scienc e program element.
Aircraf t oper ations includ ed are the LC-130 and UH-1N flights which  are  con­

ducted solely for scienc e projects. The tra nsp ortatio n of science personn el and cargo 

required by specific  projects, as well as subsistenc e for scien tists in Ant arct ica are 
also inclu ded in the above estimates. Not include d are the flights made  in suppo rt 

of the inland stations.

Base Level Supp ort

For the program element base level sup por t, the incr ease of $4,406,000 result s 

mainly from increased main tenan ce rep air  an d operat ing costs assoc iated  with LC-130
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airc raft  and helic opter operatio ns and  infla tiona ry cost i ncre ases , mostly in military 
pers onnel costs.

Estimates of Base Level Support

Cost Elements FY19 79 FY19 80 FY1981

Personnel  ...................................................................................... ................. $15,892 ,884 '$17,703,000 $18,643,000
Air O pe ra tion s.............................................................................. ................. 7.125.380 7.229.000 9.675,000
Sur fac e T ra ns po rt at io n............................................................... ................. 1.558.000 2.050.000 2.350.000
Antarct ic Co ntinent O per atio ns ................................................ ................. 2,450.600 2.700.000 3.200.000
U.S. and New  Ze ala nd Sup por t O pera ti ons............................. ................. 986.142 1.150.000 1.370.000

T ota l..................................................................................................., ......... $28,013,006 $30,832,000 $35,238,000

1 Inc lud es $840,000 sup ple me nta l a pp rop ria tio n r eq ue st  for F Y1980 cos ts of Octo ber  1,19 79, m ilitary  pay  ra ise .

Pers onnel is the largest  cost eleme nt in base  level supp ort and  provides for the 
maintenan ce of the Naval Sup port  Force, Antarctica on a yea r-round basis, inclu d­
ing those military pers onnel sta tion ed in Antarc tica. It also c overs pers onnel for the 
Anta rctic  Air Development  Squ adr on Six (VXE-6) and the civilian su ppo rt contracts. In 
addi tion  to these major program elem ents  ther e are cert ain units , such as the Navy 
cargo handling unit which are inc lud ed in the personn el costs.

Air O perat ions inclu des not only the cost of the VXE-6 opera tion s on the  continent 
but the inter cont inen tal airli ft as well. The flight costs of VXE-6 inc lude  the s tand ard 
maintenanc e of the a ircr aft and the cost of flight training as well as the  actual flying on 
the contine nt. The maint enan ce costs ar e larg ely fixed depending on the nu mber of air­
craft,  thei r age, and the hours  of operation , however FY 1981 fund s will suppo rt the 
post-recovery rep air  of the dam aged  LC-130 ai rcra ft that will be reco vere d from East 
Anta rctic a in 1980-81. Additionally , fun ding of a Service Life Extension Program for the 
old LC-130 aircr aft will commenc e in FY 1981.

Surfa ce Tran spor tatio n costs inclu de the cha rter of one Mili tary  Sealift Com­
mand (MSC) cargo ship and one MSC tanker for the major resu ppl y of McMurdo 
Station which, in turn, is the res upply  ba se for operatio ns in the inte rior  of the conti­
nent.  Also include d are the ice breaker costs for the escor t of the supp ly sh ips and the 
shipp ing costs for positioning cargo in New Zealand.

The Antarctic Cont inent  op era tion s costs are those associate d with maintaining  a 
majo r b ase at McMurdo, an air  fi eld adjacent  to it, an d the thr ee othe r stations: South 
Pole, Siple, and Palmer.

The Naval Suppo rt F orce main tains  a home base  a t the U.S. Naval Station at Port 
Huen eme , California. The Antarc tic Develop ment Squa dron  Six has its home port at 
the Naval Air Station, Point Mugu, California. The req uir ed base suppo rt is f urnished  
on a reim bursable basis. Add itionally,  t here  is an advan ce bas e in Chris tchurch, New 
Zea land  and Navy com municati ons function there .
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Major Construct ion and  Procu rem ent

The incre ase of $719,000 in  the program e lement major constructio n and procure ­
ment reflects about the same leve l of ge nera l procurem ent plus an increase of over 
$500,000 in the construction elem ent .

Estim ate * of Major Construction and Procurement

Cost Elements FY1979 F Y 1980 FY1981

Construction .........................................................................................
Procurement

V eh icular ..........................................................................................
General Pu rpose................................................................................

To ta l................................................................................................

$2,534,626 $2,610,000 $3,154,000

1.440.300 1.500,000 1.475.000
4.247.567 4.5OO.OOO 4.700.000

$8,222,493 $8,610,000 $9,329,000

The FY 1981 constr uction  cost elem ent reflec ts a continuing effort to upgrad e 
faci lities, part icularly  at McMu rdo Station. Three more 50-bed dorm itories will be 
constructed  to replace  the pre sen t 20-yea r old buildings without sanitary  facilities. 
Cons truct ion of the new power pla nt will continue and constructio n of the  salt  water 
distillation plant will commence. Dormitory construction will continue and engineering 
and design  of o ther repl ace men t faci litie s will continue.

The gene ral purpose pro cur ement  elem ent will provide the consu mable s and 
short life equipm ent needed to suppo rt the program. Vehicle procureme nt will allow 
for the replacem ent  of some outm oded  equipm ent and allow for some limited pro­
curement of new equipment.
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QUANTITATIVE PROGRAM DATA 
OPERATIONS SUPPORT PROGRAM ELEMENTS

A c tu a l Est im ate  Est im ate
F Y 1979 F Y 198079 F Y 1981

N ava l S upport  For ce . A n ta rc ti c a ........................................................................
C ontract S u p p o r t.............. .......................................................................................
G overn m ent o f A rg e n t in a ....................................................................................
U.S. C oast G u a rd -Ic e b re a k e rs ............................................................................
O th e r C o s ts ................................................................................................................
B ri ti sh  Gove rn m en t A ge nc ies ............................................................................
Res ea rch Ship  C h a rt e r .........................................................................................

$33,457,127
9,048.385

100.000
’686.700
109.349
136.544
270.939

$34,515,000
10.842.000 

—0— 
1.533.000 

300.000 
258.000 
392.000

$38,925,000
11.825.000 

—0— 
1.800.000 

240.000 
310.000

4i  .ooo.ooo

T o ta l.............. .......................................................................................................... $43,809,044 $47,840,000 $54,100,000

'In c lu d e s  $840,000 supple m enta l a p p ro p ri a ti o n  re quest fo r  FY  1980 cos ts o f O c tr  b e r 1.1979 . m il it a ry  pay ra ise.  
-F in a l costs  fo r  op era tion  of Is las  O rcad as  ( fo rm e rly  E ll a n in ]
'O n ly  on e ic eb re ake r ava ilab le  mo st o f f ie ld  season .
4W il l p ro v id e  fo r  tw o ex tend ed  cruise s.

Cost Breakout, Naval Support Force

A c tu a l 
FY 1979

M il it a ry  P e rs o n n e l............................. ....................................................................
A ir c ra ft  O p e ra t io n s ...............................................................................................
In te rc o n ti n e n ta l A i r l i f t ........................................................................................
In te rc o n ti n e n ta l S e a li f t .........................................................................................
G ro und F ue l a nd  P o w e r.............. ...........................................................................
O th e r C o s ts ....................................................... ........................................................

Est im ate
FY 19 80

Est im ate  
FY 1981

T o ta l ........................................................................................................................

$12,510,191
8.476.387
2.783.781
2.167.835
1.268.376
8.270.557

'$13,808,000
8.129.000
2.377.000
1.921.000
1.926.000
6.354.000

$13,650,000
10.850.000
2.700.000
2.400.000
2.800.000
6.525.000

$33,457,127 $34,515,000 $38,925,000

'I n c lu d e s  $840,000 supple m enta l a p p ro p r ia ti o n  request  fo r FY 1980 cos ts o f O cto ber 1 .1979. m il it a ry  pa y ra ise.
In cre ase a llo w s su pport  o f post- re co ve ry  r e p a ir  i n  t he  U.S. o f the LC-130 a ir c ra ft  reco vere d in  1980/81 season  a nd  com men ce  

fu n d in g  S erv ic e  L ife  Exten sion  Pro gr am  (SLEP) o f o ld e r mod el  LC-130 a ir c ra ft .
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OCEAN DRILLING PROGRAMS

PROGRAM ACTIVITY SUMMARY

FY1981 PROGRAM TO TAL...................................................... $27,300,000

Obligations by Subactivity

Page Subactivity A ctu al 
F Y I 979

Budget 
Request 
FY 1980

Cur re nt
Plan

FY 1980
Estimate

FY1981
D if fe re n ce  
FY 1981/80

O-4 Deep S ea Dr illin g P ro je c t.......................... $10,6 24 ,910 $1 5,40 0,00 0 $1 5,87 5,00 0 $1 7,300,000 $1 ,425 ,000

D-10 Ocean  Marg in Dril ling Project:
Project Planning  and E va luat ion . . . . 1,000,000 2,10 0,00 0 3,60 0, 00 0 _o _ -3 ,600 ,000

Initial  Im plem en tatio n P h a s e ............. —0 — — 0— — 0— 10,00 0,000 10 ,000 ,000

Total  ...................................................... $1 1,62 4,91 0 $1 7,50 0,00 0 $1 9,47 5,00 0 $27,300,000 $7 ,825 ,000

Goals and Description

The Ocean Drilling Programs  (ODP) a re a uniq ue wor ldwide effort to explore  the 

ear th's crust b enea th the ocean s. An interdis ciplina ry sc ience  pro gram aided by dee p- 

ocean dril ling and coring of rocks  and se dime nts is aimed at underst and ing  the de taile d 

composition and behavior of the subm erged  75 percent  of the ea rth ’s surface  that is 

of ev er increasi ng imp orta nce to peo ple and countries. These  progra ms are aimed at:

• substantiat ing and r efin ing  the plate  tectonics hy pothe sis that portrays the ea rth 

as a dynamic planet on which the distr ibut ion of cont inen ts a nd oceans changes 

continuously over geologic time. This will aid in a b etter understa ndin g of the 

cause  of v iolent natura l proce sses, especially the volcanic activity and earth ­

quakes that occur at crustal  plate  boundar ies;

• utilizing  deta iled  sed ime nt reco rds that docum ent the paleoenvironm ent over 

many millions of years, and provi de opp ortu nitie s to explain  the impact of the 

changing surface features of our planet on oceanic circulation and corresponding 

climate changes; and

• estab lishing the geological fram ewo rk and  studying the s peci fic pr ocesses which 

cause the fo rmatio n of natu ral  r esources and guide thei r di strib utio n. Resource 

explo ration builds  on this scie ntif ic base.

The Ocean  Drilling Programs activity inclu des two suba ctivities , the Deep Sea 

Drilling Project (DSDP) and the O cea n Margin Drilling Project (OMDP ). The National 

Science Foun dation  has overall  man agem ent responsibility for these programs.

The Deep Sea Drilling Project has  b een supp orted by NSF sinc e FY 1966 and has 

been o pera ting  since FY 1968. DSDP op erat ions are  man aged for NSF by the University 

of Cal ifornia/ Scri pps Institu tion of Ocea nography  (S1O). Und er subc ontract to SIO
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the drilli ng ship  Gtomar  Challenger  is op era ted  by its owner Global Ma rine  Inc. for 
DSDP. The scie ntif ic program  for DSDP is guided  by the Joint O ceanograph ic Instit u­
tions Inc. and their scientific advisory structu re, the Joint Oceanographic Institutions for 
Deep Earth  Sampling, which includes f oreig n m embers . The Deep Sea Drillin g Project 
is now in the Inte rnation al Phase  of O cean Drilling to w hich five fore ign countries, 
France, Germany, Japan, the U.K. and the U.S.S.R., each contribute $1,250,000 annually. 
DSD P/Ch allenger  opera tions  have  been  ca rried  out in almost all of the wo rld ’s oceans. 
Major contributions of DSDP are  the firs t r econnai sanc e of the make up of the e ar th’s 
crust ben eat h the oceans a nd the most convincing r ese arch resul ts to da te in sup port of 
the p late tectonics hypothesis. Present NSF pla ns call for support of Cha llen ger  ope ra­
tions through FY 1981.

The Ocean Margin Drilling  Project is a logical exten sion of DSDP. OMDP will 
attack  the most impo rtant  unresol ved  prob lems  in the plate tectonics hypothesis  as 
well as pr oblems th at hav e e merg ed from  11 years  of Deep Sea Dri lling Project  efforts. 
The essential difference between OMDP and DSDP will be the transition from a general 
rec onn aisa nce  perform ed by DSDP to a proble m-foc used appr oach  in OMDP. The 
major new  init iativ e of OMDP will be an extens ive investigation of the ocean  margins. 
The p assiv e margins with their thick se dim ent  cover (e.g. the U.S. east coast) repr esent 
a major fronti er for geologic e xplo ration. Besides its great  scie ntific im porta nce,  work 
on the deeply  submerged ocean margins will constitute the first major effort to establish 
the geologic f ramework for det erm inin g the natu ral reso urce pote ntia l of the se a reas. 
The dril ling  system req uir ed for th e oc ean margin projec t grea tly e xceeds  the capacity 
of the DSDP ship Challenger. The  gover nment-owned Glomar  Exp lorer has been 
identif ied as an excellent can did ate  for the advan ced drilli ng te chnolog y pl atform for 
OMDP.

In ord er to initia te the Oce an Margin Drilling Project a n ew app roa ch has been  
taken. The U.S. pe troleum  ind ust ry has been  invit ed to become  a major par tne r and 
con trib utor in this projec t. Gover nm ent /ind ust ry negot iations have pro ceeded  to the 
point that a sufficient number of petroleum  companies have indicate d their willingness 
to pa rticip ate  and contribute dur ing  FY 1981. In that year  engi nee ring  design and cost 
esti ma tes for Explorer  conv ersion, and  the adva nced  deep-oc ean  drill ing system as 
well as sc ienti fic program p lannin g will p rocee d. Results of th ese effort s will provide 
the basis  for a final go, no-go dec isio n later in FY 1981 on the whole  proje ct as a joint 
ven ture .

Foreign par ticip ation in the Ocean Margin Drilling Program  s imil ar to the DSDP/ 
Int ernatio nal Phase of Ocea n Drill ing (IPOD) is a possibility . O ne count ry has  alre ady 
expres sed interest in negotiating participation in OMDP. Other U.S. agencies, especially 
the U.S. Geological Survey  and  the Depa rtmen t of Energy may part icip ate in OMDP 
according  to their  par ticula r missions and inter est.
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Changes Betw een FY 1980 Budget Request  and FY1980 Current Plan

The FY 1980 Curr ent  Plan  for DSDP/IPOD inc reases  by $475,000 from $15,400,000 to 
$15,875,000. Foreign funds appl ied to the program in the Current Plan are reduce d by 

$475,000 from $6,000,000 to $5,525,000 on the basis of a more up-to-date estimate of the 

timing of paymen ts. The overa ll estim ated program cost for DSDP/IPOD in PY 1980 

remains the same at $21,400,000.
OMDP Planning a nd Evaluation: It is plann ed to incr eas e OMDP funding in the FY

1980 Curren t Plan by $1,500 ,000 f rom $2,100,000 to $3,600,000. This inc rease is neces sary  

for techn ical assessme nts, engi neer ing stu dies,  and scie ntifi c and environm enta l p lan ­

ning to develop the design for the advanced  Explorer  system , as well as to update  cost 

estimat es and  to commenc e risk  analysis. The aim is to provide the nece ssary  scien tific  

planning, engin eering resu lts and cost d ata to supp ort OMDP imple mentation in PY

1981 and provide  a f ur ther  basis for funding by priv ate industry.
The added scientific and engineering studies are: (1) riser design trade off stud ies— 

$500,000, (2) sea-floor equ ipm ent  and well control evaluat ions  and designs for the 

propo sed E xplorer dril l s ite s—$250,000, (3) E xplo rer sta tion keeping analysis including 

model tests to identif y the need to upgr ade thru ster capacity to cope with seve re 

weath er co nditio ns—$450,000, (4) technical planning  and eva luation —$100,000, and (5) 

scientific and environ men tal plan ning —$200,000.

FY 1981 Budget Highl ights and Explanation of Increases and Decreases

Obligations

FY 1979 Actual ................................................................................................................. $11,624,910

FY 1980 Prog ra m .......................      $19,475,000

FY 1981 R equest ............................................................................................................... $27,300,000

Differ enc e—FY 1981/FY 198 0 ........................................................................................ $7,825,000

The $27,300,000 req ues ted  for the Ocean Drilling Program s is 40.2 percent more 

than  the FY 1980 pr ogram of $19,475,000.
The dis tribut ion of the FY 1981 NSF funds bud geted  between the two budget su bac­

tivities follows:

• Deep Sea Drilling P roject /In tern atio nal  P hase of Ocean Drilling is up $1,425,000 

to $17,300,000.

• Ocean Margin Drilling Pr ojec t is up $6,400,000 to $10,000,000.

The Deep Sea Drilling Proje ct incr eas e in NSF funding of $1,425,000 is necessa ry to 

cover incr eased costs for fuel, person nel  and supp lies and relate d expenses. The 

bal anc e of the overall  increas e of $2 ,000,000 in DSDP is covere d by incre ased  foreign 

contribut ions.
The $6,400,000 increase in the Oce an Margin Drilling Project is ne ede d to proceed 

from the OMDP planning and evaluation phase to project implementation. The  $10,000,000 

NSF budget for OMDP will be matched  by indus try contributions. This initial phase
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of im plem enta tion  will take the pro jec t up to the point of m odifications to Explorer, 
drilling system procur eme nt, and dri llin g site selectio n, an d will pr ovid e a basis  for the 
final go, no-go decision for the pro jec t as a jo int venture.

Coordination and Relationship to Other Efforts

Within  the N ational  Science  Fo undation , sup port  for res ear ch on DSDP cores a nd 
ship sup por t for U.S./IPOD geop hysical site surveys are coo rdin ated  with the Earth 
Sciences and Ocean Scien ces subac tivi ties  and their  adviso ry pan els.  Climate re search 
on DSDP/IPOD materials  is c oor din ated with the A tmosp heric  Scie nces  suba ctivity  at 
NSF. Sc ience guida nce and coor dinatio n of DSDP/IPOD is p rovided  by Joint Oce an­
ograp hic Institut ions for D eep E arth  Sampling (JOIDES). Fo rmal inte rna tion al coordi­
natio n is achieved direc tly with the five foreign coun tries  by NSF working through 
the Departm ent of State. The scie ntif ic input  from the foreign coun trie s is through 
JOIDES.

The National Science Fou nda tion  c oordinates  s upport of the Ocean Drilling Pro­
grams with the work of other agencies through participation on interagency committees, 
and direct  contac t b etw een  NSF progra m mana gers and their  co unt erp arts  in the U.S. 
Geological Survey (USGS), the Depa rtmen t of Energy (DOE), and other  agencies. 
Cu rre nt interagency  coopera tion  and c oordination  inc lude  revi ew of dr illing p rograms 
in the U.S. (DOE and USGS). The technical problems, as w ell as the min era l/en ergy 
reso urc e aspects of O cean M argin  Drilling, h ave stim ulated the intere st and coopera ­
tion of the USGS and DOE with  the Office of Science and Technology Policy in a 
coordinating role. Special coordination concerning the potential use of Glomar Explorer 
has involved inte ract ion with  the U.S. Navy, pre sen tly the cognizant Departm ent for 
this s hip, as well as other agencies. The U.S. Navy and NSF hav e also coord inate d use 
of Glo mar Explorer with Oc ean  M inera ls Company which is pr ese ntly  using Explorer  
for deep  sea mining tests. Coo rdin ation wi th offshor e prog rams in the pr ivate in dust ry 
has  bee n through an eng ine erin g committee of the M arin e Board, N ation al Acade my of 
Sciences, and through dir ect  negotia tions with a num ber  of majo r U.S. petr oleu m 
companies. Futu re foreig n par ticipat ion  in OMDP will be conside red  with i nte res ted  
foreign c ountr ies by NSF with  app rop riat e coordina tion by the Depa rtmen t of Sta te.

Evaluation and Oversight

A m ajor evaluation  of futur e scientifi c de ep-o cean  dri lling , includin g the  I nte rna ­
tional Phase of Ocean Drill ing and the Ocean  Margin Drillin g Project began in early  
1977 and was comp leted in July 1979. The rev iew o ver this two and  one-half yea r per iod 
focussed on the scie ntifi c need and plans  for the Ocean Margin  Drilling Project. It 
included scient ific p eer  rev iew  by an ad hoc pan el conv ened  by NSF, tec hnical revie w 
by commercial enginee ring  contractor s and an engi nee ring  committee of the Marine 
Board, National Academy of Sciences, and a revie w of the natio nal role of such a
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project by a high leve l Blue Ribbon pane l conve ned by NSF. Representati ves of the 

U.S. Geological Surv ey (USGS) and the Dep artm ent of Energy also were involved in 

this process. Scien tific and techn ical revie w is p resent ly being carr ied out in foreig n 

countries , with one c oun try alre ady  in tere sted  in par ticipat ion  and o thers expected to 

follow soon. This exte nsiv e and mult iple revie w process found DSDP/IPOD and 

OMDP scient ifically  very impo rtant and well just ified . No ins urmountable  tech nica l 

obstacles were  id ent ifie d, and Explorer  was  found  to be an e xcellent candidate for  the 

advanced OMDP d rilli ng platform .
Oversight of DSDP/IPOD and OMDP will be in a varie ty of areas . Within the 

Foundation, the Na tion al Science Board  has esta blished an ad hoc committee  on future  

deep sea drilling. A high level advisory  commit tee made up of memb ers from the 

academ ic community, the petr oleu m indus try, and the publ ic sector will advise the 

Director of NSF on O cean  D rilling Programs. The pe trol eum  industry  will also form a n 

oversight committee to coo rdin ate OMDP plannin g with  NSF. DSDP/IPOD and OMDP 

operations will be sc rutinized by a safety and pollution- prevention  panel with mem bers 

from scientif ic inst itutions, priva te indu stry and othe r U.S. agencies. The foreign 

countries have operated their  own oversight appara tus for DSDP/IPOD and coo rdinated 

thei r effort with NSF. T hey are expected to continue this effort  and to modify their 

oversight mechanism for their potential  par ticip ation in OMDP.
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DEEP SEA DRILLING PROJECT SUBACTIVITY ....................$17,300,000

Obligations by Program Element

Progra m Ele men t Act ual  
F Y  1979

Budget 
Reque st 
F Y  1980

Current
Plan

FY1 980
Estim ate 

F Y  1981
Diff ere nce  
F Y  1981/80

Dee p Se e  Dr illing  Projec t,
Intern atio nal  Ph aee  of Oce an D ril lin g.......... $18,624,9 10 $21,400,000 $21,400,000 $23,400,000 $2,000,000

Le as  Fo re ign  Co ntr ibutions
(ap plied  to pr ogr am ).................................. -8,000,000 -6,000,000 •-5,525,000 ••-6,100,000 575,000

Deep  Se a Dr illing  Profact , N SF  Fun ds  ............ $10,62 4,910 $15,400,000 $15,875,0 00 $17,300,000 $1,425,00 0

•Fo reig n con trib utions app lied  Io the I PO D program had to be red uced in the F Y  1980 Cu rre nt Plan beca use of changed limi ng 
of some IPO D-m em be r country contribut ions.

••I nc lud es $1.25 mil lion  for wh ich  no form al agre emen t exis ts as yet.

Objectives and Description

The Deep Sea Drilling Pro jec t’s (DSDP) overa ll objec tive is to acquire  a dditional 
know ledge of the sedim ents and  har d rocks that form the ear th's crust  bene ath the 
oceans . DSDP pu rsue s this obje ctive by dri lling and coring in th e wo rld ’s oceans  with 
the un iqu e ship, Glomar Challe nger.

The Deep Sea Drilling  Proj ect is inte rnat iona lly recogn ized as one of the great  
succ esses of ea rth sciences  b eca use  of its decisive cont ributions  to the unde rstan ding  
of our planet. Largely due  to DSDP, a concept is now being re fined in which our globe is 
view ed as a dynamic ear th-o cea n system. Over million s of ye ars  crus tal (geological) 
pla tes form, brea k up, move, and  collide, forming moun tain rang es and ocean basins 
and  affecting ocean circ ulat ion  p atte rns , climates, and ultim ately  li fe on ear th. These  
processes broad ly affec t peo ple  and countries through, for exam ple,  resource  dis tri­
butio n, eart hquakes , and clim atic oscillations.

In add ition, significant co ntri buti ons have b een  made to oce an d rilling technology. 
The technological inno vations of DSDP, such as dynam ic vesse l positioning in deep  
wa ter  and multi ple bore  hole re-e ntry  (that allows d eeper bottom pen etra tion ), have 
alr ead y fou nd w ide acce pta nce  and use by the o ffshor e dri llin g indu stry. The rec ently - 
develop ed Hydrauli c Piston Core r, and the new down-h ole instr ume ntation  pa ckages  
and implantat ion pro ced ure s that are now being perfected will even tuall y open up 
majo r new approaches to ma rine geological and geophysical exploration.

Significant Recent Achievements

Down-Hole Measurem ents  in the Deep Ocean
During two c ruise s off th e mouth of the Gulf of Ca lifor nia and Ecuador , a se ries  of 

instr ume nts (including an ultra sonic  telev iewe r, a rad iati on reco rder, perm eab ility  
recorders,  elec trica l resi stiv ity and tem per ature sensing devices , and a down-h ole 
seismom eter  to rec ord ear thq uak e activity ) were lowe red into holes d rille d up to 1,000
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feet below the ocean bottom. The successful completion of these down-hole experiments 
for the first time brings d eep-ocean  drill ing into a new phase of direct observation  and 
recording of the processes involved in the forma tion of the e ar th ’s ocean crust.  This is 
probably  best il lus trated by the success of the down-hole se ismomete r that was left for 
over one month in Cha /lenger-hole  482-C (off the mouth of the Gulf  of California), anil 
then retrieved. This in strum ent had recorded  many ea rthqua kes , unusual ly high tem­
peratures,  and possibly even tilting of the surrounding  rocks, all direct evidence of a 
very  active ocean crust.

Oceanic  Paleoenvironmental Research Advanced by New Hydraulic Corer
A new era in paleoenvironmental research using ocean sediments began on Glomar 

Challenger with Leg 64 of the Deep Sea Drilling Project. A newly-developed, hy drau lic 
piston core r (HPC) reco vered a completely  und istu rbed sample of soft sedimen ts from 
the Gulf of California. The cumulat ive cores were more than 500 feet long and represent 
a near ly continuous record  of the pas t several hundr ed thousand  years  of earth history. 
Normal rotary drilling technique , which is the usua l method employed  by Challenger, 
dist urbs the very soft upp er sed ime nts  of the ocean  floor. In contrast, the new HPC 
punches a cylindrica l tube into the sedim ents  without d isturbing their  thinnest layers. 
The HPC was deployed successfully  again on a late r Challenger  voyage. This new 
technical achievement sets the stage for a t remendous increase in resolution, precision, 
and time-span of oceanic  pa leoenv iron mental r esearch , a fac t that is c learly  reflected 
in the enthus iasm with which the HPC was rece ived  by the scientif ic community. 

Hydrocarbon and Mineral Exploration
Ear lier  DSDP dri ll co res from the Morocco Basin off northwest Africa had shown 

organic matter that had almost been converted into oil about a mile deep  in ocean 
margin sediments. In the Pacific, in the Galapagos Spreading  C enter (a region which 
generates new ocean crust), Challenger drilled sea-bottom mounds formed by circulation 
of h eated seaw ater  through newly -form ed ocean crust. Mine ral oxides and sulfides, 
rich in iron and manganese, were encountered in these  mounds indicating that pro­
cesses on the ocean floor as sociated  with sea-floor  spreading  and ocean-water  circu la­
tion lead Io formation of minerals. These two examples, that h ave been selected from 
among several such DSDP findings, illus trate  the fortui tous combination of basic 
scientif ic results and valu able  reso urce inform ation made poss ible  by deep-ocean 
drilling.

Major Research Questions

• How and why does a continen t brea k up?
• What is the nature of the earlies t ocean floor formed during the birth of an ocean?

• How is new oceanic crust formed at the mid-ocean ridges?
• What processes operate  in geothe rmally active regions at or near  mid-oceanic 

ridge  crests? How are these processes rela ted to the formation of ore bodies?
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• What is the re la tio ns hip be tw ee n cha nging ocean su rfac e cir cu lat ion and the  
evo lution and d is tri bu tio n of  ma rin e lif e?

• How are  ear thquak es,  volcanic activity and formation  of mou nta in ranges related 
to pla te tec ton ic proc es se s at acti ve oceanic  margins such  as we ste rn  Ce ntr al 
and South Am erica?

FY 1981 Budget Highlights and Explanation of Increases and Decreases

In the Deep Sea Drilling P roject /In ternational Phase  of O cea n Drilling (DSDP/IPOD) 
Chall enger pro gra m for  FY 1981 the  ship w ill o pe ra te  in the  eas te rn  an d w es ter n No rth  
At lan tic , a c han ge from earl ie r plans,  allowing  for a m ore  cost -ef fec tive sche du le . As 
pro posed now, the  FY 1981 dr ill ing aims pr incip al ly  at begin ning  the inv est iga tion of 
the stru cture and history of pas sive cont inen tal margins. Pass ive marg ins are  the bound­
ar ie s crea ted  by co nt inen ta l br ea k up and ocean basin  f orma tio n. The  ea stern No rth  
Am eri can, and  the W es tern  E urop ea n c on tin en tal  marg in (es pecia lly  the Bay of Biscay 
and Rocka ll Pla tea u area s)  ar e typical  exam ples  of suc h passive  or rif ted  oce an 
margins,  and  it is pr im ar ily in these reg ions tha t Chall enger will  dri ll.  The ea stern 
No rth  American margin is co ve red w ith an ex tre mely thick sed im en t la ye r an d, h ence , 
most c rit ica l targe ts on it ar e  beyond the  reac h of Challe nge r. Ho we ver, dri lling  her e 
will se rve as a p recursor f or the  Ocean Margin Drilling  Project, in add ition  to documenting 
at least pa rt of the  margin's his tory and st ru ctur e.  Th e Bay of Biscay and Rockall  
Pla tea u areas (off E urop e) , on the  o the r ha nd , wh ile  si m ila r i n his tory to the U.S. eas t 
coast, lack a thick sediment c over,  ho pefully allowing Challenger  to sample th e t ransition 
from  conti nenta l to o ce an ic  cru st across  the passive  m arg in.  T his  may g ive an an sw er  
to the  bas ic ques tio n. . .w ha t cause s cont inen ts to br ea k ap ar t?

Dril ling in the  margins  of the No rth  At lan tic  du rin g FY 1981 wil l also  he lp  to 
inv est iga te the  fu nd am en ta l pa leo en vi ronm en tal  c hanges  asso cia ted  w ith the  opening  
and widenin g of the  At lan tic . The  pas siv e margin off the  ea stern U.S., for  ex am ple,  
conta ins  re co rded  in its se di m en t the oldest pa leoe nv iro nm en ta l in form ation  av ai la bl e 
in the  mo dern oce ans . In contr ast , the Rockall Pl atea u wil l fu rn ish  de tai led  in fo rm a­
tion on p aleo en vi ro nm en ta l o sci lla tions tha t occ ur red in the  nor thwe st A tlanti c d ur ing 
the  last 50 million ye ars . An addit ion al pa leoe nv iro nm en ta l target  in the  Car ib be an  
Sea , also in the FY 1981 p rog ram , wil l p rovide  sim ila r in fo rm at ion for th is margin al s ea . 
All FY 1981 targets will comp lem ent the  Sou th At lan tic  pa leo en vi ronm en tal  tar ge ts 
sla ted  for FY 1980 dr ill ing .

In FY 1981 $1,425,000 of NSF fu nds  are r eq ui re d towards  a net in crea se  of $2,000,000 
in D SDP/IPOD p ro ject cos ts, cov ered in p art  by a $575,000 increase in  fore ign  co nt ribu ­
tions. Actual cost in cr ea se s for D SDP/IPO D in  FY 1981 to tal  $2,000,000 beca use of m ajor  
ind ividual incr ea se s of $500,000 for fue l; $275,000 for  pe rson ne l costs; $510,000 for  
gene ra l s up pl ies  and  ex pe ns es  b ecause  of  inf lat ion ; $1,000,000 for  the d ril lin g s ub co n­
tract  for Clnm ur Challenger; $135,000 for incr ea sed sit e surve y costs ; and $65,000 fo r 
overhead. These est ima ted cost increases of $2,485,000 are  offset by expected decre ases  
of $485,000 in the  ov eral l level of DSD P/IP OD activ ity  in the last year of Cha lle ng er  
dri llin g pr es en tly  pl an ne d.
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QUANTITATIVE PROGRAM DATA 
DEEP SEA DRILLING PROJECT SUBACTIVITY

Personnel and Other Factors

Est im at e
F Y I 979

Es tim ate
FY1980

Est im at e 
FY 1981

N um ber o f sc ie nt is t yea rs  su p p o rt e d 1 .......................................................... 11 12 13

Cos t o f sc ie nt is ts  su pp or te d ............................................................................. $310.0011 $330,000 $420,000

N um b e r o f gr ad ua te  stud en ts  su p p o rte d ^ .................................................... 4 4 4

Cos t o f gr aduate  stu de nts supported ............................................................ $30,000 $30,000 $30,000

O th e r p er so nn el  costs  ....................................................................................... 2.364.150 3.150.892 3.336.000

In vestm ent Costs :
C onstr uction  ................................................................................................... ..  —0 — —0— —0 —

N onexpendab le  e q u ip m e n t.............. ........................................................... . .  —0— —0— —0—

O th e r costs' (see b e lo w  fo r d e ta il s ) ' .............................................................. 15.920.760 17.889.108 19.614.000

In d ir e c t c o s t ......................................................................................................... —0 — —0— —0 —

T o ta l DS DP  . ......................................................................................... 18.624.910 21.400.000 23.4OO.OIMI

For e ig n C o n tr ib u ti o n s ....................................................................................... -8.000.000 -5.525.000 -6.1 (M).0(10

NSF Fu nd s ........................................................................................................... $10,624,910 $15,875,000 $17,300,000

'T h e  num ber o f ye ar s w ork ed d u ri n g  th e p ro gra m  ye ar by  fu ll - ti m e  re gu la r sc ie n ti fi c  s ta ff  m em be rs  in tasks re q u ir e d  to

accom plis h  th e m ission  of  DSDP.
D e fined  us the  nu m ber o f stu de nt s w o rk in g  who se  a c ti v it ie s  ar e es se nt ia l to the co m p le tion  of a g ra du at e de gree  pr og ra m .

In c lu des  the fo llo w in g  m a jo r ite m s:

Other Costs

Eslimu te Est ima te Estimate
EY1979 FY1980 FY19H1

S upp lies  an d Ex penses  .........................................................................................  $3,116,260
D r il li n g  Sub co n tr a c t............................ ...................................................................  10,190.000
T ra v e l .......................................................................................................................  583.600
In te ra gency A g re e m e n t.......................................... ............................................... 140,000
P r in t in g .....................................................................................................................  352,250
Site S u rv e y ...............................................................................................................  1,200,000
O v e rh e a d .................................................................................................................  338.650

$4,290,844 
10.600.000 

643.(MM) 
140.000 
539.500 

1.365.000 
310.764

$4,800,000
11.600.0(MI

625.000
164.000
550.000

1.500.000
375.000

T o ta l $15,920,760 $17,889,108 $19.614.(MM)
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OCEAN MARGIN DRILLING PROJECT
SUBACTIVITY............................................................................ $10,000,000

$1,000,000 $2,100,000 $3,600,000

Obligations by Program Element

Budget Cu rrent
Program Element Actual Request Plan Estimate Dif ference

FY1979 F Y I 980 FY1980 FY1981 F Y 1981/80

Planning and Eva luat ion. . . .
Initial Implementation Phase  

Explorer Drilling System
Engineering .................

OMDP Op erat ions ............
OMDP Scientific Program

Total, OMDP .................
Less Industry Contribution

(applied to project) ..........
NSF OMDP Fu nds........

14,000,000

6,000,000

14,000,000

6,000,000

1,000,000 2,100,000 3,600,000 20,000,000 16,400,000

- 0 - - 0 - - 0 - -10,000,000 -10,000,000

$1,000,000 $2,100,000 $3,600,000 $10,000,000 $6,400,000

Objectives and Description

The objectives of the Ocean Margin Drilling Project are  scientific s tudies of passive 
and active ocean margins, the oceanic crust and ocean paleoen vironment to fu rth er  
our unde rstanding of the planet Earth within  the fram ework of the plate  tectonics 
hypothesis.

• Passive margin investigat ions are the major new init iative of OMDP. Inten sive  
scient ific stud ies culminating in deep  dr illing and coring will provide thorough 
examination of these remaining geologic fron tiers. Major scien tific questions 
about continental break-up and ocean basin formation probably will be answered. 
At the same time this effort will begin to establish a geologic framework for the 
thick sedim entary sections of the margins, which hold promise of natural resources 
such as hydroca rbon s.

• Active margins are  the areas whe re plate tectonic processes are  most vivid ly 
dem onst rated in deep-ocean tre nches, in active volcanoes and in frequent  ea rth­
quake  activity.  The Explorer system will provide  the capabil ity to r each and 
penetra te the dee pes t parts  of the ocean trenches.

• Ocean crust studies will further  refine the pla te tectonics model of spreading 
cente rs, ocean crust cre ation  and its fate in the spreading cycle.

• Ocean paleoenvironment studies using newly developed  coring devices will help 
to unravel the geologic history  of the ocean margins.

In essence Ocean  Margin Drilling is a logical follow-on to DSDP, and wil l build on 
its significant achieve men ts. The major difference  will  be  the transi tion from the fi rst 
broad DSDP reconnaiss ance of the ea rth ’s crust be nea th the oceans to a focus in OMDP 
on the major problems remaining in the pla te tectonics hypothesis, together with building 
a geologic fram ework for determining the natura l reso urce potential of the ocean
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marg ins. A re pl ac em en t for Glomar Cha llen ger, wh ich  has opera ted  for the  pa st 11 
yea rs and  is now re ac hing  the  lim its of h er  technica l c ap ab ili tie s, is needed to ach ieve  
the OMDP objec tives.  Cur rent  pla ns are to use  the  LJ.S. governm ent -ow ned  Glom ur  
Ex plo rer  as an  adv an ce d pla tfo rm. Ex plo rer  will be e qu ippe d w ith a 13,000-ft. ris er  an d 
a well control system. These  together with a 35,000-ft. dri ll string will allow envir onme n­
tally  res pons ibl e pe ne trat io n of margin sedime nts down  to 20,000 fee t below  the  
sea- floor .

The  Oc ean  M arg in Dr illing Pro jec t is p lan ne d as a 10 yea r program  from FY 1981 to 
a p hase-out in FY 1990. Ex plorer  d rill ing  system d esign engin eering, ship co nvers ion , 
equ ipm ent acqu isi tio ns  a nd  system comp let ion  are  pl an ne d for the  FY 1981 to FY 1984 
per iod , to be  fol low ed by 6 ye ars of E xp lor er op erat ions  from  FY 1984 to FY 1989. An 
extens ive scienti fic program  of mar ine  geophysics, phys ical oceanography, site surv eys,  
dr ill site prep arati on , s am ple analy sis  an d da ta ev alu at ion an d synthe sis  is p lann ed  to 
precede, accompan y an d follow Explorer  dri llin g op erat ions  in orde r to maxim ize  
scientif ic return . Total  cost  fo r t he  10 year OMD Pro jec t a s p resent ly  pl an ne d am ounts 
to $359,700,000 in the  FY 1981-FY1990 pe rio d in  con sta nt FY 1979 dollar s. To ob tain mo re 
rea lis tic  est imate s u nd er  changin g econo mic  condit ion s th e sa me  OMDP was p ro jecte d 
in the FY 1981-FY 1990 p er iod assuming  infl ation  ra tes  of 7% , 10% and 15% a nn ua lly  
which res ult ed  in total OMDP es tim ate s of $569,900,000, $692,800,000 an d $957,500,000 
respec tively . For this OMDP budget estim ate a 10% inflation rate was assum ed resu lting  
in the follo wing brea kd ow n of the $692,800,000 overa ll cost by fiscal yea r.

Ocean Margin  Dr illing  Projec t by Fisca l Year 
($ mi llions)

FY III 82 '83 '84 '85 86 87 '88 '88 '90 To ta l

O M D P .......  211.0 32.0 66.(1 72.7 80.0 88 0 96.7 106.4 117.0 20.0 692.8

In orde r to p rov ide  th e ma jor  fundi ng ne cessary  for the  OMDP the U.S. petr oleu m 
ind ustry  was invited to join  this  ef for t and to contrib ute ha lf of the total 10 ye ar O MDP 
cost. Neg otia tion s wi th t he pe tro leu m in dustry have  been suc cessf ul,  and  at the p resent  
time a su fficien t num ber  o f U.S. petroleum companies have exp ress ed their  willingness 
to cooperat e in f undin g this  eff ort . OMDP, with  join , fun din g by the governm ent  and 
pr iv ate indust ry, is e nv isi on ed  as a s cie nti fic  research  projec t and  is not in tend ed  to 
ex plore for oil and  gas. Sp ec ifi ca lly , no dri llin g is plan ne d on geological  st ructur es  
which  ;ire like ly h yd roca rbon  reserv oir s. T he sc ien tif ic p rog ram  will  be d evelo ped and  
gu ide d by scientis ts from un iver si tie s and  pr ivate  ind us try . The Na tion al Scienc e 
Foundation will ass um e ov eral l manageme nt res po ns ibili ty  in coo rdination with  the 
cont ributing petroleum com panies.  A Systems Integration Con tractor (SIC) to be selected 
through compet itive pro curem ent w ill design, assemble  and opera te the Explorer drilling  
sys tem .

Th e De par tment  of Energy and the U.S. Geological Surve y may also pa rti cipa te 
and contr ibu te to OMDP costs acc ord ing  to t he ir spe cif ic in te rest s. The  pos sib ility of 
foreign part icipation as it now  exists in DSDP has been prov ided  for in the arrangemen ts
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for OMDP and may be considered in the fu ture, though requ iring an incre ased  level of 
cont ribu tions in line  with the h igher costs of OMDP as compared to DSDP. Any foreign 
cont ribu tions would reduce  the project cost to both the U.S. government and industry.

Significant Recent Achievements

• Successful negotiations wi th the U.S. petro leum  industry leading  to a joint effort 
with the National Scie nce Foundation  and major cont ribu tions to OMDP from 
the private sector.

• Completion of two yea r (1977-1979) review and evaluation process of the proposed 
OMDP, inc luding scientif ic peer  review; techn ical review  by engineer ing con­
tractors and the Nati ona l Academy of Sciences; and high level Blue Ribbon 
pane l review. These  rev iew s found that OMDP add res ses  some of the most 
important earth scie nces problems in the 1980’s, there are  no in surm ountable 
technical problems, Glomar Explorer is an excellent can didate  for the advanced 
drilling platfo rm, and,  in comparison with other resear ch and development 
requiremen ts OMDP rate s high priority.

• Establish the availa bili ty of Glomar Explorer at no cost to OMDP in negotiat ions 
with the presen t cognizant  Departmen t, the U.S. Navy.

• Coordination among the NSF, U.S. Navy, and a private consortium for deep sea 
mining, Ocean Min era ls Company (present ly using Explorer)  for most effi cient 
use of Glomar Explorer for fu ture programs.

• Conduct of scie ntif ic and technical discussions and pre liminar y government  to 
government interactio n with foreign coun tries  resu lting in consideratio n of 
OMDP p arti cipa tion  at great ly enhanced funding leve ls compared to DSDP.

Major Research Questions

• Where beneath the pass ive oceanic margins  (such as the U.S. east coast) is the  
boundary between ocean ic and co ntinenta l crust?

• What is the geologic st ructure of these margins? Is this geologic picture consistent 
with the accum ulat ion of petro leum?

• I low and why does a continent break up?
• What is the nature of the earliest ocean floor formed during the birth of an ocean?
• How is new oce anic crust  formed at the Atlantic mid-ocean  ridges?
• What processes opera te in geo thermally active regions at or  near mid-oceanic 

ridge crests?  How are these processes related  to the form ation of ore bodies?
• What is the relations hip  between changing ocean surface  circu lation and the 

evolution and dis tributio n of marine life?
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• How are ear thq uak es,  volcanic activity  and form ation  of mountains rela ted 

to plate tectonic p rocesse s at activ e ocea nic margins s uch as in the Caribb ean ?

FY 1981 Budget Highlights and Explanation of Increases and Decreases

Fiscal Year 1981 will be the first y ear of OMD Project impl eme ntat ion afte r 3 years  

(FY 1978-1980) of gr adu ally  incr easi ng planning efforts.  FY 1981 also will he the first 

year of joint gov ern me nt/i ndu stry  funding for OMDP with a m ajor goal of reaching  a 

final go, no-go decision for the proje ct as a jo int venture . The overall  incre ase in FY 

1981 amounts to $16,400,000, the increase in gover nmen t fund ing is $6,400,000.

The three  major cate gori es of funding in FY 1981 are  (1) the Systems Suppo rt 

Contractor  (SSC) $3,000,000; (2) the Systems Integr ation Contractor (SIC) $11,000,000; 

and (3) the Science Program  $6,000,000 for a total FY 1981 program of $20,000,000.

The Systems Support Contractor will continue to provide NSF with the engineering 

and project manag ement  su pport  during the des ign, m odific ation and o perat ion phase s 

of the project. Grad ually  the SSC role will change from eval uation of pre liminary  

desig ns to monitoring and eva luating  final design work perform ed by the Systems 

Integ ratio n Contractor and its subc ontra ctors , and an in-d epth  assess ment of overall 

proje ct objectives, costs and sch edu les . An im portant SSC function will be liaison with 

the scien tific community. The $3,000,000 SSC estim ate includes: project  management 

suppor t $200,000; scien tific liaiso n $150,000; engin eering suppor t and cost estim ates 

$2,100,000; SIC m onitoring $550,000.
The Systems Integ ration  C ontr acto r will perform the engin eeri ng design and cost 

esti mates necessary to enab le gove rnme nt and industry to make the final OMDP go, 

no-go decis ion prior  to comm encing the modification  phas e and  p urch ase of any long 

lead  h ard ware items. To provi de a firm basis for cost estim ates  all design work will he 

com pleted and hid packages inclu ding  speci ficat ions  and com preh ensive contra ct 

draw ings  will be se nt to qu alif ied  shipyards.  These design dr awin gs and spec ificat ions 

will ena ble the shipyards to resp ond  to the SIC with fixed pric e quotations for the 

modification phase. The total SIC FY 1981 estimate of $11,000,000 breaks  down as follows: 

ris er design $3,000,000; b lowout  prev ention and well control system design $1,500,000; 

sea-llo or suppo rt, w ellhead and subsea-f loor  eq uipm ent design $1,500,000; vessel con­

tract design and specificat ions, ship yard selection and eva luat ion $5,000,000.

The scientific OMD Project will he managed by Joint Oc eano grap hic Institu tions 

(JO I) Inc. with an adviso ry str uc tur e similar to the pres ent  Deep Sea Drilling Project 

arrang ements. Scientis ts from aca dem ic institu tions,  in dust ry, and  w here app rop riat e 

from othe r government agen cies and foreign coun tries  will jo intly  de velop  and g uide 

the scien tific  program for OMDP. The major FY 1981 tasks will be to develo p the 

scie ntif ic program in great deta il. The $6,000,000 FY 1981 total for th e sc ience program 

for OMDP include s the following: JOI project manageme nt $310,000; OMDP science 

advisory program $500,000 scie ntif ic data  synthe sis $500,000; enh anc ed geophysical 

surv eying capabi lity, i.e. mul tich annel seismic systems $1,000,000; mari ne geophysics 

related Io drill site selection and shiptime $3,300,000; and down-hole experiment design 

$390,000.
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QUANTITATIVE PROGRAM DATA 
OCEAN MARGIN DRILLING PROJECT SUBACTIVITY

Cost Element

E s tim a te
F Y 1979

Est im at e 
EY 1.98(1

E s t im a te
EY1981

C on tr ac t S u p p o rt.............. .............................................. ............  $849,000 $3,300,000 S20.000.000
P ro je ct O ff ic e  P la n n in g .............................................................. ............  16.000 100.000 —0 —
A d v is o ry  B oa rd s and  S up port  .............................................. ............  135.000 200.000 —0 —

S u b to ta l............................. ............................................... ..........  1.000.000 3,600.000 20.000.000
Less In d u s tr y  C o n tr ib u ti o n s .................................................................... ..........  0 —0— 10.000.000

T o ta l N8E  F u n d s ........................................................................ ..........  $1,000,000 $3,600,000 $10,000,000

C ost B re a ko u t,  C ontr act S upport

Est im at e Est im ate Est im at e
FY 19 79 F Y I 980 FY1H81

Sy stem  Support  C ontracto r .................................................................... ..........  $749,000 S2.30U.0UU $3 ,000 ,000
Sy stem  In te gra tion  C o n tr a c to r................................................................ ..........  —0 —0— 11.000,000
S c ie n ti fi c  A dv is o ry  and M ana ge m en t C o n tra c to r ...................... ..........  125.000 1.000,000 li.UUU.UUU
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BIOLOGICAL, BEHAVIORAL, AND SOCIAL S CIENCES

PROGRAM ACTIVITY SUMMARY

FY1981 PROGRAM TO TAL.................................................... $182,000,000

Obligations by Subactivity

Pugl! Subaclivily Actu al
FY1979

Budget 
Request 
FY 1980

Currenl
Pion

F Y I 980
Estimate 

FY 1981
Differen ce  
FY 1981/80

E-l Physiology. Cellular and Molecular 
Biolog y.............................................. $62,292,455 $69,500,000 $67,218,000 $74,800,000 $7,582,000

E-ll Behavioral and Neural  Sciences . . . . 33,073,342 36,900,000 35,443.000 38,700,000 3,257,000

E-lll Social and Economic Scienc e............ 25,386,044 26.900,000 26,206.000 27,800,000 1,594,000

E-IV Environmental Biology ........................ 33.952,783 38.950.000 37,664,000 40,700,000 3,036.000

Total .............................................. . . . .  $154,704,624 $172,250,000 $166,531,000 $182,000,000 $15,469,000

Goals and Descrip tion

The goal of the Biological, Behavioral, and Social Sciences (BBS) Activity is to 
expand knowledge and understand ing of biological and social phenomena. The range  
of research supported  includes acquir ing rigorous physical and chemical inform ation 
on the fundamental mole cules of living organisms, the systems  level inte rrel atio nsh ips 
of organisms and thei r environmen t, the complex learning and behavior patt erns  of 
human  beings, and  the in tera ctio ns of social, economic and cultural  organizations and 
institutions.

Specific major objective s are to identify and fund rese arch  that will adva nce 
understanding of the:

• Molecular basis of s tructu re and function in cells, organs, organ systems, and 
whole organisms:

• Interrelationships in terrest rial and freshwater ecosystems and key evolutionary 
relationsh ips among the many species of plants, animals , and microorganisms;

• Biological, psychological , and cultura l factors that underl ie behavior; and

• Structure and function of economic and social institutions, and changes that impact 
on individuals and groups of thesocietal  condit ions they experience.

Over the long term, we expect the result s of this fun dam ental resea rch effort to 
contribute new ideas , options and opportuni ties for wisely  utilizing the biological 
envi ronm ent, maximizing human developmen t potential , enhancing  the quality  of life, 
maintaining economic and socia l stabil ity with progress , and increasing productivity.
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The a ims ar e amb itious, b ut to the ex tent that most n atio nal a nd internati onal  pr oble ms 
rela te to people, the ir insti tuti ons  and the ir interactio n with the en viron ment , the gain 
in understa ndin g from this rese arch  can be inva luab le.

Changes Between F Y1980 Budget Request and F Y1980 Current Plan

The changes in the EY 1980 Budget Plan, down from $172,250,000 to $166,531,000, 
reflect adjustments resulting from the funds actually appropriated. The total of $172,250,000 
exclud es tran sfer s to the new Cross -Directorate Program Activity.

FY 1981 Budget Highlights and Explanation of Increases and Decreases

Obligations

FY 1B79 Actu al  ................................................................................................................. $154.71(4.624
FY 1980 I'r n y r. tn i............................................................................................................... $166,531,900
FY 1981 R equ est ............................................................................................................... $182,000,000
Differ en ce —I 'Y  1981/FY 1980 .............................................................................................  $15,469,000

The Found atio n’s EY 1981 budget req ues t for Biological, Behavio ral, and Social 
Sciences  (BBS) is $182,000,000, an increase of $15,469 ,000 (or 9.3 perc ent) over the EY 
1980 level of $166,531,000. This incr ease will suppor t the base of science in the 
program subacti vities that follow and prov ide f ors ele cte d new research opp ortu niti es. 
Import ant, but curre ntl y less promising, lines  of inq uiry will be redu ced in order to 
fund the new res earch  oppor tunit ies.

The distri but ion  of FY 1981 bu dget requ ests  for the four BBS program subacti vities 
is based on a thoro ugh review of research need s and  opportu nitie s a nd con sidera tion  
of the research sup po rte d by othe r agencies . The p ercenta ge increase s a re as follows:

Physiology . C ellu la r and Molec ular Biology  ................................................................ 11.37<
Behav ioral and  Neu ra l Sc iences ............................................................................................... 9.2*/i
Soc ial and Econo mic  Scie nce....................................................................................................  6.17*
Env iro nm en ta l B io lo g y .............................................................................................................  8.17«

Expl anatio n of Increases:

• $7,582,000 increas e, for a total of $74,800,000 for Physiology, Cellular & Molecular
Biology inclu ding  incre ases  for:

— studie s of cel l-cell interact ions  to incr eas e our understa ndin g of self recog­
nition of ce lls in de velopment and diff erentia tion , and hormones and  their 

receptors ;

— pro cur em ent of instru men tatio n and develo pme nt of new in strum enta tion;

— studie s of mem bran e s tru ctu re and func tion including pathw ays and  move­
ments of subs tances th rough membranes;  an d
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— research  on the s tructu re and function of macrom olecules especia lly on the 
mechanism of heredity  in the context of gene stru ctu re and functioning, b io­
synthe sis of m acrom olecu les, and the regulation  of enzyme activity.

• $3,257,000 increase, for a total of $38,700,000 for Behav ioral  and Neural Sciences, 
including increases for:
— studies of biochemical and hormonal mechanisms underlying behavior: and

— anthropological research seeking human origins.
• $1,594,000 increase, for a total of $27,800,000, for Social and Economic Science, 

includingincreas es for:
— addit ional studie s of economic instabi lity, inflation and employment, both 

domestic and in tern atio nal : and
— studies of al loca tion p rocesses, decision rules, management behavior,  and 

dispute resolution part icularly in organiz ations  such as large firms, govern­
ment bur eau cra cie s and other complex organizations.

• $3,036,000 increase, for a total of $40,700,000, for Environmental Biology including 
increases for:
— rese arch  on var ious aspec ts of the ecology of crop and forest pests, acid 

rain, global c arbon d ioxide,  and other pressing ecological problems; and

— projec ts in long-term ecological research  and maintenance of field research 
capability at repre sen tat ive  sites.

Coordination and Relationship to Other Efforts

The Biological, Behaviora l, and Social Sciences prov ide a significant portion of 
Fed era l support for bas ic res earch  at unive rsities in these  sciences. In some disciplines 
such as environmental biology, political science, and anthropology, the National Science 
Foundation is the major source of university based research. In other  areas, e.g., biochem­
istry and neurobiology, a larg er fraction  of the total basic research support  is provided  
by other  agencies. However, the health of these sciences, especially in providing oppor­
tuni ties for the ad vancement of new techniques, methodologies and model systems, is 
affected  profoundly by the leve l and natu re of Foundation suppo rt.

The Biological, Behavioral, and Social Sciences staff coordinates with other Federal 
programs to insu re effective coverage  of key scientific areas and to avoid duplica tion of 
effor ts. Staff members also serve as formal liaison rep resentativ es on advisory com­
mittees for other  Federal  agen cies  or on interagency commit tees.

Rapidly expanding research by scientists of other nations requires that the Founda­
tion actively foster efforts of U.S. scientists to keep up to da te with research  ac tivities 
and developments  in othe r coun tries, to sh are new findings, and occasionally to plan 
projects to minimize costs and maximize the comparability of data in different countries 
(cross-nationa l surveys  and ecosystem studies).
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Within the Foundation, par ticula rly  close coordination is mainta ined  with the 
Engineering and Applied  Science program which builds directly  upon some of the 
basic rese arch  supported  through  this activity (e.g., economic problems).  In ar eas of 
scien tific and technical convergence,  coordination  is m aintained with Astronomical, 
Atmospher ic, Earth and Ocean Sciences basic rese arch  projects and facili ties (e.g., 
biological oceanography, geology, climate and polar programs); and with Mathematical 
and Physical Sciences (e.g., synchrot ron radia tion, neut ron scattering , and computer 
science). Increasingly, BBS programs require coo rdina tion with Scientific,  Technolog­
ical, and  In terna tiona l Affairs (e.g., social sciences in western  Europe, tropical biology 
in wes tern  hemisphere coun tries , and anthropology and linguis tics in the western 
hem isph ere countries, Africa and Asia).

Evaluation and Oversight

Evalua tions in the Biological, Behavioral, and Social Sciences include peer rev iew 
of individual projec ts and  periodic  review s of the aggregated activi ties of programs. In 
some cases, ad hoc panels are  convened to p rovide both program reviews, on site 
evaluatio ns, and advice  in establishing  new areas or de -emphas izing  less productive 
research .

Most of the externa l overs ight activi ties in BBS are perform ed by Advisory Com­
mittees for each program Division (subactivity). A sample of actions from 10 of 27 
BBS programs was reviewe d in EY 1979. Additional actions were subjects of inte rnal 
audit . Four programs were reviewed in the NSF suppor ted National Academy of 
Science study on p eer  review.

The advisory comm ittees  evaluated the qual ity of pee r revie ws and exam ined 
the scope and bala nce  of the program, trends in size and dist ribu tion  of awards, 
composition of the advisory subcommittees that peer  rev iew proposa ls for BBS, and in 
some instances relationship  to other programs. The reviewers concluded that in general 
(1) the se lection  of rev iew ers  was appropriat e, (2) the pee r reviews themselves were 
fair  and adequate, though in some cases brie f, and (3) that  the  program decisions were 
fair  and impartial. Spec ific suggestions for  improving  the qua lity  of peer review s and 
instances  where d ocumen tation of decisions could be improved  were of fered.  Sugges­
tions for improved man agem ent included more systematic effor ts to identify  impor tant 
are as for long-range planning, budget deve lopment,  pro ced ura l changes to p rovide 
more time for reviews and r eorganiza tion of one program area. Appropr iate ac tion has 
been initia ted on all recommendat ions . These revie ws and othe r p lanning and evalu­
ation studies will be continu ed in FY 1980 and FY 1981.
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QUANTITATIVE PROGRAM DATA
BIOLOGICAL, BEHAVIO RAL, AND SOCIAL SCIENCES SUBACTIVITY 

(SUMMARY)

Proposals and Awards

Est im ate
FY  1979

Est im ate
F Y 1980

Est im at e
FY  1981

N um ber Prop os als Rec eive d'  ....................................................................... 7.674 7.940 8.210

N um ber A w ard s ............................................................................................. 3.272 3.233 3.225

D o lla rs  Proposed  on  Aw ard s (Tot al ) .......................................................... $352,596,000 $379.741.000 $416,050,000

D o lla rs  Prop os ed  on A w ard s (A nnua l R a te ).............................................. 201.321.200 216.670.000 237.130.000

D o lla rs  A w ard ed ( T o ta l) ................................................................................ 154,704.624 166.531.000 182.000.000

D o lla rs  A w ard ed (A nnual Rate) .................................................................. 128,398.200 138.130.000 151.090.000

Ave ra ge S per A w a r d ...................................................................................... 47.280 51.500 56.400

Ave ra ge A w ard  D ura tion ( Y ears )' .............................................................. 2.3 2.3 2.3

P erc enta ge D is tr ib u tion  o f F un ds  Aw ard ed by P e rf o rm e r

Es tim ate Est im ate Est im ate
FY1979 F Y I 980 FY1981

I In i ve rs i lie s and  C o lle g e s .............................................................................. 88.8 88.8 88.8

In d u s try ...............................................................................................................
0.2 0.2 0.2
0.1 0.1 0.1

O th e r ...................................................................................................................
10.9 10.9 10.9

Personnel and Other Factors

Est im at e
FY 1979

Est im at e
FY 1980

Est im at e
FY 1981

S enio r S c ie ntist s Fa cu lty4

N um ber o f scien tis t v ea rs  su p p o r te d ................................. ..................... 1.256 1.290 1.325

A m ount o f fa cu lty  su pp or t .................................................... ....................  $29,116,942 $32,041,000 $34,900,000

Cos t p er sc ie n tis t year ............................................................ ..................... 23.180 24.800 26.300

Pos td oc to ra l A ssoc iates
N um b e r o f s cien tist  ye ar s supp or te d ................................. ....................  639 660 680

A m oun t o f p os td oc to ra l s upport  ......................................... ..................  $8,877,125 $9,835,000 $10,830,000

C o s lp e rs c ie n li s tv e a r ............................................................ ....................  13,890 14.900 15.90(1

G ra duate  St ud en ts
N um b e r s u p p o rte d .................................................................. ....................  1.703 1.750 1.790

A m oun t o f g ra duate stu den ts uppo rt  ................................. ..................  $9,881,731 $10,670,000 $11,620,000

O th e r P er sonnel C o s ts .................................................................... ....................  13,859,424 15.382.000 16.810.000

C ap ita l he ms
M a jo r E q u ip m e n t....................................................................

—0 — —0 —

E qu ip m en t an d In s tr u m e n ts .................................................. ..................... 17,142.000 14.600.000 16.090.000

O th e r C o s ts ......................................................................................... ..................... 39.250.661 43.411.000 47.410.000

In d ir e c t C o s ts .................................................................................... ..................... 36.776.841 40.592.000 44.340.000

T o ta l ......................................................................................... ..................... $154,704,624 $166,531,000 $182,000,000

11 nc lu des prop os al s f o r c om m it te d re new als , e tc .
In c lu des  aw ard s fo r co m m it te d re new als , su pp le m en ts , etc .

'In c lu d e s  co n tinu in g  gr an ts  fo r fu ll  leng th .
'I n c lu d e s  fa c u lt y  ass oc iates an d o th er pro fe ss io na ls .
F ringe benefi ts , ex pe nd ab le  equ ip m ent,  tr a ve l,  p u b lica ti o n  costs, com pute r costs, o th er d ir e c t cos ts.
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PHYSIOLOGY, CELLULAR AND MOLECULAR BIOLOGY
PROGRAM SUBACTIVITY......................................................  $74,800,000

Obligations by Program Element

Pro gr am  E lem en t A c tu a l 
FY  1979

Budget 
Req ue st  
FY 1980

C u rr e n t
Plan

FY  1980
Estimate

FY1981
D if fe re nce  
FY 1981/80

Molecular & Genetic Bioscie nces ...............
Cellular & Physiological Biosciences ...........
Biological Instrumentation ............................

$35,213,949
23,939,188

3,139,318

$38,641,000 
26,859,000 
4,000,000

$37,518,000
26,200,000
3,500,000

$41,300,000
29,600.000

3,900,000

$3,782,000
3,400,000

400,000

Total ............................................................... $62,292,455 $69,500,000 $67,218,000 $74,800,000 $7,582,000

Objectives and Description

The objectives of the Physiology, Cellular and Molecular Biology (PCM) sub­
activity are:

• To develop an understanding of how living organisms reproduc e, grow, main­
tain themselves, and age; and

• To understand in physical and chemical terms how life processes occur at the 
molecular, cellular and organismal levels.

Examples of the importance of basic biological research include studies that may 
lead to improved agriculture and food production, an understanding  of energy trans­
duction, and to the solution of h ealth-related problems. Research is carried out on 
whole organisms (both plant and animal) , organs, single cells, subcellular organelles, 
bacteria, viruses, and specific molecules. To implement the objectives of this sub­
activity, NSF provides support for biological research  including the purchase and 
development of advanced special ized equipment, and scientific conferences and 
workshops.

The Molecular and Genetic Biosciences program supports r esearch on the molec­
ular basis of life, structure-function relations of biological molecules, organization and 
function of hereditary material, metabolic processes, and studies on energy generation 
and use. An understanding of the chemical and physical properties of natural com­
pounds is related to developing concepts of the way that molecular structures are 
responsible for biological functions. One example of this concept is how genes guide 
the production of a certain enzyme whose structure determines how it will interact 
with select substances to produce specific changes in these substances. Another area 
of support is the study of the pattern  of molecular changes and interactions,  and of the 
relationship  of these pattern s to function, such as making energy available to carry out 
biological work.

The Cellular and Physiological Biosciences program provides support of research 
on growth and development, studies relevant to prokaryotic and eukaryotic cells, and 
the physiological mechanisms that underlie biological functions. Emphasis is given to
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rese arch  on cell organ elles , indi vidu al plant and animal  cells, organs, organ systems, 

and  whole organisms. The conc eptual synth esis of p roperti es of ind ividua l cells and 

organs  into systems des crip tive  of their  inter actio ns and functi on is a major thrust. 

Through the support of studie s of com parat ive biology, informati on is obta ined about 

evolution and the various strategies endured  by biological entities in adapting to diverse 

environme nts.

Major Research Questions

Major research  questio ns are:

• Cell-cell Inte ract ions—What is the role of the cell s urfa ce in such in teractions  in 

the im mune system ? What is the natu re of recognition  of self  or nons elf? What is 

the reco gnition bet we en plan t an d ba cte ria in the formation  of a system cap able  

of nitrogen fixati on? What  is the natu re of the rege nera tion  of whole p lants  from 

cell suspension cul tur es?  How do phero mones work in th eir  role as commu nica­

tion links betw een ind ivid uals of the same species? What is the natu re of the  

intera ction  betw een  the cytosk eleton  and the cell memb ran e?

• Energy Transduction—What is the relation between photosynthesis and nitrogen 

fixati on? What are  the early  even ts in the conv ersion  of sola r energy to chemical 

energy  by living orga nism s? What is the nature  of the conve rsion of chem ical 

energy to mech anical e ner gy such as in muscle  con traction ? What is the re lation 

of the photobiological proc ess to such processes as the genesis of m ethane?

• Mem brane Structure and Fun ctio n—How are  memb rane s assem bled? What ar e 

the inter actio ns b etw een  ho rmones and rece ptor s lo cated  in mem bran es? What 

is the relation of me mbrane stru cture to vision? What is the relat ion between 

the struc ture of me mbranes and their dynam ics? How are  m emb rane s involved 

in tr ansp ort?  How may chi lling  injury  in p lants  be re late d to the phy siochemical 

proper ties  of plant me mb ran es?  What is the relat ion of memb rane  st ruct ure to 

envir onmental  stress and to nutr ient  uptake in plant s?

• Stru ctur e and Function  of Mac romolecules—What is the stru ctu re of genes and 

how does this r ela te to the ir function in heredity ? How is ge ne expres sion con­

trol led? How can " gene -spli cing” tec hniques be used to unders tan d better gene 

function resulting in im prov ed crop productio n? What is the mechan ism for the 

regulation  of the bios ynth esis and degr adat ion of protei ns, nucl eic acids, carbo­

hyd rate s and lipid s? What is th e re latio n bet ween the stru ctu re of mole cules and 

the ir functio n?

• Adap tational Physiology—What is the re latio nshi p betw een  an organism and its 

envi ronm ent that may include b iorhyth ms, therm al activation, h ormone pro duc­

tion, and physiological resp ons es to stre ss? What is the mech anism  of nutrien t 

upta ke by roots?  How do o rganis ms adap t to nat ural  e nvir onm enta l s tress such 

as hea t, cold and toxins? Why do some plants  utilize  cer tain  physiologically 

esse ntia l metal ions more effi cien tly than othe rs?
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Significant Recent Achievements 

The Cell Membrane in Information Transfer
Recent  advances in cell and  mo lecu lar biology have emphas ized  that gene  expres­

sion can be modulated by exte rnal  changes  at the cell surfa ce. Lewis Kleinsmith of 
the University of Michigan has found that sea urchins offer  a uniq ue oppo rtun ity to 
study the transmission of a signal from the cell surface to the nucleus. T he amount of 
embryonic tubulin messenger ribo nuc leic  acid (RNA) increa sed  d ram atically  shortly 
afte r cil iary  remova l, conf irming activation of genes in the nucleus by events occurring 
at the cell surface.

A second example of gene activation  through events occurring at cell surfaces 
involves  a polypept ide called epider ma l growth factor (EGF). EGF can stimulate 
quie scent cells in culture to divide. Using isotopically labe led material, Robert W. 
Holley of the Salk Institute, has sh own  that EGF is first bound to receptors  on the cell 
surfa ce, then internal ized .

A third  approach is being take n by Clara Szego at the University of Ca lifornia , 
Los Angeles. Studies of the mechanism of act ion of s teroid  horm ones  conduc ted by 
Szego and colleagues provide information  on how stimuli for gene  activation are 
transloc ated  from the cell sur face to the genes.  By a combination of cytochemical and 
biochemical techniques , Szego has  demonstr ated  cell surfa ce receptors  for these 
horm ones  and the inte rna liza tion  and sequest ratio n by liposomes, which then serve 
to move the hormone to the nucleus.

These three approaches will enable us to und ers tand how molecules such as 
horm ones  acting at the cell sur fac e affect the activity of genes.

Plant Molecular  Biology
Plant hormones promote plant growth, propagation, flowering, and fruiting and pro­

vide defen se against adv erse envi ronmen tal conditions. Bandurski and his colleagues 
at Michigan State University have been  investigating the chemistry of the  plant hor ­
mone, indole acetic acid (IAA). In all plan ts they analyzed , most of the IAA was 
bound either to a sugar or an amino acid. Binding of IAA to a sugar (myo-inositol) 
increas ed by 400 fold the ra te at  which the hormone moves from the seed  (source) to the 
shoot where it perform s its  growth functions. The binding and the free ing of the hor ­
mone from the sugar provide  the plant with a mechanism for control of the level of the 
active  form of the hormone. In addit ion, b inding  of IAA to a suga r protec ts the hormone 
from destruction.  These findings  have prov ided res ear che rs in the field with a new 
approach  to help answer  the ultima te mystery  of how this hormo ne acts in promoting 
plan t growth and develop men t.

Ethylene, a gaseous horm one und er physiological condit ions, exert s a major  
influence on many aspects  of plant growth, development, and aging. S. F. Yang of the 
University  of Cali forn ia, Davis, has disco vered  a compound  that is the imm edia te 
precursor  of ethylene. Fur thermo re, Yang’s labora tory  has  character ized  the enzyme 
that promotes the form ation of the prec urso r. This signi fican t observation has now
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opened doors for fundam ental and appl ied rese arch  in ethylene biochemistry  and 

physiology. For example, the plan t stress r espo nse of waterlogging ca uses an in creas ed 

production of ethylene in the shoot. Yang found that under  such conditions ACC 

synth esis in the roots was great ly in crea sed.  The prec urso r is th en trans porte d u pwar d 

from the roots to the shoots wh ere  it is rea dily  conv erted  to et hylene  enab ling the plan t 

to develop.

Dynamic Genes

Transposons, small deoxyri bonucle ic acid (DNA) sequences  that can move from 

one chromosome to another , have  been found in bact eria , corn, and animals. Thei r 

discov ery has necessita ted a new  und ersta ndin g of the stab ility  of DNA, the genetic  

mate rial.  This hypothe sis of ‘‘jump ing gene s” recen tly has bee n supp orted  by exp eri­

menta tion.
Using the bacte rium,  Salmon ella , Melvin Simon and collea gues at the Uni ver­

sity, of Californ ia, San Diego, was one of the first groups to demonstr ate that the 

position and orien tation of a spe cifi c fragm ent of DNA deter min es whe ther  a gene is 

express ed. In a serie s of ex per ime nts , Simon showed that a fra gment of DNA adjac ent 

to one of the struc tura l genes coul d be inse rted  into the bac teri al chromosom e in two 

dif ferent  orienta tions. When the orien tatio n is in one direc tion,  the bacte rium pro­

duce s one type of flagellum (an append age  for propulsion);  but when  the or ienta tion 

is in the other  direction, ano the r type is made.
Nancy Kleckner and asso ciate s at the Massachu setts Ins titute of Technology 

have  use d the  phenome non of antib ioti c re sista nce to demo nstr ate genetic e ngineering 

in vivo. They have shown that DNA con taining  a segment (or gen e) encoding  resis tance 

to antib iotics  can be transf err ed from plasmid to virus to bacte ria.  When such trans­

locations occur, the e leme nts direct ly alte r genome expressio n as well as the a rran ge­

ment of genetic mater ial.
Some of the best evidence  that  DNA segments move in high er organisms was 

der ived from the original studie s of Barba ra McClintock in 1940. More recently, 

Oliver  Nelson of the University  of Wisconsin is examining these m obile DNA segments 

or co ntroll ing elements to inc rease our knowledg e of th e mechanism of the ir eff ect on 

gene function. His laboratory has charact eriz ed the enzyme , glucosyl-tra nsferase, 

which is enc oded by a mutable gene, bronze . This gene must intera ct with a specific 

controlling element in order to be expressed. This work is invaluable to our understand­

ing of gene  function in plan t cells.
Antibo dy molecules (pr ote ins ) consist  of reg ions that are cons tant in amino acid 

seq uen ce from one antibo dy mole cule  to another, and other regions that vary from 

one mole cule to another. The var iab le regions  give an antib ody its specificity  for a 

par ticula r antigen. What genetic mechanism is responsi ble for the divers ity of a nti­

body mole cules? Leroy Hood and his associates at the Cali forni a Insti tute of Tech­

nology have shown that a rea rra ngem ent  of DNA occurs in  mam mals. During de velop­

ment, this rearrangem ent is fun dam ent al to the molecular  even ts that commit the 

antibo dy-producing  cell to the synt hesis of a specific antibody. The group of genes
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resp onsi ble for an antibo dy chain  is com prised of an unkno wn numb er of gen e seg­
ments coding for var iable regions, an d some gene  segments  coding for consta nt regions. 
In an  a ntibo dy-producing  cell, a sp ecif ic antib ody is mad e through  an  association of a 
par ticula r var iab le gene with a pa rti cu lar  constant gene. DNA rea rrange me nt in 
var iab le and consta nt regions occ urrin g durin g d iffe rentiat ion  of antibody-produ cing 
cells prov ides  n ew impetus f or c har acteriz ing  genet ic ch anges  in plan ts and animals.

Changes  Between F Y 1980 Budget Request and F Y 1980 Current Plan

The FY 1980 cur rent operati ng plan for the Physiology, Cel lula r and  Molecular 
Biology subactivity is $67,218,000, a dec rease of $2,282 ,000 below the FY 1980 budget 
reques t of $69,500,000.

Fiscal year 1980 fund ing will permit: (1) par tial  fund ing for the most pressin g 
equ ipm ent needs: (2) mod erat e emp hasis on nucleic acid -pro tein  inter actio ns in 
the plan t sciences; and (3) an augmen tatio n of a ward amou nts in view  of significant 
increas es in the costs of conducting bi ological research . More spec ifica lly, these adjus t­
ments provide support for areas emerging more rapidly than others, and for  the encourage­
ment of s electe d area s of resea rch:  studi es to inc rease our und ers tan din g of genetics 
and the h ere dita ry process; p lan t cell cultu re, earl y ev ents  in pho tosyn thesis and  plant 
cell genetics; studi es on str uc tur e and function and transpo rt; and basic stud ies to 
und ers tan d the physiological and  chemic al basis  of environ mental stress.

Changes in Budget Structure

The FY 1981 budg et eliminat es the program sub eleme nt, Hum an Cell Biology, 
from the Cellular  and Physio logical  Biosciences program elem ent.  The contin uing 
projects  will be adm iniste red  by Cell Biology and o ther sub elem ents . The pro gram was 
esta blis hed  at a time whe n it was nece ssar y to stim ulate coll aborati ve resear ch by 
inves tigators on mam mal ian cells. The program achieve d its purp ose and futu re 
resear ch in these  are as sho uld  compete with resear ch in re lat ed  areas .

FY 1981 Budget Highlights and Explanation of Increases and  Decreases

Obligations
FY 1979 Ac tual  .................................................................................................................. $62,292,455
FY 1980 Pr og ra m ................................................................................................................ $67,218,000
FY 1981 R equest ................................................................................................................ $74,80 0,000
Di ffe ren ce—FY 198 1/FY 1980  ..............................................................................................  $7,582,000
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The budget requ est for fiscal year 1981 is $74,800,000. This amount is an increase 
of about $7,582,000 above the fiscal 1980 level of $67,218,000.

The percentag e inc reases  proposed for the program elem ents  for FY 1980 are as 
follows:

Mo lecu lar and Genetic B iosc ienc es ..............................................................................  10.1.'/#
Cel lu lar and Physio log ica l B iosc ienc es ........................................................................  13.07#
Bio log ica l In strum enta tio n.............................................................................................. 11.47#

These in creases are dis trib ute d in response to:
• Recognition of the nee d to promote new opportuni ty in research  as a conse­

quence of the deve lopment of new inst rumenta tion or techniques.

• Recognition that dif ferent  ex perimental approaches and novel ideas ac cele rate 
the acquisition  of sc ient ific  knowledge and should be encouraged  as changes in 
emphasis occur within the scien tific community and as growth of capability  in 
rese arch  areas incr eases.

Of the total inc rease of $7,582,000 million, approximately one-third will be used to 
maintain a minimum ef fort in the base program in the face of rising costs of re search. 
The rem ainder  will provide inc reases  in the following high prio rity areas to be sup ­
por ted by the programs in Physiology, Cellu lar and Molecular  Biology:

• Inst rumenta tion—Provision of commercially avai labl e multi-user equipmen t 
for the deve lopment of new  types of equipment.

• Cell-cell Inte ract ions—Studie s to increase our und erst and ing of the interactions 
of dif ferent par ts of the cell, hormones and thei r re ceptors  and changes during 
diffe rent iation.

• Membrane Structu re and Function —Increased  em phasis on pa thways of move­
ment of substances through mem branes (including  metal ions), building upon 
our current und erst and ing of m embrane  struc ture.

• St ructu re  and Fun ction of Ma cromolecule s—Fun dame nta l studie s on the 
mechanism of heredity  which  rela tes to gene-action , biosynthesis of macro- 
molecules and the regu lation of enzyme activity.

• Adaptational Physiology—Studies to increase our understanding of the mechanisms 
by which organisms mainta in physiological integri ty u nder normal  and abnor­
mal envi ronm ental  stres ses.

• Energy Transduct ion—Increased emphasis on fund ame ntal  research  on the 
transfer  of energy from one kind to anothe r (e.g., solar to chemical), from one 
organelle  to another, or f rom one molecule to another .

Components  of the above f ive major researc h areas  and biological research  inst ru­
men tation are discussed later and rep resent specific  research  opportun ities that will 
ben efit  from incre ased  suppor t.
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A c onstant level of effort will be main taine d in the following areas:

• Cell Organizat ion and Fun ction —Research in this are a is important to our 
und erst and ing  of the rela tion ships betwee n the arc hite ctu ral compon ents of 
cells and their  func tion in living organisms.

• Studies on Enzymes —Enzyme rese arch  is ess ential to unders tan d how chemic al 
proce sses in cells are cat alyz ed.

• Macr omole cular  St ruc tur e an d Fun ction—Deta iled informat ion on th e structure 
and chemic al composition of cells is needed  to und ers tan d the mechanism s 
underlying  int erc ellula r and intr ace llul ar reacti ons.

• Genetics—Major str ide s have  been made recently  in cer tain  fields  of genetics 
and the proposed  level will con tinue effort s to maintain the  momentum.

Coordination and Relationship with Other Efforts

Coord ination with the resear ch supp ort activities of oth er Federal  agencies is 
mainta ined  through a var iety of formal and informal mech anism s. Program Officers 
of the Physiology, Cellu lar and  Molecular  Biology (PCM) program subact ivity at NSF 
atte nd study section and Counci l meetings at the National Inst itute s of Health (NIH) 
as observ ers. Simila rly, NIH officials often attend PCM adviso ry commit tee and 
subco mmit tee meetings and  pro vide  NSF with info rmat ion a bout the NIH plans to fund 
proposa ls. These step s e na ble  each agency to monitor speci fic rese arch  propos als and 
avoid dupl ication of effort .

NSF staff  mem bers  also serve as l iaison rep res entat ive s on a va riety of advisory 
and intera gency committees. For part of fiscal year s 1978 and  1979, a program offic er 
from NSF was detaile d for par t time work with the new ly establish ed comp etitiv e 
gran ts program of the Dep artm ent of Agricultu re (DOA). The NSF-in itiated  Int er­
agency Committee for P lan t Sciences c ontin ues to bring togeth er, perio dical ly, re pr e­
sent ativ es from DOA, NIH, Departm ent of Energy, Nat iona l Aero naut ical and Spac e 
Administra tion, Food and  Drug Admi nistration , Environ men tal Protectio n Agency, 
the Smithsonian  Inst itution, and the National Acade my of Sciences . Where appro­
priat e, PCM pa rticip ate s in jo int supp ort of re sea rch  with othe r Fede ral agencies. By 
these several mean s, close and contin uous comm unication  at the program level is 
main taine d with othe r agencies and duplicat ion is avoid ed.

Within the Foundat ion, close r elat ionship s of a sim ilar  type are maintain ed with 
program compo nents of the Directora tes for Engineering and Applied Science: Scie n­
tific Technological, and International Affairs: and Mathematical  and Physical Sciences. 
Proposals will be exa min ed for possib le fundi ng from the univ ersi ty/i ndu stry  pro­
gram. Possib ilities  for  incre ase d use of i ndu stry /un ive rsit y cooper ative arra nge ments  
inclu de genet ic eng ineerin g technology.
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Molecular and Genetic Biosciences Program Element . . . .  $41,300,000

Obligations by Program Subelement

Program  Sub el em en  Is
A c tu a l

FY 19 79
E stim ate  

F Y I 980
Es tim ate 

FY 1981
D if fe re n ce  
FY 1981/81)

B io c h e m is tr y .............................................................. $8 ,673 ,010 $9 ,100 ,000 $10,000,000 $9 00 ,000

B io p h y s ic s .................................................................. 9,44 1,36 7 9, 91 8,00 0 10 ,900 ,000 98 2.00 0

G enetic  B io lo gy ........................................................ 8,45 3,13 5 9, 30 0.00 0 10 .300 ,000 1,00 0,00 0

M eta bo lic  B io lo gy .................................................... 8,64 6,43 7 9,20 0,00 0 10 ,100 ,000 90 0,00 0

T o ta l .................................................................... $3 5,21 3,94 9 $3 7,51 8,00 0 $41,30 0,00 0 $3 ,782 ,000

Objectives and Decryption

Programs in this program  elem ent encom pass the suppor t of rese arch  in the 
following areas:

• Molecular basis of biological processes;
• The struc ture-function  relatio ns of biological molecules;
• The organization and function of heredita ry ma teria l;
• Studies  on energy gen era tion  and use; and
• Studies  on the interactio n of molecules with each othe r and with their env iron ­

ments.

FY 1981 Budget Highlights and Explanation of Increases and Decreases

The amount requ es ted  for  the Mo lecula r and Genet ic Biosciences program 
elem ent represents an increase of about $3,782,000 (10.1 percent)  over the FY 1980 
funding level of $37,518,000.

The program includes four subelements: Biochemistry, Biophysics, Genetic Biology 
and Metabolic Biology.

The Biochemistry sub element supports research aimed at understa nding the 
molecular basis of biological processes. It provides  support for conduct ing research  on 
the biosynthesis of large molecules; on the mechanisms of enzyme catalysis ; and how 
molecules function. Some of the cur ren t areas inclu de the chem ical and physical 
na tur e of pheromones, the nature of the  enzymes involved in photosynthesi s and nitro­
gen fixa tion, the way mem branes  are  assembled, and  the regulation of the biosynthesis 
of lipids , carbohydrates,  pro tein s and nucleic acids. Research in Biochemistry  will 
inc rease by $900,000 to the  FY 1981 total of $10,000,000.

The Biophysics subelement sup por ts rese arch  in which advanced physical tech­
niqu es are used to investigate basi c biological problems. It prov ides  support for 
stud ies on the structure and dyna mics of prote ins and nucle ic acids, the struc ture,  
fluid ity and function of membranes, and the speed react ion of macromolecule s with
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each other or small  molecules on the mill isecond or picosec ond time scale.  Some 
cur ren t areas of emphasis  include stud ies on the early  events in the conversio n of 
solar e nergy to chemical energy  a nd the na ture of the conversion of che mical energy 
to mech anica l energy . Research in Biophysics will incre ase by $982,000. to the FY 1981 
total of $10,900,000.

The Gen etic Biology su belement is resp ons ible  for supp ortin g res ear ch focused 
on the  org aniza tion,  function, trans mission  a nd regula tion of expr essio n of the h ere di­
tary materia l of all organisms. Typical rec ent a reas of su pport i nclude the use of gene ­
splicing in plan ts and animal s, exp ression  of genes and its control, stud ies of the 
genetics of p lants . Research in Genetic Biology will increas e by $1,000,000, to the FY 
1981 total of $10,300,000.

The Meta bolic  Biology sub eleme nt sup port s studi es of the  chem ical proce sses in 
anima l, plan t and microbial systems by which energy is provided and through  which 
materia l is assim ilated and brok en dow n to simp ler chem ical subs tanc es. Areas of 
rece nt emp hasi s includ e the m echa nism  of ion uptake by roots, studie s on the relation 
betw een photosynthesis and nitro gen fixatio n and stud ies on the biological genesis 
of meth ane.  Resea rch in Metabolic Biology will incr ease by $900,000, to the FY 1981 
total of $10,100,000.

Cellular and Physiological Biosciences
Program Element ...................................................................  $29,600,000

Obligation* by Program Subelament

Program Subelement
Actual 

F Y I 979
Estimate

FY1980
Estimate

FY1981
Difference 
FY 1981/80

Call B io lo gy........................................................... M.300,000 *7,500.000 *8,700,000 *1,200,000Deve lopmental Biology ...................................... 9,039.18* 9,800,000 10,800.000 1,200,000Regulatory Biology .............................................. *.600,000 9,100,000 10,100,000 1,000,000
Total ............................................................... 123 939 1M *28,200,000 *29,600,000 *3,400.000

Object ive* and Description

Programs in this ele men t sup port res ear ch in the following areas:

• Growth and  dev elo pm ent  at the sev eral levels of biological organization;

• Studie s on isola ted pr oka ryo tic cells;

• Physiological an d m ole cul ar me chanisms th at un der lie  biological  functions;
• Mechanisms that i nte gra te fu nctions  in tissues, org ans and organisms; an d

• Evolutionary d eve lopment of these  vario us fun ctions .
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F Y 1981 Highlights and Explana tion of Increase s and Decreas es

The amount reques ted  for the Cellu lar and Physiological Biosciences program 
element represents an inc rea se of $3,400,000 (13 percen t) over the FY 1980 funding 
level of $26,200,000.

The program includes three sube lements: *
The Cell Biology sube lem ent  suppo rts rese arch  directed toward understanding 

the mechanisms underlying the growth, division and behavior of cells. The,two major 
thrus ts are the clarification of the inte rrel atio nsh ip between a cell ’s function or 
activity and its subce llul ar s tru ctu re and how organisms recognize and respond  to self 
versus non-self cells or tissues. Current  areas of emphasis  include  the role of cell 
surface s in such interact ions  as those in the im mune response  system, the natu re of the 
interaction between  the cytoskele ton and the cell mem brane, an d how membranes are  
involved in t ranspo rt. Researc h in Cell Biology will increas e by $1,200,000, to the FY 
1981 total of $8,700,000.

The Developmenta l Biology subele men t supp orts  research focused on the basic 
mechanisms underlying  deve lopment throughout the life s pan of animals, plants and 
microorganisms. Included are stud ies on fertili zation, repro duct ion,  cell, tissue and 
organ d ifferentia tion and interact ion, pat tern  formation, regeneration, senescence and 
genetics. Currently the major are a of support is deve lopm enta l genetics. Of parti cula r 
importanc e in both plants  and animals a re s tudie s on (1) the significance of multigene 
inheritance,  (2) gene expression during development as related to "controlling.elements? 
(por table DNA sequ ences), (3) developmental analysis through use, of tf tqtant^ and 
(4) genet ic manipula tion via cell fusion, protoplast rege nera tion  and recombinant 
DNA. Research  in Deve lopmenta l Biology will increase  by $1,200,000, to the 1981 
total of $10,800,000.

The Regulatory Biology subelement  supports  stud ies of mechanisms that initia te, 
regula te and integrate physiologica l functions in tissues, organs and organisms. Sup­
ported areas range from analysis of these mechanisms at the molecular  level to com­
parativ e studies  of their  evolu tion.  Of part icular inte rest are those physiological 
regulatory mechanisms that permit  an organism to adap t to its environment: to heat, 
cold, altitude, chemical  agents, diurnal and seasonal changes, mineral and wate r 
bala nce , and energy intake. Frequently , endocrine and neu roendocrin e systems are 
the focus of support , e specially stud ies of hormone receptors, hormone-gene inte rac ­
tions, pheromones,  and regu lato ry substances in the nervous system. The subelement 
also supports research  in the fields of membrane s truc ture  and the physiology of cells 
and tissues. Research in Regulatory Biology will in crea se by $1,000,000, to the FY 1981 
total of $10,100,000. . . . .  u
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Bio logica l Ins trum en ta tio n Pro gram E le m e n t.........................

Obligations by Program Element

$3,900,000

Ac tua l
FY 1979

Estimate
FY198U

Estimate
FY 1981

Di ffe rence 
FY 1981/88

Biological Instrumentation ......................... .............  $3,139,318 $3,500,000 $3,900,000 $400,000

Objectives and Description

The Biological Instrumentation program element is responsible for:
• Supporting purchase of research instruments to be used by groups of investi­

gators; and
• Providing support for development of instruments that are not availa ble from 

commercial sources and which provide capab ilities  for making improved 
measurements of biological significance.

FY 1981 Highlights and Explanation of Increases and Decreases

The Biological Instrumentation Program is a discrete  activity formed from con­
tinuing efforts to em phasize instrument development and to foster increased access to 
equipment. A current front ier in understanding biological events at the molecular  
level is research on the organization of macromolecules into functional subce llular  
complexes. To cope with the size and complexity of these macromolecular assemblies, 
there is a need for the development of more sensitive instruments and the enhance­
ment of state-of-the-art instrumentation. Increasing demands for use of costly equip­
ment require encouragemen t of shared acquisi tion  and use of instruments  and 
facilit ies by groups of investigators in pursuing their individual research interests. 
The demand is being met in part by this program element.

Funding of multiuser  instrumentation and of equipment development will be 
maintained. Development of new instrumentation permits measurements that could 
not be made previously and increases the accuracy and sensitivity of research observa ­
tions. Since such improvements often lead to new discoveries,  emphasis wil l be given 
to new equipment development. Some examples of equipment needs which require 
further development are better instruments for studying macromolecular structures 
and their interaction, improve d devices for  elemental analysis of biological materials, 
finer electrodes for making bioelectric measurements, better  devices for preparation 
of tissues for electron-microscopic analysis; and instruments to separate cells or cell  
organelles. Such instruments could make major contributions in relating biological 
structure to biological function from the molecular to the whole tissue lev el.
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Q UANTITATIV E PRO GR AM  D AT A
PHYSIO LO G Y, CE LL UL AR , AN D MOLE CU LA R BI OLO GY  SU BA CT IVITY

Proposal* and Award*

A ctu al
FY 1979

Est im at e
FY 1980

Est im at e
FY1981

N u m b e ro f P ropo sa ls  R ece iv ed ' .................................................................... 3.174 3.350 3.530

Num ber o f A w ard s- ........................................................................................... 1.344 1.305 1.270

D olla rs  Proposed on  A w ard s  ( To ta l)  ........................................................... $165,809,000 $178,771,000 $198,940,000

D olla rs  Proposed on  A w ard s  ( A n n u a l R a te ) ............................................... 88.972.800 96.000.000 106.830.000

Dolla rs  Aw ard ed ( T o ta l) ................................................................................... 62.292.455 67.218.000 74.800.000

D olla rs  Aw ard ed ( A nnua l R a te ) .................................................................... 54.660.100 58.950.000 65.600.000

Ave ra ges pe r A w a r d ......................................................................................... 46.350 51.500 58.900

Ave ra ge  A w ard  D ura tion  ( Y e a rs )' ................................................................ 2.4 2.4 2.4

Percentage Distribution ol Funds Awarded by Performer

A c tu a l Es tim at e E stim ate
FY 1979 FY 1980 FY  1981

U n iv e rs it ie s  and  C o lle g e s ................................................................................ 93.0 93.0 93.0

In d u s tr y ................................................................................................................. 0.3 0.3 0.3

Fed er al  A ge nc ies ............................................................................................... —0 — —0— —0—

O th e r ..................................................................................................................... 6.7 6.7 6.7

Personnel  and Other Factors

A c tu a l Es tim at e E stim ate

FY 1979 FY 1980 FY 1981

S enio r S cien tis ts  Facu lty4

N u m b e ro f scien tist  yea rs  su pported
A m ount o f f acu lty  su pport  .................
Cost p er scien tist  yea r .........................

Pos tdoc to ra l A ssoc iates
N um ber o f sci entist y ea rs  su pported  
A m ount o f pos td oc to ra l s upport  . . . .  
Cost p er scien tist  y e a r .........................

G ra duate  Stud en ts
N u m b e rs u p p o rte d ...............................
A m ount o f gr ad ua te  stud en t s uppo rt

O th e r P er so nn el  C o s ts .............................
C ap ita l Items

M a jo r E q u ip m e n t.............. ...................
Equ ip m ent and  In s tr u m e n ts ...............

O th e r costs '1 ...............................................
In d ir e c t c o s ts .............................................

T o ta l.............. .......................................

552 570 600
$9,755,803

17,670
$10,866,000

19.100
$12,090,000

20.200

424 440 460

$5,245,056 $5,842,000 $6,510,000
12.370 13.300 14.200

539 560 590

$2,989,682 $3,330,000 $3,700,000

4.930,352 5.491.000 6.110.000

___ ____

$9,841,900 $8,800,000 $9,790,000
14.895.957 16.591.000 18.460.000

14.633.705 16.298.000 18.140.000

$62,292,455 $67,218,000 $74,800,000

1 Inclu des pro po sa ls  fo r  co m m it te d  renew a ls , etc.
-I nc lu des aw ar ds  fo r  com m it te d re new a ls , su pp le m ents , etc.
'In c lu d e s  con tinu in g  gr an ts  fo r  fu l l  le ng th
4 In c lu des fa cu lty  associa tes an d o th e r pr of ess io nals .
1 Fr in ge Ben ef its,  expendab le  eq u ip m e n t,  tr ave l,  pu b lica tio n  cos ts, co m pute r cos ts, o th e r d ir e c t costs.
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BEHAVIORAL AND NEURAL SCIENCES
PROGRAM SUB ACTIVITY........................................................ $38,700,000

Obligations by Program Element

Program Element Ac tua l 
FY 1979

Budget 
Request 
FY 1980

Current
Plan

FY 1980
Estimate 

EY1981
Diffe rence 
FY 1981/80

Ne uros cien ce ............................................... ......... $14,520,163 $16,100,000 $15,643,000 $17,000,000 $1,357,000
Cognitive Science ....................................... ......... 5.002,804 5,200,000 5,200,000 5,600,000 400,000
Behavioral S ci ence ............................................... 7,425.667 8,200,000 7,900,000 8,500,000 600,000
Anthropological S cience ............................ ........ 6,124,708 7,400,000 6,700,000 7,600,000 900,000

Total ................................................................. $33,073,342 $36,900,000 $35,443,000 $38,700,000 $3,257,000

Objectives and Description

The major objectives of the Behavioral and Neu ral Scien ces subactivity  are to 
adva nce the und ersta ndin g both of the behavior of hu man beings  and lower animals 
and of the biological and cul tural factors that und erli e that beha vior . Accomplishing 
these  objectives req uire s res ear ch strategies that span  the spec trum  of the biological, 
behavio ral, and social scien ces. Anthropology, linguistics, psychology, the neur osci ­
ences , and biological res ear ch on animal  behavio r are spec ifica lly included. Basic 
res ear ch in th ese area s p rovi des the scientific fram ework for u nde rsta nding beha vior  
on a v arie ty of levels—from the mole cular  and cel lular to the indi vidu al, group, and 
cultural levels. Increasing numb ers of scientists are addressing research efforts toward 
und erst and ing  the bra in and behavio r.

Neuroscie nce rese arch seeks to elab orate the struct ure  and functi on of the ne r­
vous system which und erli es beha vior , and of the senso ry system s through which 
people and a nimals  rec eive  and  process in form ation  from the world a roun d them. New 
inst rum ents  and tech niqu es n ow make it possible for scientists  to study the fu nction ing 
of indiv idual nerve cells in rela tio n to b ehavior.

Cognitive science research includes psychological research addressed to complex cog­
nitiv e behavior: reading, thinking, memory, proble m-solv ing, and  the developm ent of 
these  capac ities in children . This area also includes  research in linguist ics w hich ad ­
dresses  general p rop erti es of language a nd its a cquisition an d the uniq ue p rop erti es of 
individual languages. Sophisticated use of modern computer technology makes it possible 
for cognitive scientists to pro be these  fu ndamen tal huma n capa citi es and processes  in 
depth. In the long term, this knowledge is ess ential to the impr ovemen t of e ducationa l 
pract ice.

Behavioral scien ce res earch  focuses on the behavio r of in divi dual s in re lation to 
othe rs in order to obtain a be tte r understand ing  of the social i nter acti ons that u nde rlie  
significant social pr oblem s, in cluding aggression, crime, a nd divorce . Also emphasiz ed 
is the develo pmen t of social behavio r in c hild ren.  R esear ch on a nimal behavior, which 
provides models for u nde rsta ndi ng the biolog ical bases of h uma n b ehavior a nd s erves  
to aid in the mana geme nt and  control of wi ldlife and anim al pests, is also an im port ant 
compon ent.
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Anthropological res earch  em phasizes the integ ratio n of the biological, be hav iora l 

and social s cienc es as t hey  rela te to und erstanding diverse  c ultur es and the course of 

human evolution. It includes research  in cultural and social anthropology, archaeology, 

and physical anthro polog y, and supp ort of systematic  anthropologic al re search  col lec­

tions.

Major Research Questions

Examples of highly prom ising rese arch questions curr entl y being add ress ed by 

Foun dation-supported  res earch  in the behavio ral and neu ral sciences include:

• What rules govern how and where brain cells grow to make new or more effective 

connect ions dur ing  embryoni c growth and rep air ? What substances  act as the 

chemical  m essengers betw een brai n cells?  How do some messengers exc ite an d 

some inhibit neu ral activ ity? How does early  exp erie nce  influence the sub se­

quent growth and func tion  of the sensory nervous system ? By what mechanisms 

do b rain circui ts cont rol body tem perature, blood pressure, and hear t rate ? By 

what molecular  p roc ess es do the  taste or olfactory systems en code inform ation  

about envi ronmen tal stimuli? How are the att ributes of sound p erce ived  by the 

auditory system?  How is light p erce ived  by the visual system? What b rain  cell 

mechanisms un derli e learn ing?

• What is the nature  of the component processes involved in reading, understanding, 

and rem emb ering wri tten  mat eria l? How do these  proce sses inter act? How is 

inform ation stored in mem ory so that it can be  ret riev ed and used  at app rop riat e 

times? What is the rela tion ship  betw een the capacity to use language and the 

gener al capac ity to st ore  and retr ieve  inform ation  in memory?  What aspect s of 

the acquis ition of lang uage  by child ren are univ ersa l, and what as pects d epe nd 

on the par ticu lar cha ract eris tics  of the language being acq uire d? What are the 

anatomical sites and  physiological proce sses of the bra in that are respo nsible 

for the ab ility to acqu ire  and use langu age? How do people solve prob lems? How 

does this ability  d evelop  as c hild ren grow up? How do people learn  to classify 

the information they r ece ive  on the bas is of common proper ties  so that app rop ri­

ate categories (e.g., chai rs, Greek lette rs, problems that can be solved with the 

quadratic formula) can be respo nded to sim ilarly?

• How do people come to expl ain and predict the be hav ior of others? What factors 

affect the occ urre nce  and  reduc tion of conflict and aggression? What are the 

effects of p rolonged exposure to e nviro nmental stre ssors? What factors affect 

the social and emotiona l deve lopm ent of the  child ? What are the internal  bio­

logical cha nges that are  corr elated with adap tive beh aviors? How do behaviors 

char acteristic of the mem bers of a pa rtic ular sp ecies  evolve, develop, and pass 

to succee ding gen era tion s? How does exp erience modify later b ehav ior? What 

are the various  m eans  by which animals communicate,  and do they show syste­

matic re gula ritie s tha t ma y have impl ications for u ndersta nding human commu­

nication and language ?
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• When and where  did the human  species emerg e? Can its develop men t be traced 
over million s of yea rs? What fo rces  sha ped its cultural and physic al adaptation?  
Complex societies arose indep enden tly in many parts of the world. Can the in ter­
acting  f orces  that und erli e this basic  process be isola ted and und erst ood? Can 
we gain a better understanding of traditional agricultural techniques and identify 
elements that have pro ven su cces sful  in meeti ng a community’s food needs? Can 
technique s adap ted from physics and chemis try, which are grea tly increasing 
our  ability  to date the p ast and  to und erst and  p rehi stor ic man’s in tera ctio n with 
his envi ronm ent, cont inue to be deve loped to furth er our ba sic goals? How have 
mod erni zatio n and change a ffec ted tradi tiona l soci eties ? Can we  use this knowl­
edge to pre dict  the  e ffects of specific  kinds of input s on the social organiza tion, 
demog raphy, and health of trad itio nal socie ties?

Significant Recent Achievements 

Repair of Nervous System Damage

When a nerv e or spinal cord has been crush ed, or cut, it often fails to recover 
bec aus e of the devel opme nt of scar  tissue obstructions.  Yet, it has been known for a 
long tim e that nerve  cells  can and  will regrow if given the right e nviro nment. This fact 
has motivated a vigorous new effo rt among ne uros cien tists  to f ind out why scar tissue 
forms and how it can  be broken down. James Huston of the Univers ity of Ma ine has 
focussed upon the molecular  s tru ctu re of the p rote in buildi ng bloc ks of the scar tissue, 
called tubul in and glial fib rill ary  protein. He has discovered tubu lin-l ike molecul es 
that  are bound together by disul phi de cross-br idges, a kind of m olec ular  bond w hich is 
suscep tibl e to dest ructi on by commonly available enzymes. Huston's work may prove 
to be critically impo rtan t in the deve lopm ent of means  to p erm it the nervou s system 
to rep air  itself after  injury .

Infant  Vision

The quest ion of how well infan ts can see has puzzled phil oso phe rs and scientists  
for hun dre ds of years. New tech niqu es have been  deve loped to yield answ ers to this 
quest ion, and the resear ch has both basic and clinica l signif icanc e. Davida Tel ler 
and  her  colleagues at the Univ ersity  of Washington, Seattle,  have shown that an 
inf ant ’s abili ty to at tend  a visual sti mulus cons istent ly can be u tilized in the lab oratory 
to mea sure  visual  a cuity. She has shown th at a) infan ts ha ve about  20/400 visual acuity 
at bir th, b ) infan t acu ity im prov es slowly over th e first y ear  almost reaching the normal  
adult capability of 20/20 by their first birth day, c) infan ts have limited  color vision by 
two months of age, and d) even  as young as 1 month of age, they have excellent  night 
vision. Because of the innovative efforts of scientists like Teller, the new behavioral 
techniques can b e r ead ily  adapted to measure  a udito ry and othe r sensory cap abi litie s 
as well. As a result, a new  capability for understan ding the  dev elopment of the nervous 
system has b een  acqu ired . Th e re search has p rovid ed imm edia te practical benefit s as 
well in tha t it is now poss ible  to sc reen  infan ts at risk f or s enso ry p roblem s in c linica l 
settings.
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Magnetic Orientation

The question of how migrat ing and homing an imals reac h exactly the same far-off 

places over and over again  has inte reste d both scien tists and laymen  for centurie s. A 

variety of cues that may be used  in this long dista nce navigation have now been 

ident ified. Of p art icu lar  i nte res t is the recent discov ery by Jam es Gould of Princ eton  

Universi ty and Charles Walcott of the State Unive rsity of New York at Stony Brook 

that there  are small amou nts of a magnetic subst ance, magn etite, in the abdom ens of 

honey bees and in the h ead s of homing pigeons. This disco very is parti cula rly exciting  

beca use both pigeons and bees are sensi tive to the earth ’s magnetic field , a nd can be 

disor iente d when the magnetic  field is expe rime ntal ly changed. For the first time 

mater ials have been ide nti fied within  these  a nim als’ bodies to account for that sens i­

tivity. Better und erst and ing  of be es’ magnetic sensi tivity shoul d help apicultur ists 

improve their ec onomically  imp ortant  pollin ation  serv ices to agricu lture , and i ncre ase 

the honey productio n of the ir hives. Knowledge of bi rds’ ma gnetic  sensitivi ty is imp or­

tant in assessing the impact of larg e ante nna systems and oth er human  d isturban ce of 

the earth ’s magnetic field.  Final ly, awa reness of new sour ces of sensory inform ation 

may help us to und erst and  some of the stil l-un expl aine d abi litie s of hu man beings.

Early Civilization and Plant Domestication

The recent  disc overy of dome stic b arle y from an 18,000 year-old Nile Valley site is 

drama tical ly altering our und erst and ing  of how and where the first steps toward 

Western Civilization we re taken . Anthropologists had  long place d the origins of domes­

tication in the Middle East at appr oxim ately  9,000 B.C. in an area no rth of the Tigris and 

Eup hrates Valley. At a site in t he Wadi Kubbani ya n ear  Aswan in Egypt, Fred Wen dorf 

of Southern  Methodist Uni versity  and  his colleag ues have found  ca rbonized grains of 

domestic barle y in a stone age site dated  by radioca rbon  to betw een 16,000 and 

15,000 B.C. The great signi fican ce of this discovery lies not only in its e arly date and 

unexpected  locale but in the new  light it she ds on the origins of the Neolith ic Revo­

lution. Anthropologists have assumed that population pressures led to experimentation 

with n ew subsistence t echniqu es and that dom esticat ion in turn s tart ed soc iety direct ly 

down the road to civilization. The se findings suggest th at new subs isten ce techn iques 

and domest ication  dev eloped bef ore  chang es in s ettle men t size , po pula tion density or 

social organization. Thus, rat he r than  domest ication  resulting  f rom popula tion pre s­

sure , it may have perm itted  such  changes. Anthropological resear ch such as this on 

ear ly civiliza tions not only hel ps to provi de a bet ter  und erst and ing  of the origins 

and deve lopm ent of man, but it also contribut es insight into cont emporary societal 

problem s and their potential  solutio n.

Mathematical Theory of Learnability

The study of the acqu isitio n of language by chil dren  has typically been  very 

empiri cal and descr iptively o rien ted . T he process es inv olved have  gen eral ly b een re­

garded as too complex and multifaceted to be susceptible to formal modeling and mathe­

matic al investigation. Recent work by Kenneth W exler and Peter Culic over of the Uni­

versi ty of California, I rvine,  howe ver,  ha s provided a m ajor a dvan ce. W exler and Cul-
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icover  h ave dem onst rated that for it to be possib le for a child to lea rn a language, the 
language must have certain very  specific propertie s.

One such prop erty  req uir es consisten cy in the app lica tion  of certain kinds of 
gram mati cal rules to parts of a sent ence. It app ear s that these pro per ties  are  univers al 
and apply in all languages. Discovering such universal properties of language is a fu nda­
men tal goal of linguistic science.  W exler a nd Culicove r’s rese arch is espec ially impo r­
tant  because these pro per ties  are  empir ical pred ictio ns der ive d from their formal 
theo ry of language acquisitio n. A val id theory of language acqu isitio n will be a giant 
advance in our und erst and ing  of the human capac ity to acquire and utilize  language.

Changes  Between  F Y 1980 Budget Request and FY1980 Current  Plan

The FY 1980 Cur rent  P lan of $35,443,000 is $1,457,000 less than  the FY 1980 Budget 
Request  ($36,900,000). This red uct ion  will slow the rate  of activi ty prim arily  in neu ro­
science and anthrop ologic al rese arch .

FY 1981 B udget Highlights and Explanation of Inc rea ses  and D ecreases

Obligations
FY 1979 Actu al ................................................................................................................. $33,073,342
FY 1980 Pro gram ...............................................................................................................  $35,443,000
FY 1981 R eq ue st ............................................................................ •................................. $38,700,000
Di ffe rence—FY 1981/FY 1980 ........................................................................................ $3,257,000

By reducing res ear ch sup por t in less competitive  are as, as dete rmined  by pee r 
review, some additional funds  will be made available to both maintain the current level 
of ef fort in some areas and  to focus  at tention on a few are as showing special promise 
for near-term advan ces. Since the addi tiona l funds req ueste d are less than the costs 
incurred by inflat ion, the total number of proje cts and inves tigators supp orted will 
nece ssar ily be redu ced.

Archaeological and anthropol ogica l re sea rch  to id ent ify the origins of human kind  
will receive  increas ed atte ntio n. Partial  sta rt-up  costs for an African Deep Lake Coring 
projec t a re inclu ded in th is effort. Biochemical and horm onal  mechanisms underly ing 
beha vior will re ceiv e inc rea sed  a ttention in the neu roscien ce and beha viora l s cien ce 
areas .

Percen tage incr eas es for the four program elem ents  are  as follows:

Neuroscie nce..................................................................................................................... 8.77.
Cognit ive Sc ie nce.............................................................................................................  7.77.
Behavioral S cie nc e...........................................................................................................  7.67.
An thropo logic al S cie nce..........................................................................................................  13.47.

Coordination  and Relation to Other Effor ts

The NSF plays an imp orta nt ro le in the su pport of basic rese arch  in the be hav iora l 
and neural sciences conducted prim arily  in univ ersit ies. The Founda tion provide s 
over 90 perc ent of the Feder al supp ort for inve stiga tor-i nitia ted rese arch  in anth ro-
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pology and linguistics. In psychology and the n euro sciences , NSF support r epr ese nts  a 

sma ller  but sig nifican t compo nent  of the Fe dera l total. NSF provides the ess ential core 

supp ort of basic proje cts tha t are less imm edia tely relate d to problems  of health and 

disease than are the rese arc h efforts for which the N ation al Institu tes of Health and the 

National Institut e of Men tal Health bea r direc t respo nsibility .

There are exten sive form al and informal inte ract ions  betw een  the Found ation's  

program staff an d their cou nte rpa rts  in the National Inst itute s of Health, the Alcohol, 

Drug Abuse, and Ment al Hea lth Adm inistra tion, the National  Endowment for the 

Humanities, the National Inst itut e of Education, the Office of Naval Research, and 

othe r res earc h agencies.  In the event tha t some p ropos als ar e also submit ted to anothe r 

Fed eral agency, all propos als to be reco mme nded  for awa rds  a re discussed  with that 

agency staff to ass ure that dup licate  supp ort will not occur . NSF co opera tes in the joint 

sup por t of spe cific projects  whe n it is benefic ial to the scie ntifi c project.

The Behavioral and Ne ura l Sciences subact ivity jointl y review s and supports 

projects  with other prog rams  in the Foundation. In FY 1979, projec ts were  jointly 

supp orte d with progra ms in the Divisions of A pplied  Rese arch,  Earth Sciences, En­

vironmental Biology, Integrated Basic Research, Mathematical and Computer Sciences, 

Ocean Sciences, Physiology, Cellu lar and Mole cular  Biology, and Social and Economic 

Science.
The Foundation  is a spo nsor ing agency and NSF program staff  members  se rve on 

the Committee on Vision and the Committee on Hearing, Bioacoustics and Biomechanics 

of the National Academ y of Sciences/N ational Resea rch Council , the Interagency 

Pane l on Early Childhood Researc h and Development,  and the Interagency  Panel  for 

Researc h and Development on Adolescenc e. Staff mem bers also serve on the Inter­

agency  Prim ate S teering  Com mittee , the Interagen cy Round T able  for Language Study, 

and the F eder al Noise Effects  Pan el of the E nvironmental Pr otect ion Agency. NSF staff 

mem bers  atten d meetings of var ious  Fed eral  advisory comm ittees  and councils as 

liaiso n represe ntat ives .

Neuroscience Program Elemen t............................................. $17,000,000

Obligations by Program Subelement

Program Subelement Actual Estimate Estimate Difference
FY1979 FY 1980 FY1981 FY 1981/80

Neurobio logy ...................................................................... ............... $8,207,118 $8,843,000 $9,550,000 $707,000

Sensory Physiology and Perception............................... ............... 6,313,045 6.800.000 7,450,000 650,000

T o ta l..........  ........................................................ ............... $14,520,163 $15,643,000 $17,000,000 $1,357,000

Objectives and Description

Researc h in ne uroscience seek s to understan d the mechanism s of action of nerve 

cells and sensory recep tors, as well  as the function of ne rvous  and sensory systems. 

As the primary organ system underlying all behavior and learning, knowledge of nervous
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system functioning is vital to und ers tan din g beha vior and further ing  appl ied efforts 
in are as of major huma n conce rn incl udin g education and menta l heal th.

Speci fic object ives of neurosc ienc e are to:

• Exam ine the chemis try of nerv e cell m embr anes, beca use these und erli e tran s­
mission of nerve  impul ses from  place to place  throu ghout the ner vous system.

• Iden tify the p rocesses by w hich sensory r ecep tors  respond  to stimuli impinging 
upon the organism.

• Iden tify the chemical tran sm itte r substances  that act as messengers betw een 
ner ve ce lls.

• Discover how inform ation  that  has ente red  the nervous system is analyzed, 
stored, and re triev ed.

• Examine the basis of the deve lopmen t of the nervo us system and the processes 
resp onsi ble for regrow th and repa ir of damage d neu rons.

• Discover the roles of hor mones  an d n europe ptid es (a new class of messengers)  
in bra in function, espe cial ly in the control of pain , and the ir connec tion to the 
action of addictive, opium -like  substa nces.

• Trace functional pathways in the nervous system with an a rray  of extraordinarily 
prec ise,  new tech niqu es whic h permit neur oscientists to follow specif ic cells 
and signals through the enor mously complex tracts  of the brain .

FY1981 Budget Highlights and Explanation of Increases and Decreases

The accomplishments of ne uro scie nce  hav e grown rap idly  during  the pas t decade. 
This has resulted in part from subs tantial  increases in the number of scientists dedicated 
to ne rvous system rese arch . Th eir  i ncre ased  abilit y to pose and ans wer  more prec ise 
questions about brai n and sen sot y mechanisms a nd the neu ral sub stra tes of behavior  
has been a primary factor. The d evelop ment of new techniques and related  instrumenta­
tion has provi ded an imp orta nt stimu lus to pro gress.

In addition to funds r ele ase d by selective redu ctions in less  compet itive areas, an 
inc rease of $1.4 million, from $15.6 million to $17.0 million in FY 1981, is request ed to 
enh anc e rese arch  activity in the following areas:

• Identification and characterization  of substances that act as chemical messengers 
betw een brai n cells, and  of the molecular mac hinery of neuronal mem branes 
on which they act.

• Dete rmina tion of the fact ors governing embr yonic  growth and rep air  of the 
nervo us system.

• Examination of the bas ic pro cesse s by which e nvironmen tal s timuli a re en coded  
and a nalyz ed by the auditor y, visua l, olfac tory and gustatory  systems.
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Cognitive Science Program E le m ent.......................................... $5,600 ,000

Obligations by Program Subalement

Pro gr am  S ube le m ent Actual
FY1979

Estimate 
F Y I 980

Estimate
FY 1981

D if fe re n c e 
FY 198 1/80

Linguistic* . . . . .............  $2,474,512 $2 ,600 ,000 $2 ,800 ,000 $200,000
Memory and Cognitive Pro cesses .................................... .............  2,528,292 2,600,000 2,800,000 200,000

T o ta l........ .............  $5,002,804 $5,200,000 $5,600,000 $400,000

Objectives and Description

Cognitive science  re searc h is focused on un derstan ding how hum an beings a ttend 

to, acquire, store, ret rie ve,  and use the inform ation  that guide s ac tions, thoughts, and  
the use of language. Researc h is sup ported on the mental represe nta tion  of knowledge, 

the development of cogni tive capacities  and the acqu isitio n of language, h uman l ea rn ­

ing and thought, and  re lat ed  topics, including  the rea ding  proce ss. Development of new 

experimental and theoretical  approaches is encouraged. Specific objectives of cognitive 

scienc e are to:

• Unde rstan d how knowle dge is rep resent ed in the m ind, and how informat ion is 

entered in to and ret rie ved  from memory.

• Determine the proc ess and sequ ence  of cognitive develo pme nt in chi ldren , an d 

assess means for enh anc ing  such development.

• Describe the i nflu enc e of various  environ ment al and cognitive factors involved 

in the acquisition  of languag e by children.

• Discover and expla in th e biological fo undat ions  of language.

• Describe a range of th e wor ld’s languages, including sign languages, to provide 

a major data b ase for developin g general th eori es of language .

FY 1981 Budget Highlights and Ex planat ion  of Incre ases and D ecreas es

The emergence of cognitive s cienc e as a major ar ea of inqu iry involving a num ber 

of differen t disciplines  has followed closely on the heels of neuroscie nce. Both are 
attr actin g increasing intere st and increasing  num bers  of scientists . In orde r to take 

adva ntag e of new opportu niti es and new techniques, some a rea s wi ll receive reduc ed 

supp ort. An incre ase of $400,000 to $5.6 million will allow slight enha ncem ent in the 

following areas:

• Development of a u nifi ed account of the menta l rep resent atio n of diverse sorts 

of knowledge.

• Characterizat ion of w hat chi ldren can do cognitively at vario us stages of their 
development . Cur rent  r ese arc h indicates that young ch ild ren  ha ndle  nu mbers ,
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log ica l r elat ionships, pro ble m-solvin g and other co gnit ive a ctivit ies  quite w ell  at 
a much younger age than previou sly thought. New  techniques allow the cognitive 
capa cit ies  of preverb al infa nts  to be studied.

• Determination of universal aspects of the language acquisition process  by studying 
the acquisition of lan guages oth er than English, including sign lan guages.

• Identif ication  of the b iologica l u nderpin nings of  language and cognition.

• Des crip tion  of how motor be ha vior  is r elat ed to thought, how  it is p lanned and 
how  it is execu ted .

Behavioral Science Program Element ...................................... $8,500,000

Obligations by Program Subelement

Program Sube lement Actual Estimate Estimate Di ffe rence
FY1979 FYI98 0 FY 1981 FY 1981/80

Psychobiology ..................................................................... ............. $4,105,049 $4,600,000 $5,000,000 $400,000
Social and Developmental Psycholo gy ........................... ............. 3,320,618 3,300,000 3,500,000 200.000

Total .............................................................................. ............. $7,425,667 $7,900,000 $8,500,000 $600,000

Objectives and Descr iption

Behavioral science research  focuses upon an important and complex task: increasing 
knowled ge of the indiv idu al and so cia l b ehavi or of human b ein gs and other organisms. 
To accomplish this goal,  be ha vioral  scien tists use system atic obs ervation and direct 
experim ental  tech niques  in both  fie ld and lab ora tor y settings. Informat ion about the 
devel opme nt of behav ior , its bio log ica l base s, and con trib uting social and environ­
men tal factors are all ess entia l to a fu ll und erst anding of this topic. Sp ecific o bje ctives 
of behav ioral science are to:

• Des crib e and e xplain h ow  an in divid ua l’s ex pe rie nc es  can  ha ve potent  and long- 
lasting influ ences  on fut ure beh avio rs.

• Determine the rel ationshi p betwe en b ioc hemical  events and the pheno mena of 
learn ing and memory.

• Iden tify horm ones  wh ich  inf lue nce  the behavio r of both non-human anim als 
and human beings, and a nalyze the nature of the influ ence.

• Expla in and pre dic t the occ urrenc e of various forms o f social interact ion, inc lu­
ding nonv erb al communica tion , agg ress ion, lea dersh ip,  and altruism.

• Unde rstand the many wa ys in which soc ial and indiv idu al beh avi ors  dev elop 
and change throughout the in divid ua l’s li fe  span.
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FY1981 Budget Highlights and Explanation of Increases and Decreases

A rem ark abl e trend  toward synth esis is under  way in be havioral science. Inte gra­
tion across disc ipli nar y lines and betw een field and  lab oratory approach es is ev ident. 

In o rder to m ain tain  an effec tive program and furth er  encourage this trend , an add i­
tional $600,000 to a total of $8.5 million will be com bined with funds reo rie nte d from 

other  area s to provide some incr eased activity in the following areas:

• Role of hormones in the pro ducti on a nd control of behav ior.

• Chemical comm unication , including field studie s of the use of ch emical  signals 

in indi vidu al and sp ecie s recogn ition, soc ial organizati on, and prey -trail ing.

• Deve lopme ntal stud ies of beh avior, including longitudinal  rese arch  on huma n 

deve lopm ent throughou t the life  span.

Anthropological Science Program Elem en t.............................$7,600,000

Obligations by Program Subelem ent

Act ual
FY 19 79

Estimate
FY 1980

Estimate  
F Y I 981

Diffe re nce
F Y 198 1/80

$6 ,1 24 ,7 08 $6 ,700 ,000 $7 ,600 ,000 $9 00 ,000

Objectives and Description

Anthropological res earch  shar es with other disc iplin es the goal of discov ering 
regu larit ies in  hum an b eha vior. What d istinguishes anthro polog y is its emphasi s on the 

integr ation of b iological  and social sciences and its compara tive breadth across both 

time and cultur es. C ross- cultu ral a nthropologica l stud ies e xtend our knowledge of con­
temporary society. Archaeology adds the horizontal or chronological dimension. Specific 

objectives of an throp olog ical science are to:

• Compare diverse  cultu res  to identify rules that regulate cul tural  variat ion.

• Describe the growt h of co mplex social systems from the ir sim pler primitive pre ­
cursors. In the context of about 4 million years  of hum an history, man is still 
adapt ing to c ont emp orary life with large aggregations of people in cities and 

contin ues reli ance on domestic plant s and animals.

• Trace the course of hu ma n evolution over sever al mil lion years and des cribe  the 

rise of pa rtic ula r civi lizat ions over mil lenia.

• Examine the nutrit ion al and demograph ic effects  of such changes as the intro ­

duction of agricu ltur e into  hunting  and gathering  societies.
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FY1981 Budget Highlights and Explanation of Increases and Decreses

A ma jor effo rt within anthropolog y has  developed toward  the sea rch  for human  
origins. Our knowledge of the  emerge nce and devel opme nt of the huma n speci es has 
incr ease d dram atic ally  as the resu lt of incr eas ed coope ration betw een paleoanthro- 
pologists and  biological and physic al scien tists. The decade of the ‘80s should  see 
another gener atio n of coope rative p roje cts attempting to fill the  final gap s in the fossil 
record. As a signific ant part of this  fo cuse d effort, par ticipan ts at the NSF-sponsored 
“Hum an Origin s Conferen ce" in May 1978 strongly recom mend ed a major project  to 
obta in a seri es of deep  cores from tropi cal African lakes. This unde rtak ing,  with 
planning  begun in FY 1980, will provide  d etai led evidence  of the shi fting  climatic and 
environ men tal conditions in tropi cal Afric a over the last several million years. The 
data will be of importance to climatologists and  ecologists as well as pa leoa nthro polo - 
gists. T he addit ional  $900,000 req ueste d, to a total of $7.6 mil lion, will allow the deep 
lake coring proje ct and rela ted  effo rts in the search for huma n origin s to go forward. 
Within the avai lable  resou rces,  an effort will be made to ma intain at least  a co nstant 
level of effo rt in the following areas:

• Skeletal biology, to learn how early humans were affected by changes in environ­
ment,  diet, an d style of life.

• Urba niza tion, in dus tria liza tion , an d the deve lopm ent of local e lites  and b ure au ­
crac ies in co ntem porary soc ieties.

• Ecological investigation to obtain an improved understanding of the relationships 
between human  pop ulat ions  and  the e nviro nments in wh ich th ey live.
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QUANTITATIVE PROGRAM DATA
BEHAVIORAL AND NEURAL SCIENCES PROGRAM SUBACTIVITY

Proposals and Awards

A ctu a l
FY 1979

Est im at e
F Y 1980

Es tim ate 
FY 1981

N um ber P ro po sa ls  Rec ei ve d'  .......................................................................... 2.196 2.250 2.310

N um ber o f A w ard s .......................................................................................... 783 753 740
D olla rs  Prop os ed  on  A ward s (T o ta l) ............................................................ J74.271.000 $79,650,000 $86,970,000
D olla rs  Prop os ed  on  A w ard s (A nnua l R a te )................................................ 43.038.000 46.126.000 50.360.000

D olla rs  Aw a rd e d  ( T o ta l) .................................................................................. 33.073.342 35.443.000 38.700.000

D olla rs  A w ard ed  (A nnual R a te ) .................................................................... 27.895.000 29.880.000 32.820.000

A vera ges per A w a r d ........................................................................................ 42.240 47.100 52.300

Ave ra ge  Aw a rd  D ura tion  (Yea rs )' ................................................................ 2.2 2.3 2.4

Percentage Distribution of Fund* Awarded by P erformer

Es tim ate Est im ate Es tim ate
FY 1979 FY 198079 FY  1981

U niv e rs it ie s  an d C o lle g e s ................................................................................ 89.8 89.8 89.8

In d u s tr y ................................................................................................................. 0.1 0.1 0.1

Fed er al  A ge nc ie s .............................................................................................. 0.3 0.3 0.3

O th e r ..................................................................................................................... 9.8 9.8 9.8

Personnal and Other Factors

Est im at e
F Y I 979

Est im at e
FY  198079

Es tim ate
FY1981

Sen io r S c ie n tis ts  Facu lty 4

N um ber o f sc ie n ti s t y ea rs  su p p o r te d ..................................... .....................  e 251 260 270

Am ount o f fa c u lt y  su pport  ....................................................... ..................... $5,714,035 $6,378,000 $6,960,000

Cost p er s c ie ntist yea r ............................................................... ..................... 22.770 24.500 25.800

Pos tdoc to ra l A ss oc ia tes
N um ber o f s c ie ntist s years sup po rted  ................................... ..................... 95 100 100

A m ount o f p ostd octo ra l s up po rt  ............................................. $1.603.428 S I.790.000 $1,960,000

Cost p er sc ie n ti s t y ear ............................................................... 16.880 17.900 19.600

G ra duate  Students
N u m b e rs u p p o r te d ..................................................................... ..................... 527 550 560

A m ount o f gra duate  s tu de nt  s u p p o r t ..................................... ..................... $2,682,098 $2,994,000 S3.270.000

O th e r Per so nn el  C o s ts ................................................................... ..................... 3.265.163 3.645.000 3.980.000

C ap ita l I te m s
M a jo r e qu ip m e n t ....................................................................... ..................... —0 — —0 — —o—

Equip m ent a nd  in s tr u m e n ts ..................................................... $3,920,100 $2,900,000 $3,170,000

O th e r Cos ts5 ...................................................................................... ..................... 8.279.522 9.242.000 10.090.000

In d ir e c t C o s ts .................................................................................... .....................  7.608.996 8.494.000 9.270.000

T o la l ............................................................................................ .....................  $33,073,342 $35,443,000 $38,700,000

' In clu des p ro posals  fo r  co m m it te d re new als , etc.
In clu des aw ard s fo r com m it te d re new als , su pple m ents , etc.

'I nc lu des  co n tin u in g  gr ants  fo r fu ll  leng th .
'In c lu d e s  fa cu lty  associates  and ot her pr of es sion al s.
F ringe benefi ts , expendab le  equip m ent,  tr ave l,  p u b li c a ti o n  cos ts, co m pute r costs, o th er d ir e c t costs.
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SOCIAL AND ECONOMIC SCIENCE PROGRAM
SUBACTIVIT Y................................................................ ............$27,800,000

Obligations by Program Element

Budget Cu rrent
Program Elem ent Actua l Request Plan Estimate Di ffe rence

FY1979  FY1980 FY1980 FY1981 FY1 981/80

Economics, Geography A Political Science . . . .  $14,524,147 $15,300,000 $15,002,000 $15,800,000 $798,000
Social Measurement A Analysis ......................... 10,861,897 11,600,000 11,204,000 12,000,000 796,000

Total  ................................................................. $25,386,044 $26,900,000 $26,206,000 $27,800,000 $1,594,000

Objectives and Description

The Social and Economic Scie nce subact ivity focuses on res ear ch in the social 
and economic sciences that is designed to assist the development of principles describing 
how social and economic syste ms work, how they change, and how they affect the 
lives and well-being  of indi vid uals and groups. Ade quate knowledge of these  systems 
can assist decisionm akers  in formu latin g effect ive policies and  in antic ipatin g the 
resu lts of a ltern ative cours es of action.

The body of fund ame ntal  social  and economic knowledge of to day is inade qua te 
for effect ive applicatio n to ma ny problems of cu rrent policy. Since  the Foundation is 
the only agency of the Feder al government with a broad mission  to suppo rt basic 
res ear ch in the social s cien ces, NSF progra ms are dire cted  toward increa sing the ba se 
of social and economic info rma tion . By support ing res ear ch in adva nced  methods and 
theor y, the Foundation aims to st reng then  U.S. social and econo mic sciences and im­
prov e our ability as a Natio n to deal effec tively  with complex social and economic 
issues.

Major Research Questions

The major rese arch  que stio ns engaging the attention  of basic  r ese archer s in the 
social and economic scie nces refle ct the endu ring,  long-range concerns confronting  
our society, and incl ude  the following:

• How ar e economic decis ions  af fected by antic ipation s of the future state of the 
economy, and how a re  such ant icipa tions  form ed?

• How do gov ernm enta l regulat ions, governme nt fiscal  and monetary policie s, 
and oth er governmen tal actions affect the pe rfo rmanc e of the economy?

• How do econom ic, social and cult ural  factors affe ct the stabili ty of legal and 
political system s?
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• What social conditions infl uen ce the st rateg ies that organ izatio ns p ursu e to sur­

vive or grow, and  w hat acco unts  for diff erentia l rates of org aniza tional  growth 

or contra ction?

• How does the growth of large scale organizations affect the composition, compen­

sation, producti vity, and sa tisfacti on of the labor force?

• What factors i nflu ence  th e locati on of in dust ries  and migration of people within 

and  between geograp hical regi ons?

• How do governmental actions, economic conditions, environmental preferences, 

population  composition, a nd  citi zen part icipation in legal and  political dec ision­

making influence the gr owth and d eclin e of cities and the selec tion of places  of 

residen ce within me trop olitan areas and nonm etropolitan are as?

Significant Recent Achievements 

Inflation and the Impact of Taxation
There  is increasing publ ic conc ern,  and  a corres pond ing res ear ch inter est, about 

the way  inflation changes  the i mpa ct of taxation. While some issues of theory rem ain to 

be resolved, s ignificant rec ent res earch  contri butio ns have involved the com pilation of 

empiric al evide nce and syste matic quantit ativ e analysis. One such res ear ch effort by 

Mart in Feld stein  and Laur ence  Sum mers of the Nation al Bureau of Economic Re­

sear ch analyzes  the ef fects of inflat ion  on the taxatio n of co rpor ate income. Their cal­

culat ions  show that in 1977, the extra taxes cause d by the mis-meas urem ent of de pre ­

ciation and inven tories  excee ded $32 billion , more than one- third  of the total tax paid 

on cor por ate source  income by corp orat ions , their  shareholders and thei r creditors. 

Infla tion raised the 1977 effective tax rate  on the total real income of the nonfin ancial 

corp orate stru cture from 43 to 66 per cen t, a retu rn to the level of the mid-1950’s 

befo re the impact  of a ccelera ted dep rec iati on and the investmen t tax credit.

Previously , some analy sts argu ed that inflatio n does not inc rease the tax on 

corp ora te income becau se firms ded uct  nominal inte rest paym ents (ra the r than real 

inte rest  paym ents ) in ca lculat ing ta xab le prof its. Fe ldste in and  Summ ers show that this 

argu men t is wrong because the extra tax paid by cred itors  on infl ated  interest pay­

ments  is as large as the tax savings by corporati ons and thei r owne rs. They conclude 

that deb t can be ignored in eva luat ing the net impact  of inflat ion on the total tax 

burde n on corpora te capita l.
Fel dstein  and associate s’ res ear ch on inflat ion shows both the impo rtance and 

feas ibil ity of studying how tax laws affec t individual behavior. Since  government 

analyse s of proposed tax change s typic ally assume that the behavio r of taxpayers 

would be uncha nged,  fur ther b eha vio ral studi es of taxation should provide  a new type 

of measurem ent that can improve the evaluation of alternative laws and  public policies.

E—III—2



597

The Con seq uen ces  of Organizational Size

The growth of large scale orga niza tion s to em brace  most feature s of modern life 
has stim ulated mounting  r ese arch on the influence,  flexib ility, and viab ility  of such 
org ani zat ion s. A maj or inf lue nc e id en tif ie d by several  NSF fun ded pro jec ts has 
been  the effec t that large organiza tions  have had in foster ing car eers that are tied 
incre asingly to organizatio ns ra the r th an to occupations or prof ession s. E mploye rs play 
a cruc ial role in the process of soc ial stra tific ation in the U.S.: the jobs they provide 
are  the prima ry mechan ism by which individ uals  a re dist ribu ted  among occupati ons 
and by which  earnings are dis trib ute d among person s. But the vast majority of re­
search on socioeco nomic ach ieveme nt ignores emplo yers completely , concen trating  
inste ad on indiv idual cha racterist ics. Ross Stolzenberg  of the Univ ersit y of Illinois 
has bee n studying emplo yer effec ts on inequality and has found that the size of the 
organizat ion or firm in which the emp loye e works is a major  factor affectin g the socio­
economic achievement of the employee. Income attainments of indiv iduals vary greatly 
within occup ations  or profession s but those who work in larg er organizati ons earn 
more, large ly because there are more  o ppor tunit ies for adva ncem ent.  A rela ted find­
ing is that  the s truc ture  of large organiza tions  creates  conditions that m ake it espec ially 
convenient  for them to act as if schooling  were rele vant  to job perfo rma nce , whethe r or 
not a rela tion ship  betw een wo rke rs’ schooling and produ ctivity  actua lly exists. It 
would then follow that increas es in the average  size of esta blishme nts will tend to 
inc rease the impo rtanc e of schooling in determining worke rs' earn ings and occup a­
tional status.

Deve lopme ntal Facto rs in Lator Attainmen t

The processes  of social mobili ty, and of socioeconom ic atta inm ent  in the United 
State s and in other  coun tries  hav e been a focus of attention  for the past 20 years. 
Discussion contin ues on the deg ree  of ineq ualit y of oppo rtun ity and the factors that 
det erm ine  achie veme nt. Many past  analys es rest on incomple te data  or inad equ ate 
methodology; that cons eque ntly , invest igator s are unable  to sor t out complex factors 
and the re have been contrad icto ry findings. A part icularl y apt exam ple during  the 
Intern atio nal  Year of the Child is the in fluen ce of time d evoted by par ent s to childr en 
on the child's  cognitive dev elopment  and sub seq uen t adult economic status.

Using data from the Nat iona l Time Use Survey conducted by the Universi ty of 
Michigan's Institu te for Social Research in 1975-76, C. Russell Hill and Frank P. 
Staf ford have exam ined how much time p arents devote  to t hei r child ren, part icul arly  
in the  preschool years, and w hethe r social class an d educat ion diff erence s can account 
for the process of int erg ene rati ona l transfer  of income ineq uali ty. The result s revea l 
substan tial  differen ces in per- chil d care across levels  of par ent al educat ion. For 
exam ple, a college edu cat ed moth er with two pres choolers in the home will spend  
as much time in per-child  car e as will a high school edu cated mothe r with one pre­
scho oler in the home, and more  than twice as much time in per-ch ild care than a 
grade school educ ated  mot her  w ith one pres chooler  in the home. Although incre ases  
in family  size redu ce per- chil d care, bett er educate d par ent s and those of higher 
socioeco nomic sta tus p rovi de significantly grea ter amoun ts of per- child  care  even with
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large r numb ers of child ren in the home. The analyses of Hill and Stafford also 

reveal that more educ ated  paren ts inte ract  more with their  chi ldre n throughout the 

chi ldr ens ’ youth, not just in the  presch ool years. They surm ise that it may be con­

sistenc y and variety  of intera ctio n over a long time period that  cre ate diffe rences 

in child development. Morever , the greater  co ntrib ution  of more educate d pare nts in 

provid ing time and financial sup por t to olde r c hild ren may count heavily for the la ter 

functio ning of thei r chil dren  in the labo r market and  o ther  sp heres  of adult life. The 

analy ses on child care have  imp ortant  impl ications insofar as they show substantia l 

differen ces  in childhood env iron ments according to level of p are nta l education and 

economic status. In addition they repres en t only one example of work t hat can be done 

with National Time Use Data.

Changes Betw een  FY 1980 Budget Request  and F Y 1980 Current Plan

The FY 1980 Curre nt P lan for the Social and Economic Science  subacti vity repre­

sents an overall decrease of nearly $700,000 below, the FY 1980 Budget Request from $26.9 

million to $26.2 million. The decre ase  has been alloca ted betw een  the two program 

elem ents,  with Economics, G eogra phy and Political Scienc e red uce d by $298,000 and 

Social Mea sure men t and Analysis by  $396,000. This distributio n was m ade on the bas is 

of the diff ere nt size of the com pone nt sub-elem ents of the two program  elem ent sec­

tions, the nature of ongoing commitments, and present knowledge of the most promising 

new re sea rch  directions.  The adju stments will reduce the size and p ace  of new work in 

social i ndic ators de velopment,  re sea rch  on social m ovements, and  bas ic r esearch  with 

potential  for application  in housing,  tran spor tatio n, and medici ne. New rese arch  ef­

forts will have  to be funde d at mini mal or pilot levels.

FY 1981 Budget  Highlights and Explanation of Increases and Decreas es

Obligations

FY 1979 Actual ................................................................................................................ $25,386,044
FY 1980 Program..............................................................................................................  $26,206,000
FY 1981 Re ques t.............................................................................................................. $27,800,000
D if fe re nce-F Y  1981/FY 1980 ........................................................................................ SI .594.000

The req ues ted  increase  of $1,594,000  from $26,206,000 to a total of $27,800,000 is 

below the expected level of infla tion and  follows several years  of essential ly level 

funding.

Percentag e incre ases  for the two p rogr am elem ents  are as follows:

Economics. Georg raphy and Poli tical Scien ce ............................................................. 5.37.
Social Mesurement and A na ly s is .................................................................................. 7.17.

Areas  of resea rch to be emphasized  in th e FY 1981 Budget include:

• Improving the scientif ic adequac y of surv ey ope ratio ns and the quality of survey 

data  used  for basic rese arch  in the soc ial sciences.
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• Research on the formation of expectations about future market considerations 
and prices, the stickiness in the economy created by long term contracts, macro- 
economic modelling techniques to incorporate changing expectations, and fund­
amental processes of population redistribution.

• Further development of social indicators and improvements in the utility and 
access ibility  of Federal statistical data.

These emphases will require an actual d ecrease in the leve l of effort compared to 
FY 1980 in many areas of research support. New projects will  be supported as existing 
grants are terminated and as less competitive topics (as determined by peer review) are 
phased out. This approach will allow the continuation and initiation of basic research 
pertaining primarily to important work on the economy, large scale organizations, and 
social institutions, and social scien ce data resources, as described in greater detail in 
the sections that follow.

Coordination and Relation to Other Efforts

NSF plays a unique role in support of social science research. It provides about 
half of the total Federal support for basic research  to scientists in colleges and uni­
versities.  Other funding sou rces rarely  provide assistance for theoretic al work, 
methodological development,and data resource improvement. Social science activi­
ties in other Federal agencies are oriented toward more immediate action and policy 
concerns and are not designed to develop the fundamental knowledge necessary for 
long-range progress and improvement in the utility of the social sciences. Research 
studies supported by other agencies commonly draw on basic  knowledge from the 
relevant disciplines to which  NSF supported research has made an important contri­
bution. For example, NSF has supported basic work on price indexes which measure 
changes in the quality of goods and services; the results of this work have been 
incorporated into the standard computation of the GNP deflators. The macroeconomic 
models currently used in the Department of Commerce are direct descendants of a 
Brookings Institution model that resulted from experimental work supported by the 
Foundation in the early  1960’s. Research on econometric  methodology continues to 
be supported by NSF, and this work feeds into the econometric models now in use in 
various governmental units but does not duplicate the work supported there.

Coordination is maintained with scientists and research administrators in other 
agencies, especially in Health and Human Services (including but not limited to the 
National Institute for Child  Health and Development and the National Institute of 
Mental Health), the Department of Commerce (including but not limited to the Bureau 
of the Census and the Bureau of Economic Analysis), Treasury, Justice, Labor, the 
Federal Reserve and the Council of Economic Advisers.
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Economics, Geography and Political Science
Program Elem ent...........................  ........................................$15,800,000

Objectives and Description

The inte rdependen ce of economic, political, legal, and locational variable s in our 

society has become increasingly ap parent. Consequently, the objective of this program 

is to support research that g ives particular attention to those issues that cross tradi­

tional lines and promise to improve scientific understan ding of the processes under ­

lying the performance of the economy, the causes and consequences of governmental 

actions, and the geographic distribution  of social phenomena.
Basic research activities in economics are directed toward increasing the rigor 

and generality of economic theorie s and the relia bility of their testing and quantitative 

implementation. The emphasis is divided between the analysis of microeconomic 

phenomena and theoretical and empirical issues pertaining to inflation and unem­

ployment. Attempts to unify these two main branches  of theory, linking the behavior 

of the micro units of the economy with the aggregative consequences are given special 

emphasis.
Research in geography and regional science is directed toward advancing un der­

standing of the criteria, processes, and problems involved in locational decisions. 

Recent work has focused on location theory, regional economic development and 

stagnation (including urban regions), population re distribution,  environmental man­

agement, and the spatial analysis of societal problems. One general phenomenon 

observed in the United States and  in other industrial countries, has been the growth of 

housing demand in rural areas as a consequence of migration to nonmetropolitan 

areas. Excess demand for this type of housing has driven prices up to the point 

where traditional theoretical explanations involving the tradeoff between housing 

costs and commuting costs no longer seem valid. The recent increase  in fuel prices, 

however, is affecting this trend and research is now focusing on the relationship 

between changes in commuting and housing costs and the spatial demand for housing. 

Continuing research on reside ntial location theory and population redistribution, 

including analyses for a broad range of different types of households—the poor, 

elderly,  disabled and for minority and single parent families—promises to provide 

addition al fundam ental knowledge about how household location decisions are made. 

Knowledge of the household location decision process has implications for under­

standing and anticipating shifts in the distribution of population and for providing 

improved quantitative forecasts of area population growth which affects such public 

policy concerns as adequa te housing, unemployment, the provisions of public services 

and energy consumption.
One of the objectives of political science research is to increase basic knowledge 

about the complex and dynamic interrelat ionships  between citizens, their govern­

ments, and larger societal institutions. Support is provided for studies of trends in
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turno ut and  vote r decisi onmaking. C urr ent  attent ion is dir ected to the role of the media 
in electi ons, changing  election laws, and citizens attit udes towards candida tes and 
gover nmen t. Work on political chan ge outside of the Unite d States context is also 
supp orted. For example, U.S. researc he rs collaborating  with Weste rn Europ eans  are 
assessing long-run trends in citize n and gover nmental supp ort for gre ate r Europe an 
unif icati on while  another set of sc holars is examining  the deve lopm ent and viability 
of democrati c institu tions and loya litie s in the new Euro pean  regimes. Among studies 
in the are a of politica l economy are  those that exam ine the effects  of internati onal  
inve stme nts and the varying  ro le of the state  in political and economic d evelopment, 
and the effec ts of these change s on the distr ibuti on of n ation al wealth and resulting 
patt erns of politica l changes  in less deve lope d countries.

FY1981 Budget Highlights and Explanation of Increases and Decreases

An increase of $798,000 from $15,002,000  to a total of $15,800,000 is requ este d for 
this program element, of which approxi mately two-thi rds will be dire cted  toward 
res ear ch in economics. Major emp hases include:

• Micro-level decisions and the macro-outcomes of nation al income,  employment 
and  prices:

• Inte ract ion of fiscal and monetary  variables,  part icularl y as they rela te to the 
transm ission of the res ponse to economic dist urbances;

• Na tur e a nd co nsequences of n on-m arket  decisionmaking in both the pr ivate and 
pub lic sectors:

• Dete rmin ants  of mark et struct ure s, from competition  to monopoly,  and their 
dif ferent ial effects on econo mic ef ficienc y and income  distribution:

• Decision  processes in mu ltin atio nal and m ultire gional firms that crea te and d is­
solve busin ess and ind ust rial  linkages, affecting the e xpansio n or contraction of 
employme nt and economic activity in an area;

• Changing geogra phic org aniz ation of land  use and its effe cts on travel and 
traff ic patte rns, environ mental quality,  en ergy consumption, employme nt loca­
tions, urban decline, population distribution and the provision of public services:

• Effects of Federal urban policies on the political processes of urban communities:

• Impac ts of alter nat ive b ure au cra tic  structure s on policy making and the delivery 
of public  services .
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Social Measurement and Analysis
Program Ele me nt............................. . .......................................$12,000,000

Objectives and Descr iption

The objectives of the rese arch s upp ort ed by this prog ram are: (1) to improve basic 
understa ndin g of human  social intera ctio n in communi ties, complex organiza tions  and 

small groups; (2) to faci litate the dev elopment  of fund ame ntal knowledge about the 

operation  and change of social inst itutions,  including le gal and scie ntifi c institutions; 

and (3) to improve the metho ds and  data  resources  for social rese arch.
The central  role of complex organizations at every level of our society has highlighted 

the impo rtanc e of knowing more about thei r structur e, oper ation , ada ptab ility  to 
change, an d impact on the larg er social setting. A para llel  and  complem enta ry rese arch  

goal is directed toward the study of decisi onmaking in units of varyin g sizes and 

struc ture . The impact of law, diff erin g method s of dispu te resol ution  and the cause 

of change in the legal system are topics  of specia l inte rest . So too are studie s to 
illum inate  the factors that affect the use of law as well as the nat ure , sources , and 

cons eque nces  of vari ation s in legal insti tutio ns. Othe r rese arch  focuse s on the study 

of science as a specialized form of social organization. Underlying this effort, is support 
for the deve lopm ent of social scie nce  mea sure men t method s and dat a resources. 

Currently funded  efforts include major da ta resource projects that will provide important 

data for futu re analysi s rela ting to such basic  and policy con cerns as mig ration,  factors 
unde rlyin g tren ds in fertili ty and mor tality rates , and the processes underly ing shifts 

in the composi tion of the labor force.
Monit oring major changes in natio nal  social trend s such as the dec line  in fertili ty, 

the r eve rsed migration t rends that are  bringin g new growth to rura l are as and central 

cities, the incre asing  proportion of the  aged and the rising par ticipat ion  of women in 

the labo r force  is the province of many agencies. Improving the way these  me asure s are 

taken and analyzing their  implicatio ns are  parts of this eleme nt’s r ese arch activity. 
Basic knowledge about the proce sses bring ing about these  social and demogra phic 

behaviors  is crucia l for und erst and ing  their  conse quen ces. For exam ple, smaller 

family and household size raise  que stio ns about  the distr ibut ion and organ izatio n of 

social servi ces.  Changing age struct ure  affects job oppo rtuni ties, comm unity needs, 

and the alloc ation  of re sources among constitu ent groups.

FY 1981 Budg et Highlights and Explanation of Incre ases and Decreases

The req ueste d incre ase of $796,000 from $11,204,000 brings  the total funding in 
FY 1981 to $12,000,000. Enhanced activi ty will focus on complex organ izatio ns, social 

impacts of population change and fami ly change, and evalu ation  of res ear ch and
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measurement methods. Othe r topics will be main tained at previous levels or subject 
to selective  reduction s. Major research are as include:

• New methods  and models for the q uan tita tive  analysis  of social sta tistical data:
• Survey  opera tions rese arch  to make surv ey data more reli abl e and valid;
• Deve lopment and testing of new socia l ind icators , including expand ed time-use 

series;
• Mechanisms of dispute resolution and the conditions influencing compliance with 

law;
• Processes of theory change in sc ience and the inte ract ion of science  and social 

forces;
• Assimilation  of recent immigrant groups and the ir adaption to U.S. society;
• Basic princi ples  of social behav ior  in small groups and large organizations;
• Consequences for families, organizations, and communities  of changing ava ila­

bility  and costs of energy  resources .
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QUANTITATIVE PROGRAM DATA 
SOCIAL AND ECONOMIC SCIENCE PROGRAM SUBACTIVITY

Proposals and Awards

A ctu a l
FY 19 79

Es tim ate
FY1980

Est im at e
FY1981

N u m b e r o f Propo sa ls R e c e iv e d '............................................. ...........................  1.089 1.100 1.110

N um b e r o f A w ard s 3 ............................................................................ ..................  460 480 500

D o lla rs  Propo se d on A w ard s ( Tot al ) ................................................................  $44,725,000 $46,140,000 $48,940,000

D o lla rs  Proposed on A w ard s (A nnua l R a le ) ............................... ..................  29.901.300 30.870.000 32.740.000

D o lla rs  A w ard ed ( T o ta l) .................................................................. ..................  25.386.044 26.206.000 27.800.000

D o lla rs  A w ard ed ( Annual R a te ) .................................................... ................  19.889.100 20.520.000 21.770.000

A ve ra g e s  pe r A w a r d ........................................................................ ..................  55.190 54.600 55.600

A vera ge A w ard  D ura tion  (Y ea rs) ’ ................................................ ..................  1.9y rs . 1.9 yrs. 1.9 yrs.

Percentage Distribution of Funds Awarded by Performer

A ctu a l
FY 1979

Es tim ate
FY 1980

Est im ate
FY1981

U n iv e rs it ie s  an d C o lle g e s ................................................................ ....................  85.5 85.5 85.5

In d u s try ................................................................................................ —0— —0—

Federa l A ge nc ies .............................................................................. ....................  0.2 0.2 0.2

O th e r .........................................................................................................................  14.3 14.3 14.3

Personnel and Other Factors

A ctu a l Est im ate Est im at e
FY 1979 F Y I 980 FY 1981

S en io r S cien tist s F acu lty4

N u m b e r o f scien tist  ye ar s s u p p o r te d .................................. ....................  235 230 225

A m o u n t o f facu lty  su pport  .................................................... ....................  $6,883,516 $7,127,000 $7,560,000

Cos t p e r sc ie ntist year ............................................................ ....................  29.290 31.000 33.600

P ost docto ra l Assoc iates
N u m b e r o f sci entist yea rs  su p p o r te d ................................. ..................  45 40 40

A m oun t o f p os td oc to ra l support  .......................................... ....................  $983,359 SI .018.000 $1,080,000

Co st p e r sci entist y ear ............................................................ 21.850 25.500 27.000

G ra duate  St ud en ts
N u m b e r s u p p o rte d .................................................................. ....................  313 300 300

A m oun t o fg ra dua te  stu de nt  support  ................................. ....................  $2,042,362 $2,115,000 $2,240,000

O th e r P er so nn el  C o s ts .................................................................... 1.790.218 1.853.000 1.970.000

C a p it a l Item s
M a jo r E q u ip m e n t.................................................................... ....................  — — —
E qu ip m en t a nd  I n s tr u m e n ts .................................................. ....................  171.700 100.000 100,000

O lh e rC o s ts '.............................. ......................................................... ................  6.606.158 6.840.000 7.260.000

In d ir e c t C o s ts .................................................................................... ....................  6,908.731 7.153.000 7.590.000

T o ta l ........................................................................................ ....................  $25,386,044 $26,206,000 $27,800,000

1 Inc lu des  pro po sa ls  fo r  co m m it te d renew als , etc.
-I n c lu d e s  aw ar ds  fo r  com m it te d re new als , su pp le m ents , etc.  
in c lu d e s  con tinu in g  gr an ts  fo r  fu ll  le ng th .
in c lu d e s  fa cu lty  ass oc iates  an d o th e r pro fe ss io na ls .
'F ri n g e  benefi ts , ex pe ndable  equ ip m ent,  tr a v e l,  p u b lica ti o n  costs, com pute r costs, o th er d ir e c t costs.



605

ENVIRONMENTA L BIOLO GY PROGRAM SUBAC TIVITY . . . .  $40,700,000

Obligations by Program Element

Program Element Actual 
FY 1979

Budget
Request
FY1980

Current
Plan

FY1980
Estimate 

F Y I 981
Difference 
FY 1981/80

Ec olog y............................................................... S4.S42.244 $5,600,000 $5,222,800 $5,500,000 $277,200
Ecosystem S tu die s.......................................... 11,863,199 12,750,000 12,372,800 13,000,000 627,200
Systematic B io logy .......................................... 7,550,647 8,100,000 7,922,800 8,400,000 477,200
Biological Rsssarch Resou rces..................... 4,696,561 7,200,000 6,922,800 8,100,000 1,177,200
Population Biology and Physiological 

Eco log y........................................................... 5,100,132 5,300,000 5,222,800 5,700,000 477,200

Total ........................................................... $33,952,783 $38,950,000 $37,684,000 $40,700,000 $3,036,000

Objectives and Description

Environmental biology focuses on living systems and the interaction of these 
systems with the environment. One objective of the Foundation's research support in 
the Environmental Biology subactivity is understanding ecological interrelationships 
among components of terrestrial and freshwater ecosystems. The studies of inter­
relationships are focused on several levels  of biological and genetic principles  that 
describe the adaptations of plants and animals to their s pecific microenvironments; 
the interrelationships among spe cies of natural assemblages are a central interest of 
community ecology; ecosystem studies focus on the totality of interrelations among 
coexisting organisms and their non-living environment, especia lly on productivity, 
nutrient cycling, and system responses to stress.

A second objective of Environmental Biology is to ident ify and interpret evolu­
tionary relationships among the living and extinct species of plants, animals, and 
microorganisms. Systematic biologists employ a variety of molecular  and mathe­
matical techniques, in addition to traditional methods, in assessing the significance 
of species characteristics for a complete classification of all living entities. A third 
objective is to develop and maintain biological research resources, vital to effective  
research in all fields of biology, such as systematic collections, living stock centers, 
field  research facilities, and controlled environment laboratories.

Major Research Questions

• How do mutualistic interactions, such as pollination, balan ce competitive inter­
actions in biological systems?

• What attributes of ecosystems confer resiliency and resistance on the system in 
response to environmental disturbance?
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• What are the taxonomic and biological characteristics of tropical plant and 
animal species in endangered habitats?

• What are the temporal patte rns of ecological systems over periods of five to ten 
or more years?

• What is the ad aptive significance of geographic patte rns of enzyme variability 
within populations?

• How do the biota interact  with the atmosphere to control atmospheric carbon 
dioxide and in response to acid rain?

Significant Research Achievements

Forest Ecosystems
Peter Vitousek, University of Indiana, and several colleagues at other univer­

sities are studying the physical and biotic processes which affect forest nutrient  tu rn­
over rates. They have ident ified several major processes in forest development that 
prevent nitrogen loss. These  processes, if disturbed, result in losses of nitrogen and 
other elements. The most important are biological and include plant uptake of nitrogen 
after perturbation, nitrogen immobilization, nitrification and microbial activity which 
converts ammonium to nitrite  and nitrate in the soil. In some systems, principally in 
western wet coastal forests, the amount of water that flows through the system and 
transports nitrate is very important on a seasonal basis. On steep slopes in the West, 
the movement of dead wood debris as well as increased movement of soil sediments 
may account for a much larger loss of nutrients  than flow through the soil into ground 
water.

Of all these processes perhap s the most important is nitrogen immobilization. 
Clear cutting can create problems because the immobilizing source, the forest com­
munity, itself is removed. In the East where considerable debris is left after harvest, 
there is less of a problem. In the West where a large proportion of the biomass is 
removed during clear cutting, the effect is more serious.

In a related effort, Martha Christensen of the University of Wyoming has been 
investigating the role of mycorrhizae, soil- and litter-living fungi, in reclamation of 
seriously disturbed lands. Disturbed sites are frequently produced in mining and con­
struction activities and p ioneer  plant species are often slow in becoming established. 
Consequently, there is heavy erosion and continued land degradation. Christensen has 
found that fungal mycorrhizae, widespre ad root-symbionts of native grassland com­
munities, improve the growth and survival of domestic plant hosts when inoculated 
into stripmined sites.

Carbon Dio xide

Increased consumption of fossil fuels augments the carbon dioxide in the atmos­
phere, an increase that could result in pronounced climatic changes. Ecosystem scien­
tists have been studying the biota as a source or a sink of CO2 .
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The  ma in appro ach has b een  to predic t CO2 lev els w ith mathem atic al models that 
utilize data on ca rbon tran sfe r in atmo spheric, terr est ria l and aqu atic  compartmen ts. 
Oak Ridge National Laboratory (ORNL) has co nstru cted  a model to me asure turnover 
times of carbo n in the bio sph ere . Initial  result s suggest that in ord er to maintain 
carbon in the atmo sphe re at a cons tant level, the area allow ed for regrowth must 
exceed the area  defores ted by a factor of six.

The ORNL group has had con siderab le success with model ing climate. A tem­
perate forest  model has bee n run  for a 16,000-year peri od to pre dic t the vegetati on in 
past times. The output has be en  checke d against the pollen profile descr ibing the 
paleo vege tatio n for the easte rn U.S. and there has been  a v ery good fit betw een the 
simu latio n and the availab le data . This suggests that a model can be a poten tially  
valuab le tool for crea ting  depe ndabl e und erst and ing  of carb on flow through the 
bios phere.

A Terrestrial Carbon Model is being develope d at the Ma rine Biological Laboratory, 
Mass achusetts  (MBL) to exa min e the cont ribut ion of soils and wate rs to the carbon 
balance.  This model ind icat es that oceanic  CO2 uptake via d iffus ion and mixing alon e 
is not large enough to a ccou nt for the dif fere nce  betwee n the estim ated  contr ibuti on 
from the CO2 sourc es and  the mea sure d atm osph eric inc rea se over the past few 
decades.

Both the MBL and the ORNL efforts conclude that the key to understa ndin g the 
global carbo n problem invo lves  carbon  balanc e calc ulat ions  in the terr est rial  biota 
since  models of oc eanic CO2 indic ate that cur ren t rate s of u ptak e and mixing are not 
sufficient to ba lanc e the global  carbon  budget.  Both stu die s point conclus ively to the 
fact that major studi es must  be made of carbo n dy namics in  soils of key repr ese nta tive 
areas selec ted across the ear th.

Advances in Population Genetics
Classical  pop ulation  gen etics  theory holds that nat ura l selec tion acts on the char­

acter istics  of ind ivid ual organis ms such that ind ivid uals possessing favorab le ch arac­
teristics survive and repro duce  more successfully than those lacking such characteristics. 
Natu ral select ion thus acts indir ectly  on the genes th at govern these traits. T his in direct  
action is well und erst ood  for many single gene trai ts (Me nde lian  inh eri tan ce)  but 
evolutionary  change  in polygenic  traits  (con troll ed by seve ral genes ) is less well - 
under stood because  of the complex inte ract ions  among them.

In gene ral, exp erime nta l analysis  of m ultip le ge ne trait s is po ssible  for plan ts and 
some animals but not for humans . The refo re, Mar cus  Feldm an and colle ague s at 
Stanford Univ ersity have  been using m athe mat ical mode ls to study p attern s of i nh er i­
tance and rate s of evolu tion of polygenic traits  in hum an beings. One study involv es 
the inh erit anc e of susc eptibility to d isease. The ir model ing effort assum es a sim ple 
gene system to a ssess the evolutiona ry effec ts of con tagiou s and fam ilia l-transmit ted  
diseas e. Contagious transm ission  occurs  when  the dise ase  is passed from me mb er to 
memb er of the popula tion; familial trans miss ion is from pare nt to child. Both are 
common types of dise ase  transmission. The res ults indi cate complex pa tte rns  of the 
evolution of diseas e resis tance that are quite  dif fer ent  from the simp le Me nde lian
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pattern. Resistance is dep enden t not only on the deg ree  of d elete rious  effects of the 

diseas e, but also on how the disease is trans mitted. This suggests that the gene tic 

basis and evolution of res ista nce  to contagious dise ases is quite differen t from the 

inhe ritan ce and evolution of famil ially tran smit ted diseases . In additio n to testing  

basic assumptions of evolut ionary  theory, these  results hav e p otent ial for d evelo ping a 

more complete under standi ng of disease  transm ission and the evolution of suscepti­

bility to disease in hum an popul ations .

Evolution of the Rice Grasses
The unexpect ed discover y of rich and extensive new  fossil floras and faun as 

durin g field work in Neb rask a in 1978 has ena bled Joseph Thomasson of Black Hills 

State College to docum ent an unusu al eight million yea r old phylogenetic trend  in 

several impor tant grasse s, inclu ding  the genus  of rice grass, Oryzopsis. It is usually 

diffic ult to trace the developme nt of grasses into the pas t sin ce the key ch arac ters  used 

to de term ine rela tionship s are not p rese rved in fossils. In the case of rice grass, fossil 

plan ts have been co llected  in  qu ant ity and variety at n early all strat igraphic  levels and 

in a condition in which the cells  of the reprodu ctiv e organs of the plants are well 

preserv ed. These cells show distinctiv e changes  in cha ract eris tics  from the oldest to 

younges t s trat a of rock and dem ons trat e clear ly the deve lopm ent of these plants over 

a spa n of 5-7 million years.
In additio n to the grasse s, the Nebr aska depos its are yielding abundant fossil 

ma teri als  of mastodons, hors es, rhino ceroses and tortoises. At least eight gene ra of 

fossil plan ts have been found in associa tion with the ver teb rat e remains. The asso­

ciated plant and animal fossils allow unp ara llel ed interp reta tion  of the paleoecology 

of th e late Tert iary strata . T he flora and fauna  r ecov ered  suggest that the c limates 5-7 

million years  ago in the Ash Hollow  region were  war mer than that which prese ntly 

cha rac teri zes  the region. It was approxim ately  simi lar to that pres ently found in 

Wes tern Sudan—a savanna comm unity with a mean annua l rain fall  of 50-70 cm. 

Systematics of Soil Nematodes
Soil -inhabiting  ne mato des form a significant compo nent of the biotic world. Cyst 

and root-knot nematodes Meloidogyne and Heteroderaj are con side red  by agricul­

turists to be one of the five most imp orta nt plant pathoge ns in the world. These 

organis ms are extrem ely inte rest ing  biologically in addit ion to the ir proclivity for 

plant da mage . They re pro duc e by a complex serie s of herid itar y mechanisms involving 

both parthenogenesis (asexual reproduction) and modification of chromosome number.

Anas tasio s T riantaphy llou of North Carolina State Univer sity has st udi ed species 

of cyst and root-knot nema todes f rom the viewpo int of morphology, physiology, cytol­

ogy, and DNA composition. He and his collaborators have  shown that extensive 

changes in reprodu ctive patt ern and chromosomal stru cture have resu lted  in certain 

damaging spec ies that do poorly in nat ura l habi tats,  but are highly successful  under  

culti vated crop  conditions. They explo it the artifi cial and relatively  rece nt envi ron­

ment provided by man’s agric ultur al activities.
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Trianta phyllou 's rese arch  findin gs build  on fun dam enta l biological knowledge  
and lead to a bett er und ersta ndin g of presen t and past rela tion ship s of organisms 
that have come to have a signi ficant imp act on agr icultural activities. The fact that one 
can track the previous history of the p ara site s and  re late  it to cu rren t fa rmin g practices  
and pr oble ms maybe  imp ortan t in dev elop ing fu ture s tudi es on the ecology and control 
of these impo rtan t organisms. Con tinu ed efforts to discov er resi stant crops and to 
plant them in in tellige nt crop r otation will minimize con ditions fav orable for nem atode 
developm ent.

Changes  Between F Y 1980 Bu dget Request and F Y 1980 Current Plan

The changes  in the FY 1980 Budget  Plan reflect minor  adju stments that were 
req uir ed by the amounts app rop ria ted  to the Natio nal Science  Foun dation .

FY 1981 Budget Highlights and Explanation of Inc rea ses  and Decrea ses

Obligations
FY 1979 Actual ................................................................................................................. $33,952,783
FY 1980 Program............................................................................................................... $37,664,000
FY 1981 R eq ue st ............................................................................................................... $40,700,000
Di ffe renc e—FY 1981/FY1980 ........................................................................................ $3,036,000

The $40,700,000 requ ested for Environm ental  Biology in FY 1981 is $3,036,000 more 
than  the FY 1980 program  of $37,664,000. This will help  reduce  the full impac t of 
infla tion  on envi ronm enta l biology.

Percentag e increase s for the five program elem ents  are as follows:

Ecology ............................................................................................................................... 5.3%
Ecosystem Stud ies ............................................................................................................ 5.1%
Systematic B io lo gy............................................................................................................ 6.0%
Bio log ica l Research Resources ......................................................................................  17.0%
Popula tion  Bio logy and Phys iolog ica l Eco logy .............................................................  9.1%

Projects  sched uled  for in cre ase d a ttent ion in FY 1981 include:

• $600,000 for increased  support  on biogeochem ical cycling and ecosystem 
dynamics, especia lly rel ate d to global carb on dynamics  and respo nse to acid 
rain.

• $300,000 for increased  sup por t on the ecology of o rganis ms in en dangere d trop­
ical forest environ ments,  for microbial ecology, and for studi es of ecological 
interac tions.

• $400,000 for inc reased  support on the  systematics of organisms, espec ially those 
from poorly known but endange red tropical habi tats.

• $1,200,000 for inc rea sed  funding of resou rces  for long-term ecological rese arch  
and m ainta ining f ield  res ear ch capability.
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• $400,000 for in creased funding of genetics of natural, pest, and wildli fe p opula­

tions basic to u nders tan din g the dynamics of plan t, anim al and huma n p opula­

tions under a v arie ty of envi ronmen tal stresses.

Coordination and Relationship to Other Efforts

Accordin g to an analysi s of the reports  publ ishe d in key journ als, the NSF, 

through  the Enviro nment al Biology program prov ided essential ly all of the Fede ral 

sup por t for basic res earch in sys tematic biology, population  (of non -hum an organisms) 

biology and ecology. Oth er Fe der al agencies, such as Dep artm ents  of Agriculture, 

Inte rior , and prim arily  Energy and  the Environm ental  Prote ction  Agency, support 

app lied  environ ment al rese arch . M any of thes e activities  are built  upon  basic re search 

findin gs supp orted by NSF. Th ere  is coor dination through inte rage ncy coordina ting 

comm ittees  and task forces  to fit the  b asic and applied  re sea rch  t hru sts together. This 

is espe cial ly true in connection with  problems  of tropical defo restation , acid rain, 

global carbo n dioxide, and dev elopment  of research natu ral are as and biosph ere 

rese rves.

Ecology Program Element $5,500,000

Objectives and Description

The Ecology program elemen t sup por ts re sea rch  prim arily  at the le vels of (1) inte r­

acting popu lation s of two or m ore spec ies,  and (2) biotic comm unities in which many 

speci es popu lations inter act in complex fashion. These  studi es involve  terrestri al, 

fres hwater , and estu arin e environ men ts, and include envi ronm ents managed or im­

pacted by man.
The objectives of rese arch are  to improve knowledge in sev era l broad areas, 

including:

• The role of mic robial intera ctio ns in controlling the basic fert ility  and prod uc­

tivity of ecosystems.

• The role of inter actio ns among high er organisms, including competition , her- 

bivory , predation , and pol lina tion , in regulating the abu nda nce  and activity of 

the part icipating spec ies. T his res earch  is basic to the develop men t of strateg ies 

for integrated pest man agem ent in agroecosystems.

• The inter actin g roles of past (evo lutionary, biogeographic, and histo rical ) and 

pre sen t (species inter actio ns and  biotic success ion) factors in dete rmin ing the 

str uct ure  and function of biotic communities .
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FY1981 Budget Highlights and Explanation of Increases and Decreases

The increase of $277,200, from $5,222,800 to $5,500,000, will support continuation 
of research on:

• Dynamic aspects, including molecular, of species interactions, such as predation 
and those of herbivores on plants in natural and agricultural systems. Particular 
emphasis will be on the complex interactions in tropical forests, and in crop 
systems.

• Role of soil microorganisms in controlling rates of decomposition and other 
transformations of both natural and pollutant compounds. This research is cru­
cial for understanding nutrie nt cycling in both temperate-zone and tropical 
ecosystems.

Ecosystem Studies Program El em en t.................................... $13,000,000

Objectives and Description

The objectives of the Ecosystem Studies program ele ment are to increase under ­
standing of ecosystem structu re, function and relationships and to improve methods 
for predicting the probable environmental consequences of man ’s activities in manag­
ing and exploiting both renewab le and nonrenewable natural  resources. This program 
focuses on the multiple interrel ationships occurring among arrays of organisms in the 
context of their total environment. Properties  and responses of whole ecosystems, such 
as productivity, nutrient cycling, reservoirs for toxic materials , and resistance to dis­
turbance, are examined.

The specific objectives of the Ecosystem Studies program element are to:

• Increase basic information on structure  and function of natural, managed and 
human-dominated ecosystems;

• Develop new methods to predict stability and change in complex, highly vari­
able ecosystems;

• Encourage the acquisition of basic ecosystem research information for the pur ­
pose of solving pressing problems of ecosystem management, such as global 
carbon dioxide and acid rain.

FY1981 Budget Highlights and Explanation of Increases and Decreases

The $627,200 increase , from $12,372,800 to $13,000,000, will help support research 
in the following areas:

• Nutrient Cycling and Global Biogeochemistry. Mineral cycling has been an 
important thrust of the program. Improved understanding of biotic relationships
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for specific ecosytems can now be used in coordina tion with the physical sci­

ences to addr ess prob lems emerging on a global scale. Carbo n, nitrogen,  and 

sulf ur are of prima ry i nte res t, and human activity has h ad an imp act on each. In 

addition, man has intr odu ced  a wide array of toxic comp ound s into most eco­

systems. Their fates and  ecosystem  effects re quire  elucid ation. Ecologists work­

ing with geochem ists and atmosph eric scien tists  can contrib ute to research  on 

important questions of the g lobal cycle; nam ely, w het her  te rre str ial  biomass is a 

net source of or sink for carbon  dioxide.  The role of tro pica l fores ts is of gre at 

interest. The fun dam ent al res ear ch suppor ted her e prov ides  models and new 

techn iques  for more a ppl ied  re sea rch  of other  agen cies, su ch as the Depa rtmen t 

of Energy.

• Patte rns of Ecosystem Stab ility  and Change. Ecosystems can be under stood  as 

being stable, as in a nat ura l rese rve , or highly dynam ic, as in river s and wet­

lands.  The tempor al pat ter ns  of ecosystem stru cture and funct ion are poorly 

known, yet are  importa nt in a theor etical sen se and also in e valu atio n of manage­

ment  alte rnat ives  and lan d plan ning.

Systematic  Biology Program E le m en t........................................ $8,400,000

Objectives and Description

The  r ese arch suppo rted by the program elem ent of Systematic Biology identifies, 

describes , and  inte rpre ts the myr iad forms of p lant  and  animal life. By establishing 

evolutionary  relationships, a na tur al system of cl assification  is deve lope d.
The  prim ary objectives of the  Syst emat ic Biology program  elem ent  are  to develop:

• Information on the iden tities, rela tion ship s, and distr ibut ions  of living species, 

and  to use the fossil rem ain s of extinct speci es to prov ide knowledge of the 

organic changes through the cou rse of the ea rth ’s history;

• Prin ciples and m ethods that will allow more effic ient gather ing, process ing and 

analy zing  of information  on relatio nsh ips  among these myr iad spe cies .

FY1981 Budget Highlights and Explanation of In creases and Decre ase s

The increas e of $477,200, from  $7,922,80 0 to a total of $8,400,000, w ill help  sup port 

the following areas:

• Biomolecular  Studies. Th ese s tudies a re allowing syst ematist s to der ive  data that 

reflect the basic genetic att rib ute s of specie s to supp lem ent dat a deriv ed in­

dire ctly  from morphological stud ies.  The data are helping to resolve some 

questio ns of evolutio nary rel ations hip s that have  long been disp uted .

• Num erical Taxonomy. The ava ilab ility  of biomol ecul ar data  to supp leme nt 

existing morphological  data  has necessi tate d new quantit ativ e and automated 

tech niq ues  to m easure degrees  of simi larity and ancest ry.
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• Biology of Humid Topics. The rich  and little-kn own assembla ges of plants, 
anim als and microorganisms  of trop ical forests  are  rapi dly  unde rgoin g dis­
turb anc e and extinction. As a result,  the majority  of tropical fore st may be lost 
in 20 to 50 years. Much more know ledge  of the syste matic s and ecology of the 
organisms  composing tropica l for est  system s is nece ssar y for a n understand ing  
of their biology, as well as for app lied studies.

• Paleobio logy. The concept of pla te tectonics, develop ed with in the geological 
scien ces, has opened a whole new  realm  of res ear ch in pa leobio logy. Develop­
ment of new oceanic  basins , such as that of the modern Atlantic, has had pro­
found  effects  upon the diversi ty of life on earth . Thus, paleobiolog ists are 
approac hing  a time of synt hesis in which geological, geoph ysical  and evolu­
tiona ry d ata can be unif ied with res pec t to real istic int erp ret ations  of the history 
of life.

Biolog ical Research Resources Program Element..................$8,100,000

Objectives and Description

The Biological Resea rch Reso urce s program elem ent is de signed to provide sup­
port for major scient ific tools and faci litie s that are of crucial imp orta nce  to rese arch  
in biology. These include living collec tions of v ariou s kinds, fiel d faci lities such as 
experimental ecological reserves and field stations, and systematic research collections.

The NSF staff contin ues to work  closely with scien tific  societie s to ide ntify  and 
assist biologists planning for the deve lopm ent, mana geme nt, and utiliz ation  of biolog­
ical reso urce s of nation al imp orta nce .

FY1981 Budget Highlights and Exp lanation of Increases and D ecreas es

The $1,77,200 inc rease, from $6,922,800 to a total of $8,100,000,  will provi de sup port 
for the following:

• Fur ther  developm ent of projects  on long-term ecological mea sure men ts and 
maintaining  field res earch  capa bility.  Only long-term res ear ch in environ ­
mental biology can fill th e c ritical  void in und erst and ing  the  kinds and effects of 
long-term chang es in na tur al systems. Without knowledge of long-term trend s, 
as opposed to cyclic chan ges,  it is not possible to evaluate the effects of m an’s 
alter ation s of the environ men t. The initia l proje cts will be conduc ted at repr e­
senta tive sites within a netwo rk of e xpe rim ental ecological reserv es.

• Expansion of com puteriz atio n of d ata-p roces sing  for syste matic collect ions of 
national  signif icanc e. Th ere  is an incre asing need  by ecologists and reso urce  
planners  for ecological as well as systema tic da ta ab out spec imens used to verify 
identi fications.
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• More adequate centers for preservation of genetic resources. This need is 
especially significant given extinction of tropical species.

Population Biology and Physiological Ecology
Program Elem ent........................................................................ $5,700,000

Objectives and Description

The program element of Population Biology and Physiological Ecology provides 
support for basic research on the adaptations of species through studies of their 
ecology, physiology, behavior, life history, and genetic composition.

The objectives of the program element are to:

• Discover the principles that describe the physiological, behavioral  and social 
adaptations of animals and plants to their respective environments:

• Understand the life histories of plants and animals in terms of evolutionary 

biology and natural selection:

• Understand the process of evolution by studying the frequencies of specific 

genes with known metabolic and physiological roles.

FY1981 Budget Highlights and Explanation of Increases and Decreases

An increase of $477,200, from $5,222,800 to a total of $5,700,000 in FY 1981, is 

requested for the following:

• Biochemical Aspects of Adaptation. Extensive surveys of many populations 
have revealed that an unexpectedly large proportion of the individuals of each 
differ in the molecular configurations of numerous enzymes that may modify 
certain metabolic processes. Some cases suggest that the widespread  molecular 
variability of enzymes persists because it enables some individuals to survive 
almost any environmental conditions encountered by the population. Increased 
emphasis is needed to test the generality of this hypothesis.

• Long-term Studies of Population Genetics and Ecology. Few studies of popula­
tion biology have analyzed specific populations for more than five years, yet 
studies of long-term changes in environmental characteristics, concomitant 
shifts in the genetic structure of populations, and changes in that population’s 
environment are all closely linked. Analysis would provide greater understand­
ing and therefore predict  and not merely monitor shifts. Analysis and prediction 
are fundamental to larger ecosystem monitoring and could suggest approaches 

for use in agricultural systems.
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QUANTIT ATIVE  PROGRAM DATA 
ENVIRONMENTAL  BIO LOG Y PROGRAM SUBACTIVITY

Proposal and Award Summary

A c tu a l
F Y I 979

Est im ate
FY 19 80

Es tim ate  
FY 1981

N u m b e ro f P ro po sa ls  R ec ei ve d'  ...................................................... ................  1.215 1.240 1.260
N u m b e ro fA w a rd s - ............................................................. ..............  685 695 715

D o lla rs  Prop os ed  on A w ard s (T ota l)  .......................................... ................  $67,791,000 $75,180,000 $81,200,000
D olla rs  Pro po se d on  Aw ard s ( A nnua l R a te ].............. ............... ................  39.409.100 43.680.000 47.200.000
D olla rs  A w a rd e d  (T o ta l) ........................................................ ................  33.952.783 37.664.000 40.700.000
D o lla rs  A w a rd e d  (A nnua l Rate)  .................................................. ................  25.954.000 28.780.000 31.100.000
Ave ra ge  D o ll a r  p e r A w a r d ............................................................ ................  49,570 54.200 56.900
Ave ra ge A w a rd  D ura tio n  ( Y e a rs )" ................................................ ................  2.2 2.2 2.2

Parcantaga Distribution of Funds Awardad by Parformar

Est im at e
FY 19 79

E stim ate
FY 19B0

Es tim ate
FY1981

U n iv e rs it ie s  and  C o ll e g e s .............................................................. ....................  82.6 83.0 83.0
In d u s try ............................................................................................. ....................  —0— —0 —
Fed era l A gencie s ............................................................................ ..................... —0 — - 0 - —0—
O th e r ................................................................................................. ..................... 17.4 17.0 17.0

Personnel end Other Awerd Factors

Est im at e Est im at e Es tim ate
FY 1979 FY 1980 FY1981

S en io r S c ie n tis ts  F acu lty4

N u m b e r o f sc ie n tis t ye ars s u p p o r te d .................................... ......................  218 230 230
A m o u n t o f f a cu lt y  su pport  ...................................................... ......................  $6,763,588 $7,670,000 $8,290,000
Cost p e r s c ie n tis t v ear .............................................................. ......................  31.030 33.400 36.000

P ost doct ora l A ssoc iates
N u m b e ro f s c ie n tis t y ea rs  su p p o r te d .................................... ......................  75 80 80
A m o u n t o f p ostd octo ra l s upport  ............................................ ......................  $1,045,282 $1,185,000 $1,280,000
Cost p e r s c ie n tis t y ea r .............................................................. ......................  13.940 14.800 16.000

G ra duate  S tu de nts
N u m b e rs u p p o r te d ..................................................................... ......................  324 340 340
A m o u n to fg ra d u a te s tu d e n ts u p p o rt  .................................... ......................  $1,967,589 $2,231,000 $2,410,000

O th e r P er sonnel costs  ................................................................... ......................  3.873.691 4.393.000 4.750.000
C ap ita l Item s

M a jo r  E q u ip m e n t....................................................................... ......................  —0 —0— —0—
E q u ip m e n t a nd  In s tr u m e n ts .................................................... ......................  $3,209,200 $2,800,000 $3,030,000

O th e r Cos ts ..................................................................................... ......................  9.469.024 10.738.000 11.600,000
In d ir e c t C o s ts .................................................................................... ......................  7.624.409 8.647,000 9.340.000

T o ta l ...................................................................................................................  $33,952,783 $37,664,000 $40,700,000

' In c lu des  prop os al s fo r c om m it te d  r enew a ls , etc .
In c lu des  aw ar ds  fo r com m it te d  re new a ls , su pp le m en ts , etc.

'In c lu d e s  con tinu in g  g ra nts fo r  fu ll  lengh.
‘ In c lu des fa cu lty  ass oc iates  an d o th er pro fe ss io na ls .
•F ringe Ben ef its , ex pe ndable  eq u ip m e n t,  tr ave l,  pub lica tion  cos ts, com pute r costs, o th e r d ir e c t costs.
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ENGINEERING AND APPLIED SCIENCE

PROGRAM ACTIVITY SUMMARY

FY1981 PROGRAM TOTAL .....................................................  $137,000,000

Obligations by Subactivity

Page Sub afli vi ty Actua l
FY1979

Budget 
Request 
FYI 980

Cu rrent
Plan

FY 1980
Estimate 

FY 1981
Dif ference 
FY 1981/80

F-l Electrical. Computer, & Systems 
Engin eer ing ........................................... $17,020,988 $18,160,000 $17,606,000 $22,500,000 $4,894,000

F-ll Chemical t  Process Engineering ......... 12,975,094 14,320,000 13,880,000 16,650,000 2,770,000

F-lll Civil a Environmental Engin eering........ 8.151,770 9,630,000 9,300,000 10,125,000 825,000

F-IV Mechanical Sciences a Engineering .. . 10,708.730 11,990,000 11,665,000 13,325,000 1,660,000

F-V Applied Research ..................................... •17,608 ,213 •18,200,000 •17,628,409 •18,700,000 •1,071,591

F-VI Problem-Focused R esearch ................... •32,538,834 •30,400,000 •28,885 ,000 •30,500,000 •1,615,000

F-VII Intergovernmental Programs................. 5,131,539 5,000,000 5,500,000 7,000,000 1,500,000

F-VII I Small Business Innovation & Industrial
Te chno log y....................... ..................... 5,724,816 6,000,000 7,370,000 18,200,000 10,830,000

Tota l"  .......................... ..................... $109,859,984 $113,700,000 $111,834,409 $137,000,000 $25,165,591

• Does not inclu de  a pproxim ate ly $2.2 m ill ion (FY 1979) and $2.0 m ill io n (FY 1980 and FY 1981) in A pp lie d Research and $1.4
m ill io n (FY 1979) and $1.0 m ill ion (FY 1980 and FY 1981) in  Problem Focused Research fo r sma ll business so lici tat ion s. These 

funds are now inc lude d and displayed in the Small Business and Indu stria l Techno logy subactiv ity.
** Does not inclu de  $0.9 m ill ion in FY 1979. $2.7 m ill io n  in  FY 1980 Budget Request. $3.85 m ill io n in FY 1980 Current  Plan, and 

$2.7 mi llio n in  FY 1981 f or the Exper imental Program to St im ulate Comp eti tive Research, w hich  is an EAS e ffo rt  but d isplayed fo r 

budgetary  purposes in the Cross-D irectorate  program.

Goals and Description

The Foundation's Engineering and Appl ied Science (EAS) Activity seeks to strengthen 

the Nation 's engin eerin g and appl ied scie nce  rese arch  base and enha nce  the links 

betwe en fun dam ent al resea rch and app lica tion s in addre ssing  selec ted national goal s. 

This is acco mplis hed by identif ying and supp ortin g basic rese arch  across a broad 

spectrum of the engineering  scienc es, app lie d rese arch , and rela ted activ ities  that 

have the highe st poten tial for co ntrib uting  to the  und ersta ndin g and reso lutio n of sig­

nifica nt socie tal problem s.
The spec ific objecti ves of EAS are to:

• Advan ce basic  kno wledge of fu nda me nta l engin eering  p rinc iples that might be 

app lied  to the  analy sis and design  of a larg e va riety  of manma de systems:

• Stren gthe n the academ ic en gine ering  re sea rch  base in o rde r to add res s th e need  

for mo re basic  re sear ch unde rlying  i ndu stri al technology and for mo re g rad uat ­

ing eng ineers working at the fore fron t of rese arch .

• Stimulate the application of funda me ntal  s cienti fic and engin eerin g k nowledg e 

to the solut ion of significant  prob lems in the publi c and priv ate sectors,  and
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shor ten the time be twee n scie ntific  discover ies an d their a pplic ation  for socie tal 
use;

• Focus U.S. scien tific and techn ologic al capa bilit ies on sele cted  prob lems of 
natio nal signi ficanc e wh ere NSF can make a uniq ue co ntrib ution , suc h as ear th­
quak e haz ard s mitigation, hum an nutr ition , and others;

• Inc rea se fund ame ntal  scien tific  know ledge  in selected  problem are as wher e 
additio nal  knowledge can c ont ribute  to thei r long-term solution;

• Prov ide mechanisms to inc rea se the effec tiven ess of the publ ic and  priva te 
secto rs in appropr iate ly util izing s cien ce and technology;

• Faci lita te the integr ation of scie ntif ic and technic al resource s into the activities 
of State and local governments;

• Explo re new ways to impro ve coop erat ion betw een univ ersi ties  and indust ry 
in res ear ch and industria l innovation; and

• Draw  upon the rese arch  cap abi liti es of the Nation’s small busi ness es, with a 
view  towards moving the most promising research along the continuum to 
com merc ialization  as soon as possi ble.

On July 1, 1979, the National Science Founda tion formed the Engineering  and 
Appl ied Science Direc torate by com binin g the Engineering  activitie s w ithin the Foun­
dation with the A pplied Science and  Research Appl icatio ns Directora te. Many act ivi­
ties bet ween the two w ere highly complem entary. By combining these organiza tions, 
NSF is now bett er able to:

• Stren gthen the engin eerin g p rogra ms of the Fo undation by giving them a single, 
more  visible place  in the NSF organization;

• Enhance  NSF’s program of a ppl ied  an d p roblem-focused res ear ch by providing 
a bro ade r base  of scie nce  and engi neer ing on whic h to build; arid

• Recognize the key ro le of e ngin eerin g in the transf er of sci enc e into technology 
by pla cing the F oun dat ion ’s m ajor engin eering , indu stry -re late d, and proble m- 
orie nted  efforts in one organ izatio n.

The EAS budget is org aniz ed around eight subactivities; Elec trica l, Com puter, and 
System s Engineering; Chem ical and Process Engineering; Civil and Environ mental  
Engineering; Mechanical  Scie nces  and Engineering; Appl ied Research; Problem- 
Focused Research; Inte rgov ernm enta l Programs; and Small Business Innovation and 
Ind ust rial  Technology.

Electr ical, Computer  and Systems Engineering  supp orts,  basic and appl ied 
resear ch in large scale  int egr ated circuit elect ronic s, inte gra ted  optics, optical com­
munic ations , autom ation and  robotics, and math ema tical  stud ies of complex int er­
actions in the man made world.

Chemical and  Process  Engineerin g emphas izes  resear ch on: the basic  mechan isms 
of catalysi s and various chem ical and biochemica l proc esses , and the method s of 
putting the resul ting know ledge into i ndustrial applications; genera l theor ies of mass
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transfer and separation processes, including the characterization and processing of 
fine particles; and the effic ient recovery and use of resources that feed important 
industrial processes.

Civil and Environmental Engineering focuses on: activities in which the earth’s 
surface itself is involved (such as foundations and dams); the science of designing 
structures in such a way as to give the most efficient and economical service in 
response to given demands; and studies of the flow of above- and below-ground water, 
utilizing principles of engineering, biology, and chemistry to protect and improve the 
physical environment.

Mechanical Sciences and Engineering addresses problems in: the transfer of heat, 
a major  carrier  of power; solid  mech anics , which emp hasizes  the problem s of 
machines under high stress and strain; fluid mechanics, which looks at lubrication, 
questions of turbulence, and other areas connected with fluid flow; and mechanical 
systems, which involves the synthesis of all these elements into an appropriate “design."

App lied Research seeks to accelerate  the rate of technological innovation growing 
out of significant advances in selected fields of science and engineering. The program 
supports unsolicited proposals as w ell as research in certain coherent areas; the latter 
involving the selective support of interrelated applied research projects having a 
high probabi lity of providing a broad knowledge base for major technological innova­
tions or for contributing to the solution of significant public policy issues.

Problem-Focused Research concentrates research on critical societal problems 
where it is clear that such research is essential for dealing effe ctively with the 
problems. Currently, four program areas are supported: Earthquake Hazards Mitiga­
tion; Alternative  Biological Sources of Materials; Science and Technology to Aid 
the Handicapped; and Human Nutrition. The subactivity also supports efforts in: 
Problem Analysis, which examines a wide range of potential research topics and 
problem areas for use in selecting research directions; and Integrated Basic Research, 
which provides additional support to basic research topics related to problem areas 
of existing or emerging major importance.

Intergovernmental Programs supports research that attempts to facilitate the 
integration of scientific and technical resources into the activities of State and local 
governments. Efforts are directed not only at individual jurisdictions but also those 
encompassing statewide, regional, and national networks.

Small Business Innovation and Industrial Technology seeks to: develop selected 
incentives  that the Federal government may use to increase R&D investment in the 
private sector, with particular emphasis on the role of small business in such activities; 
and combine the scientific and technological resources of universities and industries 
in cooperative efforts designed to acce lerate industrial innovation and enhance 
productivity.
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Changes Between FY 1980 Budget Request and FY 1980 Current Plan

The FY 1980 Curren t Plan of $111,834,409 is below the FY 1980 Budget Request of 
$113,700,000 by $1,865,591. The Req uest  level does not inclu de $2,700,000 and the Plan 
does not includ e $3,850,000 for the Experimen tal Program to Stim ulate  Competitive  
Rese arch,  which is now a Cross-Directo rate Program.

Increase s include:

• $1,800,000 for init iation  of the new Ap prop riate  Technology progra m, as dire cted  
by Congress.

• A $500,000 increase for the Aid to the Han dica pped Progra m as direc ted by 
Congress, from $1,800,000 req ues ted to $2,300,000 cur rently plan ned.  However , 
the incre ase in this Proble m-Foc used Research (PFR) progra m is offset by a 
decreas e in all of PFR by $1,515,000, from $30,400,000 to $28,885,000, which was 
accompl ished by reduct ions coming prim arily in the Alterna tive Biological 
Sources of M aterials Program.

• A $500,000  increa se  in the Int erg ov ern me nta l Pro gra ms sub act ivit y, from 
$5,000,000 to $5,500,000, to accomm odate the new, Congr essio nally -man dated  
State Science, Engin eering, and Technology Program. Howev er, the initia tion 
of this program at the d ire cte d level of $1,500,000 fo rced redu ctions of $1,000,000 
spre ad among the oth er program elem ents  of the subac tivity.

Othe r area s which exp eri enc ed decr ease s in additio n to those  cited above include:

• Electrical, Comp uter, and Systems Engineering  by $554,000, from $18,160,000 
to $17,606,000, with redu ctio ns in all programs except Solid State and Micro­
structures Engineering .

• Chemical and Proce ss Enginee ring by $440,000, from $14,320,000 to $13,880,000, 
with the redu ctions occu rring  prim arily  in Engineering Energ etics and Th ermo­
dynamics and Mass Tra nsf er research .

• Civil and  Env iron men tal Enginee ring by $330,000, from $9,630,000 to $9,300,000, 
with cuts ap plied pr im ari ly to Geote chnical En gineer ing.

• Mechanical Sciences and Engineering by $325,000, from $11,990,000 to $11,665,000, 
with red uction s in re sea rch  in Fluid M echan ics and  Heat T ransf er.

• Applied Rese arch by $571,591, from $18,200,000 to $17,628,409, with the cut 
direc ted mainly to t he Ap plied Social and Behavioral Sciences program.

• Indus trial Technology, now par t of the Small Bu siness I nnovat ion and In dust rial 
Technology Subact ivity  by $430,000, from $3,000,000 to $2,570,000.
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FY 1981 Budget Highlights and Explanation of Increases and Decreases

The proposed FY 1981 inc rease of $25,165,591, which will raise  the EAS program 

from $111,834,409 to $137,000,000 in FY 1981, would inc orporate the following increases:

• Electrical, Computer, and  Systems Engineering  by $4,894,000, from $17,606,000 
in FY 1980 to $22,500,000 in FY 1981, prim arily for a sharp ly-foc used effort in 

micro structu res and com puter engineering resea rch.  Such an effor t will addr ess 

research  in area s wh ere  the U.S. has recently  been  lagging in compar ison to 
foreign countries,  and  al so direct re search  tow ards a fiel d which has high po ten­

tial for produc tivity imp rov ement and indu strial innov ation.

• Chemical and P rocess E ngineerin g by $2,770 ,000, from $13,880 ,000 to $16,650,000, 
for efforts part icularl y in engi neer ing energetics, with an emphasis on upgrad ­

ing facilities for plasma chem istry  and arc technology. Ano ther  thru st is in the r­

modynamics and mass tra nsf er, with s upport for res ear ch in novel and energy- 

effici ent sepa ratio n proc esses.

• Civil and Environmental Engin eering by $825,000, bringing that program from 

$9,300,000 to $10,125,000. Emphasis  will be on research  in st ruct ural  m echanics, 

par ticularly  as dire cted  tow ards prob abil istic  design methods and optimiza tion 

tech niques on str uctures sub jec ted  to off-shore, wind, and  e arth qua ke envi ron­

ments.

• Mechanical Sciences and Engineering by $1,660,000, from $11,665,000 to $13,325,000. 
Conce ntration will be on mec hanical systems rese arch  with emphasis on control 

theo ries as appl ied to m anufact urin g processes, which prov ide the foundation  

for late r rese arch  in imp rove d manufacturing  method s and  robotics.

• Applied Research by $1,071,591, raising the program from $17,628,409 to $18,700,000. 

Such an incre ase will allow for  a new rese arch thrus t to e xamine the imp act on 

the economy of a t rans ition  from heavily-re gula ted to less-r egulated  i ndus tries  

and services , and also to e xpa nd work in areas of manuf acturing  proce sses and 

materia ls handling.

• Problem -Focused Rese arch by $1,615,000, from $28,885,000 to $30,500,000, pri n­

cipal ly for expanded eff orts in ea rthq uak e ha zards mit igation.

• Inter gove rnme ntal Programs by $1,500,000, from $5,500,000 to $7,000,000, to be 

app lied  enti rely to the State S cience, Engineering, a nd Technology Program and 

that program 's effort s to imp lem ent  capa city-b uilding prog rams  in State and 

local governments to access scie ntifi c and technolo gical inform ation .

• Small Business Innovation and Industrial Technology by $10,830,000, from $7,370,000 

to $18,200,000, to accommo date significantly  heig hten ed efforts in suppo rt of 

small  business rese arch  and universit y-in dust ry coop erative rese arch cente rs, 

both of which were keysto nes in the Pres ident's Industr ial Innovation  In itiative 

ann ounced  last fall.
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Percentag e changes bet ween FY 1981 and the FY 1980 Current Plan for the sub 
activ ities  are as follows:

Electrical, Computer. & Systems Enginee ring ....................................................... 287,
Chemical & Process Enginee ring ...........................................................................  207,
Civil and Environmental Enginee ring...................................................................  97,
Mechanical Sciences & Engineering ..................................................................... 147,
Applied Research..................................................................................................  87,
Problem Focused Research ................................................................................... 87,
Intergovernmental Program s................................................................................. 277,
Small Business Innovation & Industria l Technology ............................................. 1477,

Changes in Budget Structure

As was noted, the Engineering  and Applied Science  Directo rate  was formed on 
July 1, 1979. It inclu ded the programs of the former Appl ied Science and Research 
Applications (ASRA) Directo rate  as well as the Division of Engineering  of the Mathe­
matical and Physical Sciences  and Engineering (MPE) Directora te.

Formerly, there  w ere five subac tivit ies in the ASRA budget; now, in the appl ied 
research portion of EAS, there are four—Applied Research, Problem-Focused Research, 
Intergovernm enta l Programs, and Small Business Innovation and Industrial Tech­
nology. Two, former ASRA subactivi ties,  Problem Analysis  and Integrated  Basic Re­
search , have been subsum ed un der the Problem-Focused Resea rch subactivity as pro­
gram elements.

The former In terg overnm ental Science and Public  Technology (ISPT) subac tivity 
has  bee n separated into  com ponents  for budgeting purposes . The cur rent Intergovern­
men tal Programs subactivi ty is the former Inte rgov ernm enta l program element of 
ISPT; former sube lements  of the Intergovernm enta l program element are now pro­
gram elements in the new subactivity. One new program elem ent  has been  estab lishe d, 
State Science, Engineering , and Technology. Finally, the Expe rimental Program to 
Stim ulate Competitive Researc h, which was form erly  a program element of ISPT, is 
now found in the Found atio n’s Cross-Directorate Activity.

Furth er, the Indu stry  p rogram element of ISPT is now a program elem ent in the 
new Small Business Innovation and Industrial  Technology subactivity.  The latter was 
established as a sep ara te sub acti vity  in FY 1981 with c omparable  amounts  for the Small 
Business program shown for FY 1979 and FY 1980. The Pre sident  inc luded  funds for a 
spec ial initia tive in this prog ram in the Foundation’s budget for FY 1981. Finally, the 
Approp riate  Technology program element, which was not par t of the FY 1980 Budget 
Request, has also been placed  in the Small Business Innovation and Industrial Tech ­
nology Subactivity.

In the engineering portion of EAS, four new subactivit ies have been formed from 
the prior Engineering subactivi ty of MPE; (1) Electrical , Computer, and Systems Engi­
neer ing (ECSE), which in the FY 80 Budget comprised the Electrical Sciences  and 
Analysis programs; (2) Chem ical and Process Engineering (CPE), which formerly 
contained  the Engineering Chemistry  and Energetics programs; (3) Civil and Environ-
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mental Engineering  (CEE), whic h forme rly held the Civil and Environmenta l pro­

grams; and (4) Mecha nical Sciences  and Engineering (MSE), which contained the 

Mech anica l Sciences and Engineering programs.
In addition, several new program elements have  been add ed to engineering; in 

Chem ical and Process Engineeri ng (CPE), Kinetics, Catalys is and Reaction Engineer­

ing, as well as Chemical and Biochemica l Systems, were  formed from the prior 

Ch em ical Processes Prog ram Elem ent;  in Me cha nic al Sci ences  and Eng inee ring  

(MSE),  the Mechanical Systems progra m Elemen t was estab lishe d.

Further discussion of these chang es is address ed at the app rop ria te subactiv ity 

levels.

Evaluation and Oversight

EAS is building on ext ant sy stem s of eva luation and oversight that were  in pla ce in 

the form er Applied Science and Rese arch  Applica tions Directora te and the Division 

of Engineering.
Various formal as well as info rma l processes of e valu ation—at the project, pro­

gram, and the direc torat e leve l—prov ide EAS with a pass-back mecha nism directed 

towar d achieving an effic ient allocatio n of its res ources . This eval uation function  is an 

imp orta nt part  of the bud getary /pla nning processes and the FY 1981 budget incor­

porates  the many efforts  associate d with these processes.
For EAS, as in the rest of'NSF, the major  projec t-by-project eva luat ion effort is the 

proposal review process . The inte llec tual im portance or long-term be nef it from a given 

fundam ental resea rch effort is often not d iscernib le until afte r the work is completed. 

The refo re, this evaluation reflects  prim arily the estim ated quality of the expecte d 

res ear ch results.
Most of the ex terna l evaluation  a ctivi ties for each  EAS subac tivity are  carried out 

by a formally constitu ted Advisory Committee  consisting of two to th ree  m embers  for 

each program element. These mem bers  normally serve for thre e, one-year terms 

arrang ed so th at appro ximately one- third  of the memb ershi p changes  each year. The 

comm ittee normal ly meets once or twic e a year. Following each meeting, the Commit­

tee prepare s a writte n repo rt, and a writ ten respon se is provided by the Assistant 

Direct or for EAS after  discussion with the appropriat e program staff.

In a l arg er framew ork, EAS is guided  in its direct ions and p rior itie s by its recently  

reco nstit uted  Advisory Committee. This  Committee,  which is made up of eminent 

rep res entat ive s from unive rsitie s, industr y, and professiona l organizations, provides 

advice  and counsel  on major goals and polic ies perta ining  to EAS.
There  ar e other, internal  mecha nism s that  pro vide continu al oversight concern ing 

the dir ec tor ate ’s curr ent efforts  and future  plans. In additio n to frequent  inter nal 

eval uation through m echanisms such as p rogram  reviews held for the Direc tor and the 

rando m samp ling of proposal files by NSF's Office of Audit and Oversig ht, a major 

inte rnal  eva luat ion vehicle  is the ann ual  long-range planning process. These plans.
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together with the ann ual  updates  of the Divisions’ Statu s of Science Reviews and the 
Assistant Di rector’s Prio riti esi n Su pport of Scien ce, d efin e areas of fut ure  pro mise for 
cons idera tion by the  pr iority-settin g and reso urce -allo catin g m echanisms  within EAS.

Finally, EAS is cont inuing  with the process of pr oviding  a formal system to eva lu­
ate the results of it s sup por ted research . The system draw s on pe er rev iew ers to eva lu­
ate reports  and othe r rese arch  products pro duc ed as a resu lt of EAS grants.
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QUANTITATIV E PRO GR AM  D AT A 
ENGIN EERIN G AN D APP LIED  SCIE NCE

Proposal and Award Summary

Estimate
FY1979

Estimate
FY I 980

Estimate
FY1981

Proposals:
Number of  Pro posa ls ................................................................................ 4.278 4.963 5.372
Total D ol lar Requested (M illion s)  ......................................................... $448.3 $500.3 $567.2

Awards:
Number of Awards  ................................................................................. 1.694 1.711 1.944

Total D ollar  Amount  (M il lio n s ).................................................................. $109.9 $111.8 $137.0
Average Dol lar Per Award (T ho us an ds )............................................... 64.9 85.4 70.5
Average Award Du rat ion  (M onths)  ....................................................... 16 16 16

Percentage Distribution of Funds by Performer 1

Actua l Estimate Estimate
FY 1979 FY1980 F Y 1981

Un ive rsi ties and Col leges............................................................................ 79.8 80.8 75.5
In dustr y .......................................................................................................... 9.8 8.9 14.5

Small Business (a llo f EAS )....................................................................... (7.6) (6.6) (12.3)
Small Business as 7. of applied  research po rtion  of E AS................. ,13.6) (12.5) (22.7)

Othe r .......................................................................................................... (2.2) (2.2) (22)
No n-Prof it (nonacadem ic)’  ......................................................................... 7.1 6.1 5.7
State and local gove rnment ........................................................................ 1.8 2.7 3.1
Na tiona l Lab or atorie s.................................................................................. 0.2 0.2 0.1
Federal Agencies ......................................................................................... 1.5 1.3 1.1

Personnel and Other Award Factors (dollars in millions)

Estimate Estimate Estim ate
FY1979 FY1980 FY1981

Facul ty
Num be ro fyea rssu pp or t ........................................................................ 655 662 732
Am ount o f Faculty Sup por t...................................................................... $18.5 $19.7 $23.0

Postdoctoral Associates
Num be ro f years supported .................................................................... 192 193 204
Am ount o f Postdoctoral Su pport ............................................................. $2.8 $3.0 $3.3

Gradu ate  Students
Nu mbe r supported  per award ye ar ....................................................... 1.807 1.628 1.819
Am ount of graduatestudents support .................................................... $14.3 $15.1 $18.1

Other pe rsonne l Co sts................................................................................. 148 13.8 20.8
(Small Business personnel costs)4 ............................................................... (2.5) (2.0) (7.3)
Land. B uildings and Fixed E qu ipmen t....................................................... 0.03 0.03 0.03
Major  equipm ent ......................................................................................... 0.7 0.5 0.7
Othe r equ ipme nt ......................................................................................... 11.5 12.1 13.5
Othe r costs* ................................................................................................... 18.5 18.2 21.5
Indi rect  Co sts................................................................................................. 28.7 29.3 36.0

T o ta l- ....................................................................................................... $109.9 $111.8 $137.0

'In clud es  the num ber  of basic research aw ards  rece iving  supplementa l fund ing  under Integrated Basic Research (IBR) 
program .

May  not add due to rounding.
'Inc lu din g ’’o ther '' category in eng ineerin g subactivit ies .
‘ Sm all  Business solici tat ions only .
Fringe  ben efit s, expe ndable equip me nt,  trav el , pu bl ica tio n costs, comp ute r costs, o the r di rect  costs.
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ELECTRICAL, COMPUTER, AND SYSTEMS 
ENGINEERING SUBACTIVITY ............................................. $22,500,000

Obligations by Prog ram Element

Program  Element Actual 
FY 1979

Budget 
Request 
FY 1980

Current
Plan

FY 1980
Est ima te

FY1981
Di ffe rence 
FY 1981/80

Automation. B ioengineering and
Sensing S ys tems............................................. $3,528,154 $3,545,000 $3,360,000 $4,150,000 $790,000

Electrical and Optical Comm unications........... 3,286,256 2,950,000 3,438,000 4,100,000 662.000
Computer Engine er ing........................................ 647,267 1.200.000 1,000,000 2,150,000 1,150,000
Quantum Electronics. Waves and Be am s........ 3,454,729 3,610.000 3,210,000 3,700,000 490,000
Solid-State and Microstructures

Engineer ing....................................................... 2.878,748 3,350,000 3,360.000 4,600,000 1,240,000
Systems Theory and Operations Research . . . . 3,225,834 3,505.000 3,238,000 3,800,000 562,000

Total .................................................................. $17,020,988 $18,160,000 $17,606,000 $22,500,000 $4,894,000

Objectives and Description

The objec tive of the Electr ical, Computer , and Systems Engineering subactivity 
is to support the acquis ition of new knowledge of fundamental  engine ering pr incip les 
appl icab le to the analysis  and design  of a large varie ty of man-made  systems. NSF 
supports rese arch  on a range of topics  including Automation, Bioengineering and 
Sensing Systems; Electrical and Opt ical  Communications'. Computer  Engineering ; 
Quantum Electronics, Waves and Beams; Solid-State and Mic rost ructure s Engineer­
ing; and Systems Theory and Opera tion s Research. Research in th ese  a reas includes 
studi es on elect ronic  m ater ials and devices, sensors and imaging systems, very large- 
scale  int egrated  circuits , compu ter engineering, integ rated optics and  optoelect ronics , 
optical  communica tions, machine inte lligence and robotics,  au toma tion,  laser systems 
and plasmas. New knowledge in these areas provides the basis for improvem ents in 
communic ations  and data netwo rks, more effic ient energy  gen eration  and transmis­
sion, bet ter  structures and machines, and more effic ient man ufactur ing processes .

Major Research Questions

Among the major quest ions being addressed are:
• flow  can techniques of m icrofabr icat ion be improved fur the r and what kinds 

of new man-made microstructures  can be made with these improved techniques?
• Wha, o ppor tunit ies are  th ere for the use of these  m an-made microstructures as 

sensors, transducers, information processing systems, and microprosthetic systems?
• What are e ffective ways fo r exploring the use of very large-scale  integrated c ir­

cuit systems of high complexity?
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• What are the opp ortu niti es in the new er area s of submi cron acoustic probing 
and imaging, inte gra ted  optics and optoelectr onics , and  s uperc onduc ting elec­
tronics?

• In compu ter enginee ring , given the avail abili ty of very large-sca le integration 
of circuits, what  new pow erfu l and useful  ar chitec tures a re p ossible?

• How can the tech niq ues  of several techn ical are as be integrated  effect ively 
to yield pow erful  resul ts in automation and ro botics ?

Significant Research Achievements

• Whenev er an  opt ical bea m or an optical image is p ropaga ted through a medium  
which exhibit s a no nun ifor m refra ctive ind ex—for ex amp le, the earth ’s atmos­
pher e or an optical  fibe r—it become s distorted, and its capacity for carry ing 
information is de cre ase d. Rese arch ers at the University  of Southern  California  
recen tly dem onst rated that for any disto rted wave, a conjug ate wave can be 
gene rated using a non lin ear  four photon mixing proces s. When the conjugate 
wave is passed  through the distorti ng medium  a se cond time, the original dis­
tortions are c omp ensa ted for an d an un dist orte d wave is obtain ed. These studies 
currently are being extend ed by several other res ear che rs, and appl ications 
are apparen t in areas ranging from optical communic ations  to fus ion energy 
sources.

• By using focused ion bea ms it is possible in m icro fabr icat ion to “wri te” diffusion 
pat tern s in mate rial sub strate s or cut p atte rns  in  thin films. Rese archers at the 
Submicron Facility at Co rnel l r epo rt that with a new type of ion source  it will be 
possib le to produ ce s tru ctu res  as small as 100 angstroms (one angstrom is equal 
to one hun dred  millionth of a cent imeter) directly onto such subs trate s in a 
sim pler  mann er. This  re sea rch  has important imp lications for elec tronics . It can 
facil itate  explo ration  of the limits of small size and high speed electro nic 
compon ents and enable comp lex stru ctures to be fabrica ted  fo r use with u ltra ­
violet light and x-rays.

• The invention of the lase r and  the subsequent  discovery of u ltra  thin, low-loss 
optica l fibers have made it poss ible to use light as a viable medium to transm it 
inform ation.  Over the past  few years,  an entir e new gen eration  of compact 
optical devices based  on the prec ise guiding of la ser light h as bee n devised. A 
very recent  and impo rtant result has been  obta ined  through  NSF supported 
stud ies a, Cornell Unive rsity which  hav e demonstra ted, for t he first time, ra pid 
elec tronic tuning of cer tain  types of lasers . Such inform ation  has impo rtant 
implications for communic ations  systems, wher e tunability is fund ame ntal , 
and for uses associated with spect rosco py and rada r.
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Changes Between FY1980 Budget Request  and F Y 1980 Current Plan

The FY 1980 Cur rent  Pla n of $17,606,000 is $554,000 below  the  FY 1980 Budget 
Re quest  of $18,160,000. Reduc tions were ma de in all pro gra m ele men ts excep t Solid 
Sta te a nd  M icr os tru ctu res En gin eerin g.

FY 1981 Budget Highlights and Explanation of Increa ses  and Decreases

Obligations
E'Y 1979 Actual .....................................................................................................  $17,020,988
EY 1980 Program....................................................................................................  $17,606,000
EY 1981 Requ est .................................................................................................... $22,500,000
Difference—FY 1981/FY 1980 ..................................................................................... $4,894,000

Th e p rop ose d FY 1981 tota l of  $22,500,000 is an increa se  of $4,894,000, or 28 pe rce nt , 
above the  FY 1980 Cur rent  Pla n. This inc rease will:

• Pro vide for a sig nif ica nt em phas is on basic  microst ructures  re se ar ch  in coo r­
din ation  with  more m iss ion-or ien ted  effort s by o the r ag enc ies .

• Exp and  the Co mp ute r En gin eerin g pro gra m ele men t to a leve l of $2,150,000 
an inc rease of 115 per ce nt , the reby  a cco mm odating subs tant ive effort s in c om­
pu ter  vision  and  ap pl icat ions  as wel l as robotic s.

Perce nta ge  chang es be tw ee n FY 1981 and the  FY 1980 C ur re nt  Plan , by progra m 
ele men t, are  as follows:

Automation, Bioengineering and SensingSystems................................................  24%
Electrical and Optical Comm unications................................................................  19%
Computer Engineering .......................................................................................... 115%
Quantum Electronics. Waves and Beams ..............................................................  15%
Solid-State and Microstructures En gineering.......................................................  37%
Systems Theory and Operations Re sea rch ............................................................. 17%

Coord ina tion  With and R elationship  to Other Efforts

Prog ram di recto rs  are  in con stant comm unica tion wi th research  man ag ers in 
ass ociated area s in othe r age nci es,  not only  those su pp or tin g bas ic research , bu t also 
those  in ap pli ed  re se ar ch  an d d evelo pm ent. As sp ec ific ex am ples , el ec tronic s re se ar ch  
is coord ina ted  with re la ted programs in the  Off ice  of Na val Res earch,  the  Air Force 
Off ice of Scienti fic  Re searc h, the Army Resea rch  Office, the  De partm en t of De fen se 
Adv anced Resea rch  Projec ts Agency, NASA, NBS a nd  NIH through  an ad-ho c in te r­
agency c oordi nation comm itte e. Systems rese arch  is c oo rd inate d with  co rre spon ding  
ef fo rts  in the  D ep ar tm en t of Energ y an d D ep ar tm en t of T ra ns po rtat io n thro ug h 
comm on pa rti cipa tio n in techni cal  soci ety  work sho ps an d thro ugh  info rmal meetings. 
Plas ma and lase r re se ar ch  is c oordi na ted  with  the ac tiv iti es  of DOE. Bi oengine ering  
sta ff me mb ers  a re  pa rti cipa nt s in a n Int era gency Co mm itte e on the  Biological Eff ect s 
of Non -Ion izing Ele ctr om agne tic  Rad iation.
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Within the Foundat ion, the staff coordina tes extensively with members of other  
organ izational units, parti cula rly Mathematical  and Physical Sciences and the Applied 
Research Division in EAS.

Changes in Budget Structure

Electrical, Computer, and Systems Engineering  is now a subact ivity with in the 
newly organized Engineering and Applied Science Activity. In the FY 1980 Budget this 
subactiv ity was a program element within the Engineering subactivity.  In addi tion, 
Computer Engineering is a newly identi fied  program element; it was not displayed  in 
the FY 1979 and FY 1980 Budgets. It was established during FY 1980. Ear lier effo rts 
in this area  were  spr ead among several other program elements.

Automation, Bioengineering and Sensing Systems
Program Element ....................................................................  $4,150,000

Ac tua l
FY1979

Budget
Request
FY1980

Current
Plan
FY1980

Estimate 
F Y I 981

Di ffe rence
FY 1981/80

$3,528,154 $3,545,000 $3,360,000 $4,150,000 $790,000

Objectives and Description

The objective of this program is to increase  the knowledge base in components, 
techniques , and systems involved with machine inte lligence and control. With the 
rapid  increase in co mpu ter capability and the concurren t dec reas e in size, new oppor­
tunit ies exist for improved  mach ine reasoning and inte lligent electronics. As a key to 
the development of machin e intell igence, one of the importa nt r esearch  efforts in the 
elect rica l sciences is aimed at dete rmin ing the  physica l limitatio ns that  are inhe ren t in 
physical,  chemical,  or biological sensors . Rapid advances  in memory devices and in 
microminiaturization provide data bank and inform ation process ing capability that 
eliminates the need for large central processors. Research in distributed microprocessor 
networks, which can per form  local s torage and preprocessing prior  to system util iza­
tions. will yield advanced  a rch itec tures and systems configurations. Results obtain ed 
by research  in machine inte lligence and control have broad application  in areas 
ranging from in dust rial processing and non -destructive  testing  to improved health ca re 
deliv ery and minimizing dis turban ce in m edical diagnostic procedures.
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FY 1981 Budget Highlights and Explanation of Increases and Decreases

Em phasi s in FY 1981 will be on re se ar ch  di recte d tow ard  int ell igen t ele ctron ics , 
imaging  sys tem s, sel f-l ea rning sy stem s, an d robotic s as w ell as on fund am en ta l s tud ies  
of ma ch ine rea so ning  systems.

The propos ed incre ase of $790,000, to a total of $4,150,000, makes poss ible  continued  
suppor t of bas ic stud ies and exp and ed exper iment al programs  in sens ors and dis trib uted 
mi cro proc essor networks. Uti lizing hig h densi ty memo ry ele me nts , such  network s 
pe rfo rm  pre proc essin g and  machine  decis ion  and  con tro l. New ad va nc es  in micro­
min iat ur e ne twork  des ign open op po rtu ni tie s for ad di tio na l re se ar ch  in bio me dic al 
sensing, nonin vasiv e diagno stic s, an d qu an tit at ive assess me nt.

Electrical and Optical Communications Program Element . . . .  $4,100,000

Actua l
FY1979

Budget
Request
FY1980

Current
Plan

FY 1980
Estimate
FY 1981

Differen ce
FY 1981/80

$3,286,256 $2,950,000 $3,438,000 $4,100,000 $662,000

Objectives and Description

Th e obj ective of this  prog ram is to increa se  the  fu nd am en ta l un de rs tan ding  
ne ce ssary to cre ate  eco nomical, eff ici en t, high capacit y comm un ica tio n sys tem s to 
res po nd  to the inc reas ing  de m an ds  to s end inf ormat ion from one loc ation to a no ther  
for a va rie ty  of appli ca tio ns . Th e com plex na tu re  of co mm un ica tio n sys tem s tha t 
will  tra nsmi t this  in form ation  t hrough  the atm osph ere and spa ce , usin g sa tel lit es , over  
op tical fib er  cab les , or  em ploy ing  a co mb ina tion of bo th, re qu ires  re se ar ch  in th e areas  
of op tical comm unicat ions, lar ge  sca le comp uter comm un ica tio n ne twork s, info rm a­
tion  theory , ele ctr on ic cir cu it theo ry  and  dig ital  signal  pro cessing . Resea rch  in eac h 
of the se  area s is aid ing  in the  cre ati on  of a com plex ne tw ork of com mu nic ation  
pro cesso rs,  c om put ers , and sa te lli te s. All ar e in te rcon ne cted  by c ommu nic ation  links. 
Th e pro spect of tra nsmi tting  an d proces sing inf orma tio n at op tic al fre qu en cie s, with  
in he re nt  tre me ndous sig na l-c ar ry ing cap aci ty, is b ein g pu rsue d through sy stems co n­
side ra tio ns  and device re se ar ch , pa rti cu larly  in in tegrated  op tical circuits  tha t are 
co up led  to opt ica l fibe r tra nsmiss ion line s. Large sca le co mpu ter com mu nic ation  
netwo rks , int erco nn ec ted wi th opt ica l fib ers and  usin g op tical comp one nts , de pe nd  
upon  fu rth er  research  on co nc ur rent  pro ces sing and ne tw ork arch ite cture and a 
fund am en tal  un de rs tan ding  o f the  dynam ics  o f the se ne twork s. New  s tudie s in in fo r­
ma tion theory  in the  area  of mu ltiple -user comm un ica tio ns  pro mise to pro vid e the
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basic stru cture needed to bui ld effic ient communication  systems. The contin ued 

evolu tion of elect ronics  to the high density form of very  la rge scale integrated  micro­

elec tron ics is having a p rofo und infl uen ce on all elements of the program. It is now 
poss ible to consider implem enta tion  of new com plex algorithms which,  in turn, lead to 

new fundam enta l issues in the nat ure  of inf ormat ion processin g.

FY 1981 Budget Highlights and Explanation of Increases and Decreases

The emphasis in FY 1981 w ill be on commun ication s netwo rk rese arch  involving 

large scale  computer communic ations  and mult iple user  netwo rks, and integrated  

optic al systems.
The proposed incre ase of $662,000 to a total of $4,100,000 prov ides  the opportunity  

to examin e more thoroughly new  conce pts in term inal-oriente d networ ks and con­

curre nt process ing in large scale  compute r commun ication s networ ks.
Some aspects  of digital  signal processing, such as computat ional  complexity  a nd 

imp lementa tion  of complex algori thms, espec ially as they rela te to co mputer arch i­

tect ure , will be tran sfe rred  to th e Computer  Engineering  program.

Computer Engineering Program Element .............................  $2,150,000

Actual
FY 1979

Budget
Request
FY1980

Current
Plan

FY 1980
Estimate
FY 1981

Difference
FY 1981/80

$647,267 $1,200,000 $1,000,000 $2,150,000 $1,150,000

Objectives and Description

The objectiv e of this program is to provi de a bro ade r base  of understa ndin g of 

the principles  of design, analysi s, impleme ntat ion,  and use of comp uters in an engi­

neer ing envir onme nt. This involves th e interconn ectio n of ma them atics  and compu ter 
har dw are  and software. Princ ipal intere st is in the digital computer as a machine and 

par ticu larl y as p art of a system. Th e Foundation  e xpects to su ppo rt oth er engineering  

fields  by providing new and useful software rese arch  tools.
Re sea rch  is sup po rte d in suc h ar ea s as the design and use  of Larg e-Sca le 

Integ rated  (a single silicon chip may contain tens of thousa nds of trans istor s) and 

Very Large-Scale Integr ated (hu nd red s of thousands or nea r a million transi stors  pe r 
chip)  micr oelec tronic s for novel spec ial purpose har dw are  and new computer archi­

tecture; the relationsh ips betw een  classes of algorithms and thei r har dw are  imple­

mentation  as well as types of com pute r arch itec ture  that lend them selves to b ette r 

algorithms; the resea rch issues  involv ed in dist ributed process ing and par alle l proc-
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essing networks and man-m achine  and mac hine -machine inte rfac es to computers;  
and h ardware a nd software issues involved  in com pute r vision and speech. To provide 
the knowledge base for engineering  of futu re intel ligent mechan ical systems, research 
will be su ppo rted  on knowledge re pre sen tat ion  for computing systems, ob ject mode l­
ing (mathematical modeling, computational geometry and efficient computing algorithms), 
and compute r engineer ing for robotics.

FY 1981 Budget Highlights and Explanation of Increases and Decreases

In FY 1980 research support ed in the are a of computer engineer ing in the Elec­
trical, Computer  and Systems Engineering Division was brought together to form the 
new C omp uter  Engineering  Program to emp hasize and highlight  this a rea of r esea rch.  
The proposed increase  of $1,150,000 to a total of $2,150,000 for  FY 1981 prov ides the 
opportunity to explo re the potential  for  new computer architectures mad e possible  
by the dram ati c dev elo pm ents of Large -Sc ale  Int egrat ed  and  Very Larg e-Scale  
Integ rated  microelectronics .

The emphasis in FY 1981 will be on new computer arc hite ctu res  par ticu larly 
suited for com pute r vision and speech  appl ications and on the use of parallel pro­
cessing to increase the efficiency of calculations, for example in computational geometry 
and in robotics . Research involving the trans form ation s between d iffe ren t computer 
rep resentations  of th ree-dimensional  objec ts will also be encouraged.

Quantum Electronics, Waves and Beams
Program Element .....................................................................  $3,700,000

Ac tua l
FY 1979

Budget
Bequest
FY 1980

Current
Plan

FY1980
Estimate
FY 1981

Differen ce
FY 1981/80

$3,454,729 $3,610,000 $3,210,000 $3,700,000 $490,000

Objectives and Description

The object ive of this program is to increase  underst and ing  of elect romagnetic  
rad iation and its genera tion,  propagation, and inte ract ion with matter. The program 
will focus on studies of lasers, electromagnetics, acousto-electronic devices, and plasmas. 
Lase r research  includes new and improved coheren t sources  for the infra red , visible, 
and ultraviole t spec tral regions;  generation of picosecond la ser  pulses and interac tion 
of s hort  pulses with materia ls; novel lase r spectroscopic methods; nonline ar optics; 
and f ree  electron lase r studies . E lectromagnetics research includes analysis of propa­
gat ion  through random  me dia , nume rical methods for the  solution  of sca tte rin g
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problems and n onl ine ar wave phenom ena, a ntenna s, and waveguides . Acoustoelectric 
device resear ch includes  lin ear  and non line ar effec ts in surface acoustic  wave struc­
tures, acoustic reso nato rs and othe r bulk devices, and sonar  re lated stud ies. Plasma 
research is conc erned with proper ties  of the fourth state  of matter, the sta te formed 
when materia ls are  m aintained at t emperatu res  sufficiently eleva ted to rend er  them 
active collections  of freely moving charged par ticle s. Program activi ties cen ter  on 
generation  of p lasm as, wave effec ts in plasmas, and prop ertie s of charged particle 
beams.

1981 Budget Highlights and Explanation ot Increases and Decreases

The prop osed  increase of $490,000 to $3,700,000, will allow support  of vacuum 
ultravio let and soft X-ray laser studies , short pulse gene ration and measu rem ent  in 
the far-infrared, free-electron laser  investigations, and optical interactions in materia ls on 
picosecond time scales.

Emphasis will be on quantum elect ronics  r ese arch directed  toward invest igation 
of new optical tech niques  in the u ltrav iolet  and far -in frared  portions of the spec trum. 
This is important because conventiona l app roaches deve loped for use in the visib le 
and nea r-infrared often  are not appl icab le at larger and shor ter wave lengths. A 
number of poten tial  appl ications of laser s and optics await further  develop men t of 
devices and tech niques  at these wavelengths.

Support of resear ch in elect rical machinery will be reduced by approximately 
$100,000 becau se the field  is well developed and a ppear s to be domina ted by in-house 
resea rch at industrial organizations.

Solid-State and Microstructures Engineering
Program Element ....................................................................  $4,600,000

Actua l
F Y I 979

Budget
Request
FY198U

Current
Plan

PY1980
Estimate
F Y 1981

Diffe rence 
FYI 981/80

$2,878,748 $3,350,000 $3,360,000 $4,600,000 $1,240,000

Objectives and Decription

The objective of thi s program is to expand the knowledge base needed for futu re 
advances in electron ic components  and systems. Emphasis  is placed on the exploration 
of new device  concepts , improved  m ater ials systems, and advanced fab rication tech ­
niques. The program sup ports  resea rch: in analog and digita l semiconductor com­
ponents , with emphasis  on novel designs, device modeling, noise propert ies and 
high frequency effects : in solid-state devices,  with emp hasis on special  elec tronic
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functions such as motion and chemical sensing, solar energy conversion, and high 
power switching; in thin film growth fo r device s truc ture s and investigat ions of elec­
tronic tran sport pro per ties  in materia ls; in stud ies of novel and improved micro­
fabrication techniques; in superconductive electronics, including high speed electronic 
switching and microwave detection;  and  in surf ace  acoustic wave  and magnetic bubble 
elec tronic systems for signal processing, com pute r memory, and related elec tronic 
system funct ions. The rela tionship  of these studi es to small stru ctures containing 
subm icron  dime nsional features  p rovides a majo r focus of pr ese nt program activity. 
The National Research and Resource Faci lity for Submicron Structures at Corne ll is 
support ed by the Program.

FY1981 Budget Highlights and Explanation of Increases and Decreases

The in crease  of $1,240,000 to a total of $4,600,000 will be used , in coordina tion with 
effort s from other program elements, to implem ent an in itiat ive in m icrostructures to 
enable the academic  community to con trib ute  to basic research in this area . This 
will also co mple ment the more d irec ted  efforts supported  by othe r Federal agencies. 
Some specific subareas of opportunity  include the adva ncem ent of understand ing 
of ion beam interact ion with s emiconductors mater ials. Emphasis will also be p laced 
on studies of new t echniques for combin ing insulators  and semiconductors to produce 
high speed elect ronic  memory components  on high capac ity surface  acoust ic wave 
signal processors.

Systems Theory and Operations Research
Program Element .....................................................................  $3,800,000

A ctu a l
FY 1979

Budget
Req ue st
FY 1980

C urr en t
Plan

FY  1980
Est im at e
FY 1981

Diffe re nce
FY  1981/80

$3 ,225 ,834 $3 ,5 05 ,000 $3 ,238 ,000 $3 ,800 ,000 $5 62 ,000

Objectives and Descriptions

The objec tive of the Systems Theory and Ope rations Research  program is to 
deve lop mathematical methods for  the analysis, modeling, and op timization of natural 
and man-m ade systems. In par ticula r, techn iques are develop ed that enhance the 
und erst and ing of system behavior, expedite system control  to ach ieve desired  objec­
tives, or opt imize system operatio n and  per formance. The program supports  all aspects 
of systems theory, ranging from the abstract fund ame ntal  basis to the ultimate sophis­
ticated mathematical models of complex real-world  systems. Since  most real-world
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problem s involve inte rac tion s among a large num ber  of subsystems, in both man-made 
and socio-technical syste ms, the presen t emph asis is on the development of ma the ­
matical models, analysis techniques, and optimization methods and algorithms applicable  
to large scale, complex inte rconne cte d systems. The res ear ch supp orted  by the pro­
gram involves mathem atic al analy tical  methods incre asingly aided by computers, 
useful both in the s imp lified and  e fficient design  of com plex engin eering  systems  an d 
in the optimal ope rat ion al aspec ts of large- scale proc ess managemen t and serv ice 
delivery systems. The res earch  is in terd isci plin ary  in n atu re and is strongly  motivated 
by applications.

FY 1981 Budget Highlights and Explanation of Increases and Decreases

The proposed inc rea se of $562,000 to a total of $3,800,000  will allow the supp ort of 
some cooperative inte rdi sci pli nary rese arch proje cts in large-scale socio-techn ical 
systems. It will also allow s lightly  i ncre ased supp ort in ada ptiv e d ecision and contro l 
techn iques  for stochastic system s, which are  im portant bec aus e they pro vide tools for 
systems design and ope rati on in the pre sen ce of dis turb anc es or widely varyin g 
envir onme nts that do not result in catastrophic  degr ada tion  of p erforman ce. These 
techn iques are app lica ble to many real  world  complex systems.

Emphasis in FY 1981 will be on modeling, analysis, and decentralized decisionmaking 
and control of large -scale inte rcon nected systems in the pres ence of uncerta inti es. 
Research in the ope rati ona l sciences aspec ts of c omplex  systems and proce sses will 
also be emphasized.
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QUANTITATIVE PROGRAM DATA
ELECTRICAL, COMPUTER, AND SYSTEMS ENGINEERIN G SUBA CTIVITY 

Proposal and Award Summary

Estimate Est ima te
FY 1979 FY 1980

Estimate
FY1981

Propo sa ls:
N um ber o f P ro p o s a ls .........................................................................................
To ta l D o ll a r  A m oun t .........................................................................................

A w ard s:
N um ber o f A w a rd s .............................................................................................

To ta l D o lla r A m oun t .............................................................................................
Avera ges Pe r A w a rd 1 .......................................................................................
Ave ra ge  A w a rd  D u ra tion - (M on th s)  ............................................................

734 800 880
$82,327,509 $96,000,000 Si  13.000.000

340 330 410
$17,020,988 $17,606,000 $22,500,000

50.061 53,351 54,878
18 18 18

Percentage Distribution of Funds Awarded by Performer

U n iv e rs it ie s  and  Col lege s
In d u s try ...............................
O th e r ...................................

Est im at e Estimate Es tim ate
FY1979 FY1980 FY1981

98.2 98.0 98.0
1.8 2.0 2.0

—0— — 0— —0—

Personnel and Other Factors

Est im at e 
FY 1979

Est ima te Estimate
FY 1980 FY1981

F a cu lty ’
N um ber years  su pported ................................................................................  *102
A m ount o f fa c u lt y  su pp ort  ..............................................................................  3,180,388

Pos td oc to ra l A ss oc ia tes
N um ber y ears  su pported ................................................................................. 37
A m ount o f p ostd octo ra l s upport  ....................................................................  563,000

G ra duate  Students
N um ber s upported  p er  aw ard  ye ar ..............................................................  380
Am ounts  o f gra duate  student s u p p o r te d ......................................................  3.304.000

O th e r P er so nnel C o s ts ...........................................................................................  486.000
La nd . B u ild in gs , an d F ixed  E q u ip m e n t............................................................  —0—
M a jo r E q u ip m e n t ...................................................................................................  280,000
O th e r E q u ip m en t ...................................................................................................  2,171.000
O th e r C osts 1 .............................................................................................................  2.776.000
In d ir e e l C o s ts ...........................................................................................................  4.260,600

100
3,186.000

36
590.000

380 
3.440.000 

506.000 
— 0— 

160,000 
2.500.000 
2,806.000 
4.418.000

120
3.900.000

42
690,000

510 
4.900.000 

650.000 
—0— 

300.000 
2.700.000 
3,500.000 
5.860.000

Tota l SI 7.020.988 SI 7.606.000 $22,500,000

1 N ot  in c lu d in g  In d u s tr y /U n iv e rs it y  Coopera ti ve  Co m po ne nt .
C o n ti n u in g  g ra nt s in vo lv in g  m u lt i- ye a r com m itm en ts  are in c lu ded he re  as 12 -m on lh  aw ard . 

'I n c lu d e s  fa cu lt y  ass oc iates  an d o th er pro fe ss io nals .
'D is tr ib u te d  am ong 370 in d iv id ua ls .
F ringe be nefi ts , expe nd ab le  equ ip m ent,  tr a ve l,  p u b lica tion  costs, co m pute r cos ts, o th er d ir e c t costs.
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CHEMICAL AND PROCESS ENGINEERING 
SUBACTIVITY ........................................................................ $16,650,000

Obligations by Program Element

Program Element Actual
FY 1979

Budget 
Request 
F Y I 980

Current
Plan

FY 1980
Estimate 

FY I 981
Difference 
FY 1981/80

Kinetics. Catalysis and Reaction
Engineer ing ..................................................... $1,835,320 $2,468,000 $2,520,000 $2,960,000 $440,000

Chemical and Biochemical Systems............... 2,330,150 2,352,000 2.400,000 2,750,000 350,000
Engineering En erg etics .................................... 2,785,382 2,860,000 2,500,000 3,260,000 760,000
Thermodynamics and Mass Tra ns fer............. 3,586,591 4,050.000 3,680,000 4,440,000 760.000
Particulate and Multiphase Proces ses ........... 2,437,651 2,590,000 2,780,000 3,240,000 460,000

Total ....................................................................  $12,975,094 $14,320,000 $13,880,000 $16,650,000 $2,770,000

Objectives and Description

The Chemical and Process Engine ering programs provide suppo rt for basic 
engineering research relevant to the enti re range of chemical, petrochemical, nuclear, 
biochemical, food, mineral and process industries. Examples of areas supported 
include catalysis, reaction kinetics, biochemical and polymer process fundamentals, 
plasma chemistry, combustion, thermodynamics and transport properties, nucleonics, 
separat ion techniques, fine particle characterization and processing, and interfacial 
phenomena.

The chemical and process industr y (CPI) has been one of the strongest performers 
in the U.S. economy with an unprecedent ed growth in the past half-century. It has 
helped provide this Nation with an unparalle led standard  of living. It also accounts 
for two million jobs in the U.S. labor market and a favorable trade balance of over $5 
billion per year.

The National Science Foundation, through its Chemical and Process Engineering 
programs, plays an important part in strengthening the support of basic research on the 
fundamental principles, process strategies, mathematical models, and experimental 
techniques relevant to a broad range of CPI operations.

The objectives of the Chemical and Process Engineering programs are to:

• Establish fundamental principle s governing the chemical and transport proc­
esses of industrial interest;

• Promote an understanding of the interactive effects of these processes;

• Develop mathematical models and data base structures represent ing these 
processes and interactions;

• Develop experimental techniques and correlational procedures to verify the 
mathematical models and establish the data base; and

• Advance design methods and control strategies relevant to the synthesis and 
scale-up of chemical process systems.
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Basic resea rch in Chemical and Process Engineering is focused on five  programs:
(1) Kinetics, Catalysis and Reaction Engineering, which addresses reaction rates and 
mechanisms and their implication on the dynamics and design of chemical reactors:
(2) Chemical and Biochemical Systems, which looks at enzymatic, microbial, electro­
chemical and macromolecular reaction systems in terms of both the deta iled aspects 
of the individual reactions as well as the reaction  system as a whole; (3) Engineering 
Energetics, which  involves energy conversion and material processing under unusual 
and extreme conditions; (4) Thermodynamics and Mass Transfer, which emphasizes 
research on thermodynamic properties and transport processes as they are  related to 
molecular  structure on one hand and process requirements on the other; and (5) Par­
ticulate and Multiphase Processes, which  examines characteristics of particles and 
heterogenous systems and their implication  for the processing and separation of these 
systems in important industrial situations.

Topics of special importance include heterogeneous catalysis, biochemical and 
polymer process ing systems, plasm a chem istry  and arc techn ology, separation 
processes, particulate characterization and processing, combustion and fluid ized bed 
technology. Particular  emphasis is also given to the support of young investigators, 
upgra ding of instrumentation capabil ities , and encourage ment of join t industry-  
university research  efforts.

Major Research Questions

• How can an understanding of the physical interactions on catalytic surfaces  lead 
to the design of more effic ient  catalysts for industrial processes, including syn­
thetic fuel production?

• Can the noble-metal catalysts  currently  used in many processes, including 
hydrocracking and automotive emission control, be replaced with less expen­
sive systems without loss of effect iveness? •

• How can phenomena occurr ing in individual microbial cells  be incorporated 
into models useful to the optimal design and operation of biochemical processes?

• How can studies of reaction kinetics and transport processes in food materials 
lead to models for prediction of the storage life of foods and nutrient losses in 
selected processing techniques? How can these models lead to the development 
of methods and procedures promoting the retention of nutrients and other 
quali ty factors in processing and storage?

• How can relat ionships betw een process conditions and the properties of poly­
mers be established so that product quality can be properly controlled?

• What fundamental data are needed to enable  the design of separation proc­
esses which are more economical and energy-efficient than those presently 
used in chemical and process industries? How can these data be measured, 
analyzed, and codified so that they have maximum usefulness?
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• To wha t exte nt do part icle size and shape  i nflu enc e the processing of pa rtic les 

in the chemical, b iochemical and m iner al in dus trie s?

• How can more  se lect ive and e fficient methods  of p artic le separa tions  be deve l­
oped to help make coal liq uefac tion p rocess es mo re economically via ble?

• What is the effe ct of bound nitrogen  in coal an d othe r fossil fuels  on the form a­
tion of the oxides  of nitrogen upon combustion?

Sign ificant Recent Accomplishments

• High Grad ient Magn etic Sepa ratio n is a method  wher eby a strong magnetic 
gradient is app lied across a fibrou s filte r to make possible the recove ry of 
weakly magneti c and  paramagn etic substa nces. One new concept for the cap­
ture of nonm agnetic parti cles  has been deve lope d by Purdu e University and 
may have great signi ficanc e in the separati on of aluminum mine rals from 
alunite which is found in abundance  in the United States.

• The need  for poly mer s with special proper ties  and uses is widely recognized. 
Pla sma-i nduce d po lym eriza tio n of both  conv entio nal and uncon venti onal 
monomers has pro duc ed mate rials  with u nique pro per ties  and a wide va riety  of 
po ten tia l ap pl ica tio ns . Un der  sup port from the Fo un datio n’s Engin eer ing  
Energet ics Program , res ear che rs at the Mass achusetts  Institut e of Technology 
have uncovered  new  information  w hich can lead to the economical produ ction  
of novel and unique  fluorin ated polymers.

• Large-scale process es employing  living microorganism s currently  serve so ciety 
in many ways includi ng the manufacture of ph arm aceu tical , food, and agricul­
tural products. Biological was tewa ter treatment is another  vitally impo rtant 
applica tion, and the re is signific ant potential  in the futu re for microbial pro­
duction of fuels, feeds, and new chemical s. Recent NSF funded rese arch  at the 
Universi ty of Housto n has yielded expe rime ntal and theoretica l techniques 
which can be used to explore the ways in which micro bial reactor design and 
operation influence the makeup and kinetics of the population of microorganisms 
cultiva ted in the reac tor.

• A ne w app aratus for mea surin g proper ties  of small par ticles has been devel­
oped at the Univ ersity of Delaw are. It is the tec hnique  of exten ded X-ray 
absorpt ion fine stru ctu re,  a valu able  tool for measuring  the prope rtie s of catalyst 
par tic les . Pre vio usl y thi s tec hn iqu e re qu ire d hig h-i nte nsi ty x-ray  s our ces , 
avail able at only a few locat ions in the U.S., or weeks of irradia tion  using la bor­
atory sources.  T he new  a ppa ratus perm its such data to be collected within one 
hour  using com mon lab ora tory sources of X-ray.

• NSF suppor ted res earch ers  at SRI Internati onal  hav e discov ered  that water and 
carbon  monoxide can met hylate aromatic compounds over a rhodium catalyst. 
Although much need s to b e done to d efine the lim its of this process,  this repre-
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sents  a prom ising  avenue for the prod ucti on of high-octane fuels from coal. Most 
coal co nver sion processes prod uce a liq uid  fuel  which  req uir es e xten sive  re fin­
ing and much loss before a fuel suitable for internal combustion engines is produced. 
Successful developm ent of this process could greatly increase the amount of 
"ga solin e” obta inab le from a ton of coal.

• A joint G ene ral Electr ic-Un iversi ty of Pennsylvania team of ch emic al e ngin eers 
has successfu lly combined the conc epts  of catalysi s and mem brane separat ion  
into a highly effici ent mem bran e rea cto r capa ble of inte grati ng the sep arati on- 
enr ichment step with the reac tion , thus poten tially  redu cing  the energ y and 
cost of the enti re process by as muc h as 60 perce nt. This is a cruc ial factor if 
conve rting  biomass into usefu l pro duc ts such as alcohol is going to become 
an economic reality.

• Under  joint sponsorsh ip of NSF’s Par ticula te and Mu ltiph ase Processes  Program 
and the Departm ent of Energy, che mic al engin eering re sea rch ers  at  the  Illinois 
Ins titute of Technology achieve d a novel filtrat ion method  for sep ara ting  f ine 
par ticl es from non-a queou s collo idal suspe nsion s by a ttrac ting the part icle s to 
a c ent ral  elec trode  using a high v oltage gradie nt. This metho d is very useful in 
removing ash and undiss olved  c arb on from extraction  so lutions in making sy n­
thetic crud es and ash-f ree solid fuels , among many othe r appl icati ons.

Changes Between FY19S0 Budget Request and FY 1980 Current Plan

The FY 1980 Current  Plan of $13,880,0 00 is $440,000 below  the FY 1980 budget 
reques t of $14,320,000. The dec rease rep res ents a co mbin ation  of redu ctio ns made by 
Congress  as well as a real ignm ent of NSF budget prio ritie s.

The combined FY 1980 cu rre nt pla n of $4,920,000 for Kinetics, Cata lysis  and  Reac­
tion E ngineerin g and Chemical and Bioche mical Systems is slightly lar ger than the FY 
1980 budg et requ est of $4,820,000 for the Chemica l Processes prog ram elem ent they 
replaced beca use of the acquisi tion  of the food and bioprocess enginee ring  sub­
elem ent. The corre spond ing dec rea se  in the Thermody nami cs and  Mass Transfe r 
Program  elem ent and a dee mphas is of gas hydrates res ear ch caus e a total redu ction 
of $370,000 from the requ est of $4,050,000  to its cu rrent plan  of $3,680,000. The in crea se 
of $190,000,  from $2,590,000 to $2,780,000, in the Par ticu late  and Multip hase Processes 
Program is the resul t of new ly p erc eived opportu nitie s in par ticula te char acte riza tion  
and processing while the decre ase  in Enginee ring Energetics, from $2,860,000 to 
$2,500,000 is becau se of p red icted low er activity level.
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F Y 1961 Budget Highlights and Explanation of Inc rea ses  and Decre ase s

Obligations

FY 1979 Actu al ................................................................................................................. $12,975,094
FY 1980 Pro gram............................................................................................................... $13,880,000
FY 1981 R eq ue st ............................................................................................................... $16,650,000
Di ffe rence—FY 1981/FY 1980 .............  $2,770,000

The  inc rea se of $2,77 0,00 0 is to be di str ibu ted  among high  pr iorit y are as as 

follows:

• Kinetics, Catalysis and Reaction Engineering program element will be increased by 
$440,000, from $2,520,00 0 to $2,9 60,0 00, to em phasi ze ele ctr os yn the sis  and 

electoca talysis.

• Chemical and Biochemical System s program elem ent will be incr eased by 
$350,000, from $2,400,000 to $2,750,000, for bioch emical process fund amentals , 
including microbial product ion of impo rtant macromole cules  and the use of 

enzym es relev ant to harness ing  solar energy.

• Engin eering Energetics prog ram elem ent will be incr eased by $760,000 from 
$2,500,000 to $3,260,000, to sup port the major upgrading of res ear ch faciliti es 

in plasm a chemis try and arc technology.

• Ther modynam ics and Mass Tran sfe r progra m elem ent will be incr eased by 
$760,000, from $3,680,000 to $4,440,000, to promote  resea rch  in novel and energy- 
effi cien t separati on proce sses and  to develo p mea sure men t tech niqu es for 
inte rfacia l prop ertie s such as in ter fac ial  viscosity and tension in porou s me dia 

rel ate d to resou rce recover y.

• Par ticu late  and Mult iphas e Processes progra m elem ent will be incr eased by 
$460,000, from $2,780,000 to $3,24u,l?U0, to promote the unificatio n of the descrip­
tions of macro molec ular and submic ron  part iculate  proce sses and to support 
gr an tee  par tic ipa tio n in the re se ar ch  act ivi ties of the In tern at io na l Fine 
Part icle  Researc h Institute .

Perc entage changes betw een the FY 1981 Request  and the FY 1980 Cur rent Plan 
for the Chem ical and Process Engineering program elements are:

Kinetics. Catalysis and Reaction  Eng ineer ing  .............................................................  18*%
Chem ica l and B iochemical Systems............................................................................... lSY,
Engin eering En erge tic s...................................................................................................  SOY.
Thermo dynamics and Ma ssTra nsfer  ........................................................................... 21'/,
Pa rticu late  and Mult iphase Processes ........................................................................... 17“7,

Coordinat ion With and Relationship  to Other Efforts

Program staf f in the Chem ical and Proc ess E ngineering subacti vity in ter act  exte n­
sively with o ther NSF pro grams as well as w ith variou s Federal agencies. E xamples of 
areas "find ag encies) where close coord ination  takes place are: (1) catal ysis rela ted  to
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coal u tiliza tion (DOE); (2 ) b iochemical p roce sses rela ted to biomass u tilization (DOE); 
(3) combu stion (DOE); (4 ) ther mod ynam ic prop ertie s (Nat ional Bureau of Standards);  
and (5) par ticula te proce sses rel ate d to min era l ben efic iatio n (Bure au of Mines, De­
par tme nt of the Inte rior ). Program staf f also attend the adviso ry pan el meetings of 
other , resear ch- rel eva nt divisions wit hin  NSF as well as other  agencies such as DOE, 
NASA and DOD. Some of these coordin atio n activitie s ar e through longs tandin g in ter­
agency pan els,  such as the Inte ragenc y Advan ced Power  Group, whi le others occur 
through  ad hoc task groups, such as the Coope rative Automotive Researc h Program 
Plann ing Group  and the NBS Chem ical Enginee ring Workshop.

Changes in Budget Structure

Chem ical and Process Eng inee ring  is now a su bacti vity within  the newly  or gan­
ized Engin eering and Applied Science activity. In the FY 1980 Budget this sub activity 
was a prog ram elem ent with in the Engin eering subactivity. In ad ditio n, the Kinetics, 
Catalysis and Reaction Engineering and the Chemical and Biochemical Systems pro­
gram elements are new. They we re establish ed durin g FY 1980 and  comprise  the 
activitie s of the form er program  element, Chemical Processes.

Kinetics, Catalysis, and Reaction Engineering
Program Element ...................................................................  $2,960,000

Actual
FY 1979

Budget
Request
FY 1980

Current
Plan

FY 1980
Estimate
FY 1981

Difference
FY 1981/80

*1 ,8 35 ,3 20 *2,488,000 *2,520,000 $2,960,000 *440,000

Objectives and Description

The Kinetics, Catalysis , and Reactio n Engin eering P rogram sup por ts rese arch in 
the area s of kinetics, catalysis, reaction engineering, and reactor simulation and design. The 
specific  objectives of the program are  to:

• Und erstand  the ra te processes go verning chemical r eact ions  of indu stria l u tility 
and orie nt this u nde rstandin g to the deve lopm ent of design prin cipl es of indus­
trial processes.

• Eluci date the fun dam ent al mechanisms of catalytic proce sses, including the 
elaborati on of chem ical pathw ays and the role of physi cal configuration in 
catal ytic action.

• Develop methodology for designing new cataly tic system s with regard  to both 
chemica l compo sition and  physica l form.
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• Int egrat e theo rie s of ch em ica l kin eti cs an d tran sp or t process es into a rea ct ion 
en gin eerin g th eory.

• Dev elop  n ew  t ec hn iq ue s for chem ica l analy sis  a nd  s ur fa ce  c ha racter izati on  fo r 
app lic ati on  to pro bl em s in  kinet ics  an d c atal ysis .

FY 1981 Budget Highlights and Explanation of Increases and Decreases

The  p rop osed  i nc re as e of $4 40,000, to a tota l of $2,960,000,  w ill pro vid e s up po rt for 
ex pa nd ed  he ter og en eo us  ca tal ys is rese ar ch  in the  area s of:

• Rela ting  phy sic al f or ms  of ca talyst s to th ei r ope ra tio na l effi ciency .

• Devel opme nt of les s ex pe ns ive cat aly tic  syst ems  tha t could  replac e the  n oble-  
metal cat aly sts  used  in  synf ue l prod uc tio n a nd  au tom oti ve  em ission  controls.

Major thru sts in FY 1981 will be  on techniqu es for  cha ract eriz ing catalytic  surfac es, the 
eff ec ts of s urfac e st ru ct ur e on the eff icienc y an d se lec tiv ity  of  c ata lys ts, the de ve lop­
me nt of new type s of ca ta ly tic  str uc tur es , an d the  syn the sis  of rea cti on  engin eerin g 
the ory . T his r es ea rc h may  ha ve  si gn ificant ap pli ca tio ns  in  in du st rial  des ign, de ep-w ell  
min ing , pol lut ion  con trol, an d synfu el pro duction.

Chemical and Biochemical Systems Program Element . . . .  $2,750,000

Actua l
FY1979

Budget
Request
FY1980

Current
Plan

FY 1990
Estimate 
FY I 961

Differen ce
FY 1981/80

$2,330,150 $2,352,000 $2,400,000 $2,750,000 $350,000

Objectives and Description

The object ive  of the  Ch em ica l an d Bioche mic al Systems Pro gra m is to advance 
un de rs ta nd in g of the  fu nd am en ta l me chan ism s and dynam ic be ha vi or  of che mic al 
an d bio chem ica l pro ces ses . M aj or  ar ea s su pp or ted  inc lud e: bio ch em ica l pro ces ses , 
food p roc ess ing , poly me r proc ess ing , e lec tro ch em ica l p roc esses , a nd  pro ces s synth esis 
an d con trol . Resea rch  su pp or te d in the  ar ea  of bio chem ica l proc es ses invo lves  the 
de ve lopm en t of m icr ob ial  p ro ce ss es  fo r the  p rodu cti on  of im po rta nt  m acr om ole cul es,  
the  u til iza tio n of in ex pe ns ive  a nd  a bu nd an t ra w m ater ia ls suc h a s a gr icu ltu ral  w aste s, 
an d the  b ioc onv ers ion  of i nt er m ed ia te s.  T his is an ar ea  tha t wil l b e em ph as ize d in FY 
1981. Resea rch  in food proc es sin g ex am ine s bas ic asp ect s ran gin g from  extrusion to 
re ac tio n k ine tics  an d t ra ns po rt pr oc es se s in food ma ter ial s a nd  th e eff ect of p rocess ing  
on ph ysica l prop er tie s and  n ut ri tio na l v alu e. Such f un da m en tal  r es ea rc h p rov ide s the 
un de rp in ning  to mor e ap pl ied  ef fo rts  f ou nd  in the Nu tri tio n prog ram  of t he Pro ble m- 
Fo cus ed Re sea rch  sub act ivit y.
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Rese arch  in polym er engi neer ing enco mpasses the fund ame ntal  effec ts of reac­
tion and process conditions on poly mer izat ion and /or  polym er propert ies.  Support 
will be p rovided  for ma them atica l modelin g of polymer  rheology and poly mer  proce ss­
ing. P rocess synthesis and  control researc h w ill focus on design strat egie s for complex 
chemic al proce sses, rese arch  in pro cess and system optimization, and modeling of 
indiv idua l process units. Modeling tec hni que s for com plex reac tion  sy stems with the 
limiting mech anism s of coupl ed hea t and mass tran sfer  wi th react ion kinet ics will be 
advance d for simulation and contro l purp oses .

Rese arch supp orted  in the  area  of elec trochem ical p roces ses involves m echanistic 
studi es of electr odep osition, fuel cells,  batt erie s, and corrosion reactions .

FY1981 Budget Highlights and Explanation of Increases and Decreases

The proposed incre ase of $350,000, to a total of $2,750,000, will p rov ide additional 
supp ort for biochem ical engi nee ring  and polymer processing. Emphasis  is on the 
fundam entals of m icrobia l and  enz yma tic processes for the product ion of important 
macr omol ecule s and harn essin g sol ar energy through bioconvers ion.

Engineering Energetics Program Element $3,260,000

Actual
FY1979

Budget
Request
FY1980

Current
Plan

FY 1980
Estimate
FY 1981

Difference
FY 1981/80

(2,7( 5,3 82 (2,860,0 00 (2,50 0,000 (3,260,000 (76 0,000

Objectives and Description

The objec tive of the Eng inee ring  Energet ics Program is to prov ide fund amental 
scie ntifi c and engin eering know ledge  in the are as of pl asma chemis try and arc tech­
nology, combustion, nucleo nics, and  energy conversion. The field of plasm a che mistry  
technology deals  with the che mis try of the gas ph ase in which the re exists a high con­
centrat ion  of ionized  part icles. Rese arch in arc technology enco mpasses analy tical 
and theoretic al work on basic pro blems  of arc heate r dyn amics . Combustion rese arch  
covers  basic chemical and p hysi cal aspects of burning coal, oil, gas and  othe r mate rials, 
and the cha racteriza tion  of cond ition s leading to bet ter  energ y conservation.  Basic 
res ear ch in nucleon ics deals with  fund ame ntal investigat ions and appl ications of 
nucle ar sc ience. Research in en erg y con serva tion is orie nted  to war d basic  phen omena 
in several areas including magnetohydrodynamics, thermionics, and radioactive voltaic 
cells. The re is a great need for  r ese arch in all of the above are as. NSF supp ort in the 
are a of energetics is fo r b asic  and fundam enta l res ear ch with engi neer ing relev ancy  
wh ere in bett er and more eff icie nt use of energy is expe cted  as the final product.
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FY1981 Budget Highlights and Explanation of Increases and Decreases

The pr oposed inc rea se of $760,000, to an FY 1981 total of $3,260,000, is mainly fo r the 
initial funding  of ma jor upgrading of faci lities  for plasma  chemistry  and ar c technology 
research. The r ese arc h activ ities would be dire cted  to wards a b ette r un der standing of 
the basic physical  a nd chem ical prin cipl es which go vern  chem ical reactions, heat and 
mass tra nsfer , ch ange  of phase , an d surfa ce ph ysics u nd er plasma  conditions. The aim 
is to brin g tog eth er inv est iga tor s using  spe cia l equipm en t not affordab le on an 
individual basis.

Thermodynamics and Mass Transfer Program Element . . . .  $4,440,000

Actua l
FY 1979

Budget
Bequest
FY 1980

Current
Plan

FY 1980
Estimate
FY 1981

Difference
FY 1981/80

*3,586,591 *4,050,000 *3,680,000 *4,440,000 *760,000

Objectives and Decription

This program sup por ts fundam enta l engineeri ng res ear ch in the are a of th erm o­
dynamics, tran spor t pro per ties, mass tran sfer , sep ara tion  processes and inte rfacia l 
pheno mena. Examp les of therm odyn amic  and tran spo rt prop erty rese arch  includ'e 
property mea sure men t tech niqu es, correla tion  and pred iction, with emph asis on the 
fundamen tal relat ions  between molecular  stru cture with inter actio ns and physical 
behavior. In inte rfac ial phenom ena, supp ort is given to fu ndamen tal studi es of eq ui­
librium  and trans port  processes at int erfa ces, including  measu rem ent and predict ion 
of surface  rheological pro per ties , surfa ce diffusion, inte rfac ially driven instabil ities , 
adsorpt ion, cha rac teri zat ion  of structured mem bran es, and analysis of the beh avior 
of colloidal systems. Researc h on mass tran sfe r and sep ara tio n processes emphasizes 
transp ort mechanisms and  p roces s fundam enta ls in conv entio nal unit op erat ions such 
as absorption, extra ction, adsorptio n, distill ation , leac hing  an d fract ional crys tall iza­
tion and unconventio nal tech niques  such as mem bran e sepa ratio n.

FY 1981 Budget Highlights and Explanation of Increases and Decreases

The proposed inc rease of $760,000, to a total of $4,440,000, will be used mainly  to 
supp ort the deve lopm ent of measur eme nt tech niques for inte rfac ial proper ties  in 
porous media rela ted to re sou rce  r ecovery. Another thru st will be in therm odyn amic  
and transp ort prop erties of coal  deriv ed materia ls at extr eme  tem peratures and pre s­
sures , such as those enc oun tere d in conversion operati ons  and supe rcrit ical solvent
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extraction. Both new theoretical and experimenta l methods must be developed. Basic 
research  aimed at developing novel and energy-efficient separation techniques will be 
emphasized.

Particulate and Multiphase Processes Program Element . . .  $3,240,000

Actual
FY 1979

Budget
Request
FY1980

Current
Plan

FY 1980
Estimate
FY 1981

Difference
FY 1981/80

S2.437.SS1 $2,590,000 $2,780,000 $3,240,000 $460,000

Objectives and Description

The objective of this program is to increase understanding of particulate and 
multiphase processes in three major areas: (1) particle and particulate system charac­
terization, such as size, shape, electrical charge and chemical composition: (2) particle 
generation  and size modification, which are an integral part of the processing of 
particulate systems in which partic le behavior is usually size dependent: (3) and 
interfac ial and colloidal phenomena, in which interpar ticle forces determine the 
possibility of particle separation and play a dominant role in multiphase  flow through 
porous media, in spontaneous emulsification, and in foam stability. The increased 
understanding gained from the suppo rt of basic research  in this program may be used 
to better predict the behavior of these processes, to determin e the optimal ranges of the 
operating variables, to establish a basic methodology required for the design and scale- 
up of existing and new processes, and to design automatic control or on-line optimiza­
tion systems for improving energy and material efficiency in the chemical, biochem­
ical and mineral processing industries.

FY1981 Budget Highlights and  Explanation of Increa ses  and Decre ase s

The increase of $460̂ 000, to a total of $3,240,000, will be used to support research on 
the unification of macromolecular and submicron descriptions of particulate proc­
esses. Grantee partic ipation in the research activities of the International  Fine Particle 
Research Institute will also be encouraged.
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Q UANTIT ATIV E PRO GR AM  DATA 
CHEMIC AL AND PR OCE SS  ENGIN EERIN G SUBACTIVITY

Proposal and Award Summary

Est im at e Est im ate Est im ate
FY 1979 FY 1980 FY1981

Prop os als:
N u m b e ro f P ro p o sa ls ........................................................................................
T o ta l D o ll a r  Req u e s te d .....................................................................................

A w ard s:
N u m b e ro f A w a rd s .............................................................................................

T o ta l D o lla r A m o u n t '............................................. ............. ..................................
Ave ra ge D o lla r P er  A w a r d ...............................................................................
Ave ra ge A w ard  D ura tion  (M onth s l ..............................................................

581 010 650
$79,997,739 $79,000,000 $85,000,000

277 283 310
$12,975,094 $13,880,000 $16,850,000

46.841 49.045 53.709
16 16 17

P erc en ta ge  D is tr ib u tion  of  Fun ds  A w a rd sd  by P e rt o rm o r

Est im at e
FY 19 79

Est im ate
FY  1980

Est im at e 
F Y I 981

U n iv e rs it ie s  and C o lle g e s .................................................................................. 92.7 92.5 92.5
In d u s t r y - ................................................................................................................. 0.5 6.5 6.5
O th e r ....................................................................................................................... 0.8 1.0 1.0

P ara onna l and O th er Awar d Fac to ra

Est im at e Est im at e Est im ate
FY 1979  FY 1980  FY1981

Facu lty
N um be ry e a rs su p p o rt e d  ..................
A m oun t o f F ac ulty S u p p o rt ................

Pos td octo ra l Assoc iates
N um be ry e a rs su p p o rt e d  ..................
A m oun t o f P os tdoc to ra l S upport  . . . .  

G ra duate  Stud en ts
N um b e rs u p p o rt e d  p er award  yea r . 
A m o u n to f g ra du at e s tu dents upport

O th e r P er so nn el  C o s ts ............................
Lan d.  B u ild in gs, and  F ixed  Equip m ent
M a jo r E q u ip m e n t....................................
O th e r E qu ip m en t ....................................
O th e r C o s ts .................................................
In d ir e c t C o s ts .............................................

T o ta l .........................................................

’ Ex c lu d in g  Indu s tr y -U n iv e rs it y  Coopera tive Res ea rc h A c ti v it y . 
'I n c lu d in g  In d u s tr y -U n iv e rs it y  C oopera tive  Res ea rc h A c ti v it y .

69.4 72 80
$1,662,409 $2,000,000 $2,380,000

24 25 28
$323,915 $350,000 $420,000

254 285 295
$2,712,911 $2,910,000 $3,470,000

486.109 520.000 600,000
—0— —o— —0—
—0 — —o— —0 —

2.888.449 3.100.000 3.710.000
1,548.435 1.610.000 2.020.000
3.152.866 3.390.000 4.050.000

$12,975,094 $13,880,000 $16,650,000
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CIVIL AND ENVIRONMENTAL ENGINEERING
SUBACTIVIT Y................................................................ ............ $10,125,000

Obligations by Program Element

Program Element Actual
FY1879

Budget
Request
FY1980

Current
Plan

FY 1980
Estimate 

FY 1981
Difference 
FY 1981/80

Geotechnical Engineering.............................. $2,418,993 $2,800,000 $2,200,000 $2,400,000 $200,000
Structural Mechanics ...................................... 1,959,000 2,390,000 2,300,000 2,700,000 400,000
Water Resources and Environmental

En gin eering................................................... 3,773,777 4,440,000 4,800,000 5,025,000 225,000

Total ........................................................... $8,151,770 $9,630,000 $9,300,000 $10,125,000 $825,000

Objectives and Description

The objective of the Civil and Environmental Engineering subactivity is to increase 
und ers tan din g of basic  st ruc tur al engi neeri ng prin cip les and the inte ract ion betw een 
nat ura l and man-ma de env iron ments.  It is ant icip ated  that s uch an und erst and ing will 
ena ble  mankind  to modify the physi cal envi ronm ent wisely and safely, withou t de­

stroying the ecological bala nce .
The thre e major program eleme nts compris ing this suba ctivity are Geote chnic al 

Engin eerin g, Struc tural  Mec han ics, and Water  Resources and Envir onme ntal Engi­
neer ing.  Geotechnica l Engi neer ing covers activities in w hich the ear th's  sur face  it self 

is involv ed, such as fo und atio ns, dams,  and the gen era l beh avi or of soils subj ecte d to 
sta tic or dynamic load cond ition s. Stru ctur al Mech anics  rep res en ts the scienc e of 

desig ning stru ctur es, such as build ings , bridge s, ships , air pla nes , etc. in suc h a way as 
to give the most effi cient  a nd econ omical servi ce in respons e to given dem ands . W ater 
Resources  and Environmental Engin eerin g s upp orts  st udie s of th e flow of w ater , b oth 

abo ve and belowg roun d, and use s the  pri ncip les of engin eerin g, biology and chem istry 

res ear ch to protect and imp rove  the physica l envi ronm ent,  esp ecia lly with resp ect to 
the redu ction  and possib le elim ina tion  of poll utan ts in t he a ir and  in the  w ater  sup ply 

system .
Although the rese arc h sup por ted  by this suba ctivi ty is of fun dam ental cha rac ter  

and inte nded  prim arily  for the deve lopm ent of addi tiona l know ledge  of basic phe­
nom ena iis well as new methodolog ies to cope with new dem and s, the result s of the 
res ear ch are expec ted eve ntu ally  to be tran slat ed into dire ct ben efit s for coping w ith 
majo r environm enta l or soci etal problems. Among the for me r are the dange rs of 
eart hqu ake s, high winds , or floods , while the latt er incl ude  the problems of finding 
addi tion al energy reso urce s w hile  pr otectin g the  envir onm ent.  For this rea son, spec ial 

prio rity is given to inve stiga tions  covering c onst ructi on ma teri als  and  their  most e ffic­

ient use, soil and rock m echa nics , w ater  flows, erosi on, and sed ime nt trans port . Topics 
of special importance include off-shore structures, high str ength concrete, geotechnical 

in-situ instr ume ntati on, and estuar y dynamics .
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Major Research Questions

• What is the effect  of size in predic*ing the resp ons e of geological med ia and 
stru ctures to mech anic al load?

« How can in-situ inst rum entatio n be u sed  to d ete rm ine  geological stru cture and  
mate rial p rop ert ies  as ap plie d to engin eering nee ds?

• What is the r esp ons e of rock at e leva ted tem per atures , and what is the combi ned 
heat and moisture flux in geological media in association with large defcrmauon s?

• In full scale control led field expe rime nts on nat ura l phen omena of in tere st to 
environm enta l engineer ing,  what are the most usefu l observ ations  for testing 
theory, what  ar e the bes t m easu rem ent methods, wha t a re the need ed levels of 
accuracy for thes e mea sure men ts, and what  is the optimum  num ber of o bse r­
vations ?

• What control strategies  for the activated sludge process will maximize reliability, 
minimize  energ y utili zati on, and still m eet e fflue nt re qui rem ents?

• What is the chemical mech anism  by which pote ntia lly haza rdou s trace meta ls 
(e.g. cadmium , n ickel, lea d) are absorbe d i rrever sib ly by the common clay min­
erals  in su spe nde d s edi me nt and soil, and how can w e ev alua te the potential for  
trace meta l atte nua tion  by sedim ents and soils un der high waste loading?

• How can the strength  of fibe r reinf orced stru ctur al materia ls, including that of 
concrete, be  impr ove d?

• How can analysis  of the respo nse of struc tures to ran dom  lea ds be  improve d? In 
part icular, what is »he be st method of analysis  of the dynam ic respon se of sub ­
merged stru ctures?

• How can the design of la rge structural system s be opt imiz ed?

Significant Recent Achievements

• When buildings are  su bje cted to dyn amic loads (such as eart hquakes, tornad os, 
etc.) the continued functioning of essential equipment (life-sustaining, communi­
cations, fire fighting, ele ctri c power, etc.) is vita l. Majo r progress has recently 
been made in analyzing the respo nse and in pred icting the survival of such 
equi pment und er dyn amic load conditions. Res earchers at the Universi ty of 
Califo rnia at Berkeley, un der the direction of J. L. Sackman, have developed  
a more a ccurate and  m ore efficien t com putational tech niqu e of ana lysis, which 
makes it possible  to p red ict  the respon se of ver y complex systems to dynam ic 
load conditions. This imp rove d capabi lity, which removes the guess-work from 
the design of such system s, has the potential for even tually leading  to more 
effici ent design codes  and  redu ced constructio n costs.
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• Recent advances in systems analysis techniques and in computer technology have 
been applied to the optim al operat ion of a modern w ater re sources system. The 
developme nt of this methodology can be an aid to systems managers  in resolving 
the conflicts arising from various water uses. As a result  of these rese arch  
achievements, which were obta ined by W. Yeh and his associates at UCLA, it 
may be possib le to effect  cost savings in publ ic project s through bett er and 
more efficient utili zation of w ater  resou rces.

Changes B etw een F Y1980 Budget Requ est  and F Y1980 Current Plan

The FY 1980 Cur rent Plan  of $9,300,000 is $330,000 below the FY 1980 budget 
reques t of $9,630,000. This reduct ion affects prim arily the Geote chnical Engineering 
program  elemen t, in which a number of activit ies will hav e to be curtailed, at least  
temporari ly. However, an inc rease of $360,000 in the Water Resources and Environ­
menta l Engineering program element over the FY 1980 Budget Request from $4,440,000 
to $4,800,000,was deemed necessa ry in o rder to sponsor a n umber  of highly promising , 
projects involving full- scale field experim ents  covering the discharge of jets and 
sewers into the ocean and other bodies of water.

FY 1981 Budget Highlights and E xplanation of Incre ases and Dec reases

Obligations

I'Y 1979 Actua l .................................................................................................................  $8,151,770
I'Y  1980P rogram ................................................................................................................ $9,300,000
I'Y 1981 Req ue st ................................................................................................................ $10,125,000
Differen ce —EY 1981/FY 1980 ........................................................................................  $825,000

The proposed inc rea se of $825,000, from $9,300,000 to $10,125,000 in FY 1981, has  
been  al located among the thre e program elements , wi th the S truc tura l Mechanics e le­
ment receiving the largest increase. This will permit emphasis in FY 1981 on the following 
topics: full-scale in-situ expe riments  on the diffus ion of sewer and other discharge; 
size effec ts in soils and rocks through the use of the centr ifuge; and probabilis tic design 
methods and optimization techniques in connection with wind and off-shore structures.

The percentage changes,  by program element, between the FY 1981 Request and 
the FY 1980 Plan are as follows:

Geo tech nical E ng ineer ing  ......................................................................................................... 97.
St ructural  M echanics ..................................................................................................... 177*
W ilie r Resources and En vironme nta l E ng inee rin g.................................................................  57<

Coordination  and Relationship  to Oth er Efforts

There is very litt le fund amental research in w ate r resou rces  and env iron mental 
engineering  sponsor ed by other  Federal  agencies. Both EPA and the Corps of Engi­
neers  sponsor resear ch that is essential ly ad-hoc and miss ion-oriented; nev erth eless,
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frequent  co ntact with o fficer s of the se agenc ies assures the avoid ance  of any possible 

duplicat ion of effort.  NASA, Office of Naval Research, Army Rese arch  Office (Dur­
ham) and the Office of Scientific Res earch (Air Force ) sponsor r ese arc h in Stru ctura l 

Mechanics.  The problems with which these agenc ies deal, however,  are germane to 
their special missions, rath er than of the fundamental character which is typical of NSF 
spon sore d rese arch . Regular contact is mainta ined  not only to avoid duplic ation,  b ut 
also to a ppr ise the agencies of the con ten t and  pr ogress  of NSF researc h. Geotech nical 
Engin eering resea rch is of int ere st bro adly within  the realm of the U.S. Geological 
Survey  and DOE. Contact is ma int ain ed with program  mana gers in these  areas .

Changes in Budget Structure

Civil and Environmen tal Eng inee ring  is now a suba ctivi ty within  the  newly  organ­
ized Engineering  a nd Applied Scie nce  activity. In the FY 1980 Budget  this subacti vity 

was a progra m eleme nt within  the Engineering subactivity.

Geotechnical Engineering Program Element $2,400,000

Obligations by Program Element

Actual
FYI 979

Budget
Request
F Y I 960

Current
Plan

FY 1980
Estimate
FY 1981

Differencn  
FYI 981/80

$2,418,993 $2,800,000 $2,200,000 $2,400,000 $200,000

Objectives and Description

The objec tive of this program is to increas e our und erst anding of surface  and 

sub surface  ear th mater ials, systems, and  forces. Such an und erst and ing  is necess ary 
for the advanc eme nt in constru ction methods  a nd extraction proces ses. Accordingly, 
this progra m elem ent sponsor s resear ch in soil, rock, snow, and ice m echa nics as well 
as in foun datio n, mining and drill ing engineering. Unlike rese arch in geology and 
goo|)h ysics,  research in Ge otechnical Engineering must involve time s cale s as well as 

geom etrie s which have relevanc e to en gin eer ing  problem s.
In cons ider ing construc tion, mining  and drilling process es, and in-situ energy 

recovery schemes, ther e is a single problem  which is predom inant:  the inab ility  to 
cha rac teri ze adequately  the eng inee ring  and geological fea ture s of the site being 

cons idere d.
The reason s for this difficulty are  esse ntia lly two-fold. In the firs t place , the 

random  unde rgro und location of most of the mate rial makes it extr eme ly diffic ult to 
obtain adequat e samp les in o rder to est abl ish a d etai led  und erst anding of geological 

structure. Minor  geological deta il is criti cal in engine ering. In the secon d instanc e,
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Geotechnical Engineering deals  with materials which have developed naturally over 
an exceedingly long time span and under  exceedingly diverse conditions. As a result, 
the materia ls are extremely heterogeneou s and often multiphasic, that is, having solid, 
liquid and gas components, and are therefo re very difficult to characterize and to place 
into a mathematically tractable, stress-stra in relationship.

In view of these difficulties, a major objective of the Geotechnical Engineering 
program element is to correlate mathematical  models and laboratory data with field 
studies to account for inconsistencies stemming from a fundamental problem known as 
size effect. Because construction or extraction sites are usually large in size and the 
materials involved are  not readily  accessible, it is necessary to develop strategies to 
predict the probable presence and behavior  of the material on the basis of a limited 
number of explorations. These strategies, together with the establishment  of criteria 
for a su itable data base for the subseq uent determination of m aterial properties  and 
material profiles should be systematic, and based on probabilistic techniques. The 
establishment of these principles, together with the development of easily useable 
analysis techniques, represents one of the major thrusts of this program element.

Furthe r problems arise from the fact that the behavior of geotechnical systems 
subjected to enormous forces, as may occur in dams or building foundations, cannot be 
adequate ly determined by prototype testing such as is done with aircraf t and space 
vehicles. A method of representing the actual forces and force relationships is achieved 
by the expedient of using a centri fuge to simulate scaled  gravitational fields. Recent 
research  results on the dynamic response of piles in granular media, which were 
obtained in a first-generation centrifuge, and other related developments make it 
appear  likely that this line of research will yield useful results which can eventually be 
translated into practical economies. For example, the topic of slope stability deals with 
the question of the maximum slope that a given material can susta in without collapse. 
The importance of this question within the construction and mining industries, both 
from an economical point of view and from the point of view of safety, is self-evident.

FY 1981 Budget Highlights and Explanation of Increases and Decreases

The FY 1981 program will be increased by $200,000, from $2,200,000 to $2,400,000. 
Emphasis will be placed on site exploration, procedures and the third-generation 
centrifuge facility. These a reas are essential in the search for methods of predicting 
the types of foundation materials to be found on construction sites, and for predicting 
the behavior of these materials  under the enormous forces which are typical of 
large-scale construction.
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Structural Mechanics Program Element .................................. $2,700,000

Obligation * by Program Element

A ctu a i
FY 1979

Budget
Req ue st
FY 1980

Cu rren t
Plan

FY1980
Est im ate
FY  1981

D if fe re nce
FY 1981/80

*1 ,9 59 ,0 00 *2 ,3 90,0 00 $2 ,300 ,000 *2 ,7 00,0 00 *4 00 ,0 00

Objectives and Description

The field of s tru ctu ral  mechanics covers  the beh avi or of engin eering  stru ctu res  
such as br idges, build ings , etc., and thei r resp onse  to e nvir onm enta l conditions. The 
objective of structu ral mec han ics research is to d evelo p addi tion al knowledg e and to 
use this knowledge  for the purp ose of designing stru ctures that are both safe and 
economica l.

The an alysis  of the res pon se of a str ucture  to envir onm enta l forces, which may be 
rep resent ed by wind, snow, ear thquak es,  oceanwaves, or to man- imposed loads such 
as automob iles and train s, consis ts of two parts. The first part involves the analy sis of 
material  behavior, and resea rch is direc ted toward improving this behavior and making 
it more suita ble for the pur pos e for which the st ruc ture is to be  used. The second  par t is 
rep res ent ed by placing the  kn owled ge gained into a m athema tica l form at so that s truc­
tures can be analyzed efficiently and economically within the computat ional capabilities 
avai labl e. The objec tive of the rese arch  is to make the struct ure s more economical 
since, with improved power of analysis, it is possible to reduce uncertainty  and improve 
safety .

Steel and concrete are the most widely used materials in construction. The behavior 
of steel is widely understood in the elastic range; additional resea rch is needed, however, 
to gain a bett er und erst and ing  of the beha vior of s teel when it undergo es large de­
forma tions,  that is, when  it ent ers  the inela stic range. This is true  especi ally in the 
case  of earthqu ake  design, in which  very large deformat ions may be possible und er 
exce ption al circumstances. In contra st, r einf orce d concrete, is pr oduced  artif icial ly on 
the constru ction site and is ofte n dep end ent  on the cha rac teri stic s of the mat eria ls 
which  are  locally avail able . Researc h on c oncr ete seeks  to cha rac ter ize  concre te be­
havi or as a function of the larg e num ber  of var iables involved, and its obje ctive is to 
develop types of concrete which satisfy special demands such as high strength, imperm ea­
bility, or high tem per atu re resi stance .

As for the a nalyt ical aspe ct of s truc tura l m echanics, inte rest  is cur rently cente ring 
on wind and ocean engineering. The difficulty in these areas is that wind and ocean 
forces are  varia ble and unpre dic tab le,  a nd thei r c har acte riza tion  is often confined to 
statistical description. This leads directly to the problem of risk analysis, and especially 
towar d the basic  problem of stru ctu ral  analysis: how to minimiz e risk at minimum cost.
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FY 1981 Budget Highlights and Explanation of Increases and Decreases

The Structural Mechanics program will be increas ed by $400,000, from $2,300,000 
to $2,700,000. In FY 1981 the emphasis will be on probab ilis tic design methods  and 
optim ization techniques. This area  is of importanc e because the forces  acting on 
struct ure s in off-shore, wind, or ear thq uak e envi ronm ents  can be pred icted only on a 
stati stical basis, and the optimal design involves tech niques that  have as yet not been  
fully developed .

Water Resources and Environmental Engineering
Program Eleme nt........................................................................ $5,025,000

Obligations by Program Elem ent

Acluo/
FY I 979

Budget
Request
FY1980

Current
Plan

FY1980
Estimate
FY1981

Differ en ce
FY 1981/80

$3,773,777 $4,440,000 $4,800,000 $5,025,000 $225,000

Objectives and Description

The field of water  resou rces and  environmental  engine ering deals with the m ech­
anica l, chemica l, and biological behavior of wa ter and othe r fluids in the natu ral 
environm ent. The objec tive of the program elem ent  of Water Resources and E nviro n­
mental Engineer ing is to gain a be tte r understand ing of this behavior, with the expec ta­
tion that such improved und ers tanding can prov ide bet ter  utilization  of our natu ral 
resources and protect our envi ronm ent.

Both theoretical and experim ental rese arch is involved. The theoretical work 
consist s of the application of fundam enta l eq uations of fluid  flow to the actual complex 
phenomena involved. This complexity  is due to the effec t of biological and chemical 
factors, the irre gula rity  of the shape of actual env iron menta l systems, and the mult ipli ­
city of mater ials which m ake up the fluid  under  investigation . For example, the erosion 
and transp ort of sed ime nt, the diffusion , dispe rsion , and biological interact ion of 
pollu tants,  and the flow through gra nular m ater ials  pre sen t special analy tical d ifficul ­
ties. Further areas of inte res t are the mechanics  of je ts and plumes, the inte ract ion 
between wind and waves, and envi ronm enta l acoustics and aerodynamics. Because of 
the great analy tical dif ficu ltie s involved, specia l emphasi s is placed  on the mathem a­
tical modeling of the environ ment and the effici ent solut ion of the result ing highly 
complex equa tions  through improved computer techniques.

The reliability of n umeric al solutions depends on the accuracy of the dat a used 
in these equations, and these data of ten have to be obtain ed through experim enta tion . 
Unfortunately, in spite of their expense, full-scale experiments on actual environmental 
systems cannot be avoided, and the development of full-scale tests and testing techniques
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is one of the current thrusts of the program element. Nevertheless, laboratory experi­
ments are  equally essential. The purpose of these experiments is the development of 
basic knowledge regarding the r eactions of simplified and idealized systems. Armed 
with this knowledge, the rese arch er can then design full-scale experiments to reduce 
uncertainty and to maximize the utility of the information gained. This preliminary 
step is necessary because in view of the size of actual environmental systems, even 
full-scale experiments can de al only with a small portion of the total systems, and it 
is therefore essential that the information so obtained be as significant as possible. 
Phenomena to be investigated include  thermally and wind-driven circulation in es tu­
aries, discharge of jets and plumes into estuaries, and interaction of estuaries with 
rivers and ocean currents.

FY 1981 Budget Highlights and Explanation ot Increases and Decreases

The Water Resources and Environmental Engineering program will be increased 
by $225,000, from $4,800,000 to $5,025,000 with an emphasis on full scale field exper i­
ments in the diffusion of sewers and jets into bodies of water.
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QUANTITATIVE PROGRA M DATA 
CIV IL AND ENVIRONMENTAL ENGINEERING SUBACTIVITY

Proposals and Awards

Est im at e Est im at e
FY 1979 FY 198079

Est im ate  
FY 1981

Prop os als:
N um ber o f P ro p o s a ls .........................................................................................
T o ta l D o lla rs  R e q u e s te d ...................................................................................

A w ard s:
N um ber o f A w a rd s .............................................................................................

T o ta l D o ll a r  Am ount .............................................................................................
Ave ra ge  $ p e r A w a r d .................................................................. .......................
Ave ra ge  A w a rd  D u ra ti o n  ( M on th s)  ..............................................................

403 430 445
$45,160,212 $52,000,000 $58,000,000

132
$6,151,770

61,756
18

140
$9,300,000

66,429
18

145
$10,125,000

69,828
16

Percentage Distribution of Funds Awarded by Performer

Est im at e
FY 1979

Est im at e
FY 1980

Est im ate
EY1981

I fn iv e rs it ie s  an d C o ll e g e s ................................................................ 98.9 98.9 98.9
In d u s tr y .............................................................................. 0.8 0.8 0.8
O th e r .......................................................................... 0.3 0.3 0.3

Personnel and Other Factors

Est im at e E stim ate  Est im ate
FY 19 79  FY 1980 FY  1981

Fac ulty
N um ber o f Y ears  Su pported  ..............
A m ount o f F a c il it y  S u p p o rt.............. ....

Pos tdoc to ra l Ass oc ia tes
N um ber o f Y ea rs  Su pported ..............
A m ount o r P ost do ct or al  S u p p o r t ........

G ra duate  St udents
N um ber S upport ed  Per  Aw ard  Y ea r . 
A m ount o f G ra dua te  Stud en t S up po rt

O th e r P er sonnel C o s ts ..............................
La nd , B u ild in gs , a nd  F ixed  E quip m ent .
M a jo r E q u ip m e n t.......................................
O th e r E qu ip m en t .......................................
O ll ie r  Co s ts ...................................................
In d ir e c t C o s ts ...............................................

T o ta l........................................... ............

50
$1.468,500

53
$1,680,000

55
$1.830.000

21
$281,000

22
$320,000

23
$350,000

170
$1,485,000

262.000

185
$1,700,000

300.000
—0—
—0 —

1.330.000
1.710,000
2.260,000

190
$1,850,000

330.000

—0 —
1,161,6(8)
1.504.427
1.988,643

—0 — 
1.450.000 
1.860,000 
2.455.000

$8,151,770 $9,300,000 $10,125,000
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MECHANICAL SCIENCES AND ENGINEERING 
SUB ACTIVITY............................................................................ $13 ,325,000

Obligations by  Program Element

Program Element Actual
FY1979

Budget
Request 
F Y 1980

Current
Plan

FYI 980
Estimate

FYlfWl
Diffe rence 
FY 1981/80

Fluid Me ch an ics....................................................  3,573,306 $3,955,000 $3,800,000 $4,100,000 $300,000

Heat Transfer................................................ .........  3,294.694 3,770,000 3,600,000 3,900.000 300,000

Solid Mech anics......................................... .........  2.840,730 3,065,000 3,065,000 3,325,000 260,000

Mechanical  System s............................................  1,000,000 1.200,000 1,200,000 2,000,000 800,000

Total ........................................................ .........  $10,708,730 $11,990,000 $11,665,000 $13,325,000 $1.660,000

Objectives and Descriptions

The objective of the Mechanical Sciences and Engineering subactivity is to develop 
a be tter  un ders tand ing of the physical processes associated with power d eveloped by 
various machines and engines. By applying this understanding through improved 
mathematic formula tion and advanced methodology, the problems  of analysi s and 
design can provide the basis for more  efficient use of power in industry.

Research in mechan ical sciences  and engineering  has taken on addit ional  sig­
nificance in view of the energy prob lems and the problem s of indus tria l compet itive­
ness which a re facing the United States  in the 1980s. Increas ing dem ands on the efficien t 
and economical use of energy  have req uir ed a reeva luat ion of a great  many existing 
indu strial machines, engines and processes.

Heat is a major carrier  of power . A ssociated with the use of heat  are lubrication 
problems and fluid flow. The Fluid Mechanics  program element seeks to increase 
our understand ing of biomechanics, hydrodynamics, stabi lity and turbulen ce, and 
viscous flow.

The Heat Tran sfer  program element supports research  aimed at increasing the 
basic u nderstanding of transpor t mechanism s in thermal energy transfer.  Research on 
a broad range of phenomena and processes such as multiphase heat  transfer , high 
flux transfer, combustion flames, ionized gases, and porous media is essen tial  if we are 
to und erst and  and enha nce the use of hea t energy.

Increasing demands for more effi cient indus trial process ing tech niques  have 
crea ted a neeil for improvements in m aterial  streng th and for improved understanding  
of solid materia ls. The Solid Mechanics  program element focuses on the predic tion 
and mea surement of the mechanical strength of solids and on the way that streng th may 
change as a result of exposure to a given loading or environment. U nexplained  fatigue 
fractur es in solid mater ials req uire an accelerated study of fra cture mechanics  and 
fatigue damage.

Incorporation  of the principle s developed  through research  in mech anical sci­
ences and engineering into design is difficult.  Specifically, how does one apply re-
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search in fluid flow, heat transfer, and solid materials to the in dustrial environment 
through improved machinery, engines and processes. To meet these needs and to 
bring into sha rper focus this emerging area of research, the Mechanical Systems Pro­
gram Element was established.

Major Research Questions

• What is the constitutive theory and damage accumulation rule for creep-fatigue 
interaction, especially to high temperature phenomena in power generation?

• How can flaws be detected in solids through non-destructive evaluation, and 
how can the critical nature of flaws be assessed?

• What are the rules of heat conduction, convection, and thermal radiation, and 
what is their quantitative description in thermal energy tran sfer processes that 
are important in energy conservation, power generation, and chemical proc­
essing?

• In turbulent shear flow past bluff bodies, what is the interaction mechanism 
between free stream  vortici ty and boun dary -layer induce d vortic ity?

• How can nonlinear stability theory, such as b ifurcation theory, be applied to 
hydrodynamicstabi lity and laminar turbulent  transition?

• What is the best and most effective method of applica tion of control theory to 
mechanical operations?

• How can recent developments in computer technology best be applied to auto­
mated manufacturing processes, with particular reference to robotics?

Significant Recent Achievements

• Progress in our understanding of heat transfe r mechanisms operating in porous 
insulation systems has made it possible to design more efficient insulation for 
homes and industria l plants. This has been achieved by C. L. Tien and his 
associates at the University of California at Berkeley through the development 
of a method of predicting moisture transport and heat transfer effects in porous 
structures.

• The unexpected failure of structural or machine elements is very often due to 
the presence of flaws in the material. The discovery of these flaws by non­
destructive means, such as through the analysis of wave scattering in flawed 
solids, is therefore important in predicting and preventing such failures. A 
major advance in this direction is represente d by the development of a new and 
improved computational technique (“T-matrix") by Y. U. Pao and his coworkers 
at Cornell University.
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Changes Between FY 1980 Budget and FY1980 Current Plan

Th e C ur rent  Plan of $11,665,000 rep re se nt s a dec reas e of $325,000 from th e FY 1980 
Bud get Reque st of $11,990,000. Th is de crea se  has  be en  div ided  be tween the Fluid 
Mechanics  and Heat Tr an sfer  pro gram  eleme nts .

FY 1981 Budget Highlights and Explanation of Increases and Decreases

Obligations

EY 1979 Ac tu a l .......................................................................................................  $10,708.73(1
EY 1980 Cu rr en t P la n ............................................................................................  $11,605,000
EY 1981 R e q u e s t............................ .........................................................................  $13,325,000
D if fe re nce— EY 19 81/8 0......................................................................................  $$1.660.000

Th e pro pos ed increase  of $1,660,000, from $11,665,000 to $13,325,000 has  been  
all oc ate d larg ely  to the  n ew M ec ha nica l Systems program ele men t, with that  p rogr am 
rec eiv ing  an  add itio nal $800,000. Th e rem ain ing po rtion, $860,000, is d ist rib uted  among 
the  othe r thr ee  programs,  with  the  Solid Me cha nic s progra m rece iving  the smalle st 
in cr ea se  because sev eral topics in that pro gra m are  being tr an sfer re d to M ech ani cal  
Sys tem s.

In FY 1981, emphasi s will be plac ed  on: des ign  of me cha nisms , such as gear s a nd 
linkag es:  con trol theory , pa rt icul ar ly  as ap pli ed  to me chanica l sys tem s: tur bu len ce  
and  blu ff body  dynami cs: mul tip ha se  and high flux he at tra ns fer; and fra ctu re  and 
fa tiq ue  mecha nics.

Perce ntage change s be tw een FY 1980 Cur rent  Plan  and the FY 1981 Budget  Re­
quest , by program eleme nt,  are as follows :

Fluid Mec ha nics ..............................................................................................................  8'/.
I leal Transfer  .................................................................................................................. B7«
So lid  M ec han ics.......................................................................................................................... 9* A
Mechanical Systems .................................................................................................................. 677*

Coordination With and Relationship to Other Efforts

Areas  of mutua l int ere st exis t wi th som e bra nc he s of DOD a nd  to a les se r exten t 
wilh DOE. Respo nsible  off ice rs of the  re leva nt  age nci es are  in c onsta nt comm unica­
tion w ith the  of ficers  of this  sub activ ity  for  the  purp ose of co ord ina ting th e e ffort and of 
avoid ing  dup lic ati on . Reg ular me etings take place with  offic ers  of th e Office of Nava l 
Re sea rch , Naval  Res earch Laboratory , and the  David W. T aylor Naval  Ship Res earch 
and  De velop me nt Cente r. Other  fr eq ue nt  con tac ts are  with NASA (Langley , Lewis) 
and  th e A rmy Resea rch  Office  (Durh am ). The  format of these  me etin gs d ep en ds  on the 
degre e of po ten tia l overlap and  the  ext en t of de si rable cooperat ion . In ter agency  com­
mittee s, suc h as with the Taylo r Re searc h and  Developm ent Ce nte r, me et at reg ula r 
int erv als , wh ile  other,  less formal grou ps  me et only to di scuss specific issues as they 
aris e.
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Changes in Budget Structure

Mechanical Sciences and Engineering is now a program subactivity, whereas in 
FY 1980 it was a program e lement. Giving Mechanical Sciences and Engineering sub­
activity status focuses budget information on a researc h area of longstanding engi­
nee ring  importance. In addition, the Mechanical Systems program  elemen t is a 
new element in the budget; efforts in this area in prior years were primarily con­
centra ted in the Solid Mechanics program element.

Fluid Mechanics Program Element ........................................... $4,100,000

Actua l
FY1979

Budget
Request
FY 1980

Currenl
Plan

F Y I 980
Estimate
FYI981

Differen ce
FY 1981/80

*3,573,306 *3,99 5.0 00 *3,800,000 *4,100.000 *300.000

Objectives and Description

The objective of the Fluid Mechanics program is to in crease our understanding 
of the dynamical behavior of flow of fluids related to technical and scientific applica ­
tions, such as combustion, mixing, and dispersion in the atmosphere  and the ocean, and 
bioengineering.

Il is recognized that turbulent flow plays an essential role in most natural or man­
made mixing and transport processes. The need for better understanding of the struc­
ture of turbulence, in par ticular the role of coherent struc ture, is important since this 
may well be the mechanism for mixing and induced t ransport of material and energy. 
Coherent structure can be modeled by discrete vortices. Hence the study of dynamical 
interaction of vortices is essentia l. Furthermore, the deta iled examination of the for­
mation and convection of these vortical stru ctures is a major feature of the current 
research on transition from laminar to turbulent flow. There has been a lack of 
analytical research in this area due to the complexity of the phenomena. However, 
semi-analytical numerical experiments will be emphasized to achieve a better balance 
in the development of this sub-field.

FY 1981 Budget Highlights and Explanation of Increases and Decreases

The FY 1981 effort will be increased by $300,000, bringing the program from 
$3,800,000 to $4,100,000. In this effort, research will be concentrated in the area of 
turbulence and blunt body dynamics because of the potential savings in energy that 
may result from a b etter understanding of these areas.
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Heat Transfer Program Elem ent.................................................$3,900,000

Actua l
PY1979

Budget
Request
FY198U

Current
Pion

FY1980
Estimate
FY 1981

Differ en ce
FY 1981/88

$3,294,694 $3,770,000 $3,600,000 $3,900,000 $300,000

Objectives and Description

The objective of the Heat  Tra nsfer  program is to advance  the bas ic understa nding 
of transpo rt mechanisms in the rmal energy transfer . A broad rang e of phenomena and  
processes occurring in engineerin g systems and in th eir en viro nment is covered. There 
is a need for a new or exten ded fund ame ntal  data  base for therma l processes and 
materia l behavior , to advance  the neces sary  expe rimental and theo retical techniques, 
and to devise more efficien t the rmal processes .

Enhanced support is pro vided for r esearch  in m ultip hase  heat trans fer. This area 
includes two phase flow, boiling, evaporat ion,  vapor  explos ion, and condensation . 
Emphasis is on the cons truct ion of predict ive models bas ed on physical under stand ing. 
Research  in high flux heat tra nsfer is concerned especially  with the attainm ent of heat 
fluxes which  are substantia lly gr ea ter  than those obta ined by conventional means for a 
pre scr ibe d temperature dif ferenc e. Support is provided for und erst and ing the per­
form ance characterist ics of high flux devices and for es tabli shing  advanced high flux 
conc epts  that are compatible with  energy and mate rial conservation. Factors that lead 
to thermal ly dele terio us effec ts on these devices, such as flow separat ion  and heat 
tran sfe r fouling, are also given atten tion .

High temperature transpor t resear ch deals  with combustion flam es and ionized 
gases. This is a rapidly deve loping field. Increased support  is provided for delinea ting 
the various mechanisms for hea t tran sfe r and for assessing  the influence of these 
mech anism s on the react ion prod ucts . Research in porous media heat transfer  is 
directed at a bett er und erst and ing of the transport  phenomena in soils and thermal 
insidation  systems fibers, pow ders  and foams. This area is receiving increased  re­
search support to provide an improved  understa nding of the effects of moisture,  
fiber  geometry, and tem per atu re-depen dent properties.

FY1981 Budget Highlights and Explanation of Increases and Decreases

The I'Y 1981 program will be inc reased  by $300,000, from $3,600,000 to $3,900,000 
and will be d irec ted at r esearch  in mul tiphase and high flux heat transfer, which has 
direct and immediate  relev ance  to energy- rela ted indus tries .
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Solid Mechanics Program Element $3,325,000

Ac tua l
EY 1979

Budge!
Request
KY1980

Current
Plan

EY 1980
Estimate
FY 1981

Differ en ce
EY 1981/80

$2,840,730 $3,065 ,0G0 $3,065 000 $3,325,000 $260,000

Objectives and Description

The objective of the Solid Mechanics Program is to adv ance the knowledge and 
understanding of the fundam ental principles which underlie  the behavior of solid 
materials.

The major program activity focuses on the prediction and measurement of the 
mechanical strength of solids, and on the way in which the strength may change as a 
result of exposure to a given loading or environment. Historically, the approach taken 
has been phenomenological, but the trend increasingly is to supplement this approach 
with considerations based upon behavior at the micros tructural, and sometimes even 
the atomistic, level. In practice, this means an increasing use of principles developed 
within the areas of materials science, physics and chemistry.

Particular problem areas in which significant advances are being realized are: 
(1) multiphase solids such as oil shale, (2) determining the size, shape anil location of 
flaws in solids using ultrasonic techniques, and (3) understanding the effect of these 
flaws on the strength cha racteris tics of str uctural and machine elements. These deve l­
opments are occurring within a broader background of applications and mission- 
oriented research. This background provides the motivation for support of the re­
search and at the same lime increases the likelihood that the results of the research will 
be utilized.

FY 1981 Budget Highlights and Explanation of Increases and Decreases

The l'Y 1981 program will be increased $260,000, from $3,065,000 to $3,325,000. 
Emphasis will be placed on research in ihe area of frac ture and fatigue mechanics, 
especially in the sense of combining continuum mechanics with structure. Research in 
this area is vital in the prediction and prevention of sudden crack failures.

F—IV—6



662

Mechanical Systems Program Elem ent.................................... $2,000,000

Actual
EY1979

Budget 
Reque st 
FYI  980

Current
Plan

FYI  980
Estimate
FY 1981

Differen ce
FY 1981/80

$1,000,000 $1,200,000 $1.200,000 $2,000,000 $800,000

Objectives and Description

The Mechanical Systems program elem ent,  which was initiated  in FY 1980, is 
intended to fill a major gap in the research  effor t in the subac tivity of Mechanical 
Sciences and Engineering, it rep resents the design phase  of mechanica l engineering.

Some of its objectives a re  tra nsf err ed from the Solid Mechanics program element , 
with additional  emphasis  on design. This inc ludes the a rea  of rigid body dynamics  and 
the design of mechanisms. Since the purpose of a mechanism  cannot be achieved 
with in the framework of a fin ite  numb er of available param ete rs to be selected by the 
designer , the task of syn thes izing a mechanism is reduced to dete rmining  the optimal 
configuration. This becom es espe cial ly complex with respec t to three -dimensio nal 
mechanisms.  Another imp orta nt problem of rigid body dynamics  is the analysi s of 
veh icu lar  stab ility, with special  appl ication to the  stab ility  of railroad vehicles.

A major thrust of the new program e lement is tribology, that is, surface  mechanics  
and lubrication . An example of ma jor significance in this field is the design of gears  in 
such a way us to minimize wear and tear, c hat ter,  and the de velo pme nt of heat.  Other 
are as of r esearch will be rotor dynamics , gene ral machine dynamics, and acoustics. 
The  latt er is signif icant from an environm enta l point of view through its connection 
with efforts to reduce noise in the workplace .

Support for mechan ical systems has two majo r facets: (1) the study of mechanics 
and materials , and converting bette r unde rstan ding into  more effici ent design p roce­
dure s: and (2) the a pplic ation  of recent developments in comp uter  technology to the 
automation of the manufa ctur ing process,  with even tual appl icat ion to robotics.

FY 1981 Budget Highlights and Explanat ion  of Increa ses  and D ecreases

Il  is anticipa ted that this program element will see sub stan tial  increases in future 
years as increasing demands  for improved design in indu stria l machinery, engines, 
and processes  begin to refl ect the rese arch  result s in fluid mechanics , heat trans fer, 
and solid mechanics. An ini tial increase of $800,000 in FY 1981, br inging  the program 
from $1,200,000 to $2,000,000 will he used to support rese arch  in control theory as 
app lied  to manufactur ing processes. Such an increase  will prov ide for the foundat ion 
on which later research in improved manufacturing methods and robotics can be based.
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QUANTIT ATIVE  PROGRAM DATA 
ME CHANICA L SCIENCES

Pro posa ls  and  Aw a rd s  Su m m ar y

Estimate 
FY 1979

Estimate  Estimate
FY1980 EY1981

Proposals:
Nu mber of  Pro po sa ls ..................................................................................
To ln l D olla r R eq ue sted ..............................................................................

Aw ards:
Nu mb er of A w a rd s ......................................................................................
Total Dolla r A mou nts..................................................................................
Average D olla r Per A w a rd .........................................................................
Average A war d D ura tion (Months) ..........................................................

471
43,754,766

194
10.708.730

55.200
18

495
50.000.000

600

205
11,665.000

56.902
18

220
13.325.000

60.568
18

P erc en ta ge  D is tr ib u tio n  o f F un ds  A w ard ed by P e rf o rm e r

Estimate Est ima te Estimate
FY 19 79 fY im u i FY1981

99.0 99 0 99.0
In d u s try ................................................................ 0.7 0.7 0.7
O lh o r ............................... 0.3 0.3 0.3

P ers onne l a nd O th er F acto rs

Estimate Est im at e Estimate
--------- —- FY lf)7H FY 1980 F Y 1981

Num be r years supported
Am ount of fac ul ty support ...............

Pos tdoctoral Associates:
Num bero f years su pport ed .............
Am ount o f postdoctoral support . . . .  

Graduate  Students
Num be r supported per award  year . 
Am ount o f graduate student support

Other  Personne l Co st s..........................
I.and. liu itd ings . and f ix ed  Equipm ent
Major  Equ ip m ent..................................
O th e r E qu ip m en t .....................................
Other  Costs.............................................
Indi re ct  Cos ts .........................................

T o ta l.............................................

$1.806.000 $2.1115.000 $2,200,000

28 29 30
$400,300 $435,000 $480,000

226 230 240
$2,150,000 $2,300,000 $2,580,000

748.000 815.000 915.000
—0 — —0— —0—
—0— —0— —0—

1.513.000 1.540.000 1.760.000
1.729.700 1.925.000 2.250.000
2.361.030 2.635.000 3.132.0<Mt

$10,708,730 $11.005.000 $13,325,000
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APPLIED RESEARCH SU BACTIVITY ........................................ $18,700,000

Obligation* by Program Element

ProgramElement Actua l 
F Y I 979

Budget
Request
FY1980

Cu rre nt
Plan

FY 1980
Estimate

FY1981
Di ffe rence 
FY 1981/80

Applied Social 8 Behavioral Scie nce*.......... *8.324,353 *8 ,(00.0 00 *8,545,000 *9 ,040 ,000 *495,000
Applied Phyelcal, Math, 8 Biological 

Science* 8  Engineer ing............................... 9,283,880 9,300,000 8,083,409 9,880,000 578,591

Total .......................................................... . . .  •*17 ,808,213 •* 18,200,000 **1 7, (28,409 •*18,700,000 •*1,071,591

*Doee not Include approximately *2.2 million In FY 1(70  and *2 .0 million both In FY 1S80 and FY 1(81 tor small buslneaa 
solicitations. These funds are now Included and disp layed In the Small Business and Industrial Technology subactivity for these 
years.

Objectives and Description

The objectives  of the Applie d Resea rch subac tivity are to p rovi de an improved  

understand ing  of a range of socia l, economic and policy prob lems  and to increase  the  

rate  of technological innov ation growing out of signific ant dis cove ries in basic sciences 

and enginee ring.
The Founda tion has made and continues to make large inves tmen ts in basic 

rese arch. Frequ ently,  this work leads to signific ant conceptual, mea sure men t, or i n­

strumen tation developme nts whi ch have the potential  for excitin g n ew technological 

innov ation s and applic ations  of knowledge which might aid  in ame liora ting  some of the 

na tio n’s pressing economic, environ mental, resou rce, and social problem s.

The application of knowledge gained through basic  res ear ch is pursued both 

through appl ied rese arch  programs in Fed eral  mission agencies as well as in dust rial 

resear ch in privat e indust ry. Moving basic rese arch  results along the continuum 

towa rds applications , however, is a complex process and ther e is a strong likelihood 

that im port ant applic ations  may rem ain  und eveloped  bec ause  the r ese arc h re qui red  to 

bring them to fruition is still too long term or too risky or bec aus e the work cuts 

across the concerns of more than  one agency and thus is no agency’s concern. As a 

resul t, the realiz ation of ben efit s flowing from the nation's inve stment in basic re­

sear ch is delay ed, if not postp oned  indefinitely.
The range  of such applied  researc h oppo rtun ities  is wide. Rece nt advan ces in 

basic und erst and ing  of me mbrane tran spo rt phen omena, for example, make p ossible 

an acce lera tion  of more focused, in ter dis cip linary  work on separa tion  and purifi catio n 

techno logies  which could lead  to sign ifica nt brea kthro ughs  in the recovery  of metals 

from low-grad e ores and the removal  of ind ustr ial wastes  from wate r. Developments in 

engineer ing, computer science, arti fici al intell igence and math ema tics provide the 

scien tific  und erpinnin g for an a cce lera tion  of applie d re sea rch  on proble m a reas  such 

as com pute r vision, mecha nical sens ors,  machine tools, systems design  and parts
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modeling. Such work directly provides a technical base for subst antially improving 
industria l productivity in batch process manufacturing.

Similarly, in the social sciences, cur rent applied work in the critical policy areas of 
inflation accounting and company pension liabi lities is firmly rooted in basic research 
on the theory of the firm. Such r esear ch provides a basis for developing accounting 
stand ards which more nearly refle ct the t rue costs of long term liabilities in a period of 
rising interest rates. Work in psychology, political science and law provides the 
groundwork for applied resea rch on human reactions to emergency situations or to 
laws and administrative regulations.

The Foundation's objective in supporting an app lied research activity is to provide 
a framew ork for supporting such interdiscipl inary, problem-oriented proposals. The 
program provides a flexible fi amework for identifying emerging opportunities to sup­
port, selectively, the extens ion of basic scientific knowledge to significant technical, 
social and economic problem areas which lie outside of or cut across the research 
prioriti es of other Foundation programs or the programs of other mission agencies.

Significant Recent Achievements

• Sonar, an acoustic re flection technique long used for detecting objects und er­
water, offers promise as a technique for seeing into rock. Early efforts by 
researc hers at Texas A&M to utilize a single acoustic frequency were dis­
couraging, as the rock formations of salt caused the beam to diverge, resulting in 
multiple return  signals. A high frequency tr ansducer , driven  at two frequencies, 
was successful in overcoming this problem, how ever, an d produced the narrow

• beam return necessary to obtain accurate reflections of changes in salt formations 
and their locations. This provides a basis for experimenting with the use of 
sonar for seeing into a variety of other rock formations for potential hazards 
routinely encountered in tunneling and mining.

• In batch process manufacturing, a common arrangeme nt is to have one or more 
parts move past a human operator who so rts and assembles them to make a 
finished component. In a growing n umber of cases, robotic arms are replacing 
human opera tors, freeing  them from monotonous routine and allowing them to 
do more challenging tasks. However, because these robotic arms are limited in 
their ability to respond to uncertainty or change in the parts environment, 
their operations must be precisely pre-programmed and carefully structure d, 
thus limiting their general utility. A hardw are/so ftware  vision module for 
sensing and processing images, developed by the Stanford Research Institute 
(SRI), holds out the possibility of industrial robots with vision. The module 
consists of three  m ajor components: a solid state TV camera; a microcomputer, 
storing a library of vision subroutines previously developed at SRI; and an 
inte rfac e pre pro ces sor  perfor ming gene ral pur pos e functio ns. Trai ned by 
showing, it can determ ine the identity, position and orientation of p arts and 
holes. A number  of resear ch groups and companies hav e each obtained one of
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these  module s and are cur ren tly at work trying to link them up with robotic 

arms.

It has  long b een claim ed that  re gulation may, un der  some circumstances, pr ove 
to be an impedime nt to innov ation and technological progress. This belief 

is one of the factors motiv ating  curr ent policy reviews of regulation in the 

trucking and rail road  indust ries . A recently completed study by res earc hers at 

the Universi ty of Wisconsin and Nort hwes tern Univ ersity provides new evi­

denc e on this issue. During the period  from 1953 to 1974, C anad a substantia lly 

red uce d its public contro l of railr oads while the Unit ed States main taine d 

its long-standing, det ailed regulatio n of American railr oads. This si tuation  p ro­

vided a natu ral exp erim ent  for examining the dif ferent ial impact  of n ational  

regulation  on this sector  of the economy. The study resu lts show conclusively 

that the rate of technologic al change and productivity  gains in American  rail ­

road s were  subs tant ially  less than  they were for Can adia n railr oads during 

this twenty year perio d. The se invest igators  concluded tha t these difference s 

were due primarily to differe nces in the degree of regulation in the two countries.

A small macro-model of the U.S. economy, deve loped by Robe rt Hall of Sta n­

ford Univers ity and Dan Mc Fadden of MIT, has bee n used  to exam ine the effects 

of exogenous price shocks, such as sharp  energy price increases, on the American 

economy. The initia l res ults of this work show that une xpe cted  incre ases in 
worl d oil prices  drive down investmen t and push employme nt below the full- 

emplo yment level. By e xamining  how mo netary and fiscal  policies  inte ract with 

these  effects, the inve stiga tors  are able to d emonstra te that high er investm ents 

and decr ease d unempl oym ent can be achieved with inc reased  general price 

levels . This rese arch  pro vid es an important tool to policy m aker s for analyzing 

the feedback mech anism s bet ween the energ y sector  and the economy.

The technic al feasibility of a new  me mbra ne se para tion  process for the recovery 

of nickel, cobalt, an d copper from domestic, low-grade oxide ore has  been estab­

lishe d by Bend Research, Inc. The process involves seq uen tial  separ ation  of 

metal ions through specially fabricated fibers containing selective ion-exchange 

liquids. This is an exciting breakth roug h in ore sepa ratio n, because  it requires 

minimal energy and reduces the large volume of the solutions that must be handled 

by the processor.

An outgrow th of the energy stora ge requ irem ents  of the ther monuc lear  f usion 

program is a r etu rn to the kin d of ele ctric al gene rator which  F arad ay invented 

in 1831. Grady  R ylander and  h is colleagu es at the  U niversity of Texas in Austin 

hav e recently shown that this machine , the homop olar generato r, has imp ortant 

adva ntages for welding. The generat or acts as a rese rvoi r of energy which is 

diss ipated at the weld joint  in a short pulse of large cur ren t at hun dred s of 

thousands of am peres . This system perm its larg e areas to be w elde d quickly, re­

qui res  no fluxes  or iner t gas atmo sphe res, and allows some anne aling through 

contro l of the curr ent pulse. Since  the gene rator accu mula tes energy at a low 

rate , its power demands  are  rela tive ly modest, but the pow er outp ut is large
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for the short time req uir ed  to make the weld. Applications are fores een in 
rail road rails, pipe lines, and  shipb uilding.

Changes Between FY 1980 Bu dget Request and F Y 1980 Current  Plan

The FY 1980 Curr ent Plan rep rese nts  an overall dec rease of $571,591 below the 
FY 1980 Budget Request of $18,200,000. This decrease is a pa rt of the bro ade r resp onse  
of the Fou ndat ion’s Eng ineer ing and  Applied Science Directo rate to a Congressional 
cut in the NSF appr opr iation requ est of $1,500,000 for all app lied  rese arch  from 
$62,400,000 to $60,900,000.

FY 1981 Budget Highl ights and Explanat ion of  Increases  and D ecreas es

Obligations
FY 1979 Actu al ..........................................................................................................................  $17,808,213
FY  1980 Pro gr am ........................................................................................................................  $17,628,409
FY 1981 R equest........................................... .............................................................................  $18,700,000
Diffe re nce —FY 19 81/F Y1980 ......................................................................................................  $1,071,591

The $18,700,000 r equ est ed for this subact ivity is $1,071,591 more  than the FY 1980 
program of $17,628,409. These funds will be used to:

• Initia te a new  res ear ch thru st to examine  the impacts of t rans ition s from hea vily 
regulated to less reg ula ted  indu strie s or servic es. As p ubl ic policy discussions 
consid er a wide rang e of al tern ativ es to the pre sen t regulatory r egime, it is cr u­
cial to begin a syst ema tic exam ination of the organiza tion al, social, mark et, 
and technological ch anges which occur follo wing subst ant ial reduction  in pub lic 
regula tion of an activi ty. Such rese arch  will begin to prov ide an impr oved  
knowledge base  for adju sting  regulator y policies in the Unite d States.

• Exp and work in ar ea s of ma nu fac tur ing  pr ocesses  and ma ter ial s han dli ng. 
Research on g rind ing and surfa ce finish, dete ction of mach ine tool w ear  and 
automatic feed back , and analyt ic modeling and study of scheduling prob lems  
is need ed to im prov e computer -base d planning  in flex ible  manufacturin g sys­
tems and to p rovi de the techn ical basis for auto mati ng cert ain mach ine proc­
esses as a par t of these systems. An expansion  of this work is nec essa ry to 
pres erve  program bal anc e and to take adva ntage of adva nces  in othe r facets 
of autom ated manufa ctur ing rese arch  su pported  by the Applied Research Divi­
sion and othe r parts  of the Engineering and App lied  Science Direc torate .

Percen tage changes be tween  FY 1981 and the FY 1980 Cur ren t Plan for the Applied  
Research program eleme nts  are:

Applie d Social an d Beh av iora l Sciences Elemen t ..........................................................  87,
Applie d Physical , M at hem at ic al  and Biological Sciences and E ng in eeri n g ............  87,
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Coordination W ith and Relationships to Other Efforts

Program manage rs mee t with the EAS Inter agen cy Coordinating  Committee to 
review emerging applied  resear ch area s and to discuss future  program direc tions . 
Indiv iduals  on the Coor dinating Committee serve as key contac ts for staff mem bers 
wishing to have proposals  revi ewe d, for coord ination purpose s, by re leva nt persons 

in a mission agency. Thus, the revie w of ind ividu al proposa ls by one or more agency 
repre sentative s, using a spe cial  revie w form design ed spec ifica lly for this purp ose, 

constitutes an impo rtant  pa rt of the coor dination process.
Staff members  serve on numerous inter agen cy comm ittees  and review panels. 

This provides a noth er p oint for i nter actio ns wi th oth er appl ied  re search program s and 
perso nnel elsew here  in Gove rnme nt. In the rece nt past, for instance, they have 
part icipated  in meetings of the Interagency Joint Aqu aculture Committee, the Oute r 

Continental Shelf Mining Policy Task Force, the Inter-Agency Task Force on In ter na­
tional Computer Com munic ation Policy, the Interagency Commit tee on Man and the 
Biosphere, and the Int erag enc y Committee for Co ordination of Research on Acid Rain. 
The Division su pports sev era l committees of the Natio nal Academies  of Science and 
Engineer ing. In FY1980, th ese include d the U.S. Natio nal Co mmittee on Tunneling, the 

U.S. National Committee on Rock Mechan ics, and the Board on Teleco mmu nicati ons— 
Comp uter Applicat ions. Researc h conferences are support ed in such area s as prod uc­
tion research  and telecomm unication s. They provide a mea ns for drawin g together 

rese arch ers , research  fun der s, policymakers, and indu stria l and governmenta l users 
of rese arch  from across the Fed era l governm ent, priva te indu stry , U.S. and foreign 

academic  instituti ons, and res earch  organizations.

Applied Social and Behavioral Sciences
Program Elem ent........................................................................ $9,040,000

Actual
FY1979

Budget 
Request 
F Y I 980

Current
Plan

FY 1980
Estimate
FY1981

Difference
FY 1981/80

$8,324,353 $8,900,000 $8,545,000 $9,040,000 $495,000

Objectives and Descriptions

The United  States faces a num ber  of press ing public issue s as it enters a new 
decade: continuing  inflation; accom modat ion to new energy and envi ronm enta l con­
straints; shifting demands and expe ctations for publ ic serv ices  m ore efficiently man­
aged; and a leveling off in ind ust rial  productivity. Increasing num bers  of social and 

beh aviora l scient ists ar e in ter est ed  in bringing the ir scientific  skills, theoretica l fra me­
works and methodologies to bea r on these  and othe r pr oblem s to pr ovide analytic  tools

F-V -5



669

and  system atic data bases for policy  makers, mana gers,  and othe rs who have seme 
resp onsi bilit y for alleviati ng or resolvin g them.

This Foun dation  p rogr am eleme nt provides support  to inv estigators in the social 
and behaviora l sciences  who wish to underta ke app lied  res ear ch on high prior ity 
issues. Since these policy i ssues frequent ly cut across conventional disciplinary bound­
arie s, the revie w proce ss is expl icitly stru ctured to prov ide for an inte rdis cipl inar y 
assessment of problem significance, scientific me rit and potential policy utility. Special 
encoura gem ent will cont inue to be given to re sea rch  deal ing with regula tory policy, 
telecommunications, intergovernmental fiscal management, employment, and inflation.

Public Policy and Regulation ($5,425,000)
This a rea  pro vides  su pport  for rese arch  aim ed at pro vidin g more and b ette r inf or­

mation on policy issue s of nat ion al concern.

In par ticular, resear ch in this area:

• Examines  ques tions in in tern atio nal  tra de a nd investment;

• Examines  the im plic atio ns of infla tion account ing for pu blic  policy;

’ Characterize s the rol e of expec tatio ns in econom ic mode ls and their signifi­
cance for sh aping dom esti c stab ilizat ion policies;

• Provides  infor mat ion on the impacts of regulat ion on f inan cial institutions;

• Explores issues in telecommunications policy emerging from scientific advances 
and technological innovatio ns; and

• Assesses the imp act of technology on civil litigaticn  and administ rativ e con­
flict resolu tion.

The level of s upp ort for  this area  will be increased  by $495,000 over the cut rent 
pla n for FY 1980, i.e., from $4,930,000 to $5,425,000. This incr eme nt will be used to 
init iate  rese arch  on the economic, legal, social and technologica l cons eque nces  of 
par tial  or total deregu lati on of an indust ry, profe ssion  or serv ice. This rese arch  will 
expand  the knowledge bas e for the growing p ublic d eba te on the costs a nd benefit s of 
dif fer ent  levels of regulatio n.

Public Service Delivery and Urban Problems ($1,770,000)
Issues assoc iated  with  the deliv ery of pub lic serv ices  at the Fede ral, State  and 

local levels range all the way  from quest ions about  the causes and cons eque nces of 
publ ic dise ncha ntm ent with  pub lic progra ms to concer ns about the cha racterist ics of 
the emerging interg ove rnm ental fiscal system, the impa ct of demographic  chan ges or 
popu lation migration on taxes , the demand for servi ces, and  the “quality of l ife"  in 
both urb an and rur al are as.  Of par ticu lar intere st is res earch  which:

• Explores the na ture of the intergov ernm enta l fisca l system, the flow of funds  
through (hat system, and their impact on State and  local fiscal conditions and 
program priori ties;
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• Assesses the impact of pub lic and priv ate perf orm ance stan dard s and codes 

of ethics on the deli very of professional  and semi-p rofessional services;

• Studies  and evaluates orga niza tiona l changes  or the intro duct ion of new in cen­

tive systems, man agem ent inform ation systems or mana geme nt styles as they 

effect productivity  or qua lity  of services; and

• Develops or e xpands regiona l or state economic models, and examin es reven ue 

and ex penditure fo reca sting  models with  a view to improving the ir policy utility.

The level of suppo rt pro vid ed in this ar ea rem ains  $1,770,000, the same am ount as 

pla nne d for FY 1980.

Industrial Organizations and Markets ($1,165,000)
Resea rch in this ar ea pro vides po licy-relev ant inform ation on industr ial o rganiza­

tions and markets by:

• Developing a be tter  un der standi ng of the relat ive growth and decline of various 

economic sectors  in the U.S. economy, with incr eased emp hasis on empir ical 

studies;

• Developing testa ble mode ls for bett er assessment of the implica tions for U.S. 

economic activity of res ource  and envi ronm enta l cons train ts, with part icular 

emphasis on inco rpor ating technological change, reso urce d eplet ion, and waste 

recycling into economic models;

• Examining the impact  of pub lic policies on the produ ctivity of labor and capital  

markets;

• Broadening the un der standi ng of changing em ployee-em ployer relationships;

• Assessing the impacts of ne w t elecom munica tions, micro-elec tronic  and robotic 

technology on workers, mana geme nt and the organizati on of work in diffe rent 

firms; and

• Developing a be tter  un der standi ng of the psychological and  social meaning and 

organiz ation of work, occupations , and  careers.

The level of support in this are a rema ins $1,165,000, the same amount as pla nned  

for FY 1980.

Individuals and Group Processes ($680,000)
Imbedded  in most discussions of significant public policy issues are critical assump­

tion s abo ut hum an values , pr ef er en ce s for risk, pe rfo rm an ce  and resp ons e 

capa bili ties , and decisionmak ing and inform ation processin g capa bilit ies, as well  as 

assumptions about non-hierarchical group in teraction and judgment processes. Research 

in this par t of the Applied  Social and Behavioral Sciences  p rogram element analyzes 

such assum ptions  in the  context of significant technological,  social , economic or policy 

issues . During the past year,  this  are a has encou raged  rese arch  which:
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• Prov ides inform ation for policy guide lines  aimed at changing  or regulating 
indi vidu al or group beh avi or or limiting expo sure s to risky techn ical, physical 
or social events;

• Reve als the cognitive and physiological response s involved in decision-making 
and  info rmation pr ocess ing by  hum an bei ngs u nder n orma l and emerg ency con­
ditions; and

• Examines the interaction of individuals or groups with technological and material 
devices and environm ents.

The level of support provided in this area remains $680,000, the same amount planned 
for FY 1980.

Major Research Questions

• What are the costs and benefi ts of alternative governmental policies for affecting 
the economic behavio r and  decision-making of indi vidu al firms, worke rs and 
consumer s?

• How can changes  in  o rgan izati on design, mana geme nt, person nel  polic ies, and 
budgetin g and control syste ms improve  public servi ce del iver y by State and 
local governme nts? What  effec ts does the continuing evolu tion of the inter­
governme ntal system hav e on local prio ritie s, fiscal condi tions, and servic e 
deliv ery?

• What are the mec hanisms  by w hich exogenous price  shocks are trans mitted to 
domestic price le vels? H ow do fiscal and  monet ary polici es in teract  to moderate 
these shocks? How are  expe ctations inc orpora ted  into econom ic models, and 
how do they shap e economic  policy.

• How do individu als and  group s make d ecisions and proc ess informati on und er 
emerge ncy cond ition s? What can be done  to improve the ir abilit y to r espond 
und er such circ umstan ces?

• How are innov ations in telec ommu nicat ions, micr oele ctronics , robotics, and  
inform ation technology affecting man ager ial decision-ma king, job design, pro ­
ductivity and the qua lity  of work in publ ic and privat e organizations?

Applied Physical, Mathematical, and Biological
Sciences and Engineering Program Elem ent ........................... $9,660,000

A ctu a l
FY 1979

Budget
Request
FY 1980

Current
Plan

FY1980
Estimate
FY1981

D if fe re n ce
FY  1981/80

$9,283,860 $9,300,000 $9,083,409 $9,860,000 $576,891
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Objectives and Description

The objectives of this program are  to ident ify and suppor t high risk, freq uen tly 
interdisciplina ry resear ch aimed  at exploring and extending the applica tion potential  
of basic knowledge in the natu ral sciences to a wide range  of s ignificant appl ied 
problem areas.  It is rec ept ive  to proposals from investigators in all areas of the 
natural sciences and engi neering  on app lied topics of thei r own choosing which do not 
dupl icate  work supporte d by mission agencies. Special encouragement is given to work 
rela ted to problems in batc h process mananufactur ing, non-fuels minerals processing, 
minerals exploration technologies and techniques, and the management  of plant and 
animal  resources in ter res trial and aquatic environments.

Physical, Math and Engineering Applications ($5,315,000)
Applied research  growing out of deve lopments  in the physical or mathematical 

sciences or engineering is s upp orted under this program element.

Of p articula r inte rest  is research which:
• Draws on work in engineering, computer science, intell igence systems and 

mater ials science for advancing the automation of diverse tasks in batch  process 
manufac turing:

• Extends work in sophist icated computer languages , tacti le and force sensing, 
and compu ter vision for communicating with and contro lling advanced indus­
trial robots:

• Draws on work in lasers  and plasmas for potential app lica tions in the product ion 
and puri fication of chemicals, polymers or metallic aloys;

• Applies basic knowledge  in the fields of catalys is a nd electrolysis  towards the 
solution of existing and fu ture  indus trial process ing prob lems;  and

• Extends rese arch  in bioch emis try and synthetic organ ic chemis try to crea te 
synthetic enzymes for ind ust rial  applicat ions.

The level of supp ort for this area will be  increased by $576,591 over the current 
plan for FY 1980; i.e., from $4,738,409 to $5,315,000. This incr ement will be used to 
expand work in areas of man ufac turing processes and materia ls handl ing in order  to 
take advantage of s ignificant adva nces in other  facets of a utom ated  manufactur ing 
research supported  by the Foundat ion.

Biological and Ecological Appl ications ($2,845,000)
This area provides suppor t for rese arch  on a broad range of signi ficant appl ied 

prob lem area s growing out of fundam ental work in the biological and ecological sci­
ences. High priority has been given to work which:

• Takes advantage of recent  advances in cell propagation , genet ic engineering, 
and protoplast fus ion to explore op portunit ies for research on the production of
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seco ndary metabolit es and  the cloning of d esi rab le cha ract eris tics  in plants or 
animals;

• Applie s basic u nde rstandin g of ecosystem s tructu re and  fun ctioning to environ­
menta l mana geme nt pro blems  arising from inte ract ions  betwee n human,  t ech­
nological, and natura l systems; and

• Provides an impro ved know ledge  b ase for managing liv ing resou rces,  d rawing  
on advanc es in und ers tan din g of the physiological and behaviora l cha rac teri s­
tics of plants  and animals in terre strial, fres hwater , estuar ian  and oceanic  
enviro nments.

The level of support for this  a rea  remains unchanged  f rom the current ly p lann ed 
EY 1980 level of $2,845,800.

Geophysical and Environmental Applications ($1,5 00,000)

This program area supports research  directed at increasing the rate of technological 
innov ation  a nd appl icati on of basi c knowledge growing out of d iscoveries in physics, 
biology, elect rical engineer ing,  geology, and the env iron men tal sciences . Two issues 
have espec ially significant so cial, economic and techn ical i mporta nce  for the n ation in 
the coming decade: (1) the incr easing  scarcity of non-fuel min eral s in the contine ntal 
United States; and (2) the increas ing  p ollution of gro und wat er by seepage  from sur ­
face dump sites, bur ied was te and pollute d stream s. Thus, par ticu lar encouragem ent 
will be given to work which holds out a prom ise for innovativ e technology and 
tech niqu es for:

• Seeking mi neral de pos its which have  no surfa ce manifes tations;

• Processing non-fu els m inerals; and

• Assessing and alle via ting  the growing prob lem of groun dwa ter pollution.

The level of s upport for this area will be held cons tant at the plan ned FY 1980 
level of $1,500,000.

Major Research Questions

• Can significant tasks involved in parts assem bly be fully  autom ated through 
the developm ent of adva nced  s ensor  e qui ppe d robots and computerized mate ­
rials  handling and schedulin g systems?

• Can an impro ved und ers tanding of ma nufa ctur ing proce sses, such as grinding, 
machining and oth er techniques for mat eria l shap ing and removal, lead to the 
developme nt of im proved  te chnologies  and auto mat ed sensing and co ntrol sys­
tems for auto mati ng parts produ ction ?

• Can the seismic refle ctio n or refrac tion  techn iques c urrentl y util ized for oil and 
gas exp loration in se dim entary  rock b e suc cessfully ada pted for the exp lora tion
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of non-fuel min era ls in igneous or metam orphic  rocks? Is there  a way to util ize 
our un ders tand ing of the geophysical prope rties  of rock to differen tiate  between 
an ore body and its conta ining host rock?

• Are there tech niqu es that will ut ilize ionic  exchange or o ther geochemical proc­
esses to atte nua te pot ent ial pollut ants seeping through the soil? Can models be 
develop ed which can accu rate ly predict the migration of potential pollutants 
in three dime nsion al spac e for variou s types of soil and rock? How does such 
pollution affect the micr obia l popula tions of the surround ing soil and with what 
long-term c onsequ enc es?

• What new proce sses and  technologies can be deve lope d for improving the 
efficiency of sepa rati on of minerals from low grade ore bodies and the handling 
of the resulting  proce ssing  waste s?

• Can we draw on basic advan ces in understan ding  of the physiological and 
behavioral c haracte rist ics of plants and animals to improve  our abili ty to manage 
these resources more efficien tly and effectively?
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QUANTITATIVE PROGRAM DATA 
APPLIED RESEARCH

Proposals and Awards Summary

Est im ate 
F Y 1979

Est im ate 
FY 1980

Es tim ate
FY1981

Propo sa ls:
N u m b e r o f P ro p o sa ls ................................................................ ......................  550 725 850
T o ta l D o ll a r  R e q u e s te d ............................................. ..............  85.583.000 98.600.000 110.500.000

A w ard s:
N um ber o f A w a rd s .................................................................... ......................  153 190 190
T o ta l D o lla r Am ou nt  ................................................................ ......................  17.808,213 17.628.409 18.700.000
Ave ra ge  $ Per A w a r d ................................................................ ......................  115.394 92.781 98.421
Ave ra ge A w ard  D ura tion (M on ih sI ..................................... ......................  18 16 16

Percentage Distribution of Funds Awarded by Performer

IJ n iv e rs it ie sandC o lleges  ..
In d u s try ..................................

Sm all Bus in ess..................
O th e r ..................................

N o n p ro fi t (n on ac ad em ic) . . .  
S la te  and Lo ca l G ov er nm en t
N a tiona l L a b o ra to r ie s ..........
Fed era l A ge nc ies ..................

Est im ate Est im ate Est im ate
FY1979 FY 1980 FY  1981

73.0 75.0 76.0
9.0 7.0 6.0

(8.0) (4.0) (3.0)
(3 0) (3.0) (3 0)
18.0 17.5 17.5

— 0.5 0.5
— — —
— — _

Personnel and Other Factors

Est im at e
FY J9 79

Est im ate Est im at e
FY1980  FY1981

Faculty
No. yea rs  su p p o rte d ............................
A m o u n to ff a c u lt y s u p p o rt  ................

Pos tdoc to ra l Assoc iates:
No.  o f ye ars s u p p o rte d ........................
A m o u n to f pos td oc to ra l support  . . . .  

G ra duate  Stu de nts
No. su pp orted pe r a w ard  y e a r ..........
A m ount o f gr ad ua te  student support

O th e r P erso nn el  C o s ts .............................
La nd . B ui ld in gs , and  F ixed  E qu ip m ent
M a jo r E q u ip m e n t.............. .......................
O th e r E quip m ent .....................................
O th e r C osts .................................................
In d ir e c t C osts .............................................

T o ta l.............. ...................................

93 5 90 90
$2,479,713 $2,838,935 $2,800,000

82.2 81 81
$1,273,004 $1,318,401 $1.400.000

130.2 118 124
$1,352,571 $1,287,330 $1,370,000
2.953.112 2.810.668 2.980.000

33.814 32.183 34.000
387.737 369.035 390.000
429.441 408.727 435.000

2.817.855 2.681.938 2.850.000
5.880.966 6.083.194 8.441.000

$17,808,213 $17,828,409 $18,700,000
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PROBLEM-FOCUSED RESEARCH SUBACTIVITY ..............  $30,500,000

Obligat ion* by Program Element

Program Element Actual
FY1879

Budget
Request
FYI980

Current
Pion

FY1980
Estimate

FY1981
Difference 
FY 1981/80

Earthquake Haxerda Mitig at ion.................. ........ 318,473,344 817,900,000 817,900,000 319,400.000 31,500,000
ChamlcalThraatato Man and

the Environment........................................ ........ 3,182,088 —0— —0— —0— 0—
Alternative Biological Source* of

Materia l* ................................................... ........ 4,132.858 3,900,000 2,936,000 2,900,000 ■36,000
Community Water Management ............... ........ 724,517 —0— —0— —0—
Science and Technology to Aid the

Handicapped.............................................. ........ 1,329,672 1,600,000 2,100,000 2,100,000 —0—
Human N utr itio n............................................ ........ 993,031 1,000,000 989,000 1,100,000 111,000
Integrated  BaalcReeeareh ......................... ........ 4,781,731 5,000,000 4,460,000 4,500,000 40,000
Problem Ana lya ie.......................................... ........ 950.883 1,000,000 800,000 500,000 —0—

Total  ........................................................... ........ *332,838,834 *330.400,000 '328 ,885,000 •330,500,000 ■31,615,000

‘ Does not Include approximately $1.4 mi llion in FY 1979 and $1.0 million both in FY 1980 and FY 1981 for small business 
solicitations. These funds are now Included and displayed in the Small Business and Industrial  Technology subactivlly for those 
years.

Objectives and Description

The  Problem-F ocu sed Re sear ch  (PFR) sub act ivi ty co nc en tra tes  res ea rch on 

criti cal societal problems wh ere  it is clear  that such res ear ch is essen tial for dealing 

effec tively  with the problems . The subac tivity provides the organ izational setting for 

the supp ort of rese arch  program s that advance basic scien tific  knowledge and its 

appli ca tio ns  in are as di rectl y re leva nt  to the he alt h and  welf ar e of the nation. 
PFR’s efforts are quite var ied  from program to program: from the ident ificat ion and 

sup por t of basic  r ese arch in area s judged  to be problems of long-term concern to the 

provision of support for re sea rch  that ex tends into practic al ap plic ations of imm ediate  

benefit.  The type and num ber of rese arc h topics an d progr ams change over time as new 
prob lems and issues are se lec ted  and  on-going programs a re comple ted, tran sferred , or 

disestablishe d.
High scientific  content, a focus on existing or emerging nationally  impo rtant 

problems, and a u tilita rian  d emons trat ion  of the value of bas ic res ear ch are common 
att ributes of all PFR progra m elem ents.  PFR programs are gen era ted  through the 

deve lopm ent of res earch agenda s which specify  the scope of the  proble m addr essed, 

iden tify  critical issues to be exa min ed,  and estab lish an end-poi nt for the research.

Curre ntly,  the re sea rch  ef fort s of the subac tivity consists of six program elements: 

Ear thquak e Hazards Mitigation; Alte rnat ive Biological Sources  of Materials;  S cience 
and Technology to Aid the Hand icap ped; Human Nutrition; I ntegra ted  Basic Research; 

and Problem  Analysis.
The Earth quake  Hazards  Mitiga tion program is an integral  component of the 

Pre side nt's  National Ear thqu ake  Hazards  Reduction  Plan and provides the prima ry 

source of Federal supp ort for bas ic and appl ied res ear ch in ear thq uak e engineering  

and policy-related issues.
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The Alternative Biological Sources of Materials program supports research to 
provide new and secure domestic sources of critical materials and chemicals of 
commercial importance.

Programs in Science and Technology to Aid the Handicapp ed and Human Nutri­
tion were introduced in FY 1979. The Aid to the Handicapped program supports 
resea rch on ways to aid the physically and mentally impaired  by capitalizing on 
recent, basic advances in science and technology. Human Nutr ition research focuses 
on the assessment of the nutritive value of processed foods by investigation of the 
physical, chemical, and biochemical changes which occur in these foods during cook­
ing, processing, packaging and storage.

Integrated Basic Research provides strong ties between basic and applied re­
search by providing joint funding with the NSF basic research programs for projects 
which are responsive to selected nationally important problem areas.

Problem Analysis supports  assessments of particular emerging problems having 
significant scientific content to determine whether a concerted research effort is 
appropriate and, if so, the options for NSF.

Programs on Chemical Threats to Man and the Environment, which was estab­
lished in FY 1971, and the Community Water Management, which began in FY 1973, 
were terminated in FY 1979. Many of the objectives of these two programs are now 
being carried out under other NSF program elements or in mission agencies, including 
the National Institutes of Health and the Environmental Protection Agency.

Sign ificant Research A chievements

• In response to the El Centro/Calexico, California earthquake, which occurred 
on October 15,1979, PFR-supported investigators took the following actions:

— The Universities Council for Ear thquake Engineering Research conducted 
a field survey of the damage site to determine  specific, near-term research 
needs, capitalizing on valuable information recorded on ground motions 
and the damage state of existing buildings, storage tanks and bridges.

— Prior to the earthquake, James Brune of the University of California, San 
Diego had established ground motion measuring devices in this area as well 
as northern Mexico. These devices were able to record the major shock 
waves, the records of which are  now being processed. In addition, Brune 
immediately installed a portable array of inst ruments at strategic points in 
the region to record aftershocks for several days following the main event.

— Christop her Arnold, a research architect and president of Building Systems 
Development, Inc. in San Francisco, is leading a team of researchers to 
study the nature and extent of damage to the non-structural components of 
buildings in the primary impact zone.

— George Mader  of William Spangle and Associates, Portola Valley, Cali­
fornia, who has been examining land use management alternatives for 
earth qua ke hazards mitigation, is working  with Federal Emerge ncy
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Manag ement Agency rep rese ntat ives  on the appl icati on of his work to 

reconstruc tion plan ning and managemen t activities.

• New Mexico State Univers ity rese archer s have  deve lope d a low-cost, non­

destructi ve method  for testin g h ighway bridge s for se ismic resis tance  to locate 

and evaluate the w eake r elem ents in an existing bridge which  could fail du ring 

an earth quake.

• Inte rnat iona l coope rative res ear ch efforts  have been fo rmal ly estab lishe d with 

with Japa n’s Science  and  Technology Agency and Ministry of Construct ion 

to conduct seismic tests on large-scale struc tures . These activities are planned 

for the Ministry  of Con stru ctio n’s unique test facili ties which can simulate 

the dynamic effects of an ear thq uak e on a full-sized, multis tory building.

• An a ltern ative  to the use of fossil  r esources as raw  mater ials  for the production  

of chemica ls may be the use of bio mass d erived from  plant and microorganisms. 

One possibility is the use of lignocel lulosic biomass (e.g., wood, straw, corn 

stove r, etc.) as a source  for chem ical feedstocks . Resea rch at the Universi ty of 

'Ida ho has shown that lignin  can be degr aded  by certain stra ins of bacter ia. 

Further work is now in prog ress to char acte rize  the modif icatio ns of lignin in 

wood and to use the bac ter ia for bene ficia l indu stria l microbial conversions. 

In addition, companion res earch  activity at Virginia Polytechnic Institute  and 

Sta te Un iversit y has  sho wn  tha t micro bia lly -modi fied  lignin s may have  a 

pote ntia l for use in the manuf acture  of ph enol -formaldehyde resins.

• Rese arch  on the develop men t of gu ayule, a shrub  native  to the south western 

Uni ted States, as a dome stic source of natura l rub ber  is cur ren tly following 

two lines of inquiry. R ese archers ar e attempting to improve latex  yield by br eed­

ing superio r plant varie ties and  also by investiga ting the use of chemical  bio­

regu lators to improve yield. These rese arch ers recen tly show ed that certa in 

compounds, when spra yed on 18-month  old fie ld grown plan ts, can incre ase the 

guayule rub ber  conten t from 5-7% to 18-20%. This three- fold incre ase begins 

to pla ce g uayule in a com petit ive range  with Hevea braziliensis, the tree which 

is the pres ent commercial sou rce of natural rubber.

Changes Between FY1980 Budget Request and FY 1980 Current Plan

The FY 1980 Curr ent Plan for PFR is $28,885,000 which is $1,515,000 less than the 

FY 1980 Budget Request  of $30,400,000. T his n et re duct ion is the resu lt of redu ction s in 

the Alte rnative  Biological Sources of M ater ials , Integ rated  Basic Re search and Prob­

lem Analysis program  elem ents were p rim aril y the resul t of red irec tion s tha t had to be 

made bec aus e of de crea sed app rop riat ion s for the activ ity’s appl ied science programs. 

In addi tion,  Congressional instr uctions for the developme nt of a new program on 

App ropriat e Technology, now placed within the Small Business Innovation  and In­

dust rial Technology subactivity, and i ncr eas ed suppo rt for  Science  a nd Tec hnology to 

Aid the Han dica pped hav e cr eate d f ur the r de mand s upon the appl ied science budget.
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F Y 1981 Budget Highlights and  Explanation of Increa ses  and Decreas es

Obligations
FY  1979 Actu a l ..................................................................
FY 1980 P ro g ra m ................................................................
FY 1981 R e q u e s t............................ ....................................

$32,538,834
$28,885,000
$30,500,000

$1,815,000D if fe re n c e —F Y 198 1/ FY1980 ...............................................................................................

The Budget Request of $30,500,000 for  the PFR p rogram is $1,615 ,000 more than the 
FY 1980 Current Plan of $28,885,000. These funds are to be used for the following purposes:

• Ear thqu ake  Hazards Mitiga tion is incre ased  by $1,500,000 from $17,900,000 to 
$19,400,000. These  additio nal  funds will perm it societal resp ons e rese arch  on 
the effec tivene ss of regu lations  to achiev e given levels of earth quake  protec tion, 
and on the impact  of ea rth quake  w arnin g and  pr edic tion  me asu res  on the socio­
econom ic envi ronm ent in the community. Special stud ies of the El Centro, 
Cali forni a ear thquak e will be contin ued to gain the maxim um benefit from 
avai labl e seismic ins trume nt recor ds and damag e survey s. In additio n, the 
Design subelem ent will be increas ed to support  the develop men t of the first 
pha se of the U.S.-Japan Coop erat ive Project on Large-S cale Stru ctur e Testing. 
The U.S.-Japan proje ct is bas ed on the  FY 1980 Budget in itia tive  for which pre ­
limin ary planning and coo rdin ation efforts  are now comp lete.

• Alternati ve Biological S ourc es of Mate rials will be dec rea sed  by $36,000, f rom 
$2,936,000 to $2,900,000. Researc h support will be  continued in two areas: Biomass 
Convers ion, with an empha sis on biological and chem ical conversion of lignin 
and solvent sep ara tion s of woody plant constitue nts: and  Arid Land Plant 
Products, focusing on the isola tion and cha ract eriz atio n of spe ciali ty chemic als 
and developm ent of new  arid  land crops for commerc ial production.

• Science  and Technology to Aid the Han dicapp ed will be cont inued at the FY 
1980 funding level of $2,100,000. Prim ary emp hasis will be place d on new, 
eff ici en t, and low- cost  way s to imp rov e senso ry sys tem s, locomot ion and 
manipula tory cap abi liti es of those impa ired.

• Human Nutr ition is inc reased  by $111,000, from $989,00 0 to $1,100,000. The 
increase  will perm it the initi ation of inte rdisciplin ary  re sea rch  on the im prov e­
ment of me thods to extrapo late from cur ren t nutriti on s tud ies  using low er forms 
of biological life to the likely  respo nse in humans .

• Integr ated Basic Research  will incre ase by $40,000, from $4,460,000 to $4,500,000. 
Basic rese arch  will emphasize:  Advan ced Me asurem ent Investigations: Deep 
Mineral Resources: Biogeochemical Cycles of Carbon, Nitrog en and  Sulfur: and  
Populatio n Red istrib ution .

• Problem Analysis will cont inue unch ange d at $500,000. The principa l activity 
for this program  will be a com preh ensive analy sis of the potential  for genet ic 
change in com merciall y impo rtant plant s so as to improve  their perf orm ance  
and productivity  u nd er  st ress  conditions , such as high salini ty, low water, heat, 
cold, or low nu trie nt levels .
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Percentage changes bet we en FY 1981 and the FY 1980 C urrent  Plan, by program 

elem ent areas  follows:

Earthquak e H aza rds  Mit igat ion  .................................................................................... 87*
Alternat ive B iolo gica l Sour ces  ...................................................................................... -l*/<
Scie nce and Tech nology  to Aid the H an di ca pp ed .......................................................  —0—
Human Nutrition ............................................................................................................. 11
Integrated B asic Resea rch .............................................................................................. l'/»
Problem A n a ly s is ............................................................................................................. —0—

Coordination with and Relationship to Other Efforts

Problem-Focused Rese arch  program elements are closely coordina ted with com­
plem enta ry activities  in othe r Fed era l agencies through a vari ety of mechanism s. 

Such mechanisms include: formal inter agency committees establ ishe d by the  Execu­
tive Office of the President, the Congress or Agency initiative: rese arch workshops: 

problem definition studies; and info rma l projec t-by-p roject collaborat ion.
More specifically, the Nat ion al Ear thquake Hazards  Reduction Program, deve l­

oped by the Executive Office, has  designated  NSF as the lead agency for basic and 

app lied  research  on e arth qua ke engi neer ing and policy. NSF is an active memb er of 

sev eral  rese arch  coordination  g roup s such as the Interagency Commit tee on Seismic 

Safety in Construction, and the Interage ncy Discussion Group on Disas ter Mitigation 
which is sponsored by the PFR staff . These  groups meet regu larly  to con sider  r ecent  

deve lopm ents  in the field, curre nt programs and future  activities  in both the public 
and priv ate sectors. In addit ion to the program of re sea rch  suppor t for non-Federal 

organ izatio ns, program funds  are  prov ided annu ally  to mainta in and operate the 

Seismic Engineer ing Branch of the U.S. Geological Survey. At the inte rnation al level, 

Ear thquak e Hazards Mitigation prog ram staff members serve as th e NSF rep res enta­
tives in several inter governm enta l activities. For examp le, under  the auspic es of the 
U.S.-Japan Natural Resources Developm ent Program, NSF and the Ministry  of Con­

struc tion  and the Science and Technology Agency of Japan have  esta blis hed  a Coop­
era tive  Ea rthqu ake Researc h Program  on Large-Scale Testing. A seco nd ex ample  is the 

ear thq uak e engineering  informati on exchange  program conducted  through the U.S.- 

U.S.S.R. Coopera tive Agree ment in the Field of Housing and Oth er Construction. 
Current ly, NSF is collab oratin g with  the U.S. Geological Survey on the  deve lopm ent of 

a co ope rativ e ear thqu ake resear ch program with the People's Rep ublic of China. The 

progra m with the Chines e will be imp lem ented und er the U.S.-P.R.C. Joint Commis­

sion on Scien tific and Techn ical Coop eration.
Aid to the Han dica pped res earch  efforts  continue to be closely involved with 

programs in the Veterans Admin istra tion, the National Institu te for Hand icapp ed 

Rese arch and elsew here  through the Intera gency  Committee for Han dica pped Re­

search, the Interagency Committee on Reha bilitation  Enginee ring, and the White 
House Conferen ce on H and icap ped  Indi vidu als Implemen tation Unit. Program staff 

also serv e on the recen tly organized Federal  Interagency Commit tee for the Inter ­

national Year for Disabled Persons.
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Federall y-sponso red nut riti on  rese arch  efforts, including those of PFR, are coor­
din ate d by two forma l inte ragenc y groups: the Fed eral  Interage ncy Communications 
in Nutri tion Committee and the Joint Subcom mittee  for Hum an Nutri tion Research 
of the Federal  Coordinating Counc il on S cience and Engin eering and Technology. In 
addition, the PFR progra m mainta ins  continuous contact with the rese arch  inte rests 
and  activities of USDA’s H uma n Nutr ition Center.

In the Biological Sour ces of Materials program PFR has  the respon sibil ity for 
rep resent ing  NSF on the Joint Commission for G uayule  R esea rch and Commercializa ­
tion, establish ed und er P.L. 95-592 to develop  guayule as a dome stic source  of natura l 
rub ber .

Finally, indiv idual PFR p rojects are revi ewed by sta ff mem bers  in other F eder al 
agencies having related programs or potential needs for the study results. Often, Federal 
employee s from the pol icy and /o r program lev els ar e in clud ed in PFR project advisory , 
oversight , or user groups. In a num ber of cases joint fund ing of specif ic projects by 
sev eral  agencies has bee n und erta ken .

Changes in Budget Structures

In the FY 1979 and 1980 Budgets for the form er Applied Science and Research 
Application s Directora te, Problem Analysis  and Inte grat ed Basic Research were 
sep ara te suba ctivit ies. In the EAS budget they are program elements of the PFR 
subactivity.

Earthquake Hazards Mitigation Program Element $19,400,000

Obligations by Program Subelement

Program Subelement Ac tua l 
FY 1979

Budget 
Request 
FY 1980

Cu rre nt
Plan

FY  1980
Estimate  

FY 1981
Difference  
FY 1980/81

Sit in g.............................................................. .......... $9,004,272 $9,800,000 $9,800,000 $9,800,000 —0 —
De sign ........................................................... .......... 6,669,073 7,100,000 7,100,000 7,800,000 700.000
Societa l Response ....................................... .......... 799,999 1,000,000 1,000,000 1,800,000 800,000

Total ...................................................... .......... $16,473,344 $17,900,000 $17,900,000 $19,400,000 $1,500,000

Objectives and Description

The broad aims of the Ear thquake Hazards Mitigation program  elem ent are to 
supp ort rese arch  which develo ps an und erst and ing  of eart hquakes in rela tion  to 
constr ucted  faci lities and  to reduc e casua lties , damag e and social and economic dis­
rupt ion as a resu lt of eart hqu ake s. The actions  nec essary  to attai n these goals are  
heavily dep end ent  upo n capabil ities  which req uir e develop men t through rese arch.
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The prim ary objectives of this rese arch  are:

• To d eter min e the na tur e of strong ground shaking from instrument data taken 

during ear thquak es, to dev elop analy tical pro ced ures to predic t the spat ial and 

temporal dist ribution  of strong ground motion at dif ferent  sites, and to un der ­

stand the dynamic beh avi or of soil and rock subjecte d to strong shaking;

• To dete rmine the na tur e of the inter actio n of stru ctures and the su pporting soil 

during earthquakes:

• To develop pro ced ure s for perf ormin g dynam ic ana lyses of proposed or existing 

construction under earth quake loadings, to develop an understanding of materials 

and structural c omp onen ts subje cted  to damaging dynamic  loads, and to develop 

proc edures for analy sis and design of non -struc tural  and arch itect ural  systems 

for ear thqu ake effects;

• To study the influence of arch itec ture  and urba n plan ning  activities  on earth ­

quake  vuln erab ility  of regions; and

• To develop and eva lua te measure s which indiv iduals, priv ate groups and gov­

ernm ent can use to miti gate and r espond to ear thquak e imp acts. These me asures 

include emergency p rep are dn ess , lan d use planning, build ing codes, ins urance, 

and inform ation and educ ation .

Achievement of these  obje ctives will involve a long-term effort by a variety of 

disci pline s. Because the prog ram spans such a var iety of activi ty, ranging from basic 

res ear ch needed  to develo p an und ersta ndin g of phen omena to the development of 

design methods  and information  w hich may ultimately be adopted  by designe rs, there 

is a special need to p rovid e mec hanisms  to fa cilitate the flow of inform ation and data 

from the originato rs to the u sers  of information. To facilitate this informa tion transf er, 

coordina tion  is maintain ed with  other governm ent agencies , such as the Federal 

Emergency Management Agency, the Nucle ar Regulatory Commission, the Depa rt­

ment of Transporta tion, the Nat iona l Bureau of Stan dard s and the Depar tment of 

Housin g and Urban  Development.
This program elem ent is an integ ral part of the National Ear thqu ake Hazard s Re­

duct ion Program which, in accordanc e with the Ear thquake Haz ards Reduction Act 

of 1977, seeks to reduc e risks to l ife and prop erty from ea rthq uak es. Basic and applied  

res ear ch on eart hquake enginee ring , social respo nse and res ear ch for utilizati on are 

the responsi bility of NSF’s Earthq uak e Haza rds Mitigation program . These efforts are 

close ly coordinated  through form al a nd informal me chanism s to achieve  the objectives 

set forth  in the National Program .
The program elem ent is orga nize d into thre e subelem ents; Siting, Design, and 

Socie tal Response . Siting r ese arc h seeks a fundamental und erst and ing  of the physical 

nat ure  and engineering  eff ects of p oten tially damaging e arth qua ke-gen erat ed ground 

motions in various  types of sol id and  liquid media. Research is con ducted on how the 

groun d motions a re modified by the  me dia transmitting the ea rthqua ke energy, and on 

the impa ct of these ground  motions  on natural and man-m ade stru ctures. Design 

resear ch provides the technical bas is for improving the safety and stru ctural integrity
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of all types of fixed construction and  civil works su bjec ted to seismic effects. Societal 
Response research stre ngth ens and  facil itates the adopt ion and impl emen tation of 
technological, social and man age men t pract ices  that m inimiz e ea rth qua ke damage and 
faci litates rapi d recovery from earth quake  disasters.

A good example of the pro gra m’s efforts can be seen  by its role in the ongoing 
analy sis of the ear thquak e last fall nea r El Centro, California . That earth quake, 
which re gist ered  6.4 on the Richt er scale, resu lted  in persona l in jur ies  to local resid ents  
and proper ty damages totaling more than $10,000,000. The most spe ctac ular damage 
was the par tial  co llapse  of the six-s tory Impe rial County Gene ral Serv ices Building in 
El Ce ntro, whe re the ear thq uak e-g ene rated forces  virtu ally  explod ed the base sup port 
colum ns at  one end of the b uildi ng. As a result of prev ious  strong-motion  ins trum enta­
tion p lace men ts for PF R-su ppor ted research in both the b uild ing which  was damaged  
and the surro undi ng country side , this event is provi ding  a uniqu e opportunity for 
ear thq uak e engin eering  res ear ch.  It is the first occasion  in whic h a major arra y of 
grou nd motion instr ume nts was able to record the real- time  prop agati on of major 
seism ic waves through surface soils over signif icant distances . Follow-up rese arch  
activ ities  on the El C entro earth quake  are u nderwa y through continuing  support from 
the Ear thqu ake Hazards Mitiga tion program elem ent. This is a spe cial inte rest within 
the program to capit alize on this unp ara llel ed oppo rtun ity to gain significant, new 
informati on on the rela tion ship betw een ear thquak e-g ene rate d ground motions and 
the respo nse of bu ildings  and  othe r structures to these  motions.

Major  Research Questions

• How can new str uct ure s of all types be desig ned and cons tructed to be earth ­
quake resis tant and a t rea son able cost?

• How eart hqu ake -vu lne rab le are existing  st ruc tures and  how can their vu lne ra­
bility be ec onomically  and  eff icient ly red uced?

• What is the ap prop ria te mix of land use plan ning, buil din g codes, engi neer ing 
standard s, h aza rds  in sur anc e, d isas ter p rep are dn ess  an d in centives r equir ed  to 
achiev e a level of pro tecti on which is compatib le with costs and commu nity 
goals?

• How can disa ster  prep are dness , relie f, reh abi lita tion and  re stora tion mea sure s 
and pro gra ms re du ce  the imp act of ea rth qu ak es  and  haste n the re tu rn  of 
affec ted communities  to their normal pre dis ast er condi tions ?

FY 1981 Budget High lights and Explanation of Increa ses  and Decreases

Obligations
FY 1979 Act ual ................................................................................................................. $16,473,344
FY 1980 P ro gr am ............................................................................................................... $17,900,000
FY 1981 R equest ............................................................................................................... $19,400,000
Di ffe ren ce—FY 198 1/FY 1980 ..............................................................................................  $1,500,000
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The Earthquake Hazards Mitigation program element will be increased by $1,500,000, 
from $17,900,000 to $19,400,000. The  FY 1981 program provides for the continu ation 

of the role assigned to NSF in the National Earthqua ke Hazards Reduct ion Program to 
suppor t basic and appl ied resear ch on earth qua ke engineering a nd societal respons e. 
The progra m will contin ue to st res s the developme nt of scien tific knowledge about 

ear thq uak e phenomena  and thei r imp acts on engineered str uctures and  environmen ts, 
bet ter  techn iques for locating ear thq uak e hazard zones and for estimating the ear th­
quak e forces, and proc edures for effec tive community disa ster  pre par edn ess  and 

respo nse. The $1,500,000 inc rease will be dist ribut ed among the following priority  

efforts:

• Imple mentation  of the U.S.-Japan  C ooperative P roject on Large-Sc ale Structure 

Testing;

• Continuatio n of special res ear ch projects on the October , 1979 El Centro, Cali­
forn ia ear thqu ake to d ete rm ine  relat ionsh ips betw een obse rved  strong ground 
motions and rela ted soil phe nom ena  and damage profiles in seve ral types of 

struct ures;  and

• Stud ies on ear thquak e ha zar ds mitigatio n plan ning  at the local and State levels.

SITING SUBELEMENT ...............................................................................................................$9,800,000

Objectives and Description

This subelem ent suppo rts res earch  designe d to expl ain the physical basis of 
ear thq uak e energy  genera tion and the trans miss ion of resu ltan t shock w aves through 

vario us geological strata and bodies of water . This rese arch  also de als with the in ter­
action b etw een  ea rthq uake-ge nera ted grou nd motions and str uctures and  the d evelop ­

ment of engineering guide lines for the mitigation of damag e to buildings, towers, 
dams, pi peli nes , and other  struct ures . Th e specific obje ctives  of this sube lem ent are to:

• Estab lish the atten uatio n, prop agat ion and spat ial cha ract eris tics  of seismic 
motions through de ploy men tof strong-motion in strum ent arrays;

• Determ ine how the damaging earth quake  ground  motions are  modif ied by 

local geological and geotechnical conditions;

• Develo p seismic risk asse ssme nt pro ced ure s based on physic al and statistic al 

data and the application of these proce dures in planning and engineering design;

• Investigate the three-dimensional character istics of soil response and soil-structure 
inte ract ion  for various soil condition s sub jected to seismic  forces; and

• Develop  siting and planning cap abi litie s for improved seismic safe ty of major 
stru ctu res  and in dust rial facil ities  tha t serv e our communi ties and cities.

Increas ed emph asis on engineeri ng of life supp ort systems such as wat er and 
power  trans miss ion lines and geote chnical ear thquak e engin eering  concern ed with
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the influen ce of soils and rocks on seismic res istant planning and design will be in 
integral part  of the FY 1981 effort. Efforts will be made to gain a fund ame ntal un der­
stand ing of the ear thq uak e respo nse of li feli ne and major indu stria l facil ities  which 
ser vic e U.S. com mu nit ies . Re sea rch  will be con tin ued  to imp rov e me tho ds for 
determ ining the dynamic propert ies of soils, to develo p in situ and labo rato ry test 
tech niqu es, and to establish new analytica l m etho ds for pre dicti ng possible soil fail ure  
or allev iatin g its conse quenc es.

FY 1081 Budget Highlights and Explanation of Increases and Decreases

The Siting sub elem ent will be ma intain ed at a level  of $9,800,000 to c onti nue  the 
essentia l scie ntif ic research conce rning stro ng ground  motions, geotec hnica l and life­
line ear thq uak e engin eering , and imp lem entatio n of the multi- nation al plan  for the 
development of three-dimensional strong motion recording instrument arrays in selected 
locatio ns throu ghou t the world. In ad ditio n, emph asis will be placed on the following 
issues  in FY 1981:

• The desig n and insta llation of netw ork s and arra ys of instr ume nts to m easu re 
strong  eart hquak e ground motions and t hei r effects on constructed facil ities;

• The d eve lopment of analy tical and  em piric al models to evalu ate spatial  ch arac ­
teris tics and  grou nd motions ne ces sary for the rational selec tion of input motion 
param ete rs in stru ctural analy sis and  design; and

• The cha ract eriz atio n of the lin ear and  non linear behavior of ear th and rock 
materi als  subje cted  to seismic loadings.

DESIGN SUBELEM ENT............................................................................................................. $7,800,000

Objectives and Description

Imp rove men t of safety  and  pe rfo rm anc e of structures such as buil ding s, dam s and 
pip elin es will depend  in large  par t on adva nces  in engi neer ing anal ysis and design 
proced ures. This s ube lem ent sup por ts res ear ch to improve the technologica l basis for 
the design of new ear thq uak e-resistan t facilitie s. It also su pports res earch  on methods 
to upgrad e th e integrity of existing st ruc tur es which do not prov ide an a cce ptable level 
of safe ty and resis tance to earth qu ake hazar ds. The specific objec tives  of this sub­
elem ent are  to:

• Develo p analy tical and exp erim ent al methods  and pro ced ure s to predict the 
resp ons e of all types of build ings , lif e su pport ing systems, a nd othe r civil works 
to severe ear thquak e forces;

• Dete rmin e actual dynam ic beh avi or of vario us stru ctural system s to confirm 
anal ysis and con struct ion m etho ds through tests on la rge-scale st ructure s;

• Develop  analy tical, exp erime nta l and constructio n methods and  p roce dure s to 
det erm ine  the behavior of existing  structure s sub jected to seism ic actions;
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• Inc orp ora te into pr ac tic al appl ica tio ns  les sons l ea rn ed  fro m insp ect ion  of build - 
ing sdam aged in actu al ea rth qu ak es ;

• Develop  tec hn iques an d faci lit ies to tra ns fe r new  rese ar ch  inform atio n and 
co mpu te r pr og rams to th e de sign  pr of es sion , re se arc hers , and regu la to ry  
agencie s.

FY 1981 Budget  Highlights and E xplana tion of In creases and Decreases

Th e Design sub elem en t will be  in crea sed by $700,000, from $7,100,000 to $7,800,000, 
to pe rm it imple me nta tion of the  rese arch  program of the U.S .-Japan  Co ope rati ve 
Pro jec t on Large-Scale St ru ctural  Testin g for Seis mic  Res ista nce .

The requ es t is for the sec ond ye ar  of a f ive year pe rio d of coopera tiv e res earch  
using experim ental facilit ies in the  U.S. and Japan. Unique  to this effort are  the Tsukuba 
fu ll- scale  s tru ctu re  test pla tfo rm s in Japan,  which will be mad e av ai lable to sc ien tist s 
from  the  U.S. and Japan for pro to type  expe rim en ts.  The  Co opera tiv e Project  is de ­
sig ned  to obt ain  data on the  be ha vior  of build ing  str uc tures un de r sim ula ted  ea rth ­
qu ake load ings in the most ef fic ient  man ne r by integrat ing  the fin an cia l, facil ity, and 
sc ient ifi c ma npow er reso urce s of the  two countries.  In FY 1980, the  fir st year of the 
eff ort , work will have been  in iti ated  on tes ts of m ult isto ry re inforced  con cre te bu ild ­
ings hav ing  design features  com mo n to those  str uc tures in highly  sei smic zones in 
both coun tri es . In addit ion , co ordina ted small -scale  mod el and  s truc tu ra l com pon ent  
tes ts on dim ensio nally  sim ila r bu ild ing ele me nts  will have be en  condu cted in a 
va rie ty  of locatio ns in the U.S. an d Japan.  The  purpo se is to de te rm in e the energy  
ab sorp tio n chara cte ris tic s of st ru ctur es  and  to es tab lish the sca ling rel ati onshi ps 
be tw ee n mod el and  pro totype. Fund ing  for this coopera tiv e effort  is s ha red by both 
co un tri es  wi th no dir ect exc han ge of funds.

SOCIETAL RESPONSE SUBELEMENT ............................................................................................$1,800,000

Object ives and Description

Th e Socie tal  Res ponse su be lemen t see ks to in crease  u nd ersta nd ing of the a dju st­
ments  soc iety can make to ea rthq ua ke  ha za rds and  to facili tat e the  adop tion of such 
ad jus tm en ts.  This requ ire s rese arch  on such me asure s as em erg ency prep ared ne ss , 
land use  p lan nin g, ins ura nce, bu ild ing s ta nd ar ds  an d codes, and  r el ie f a nd  r eh ab ili ta­
tion. Re searc h on pub lic inf orma tio n and education  effort s is also ne ed ed  so that 
rel ev an t know ledge can  be eff ec tiv ely  dis seminate d to ap prop ria te  user  groups.

The spec ifi c object ives of this  re se ar ch  are  to;

• Develop  knowle dge  of the socioeconomic aspects  of hazards  mit iga tion;

• In cr ea se  the base of know ledge on pr ep ar ed ne ss  for ea rth qu ak es  and other 
ha za rds;
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• Improve the understanding of disaster impacts and responses; and

• Provide a basis for improving the dissemination of information on earthquake 
hazard s and its utilization by decision makers and the public.

Many communities have done little to protect themselves against earthqu akes and 
other na tural hazards. Some have ad opted useful emergency preparedn ess, land use, 
and building construction strategies. Projects were  initiated  by NSF in FY 1977 and 
FY 1978 to study local government earthquake mitigation and pr epare dness programs. 
New studies will be initiated in FY 1981, especially to find alternative strategies for 
encouraging effective seismic safety at the local and State levels. To complement 
these studies, there will be projects to develop cost-benefit methods of analysis to 
assist officials in choosing among possible earthquake mitigation actions. During FY 
1981, NSF intends to play a major ro le in expanding the base of knowledge on alterna­
tive adjustments to earthquakes and in identifying the social, economic, political, 
legal and related factors which facilitate  or hin der the adoption of social and tech­
nological measures to reduce disaste rs and earthquak e hazards.

FY 1981 Budget Highlights and Explanation of Increases and Decreases

The development of sound geotechnical and structural engineering capacity to 
mitigate earthquake hazards is not enough. Research in the physical sciences and 
engineering must be complemented by a strong and continuing research effort in the 
organizational, legal and economic aspects upon which the implementation of tech­
nological practice depends. Accordingly, the Societal Response subelement will be 
increased by $800,000, from $1,000,000 to $1,800,000. These additional  funds will pro­
vide support for research to identify and evaluate alternat ive adjustments to earth­
quakes. They will also be used to support research to determin e the factors which 
hinder and facilitate the adoption of known social and technological adjustments to 
earthqua kes by individuals, families, organizations and government entities. These 
measures include land use planning, building codes, hazard insurance and informa­
tion and education. Special emphasis will be made on:

• Earthquake hazard mitigation planning at the local and State levels;

• Cost-benefit analysis of alternative disaster  recovery programs;

• Socioeconomic monitoring of communities following earthquake prediction; 
and

• Post-disaster audits.
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Alternative Biological Sources of Materials
Program Element ....................................................................  $2,900,000

Ac tua l
FY 1979

Budget
Request
FY 1980

Currenf
Plan

FY 1980
Estimate
FY 1981

Diffe rence
FY 1981/80

$4,132,858 $3,900,000 $2,936,000 $2,900,000 $-36,000

Objectives and Description

The Alternative Biological Sources of Materials program supports research lead­
ing to the development of new, domestic sources of critical industrial chemicals and 
materials from underutilized plant and microbial biomass, as well as novel processing 
techniques to produce these materials commercially.

The objectives of this research are to:
• Develop effec tive biological processes for converting biomass and renewable 

resources to chemicals and useful industrial materials. The current focus is on 
lignin transformations and utilization and the production of hydrogen.

• Develop effec tive separation treatments for biomass constituents. Research is 
currently directed toward separation of the major components of underutilized 
hardwoods and agricultural residues (cellulose, hemicellulose  and lignin) by 
using appropriate organic solvents and catalysts.

• Develop commercial ly attractive chemicals from underutilized plants (terres­
trial and aquatic) and microbial biomass. Among the most promising plants are 
guayule, jojoba, crambe and marine algae.

This program initiative seeks to develop the efficient  utilization of indigenous 
biomass resources through the timely application of the results obtained from the basic 
research programs of the Foundation. The program aims to provide the scientific and 
technological bases for use by mission agencies and the private sector in managing 
renewable resources.

Two major research thrusts have been selected for investigation: the conversion 
of lignocellulosic biomass into industrial chemicals, and the production of useful sub­
stances from underutilized arid land plants. The first topic deals with a substitution 
question — the replacement of d epletable  oil and coal by re newable  plant and micro­
bial biomass as the organic raw materials for producing chemicals , intermediates, 
and polymers. The conversion of lignocellulose and other biomass substances into 
useful materials now being derived  from petrochemical feedstocks is an essential 
element of this thrust. The second topic focuses on the use of arid land plants as a 
source of useful materials and chemicals to replace products imported from foreign 
countries.

Many native American plants adapted to the arid environment of Southwestern 
United States and Northern Mexico produce materials and chemicals which could
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replace vario us products imp orta nt to the economy. The shru b guayule prod uces  a 
rubber identic al to the nat ura l rubber imp orte d from the Hevea p lant atio ns in So uth­
east Asia. For sev era l years this NSF pr ogra m elem ent has been the principal source 
of Fed eral  sup por t for guayule res earch  in the U.S. The pote ntial  of guayule as a 
domestic source of natu ral rubber is now well recognized. With the pass age of the 
Nativ e Latex Comm ercialization Act of 1978 (PL 95-592) and the assignmen t of the 
Dep artm ent of Commerce and the Depar tme nt of Agricul ture to imp lement the provi­
sions of the Act through a Joint Commission, NSF is tran sfer ring  in FY1980 all guayule 
res ear ch activitie s directly rele van t to the comm erciali zation  effort s to the Joint 
Commission. Support for gua yule res earch  wil l be cont inued  in such o the r pr oject s as 
may be app rop ria te for NSF bec aus e of innovative cha rac ter or scie ntif ic value, 
par ticu larl y rese arch involving tissue cul ture . Jojoba, another arid land  plant,  pro­
duces  a  se ed oil which is very  simil ar in composition to sperm  w hale oil, an essential 
comp onent of lubr ican ts for high pr ess ure machinery. This pro gram s upp orts re sear ch 
on the bre edi ng and selec tion of sup eri or  strai ns of this plan t that may lead  to the 
developm ent of a practical and economical substitute for sperm whale oil as a lubricant. 
Other pote ntia lly useful products from arid  land plants are hard wax from candi llila, 
ind ust rial  gums from guar an d chia, and  antioxidants  and  fungicides from the creosote 
bush.

Major Research  Quest ions

• What degree of s ubstitut ion for petro chem icals can be achieved through the 
the use of lignocellulosic bioma ss?

• What  basic indu strial che mic als can be deri ved  effic ientl y and  economic ally 
from plan t and m icrobial biomas s, inc luding bi osal ine r eso urc es?

• What are the most inno vat ive and econom ically attr acti ve uses of biomass 
polym ers, modif ication to new  polymers, or their deg rad atio n to monome ric 
spec ies?

• What is the cause of the  en hance d h eat stabili ty of the rmo phil ic mic roorganisms 
and how can this sta bility be used  adva ntageously fo r ind ust rial  proce ssing?

FY 1981 Budget Highlights and E xplanation of Increases and Decreases

Obligations

FY 1979 Actual ................................................................................................................. $4,132,858
FY 1980 Program .......................     $2,936,000
FY 1981 R eq ues t............................................................................................................... $2,900,000
Dif ferenc e—FY 198 1/F Y1980 ........................................................................................ $-36,000

The program element budget will be decreased $36,000, from $2,936,000 to $2,900,000. 
No new area s of research will be initiated  in FY 1981 and the prin cipal curr ent obje c­
tives will be supported .
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The following rese arch activitie s will be pursued in FY 1981:

• Cha racteriza tion  of microbiall y and c hemic ally m odified  lignins:

• Identi ficat ion and isola tion of indu strially  signific ant chemic als from mari ne 
and aq uatic  biomass:

• Investigation of enzy mat ic synth esis of polym eric materials;

• Regen eration  of whole pl ant s from cell cultur es of guayule and  jojoba; and

• Investigation of the p rodu ctio n of u seful mate rials  from arid  land plants includ­
ing jojoba, sagebr ush a nd c rambe.

Science and Technology to Aid the Handicapped
Program Element ....................................................................  $2,100,000

Actual
FY 1979

Budget
Request
FY 1980

Current
Plan

FYI 980
Estimate
FY1981

Difference
FY19B1/B0

$1,329,672 ,600,000 62,100,000 62,100,000

Objectives and Description

Physica l and menta l han dic aps  sharply  reduce  our Nat ion ’s human resources 
and add cons iderab ly to our soc iety ’s economic burden . Estima tes of the number of 
han dic app ed persons in the United  States vary from 10 to 40 million. Although these 
estimat es vary wid ely, it is clear tha t the  nu mbers a re very la rge and that the financial 
burde n of disabili ty, in the form of benefit payments and loss of producti vity, is on 
the ord er of several billion s of d olla rs annually. Added to these costs ar e the personal  
losses suffered  by the han dic app ed and their fami lies from limit ation s imposed on 
their abili ty to par ticip ate in many  aspec ts of life—losses that c anno t be measured in 
dolla rs.

Over  the years, technology has help ed to resto re lost funct ions  and augment 
resi dua l physical or inte llec tual abil ities to allow the han dic app ed to lead more 
ind epe ndent, useful, and fulfi lling  lives. Eye glasses, hear ing aids, artificial limbs, 
cane s for the blind, whe elch airs , and card iac pacema kers—to cite a few exam ples— 
have become indi spen sabl e to th ose that need them. Recent progr ess in science and 
technology, such as th e advent of microproc essors  and the develop men t of new, bio­
com patible materials, provides even gre ater  poss ibilities for major advances which 
will contribute to producti vity and  the quality of li fe of the handicapp ed.

NSF is working in coop eration with the newly cre ated  Nat ional Insti tute of Handi­
capped  Research to provide sup por t for scientifi c rese arch  in engineer ing and the 
nat ura l, social and medical scie nces to improve the quality  of life of people  with 
physical and mental handicaps.
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The spec ific object ives of this program are to:
• Improve locomotion  and senso ry and  man ipula tory capabili ty;
• Ensure that the most promising developments are tested through the feasibility 

phase ;
• Focus the rese arch  capabil ities  of universitie s, indus try, small business, and 

nonp rofit  institutions on new, low-cost appr oach es to aid the handicapped ;
• Determine incentives req uired to ensu re the developmen t an d use of low-cost 

technological aids which satisfy the physical, soc ial and economic needs  of the 
han dicapped; and

• Iden tify the economic, social, and  institution al factors which may be disin cen­
tives to fuller  partic ipat ion of the hand icappe d in society.

Major Research Questions

• What device  will be most useful to the blind to supplemen t the long cane  during 
ambu lation?

• How can informat ion best  be disp layed to compensate for losses of sight, hearing 
or touch?

• What are the most ap pro pri ate  techniques of communica tion for non-speaking 
persons?

• Can elect rica l and magnetic field s acce lera te heal ing of damaged  bone and 
othe r tissue?

• W'hat are the most importa nt factors in fluencing the t ransfe r of re search  results 
to the manufac ture r of produ cts for the handicapped?

FY1981 Budget Highlights and Explanation of Increases and Decreas es

Obligations
FY 1979 Actua l ..........................................................................................................................  $1,329,672
FY 1980 Pr o g ra m ........................................................................................................................ $2,100,000
FY 1981 R e q u e s t........................................................................................................................ $2,100,000
D if fe re nce —FY 19 81 /F Y1980 ...............................................................................................  —0—

No change in budget  from the FY 1980 level is reques ted  for FY 1981. The program 
will continue to pursue  its cu rre nt objectives with special emp hasi s given to:

• Applica tions of micro processo rs as sensory aids for deaf or blind persons;
• Ocular control systems that allow the creation  of synth etic  spe ech for the non­

vocal;
• Innovative teach ing systems for those persons with cognitive and learning  

disabili ties.
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Human Nutrition Program Element ..........................................  $1,100,000

A ctu a l
FY 1979

Budget
Request
FY 1980

Cu rrent
Pla n

FY 1980
Est im at e
FY  1981

Diffe rence
FY 1981/80

$993,031 $1,000,000 $989,000 $1,100,000 $111,000

Objectives and Description

The Human Nutr ition  program eleme nt, developed accord ing to Congressional 

instruction in FY 1979, s upp orts  rese arch  to inc reas e our und erst and ing  of the conse ­
quences of life-long dietary pattern s for human  health and well-being. Since Americans 
deri ve about thr ee- qua rter s of their food energy need s from refined  and proce ssed 
foods, knowledge of the nut ritiona l impact of such foods is ess ential for the design and 

effec tive impl emen tation  of a hu man  nutri tion policy for the Unit ed States and to guide 
con sum ers  in the se lec tio n of foods. Stu dies are  enco uraged  that  dev elo p new 
methodologies an d in stru me nta tion , as well as inte rdisciplin ary  rese arch  that in cludes 
parti cipa tion  of disciplines  not tradi tiona lly relate d to hum an nutrition. In addition, 
the program b uilds on r ese arc h effort s of the Chemical and Biochemica l Systems pro­

gram element.
The program is focused on dete rmin ing the effects of proce ssing, including cook­

ing, packaging, storage, fort ifica tion  and use of addit ives on the nutrit ional value of 
foods. NSF supports sc ienti fic investig ations  of the physical, chemic al and b iochem ical 

changes that occur in foods as a resu lt of processing.  These  incl ude  studies of:

• Changes in the amount and  com position of essential nut rien ts, changes in bind­
ing of nutrien ts by undi gestible elements of the  diet, and  i ntera ction s b etwe en 
nutr ients and addi tives and  othe r process ing factors affec ting the nutr ients in 

foods;

• Changes in the bioa vail abil ity of the nut rien ts in proc esse d foods becau se of 

altera tions  in assimila bility;

• Changes in metab olism, including  funct ional changes in gut microflora, in 

respo nse to eating  pro cessed  foods; and

• Formation of subst ance s th at may ha ve a del eter iou s impact.

The program will cont inue  to sponso r rese arch worksh ops on selec ted topics in 
order  to define gaps in  knowledge , op port unit ies fo r res earch that should  be exploited, 

and potential  new rese arch  app roa ches. The topics of intere st include short-t erm 
stud ies that may p ermit conc lusio ns about  l ife-long effects of die t, and estimatin g the 
bioavai labi lity of n utrie nts in food combin ations  f rom data on individ ual foodstuffs.
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Major Research Questions

• What is the cumulative effe ct of life-long in gestion  of pro cessed foods as pri n­
cipal compo nents of a diet?

• How can we use resu lts from anima l tests and other model  systems to obtain 
bet ter  estim ates of the effe cts of pr ocessed foods on the hum an population?

• What factors affec t the nut ritiona l value  of food which is ei the r lost or acquire d 
when food is refin ed or oth erw ise p roce ssed?

F Y 1981 Budget Highlights and Exp lanation of Increases and Decre ase s

Obligations

FY 1979 Actua l ................................................................................................................. $993,031
FY 1980 Pro gr am ............................................................................................................... $989,000
FY 1981 R equest ............................................................................................................... $1,100,000
Diffe ren ce—FY 1981 /FY1980  .......................................................................................  $111,000

The program elem ent will be incre ased  by $111,000, from $989,000 to $1,100,000. 
Emph asis will be  p lace d on the developm ent of shor t-term  r eli abl e tests that es timate 
the nutr ition al value of a var iety of p rocessed foods.

Integrated Basic Research Program Ele m en t........................ $4,500,000

A c tu a l
FY 1979

Budget
Request
FY 1980

Current
Plan

FY1980
Estimate
FY 1981

D if fe re n ce
FY  1980/81

$4,781,731 $5,000,000 $4,460,000 $4,500,000 $40,000

Object ives and Description

The object ive of the Integ rated  Basic Research program (1BR) elem ent is to 
improve the Nat ion’s abil ity to deal with major  long-term problems by incre asing 
scien tific knowled ge about selected  problem areas wh ere  addit ional fundam enta l 
knowledge  can con trib ute  to their  solution.

The program pro vid es joint funding with NSF basic  rese arch program s for pro ­
posals having appl ica tion  pote ntial  and  which d eal with the scie ntific  needs  of selected 
problem areas. The select ion of topic areas for augmented support has been accomplished 
through a very broad  screenin g pr oce dure using: (1) int ern al Foundation staff; (2) NSF 
Advisory Committees rep resent ing  academic  and ind ust rial  rese arch  communities; 
and (3) conf eren ces tha t bring together academic  res earch  worke rs with those from 
indus try and gove rnment. From a very large  num ber  of suggested topics, a reco m­
mended priority list w as d eveloped  by th e EAS Advisory S ubcommittee  for Inte grat ed
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Basic Research, which  is composed of represent ativ es of the U.S. rese arch  community  
selected  from e ach of the NSF basic research advisory panels. From this priority list, 
EAS then has s elec ted those problem are as which could be ad equa tely s upported w ith 
avail able funds. The main thrus t of the p rogram is dire cted at four priority topic area s: 
Advanced Me asu rem ent  Investigations: Deep Mine ral Resources; Biogeochemical 
Cycles of Carbon , Nitro gen and Sulfur; and Population Redistr ibution .

• Advanced M eas ure me nt In vestigatio ns
Curr ently , two ar eas of research  ar e rec eiving  spec ial emphasis —surface  and 

boundary prope rties  of materials, and the structural characteristics of biologically- 
impor tant mole cules . It seems  certa in that c urr ent  b arr iers  to basic rese arch on 
catalytic processes and microc ircuit fabri catio n can be reduced by im provin g 
measurem ents of surface boundar y prop erties of materials. The stru ctural 
characteristics of organic molecules is another  ar ea  wh ere new methods for the 
generation of X-rays from both synchrotron radiation and laser-generating sources 
are providing opp ortu niti es for studies of trac e-metal intera ction s in organic  
metallic  compounds .

In FY 1981, sup port will be dire cted  toward continuing  develop ment of t ech ­
niques such as ext end ed X-ray absorption  fine stru cture, efforts to improve 
the dete rminati on of seco nd-o rder  bonding  stru ctu re in organo-metallic  com­
pounds, and new me asurem ent tech niqu es to ext rapolat e aging and det eri ora­
tion phenomena in sur face s of semicon ductor and composite mater ials.

• Deep Min eral Reso urces
A wealth of m ine rals  a re poten tially  a vail able  at depths of one mile or m ore 

below ground. For dee p miner al exploi tation  the scien tific challen ges are to 
find the depos its and  then to devise  feas ible ways to extrac t them. The IBR 
program focuses on non -fuel  minera ls while the  D epar tment of Energy is di rec t­
ing its atten tion tow ard the fuel minerals. New subjects  for emphasis in FY 
1981 include: the mech anism  of chemic al leach ing by organic and biological 
agents, mine ral reso urc es of the deep  crystalline  baseme nt of the mid-weste rn 
plains states, and hyd roth erm al ore forming processes that are now being 
observed  at sp rea din g rid ges on the sea f loor of the Red Sea and the Gulf of Cali­
fornia.

• Biogeochemical Cycles of Carbon, Nitrogen an d Sul fur
Resea rch effort s are being  f ocused on the carbon cycle to und ersta nd bet ter  

its regula tion and inte rac tion  with other cycles, its role in the global energy 
budget and its effects on all biota. Supp ort is also being  p rovide d for rese arch  
on the variou s aspects  of the biogeochemical cycles of nitrogen and sulfur.

In FY 1981, this topic are a will con tinue  to focus on cycles of carbon, nitrogen,  
and sulfu r with spe cial  emphasis on the biogeo chemistry of nitrogen in the 
environment. M arin e ni troge n fixation, speciat ion of n itrogen  in freshwater  and 
saline systems, and mode ling of the gener ation , tran spo rt and fate of nit rogen 
compounds in the trop osp her e will be highlighted .
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• Population Redist ribution
An enh anc ed understand ing  of the processes  unde rlying deci sion s about 

migration, indu strial location , and resi den tial  choice is nece ssary to provide 
more n ear ly complete exp lana tion  an d improved  predict ion of popul ation redis­
tributio n patterns . New subm odels, methodologies and  s ource s of d ata need  to 
be ex plor ed. IBR supplements funds  aw arded by the bas ic re sea rch  divisions for 
resear ch in geography and regional scienc e, economics, sociology, anthropology, 
systems theory  and oper ation s res earch  and statis tics address ing this topic.

One major  event  that will sign ifica ntly  a ffect the direc tion of this effort  will 
be the 1980 Ce nsus of Pop ulation and  Housing. The Census  of Populatio n is the 
most co mprehen sive  source of inf orm ation on the  com position and  distrib utio n 
of the U.S. population and will offer IBR unique opp ortu nities for detaile d and 
systema tic rese arch  on a range of social, economic, housing  and demograp hic 
issu es—including rese arch  on changing patterns  of popu lation migra tion and 
mobility.

FY1981 Budg et Highlights and Explanation of In cre ases and Decreases

Obligations
FY  1979 Actu al ..........................................................................................................................  $4,781,731
FY  1980 P ro g ra m .......................................................................................................................  $4,460,000
FY 1981 R e q u e s t............................ ...........................................................................................  $4,500,000
D if fe re n c e —F Y 19 81 /F Y19 80...............................................................................................  $40,000

Inte grated  Basic Resea rch will be incr ease d by $40,000 in FY 1981. This incre ase 
will provide  only for a mainte nan ce of effort level and no funds  will be avai lable  to 
initi ate new topic areas.

Problem Analysis Program Element ..........................................  $500,000

Ac tua l
FY1979

Budget
Request
FY 1980

Current
Plan

FY 1980
Estimate
FY 1981

Differ en ce
FY 1980/81

$9 50 ,683 $1, 00 0, 00 0 $500 ,000 $500,000

Objectives and Description

The objectiv e of the Prob lem Analysis program is to identif y and analyze im­
por tant  societal  problems with significant s cient ific content to pr ovid e a p reliminary 
assessme nt of the app rop ria te role  of scienc e and  technology, the Fed eral  government, 
and NSF in t heir solution . The progra m provides analyses  of a wide ra nge of pote ntial
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res ear ch topics and p roblem  ar eas  fo r use in selectin g res earch dire ctio ns and al locat­
ing reso urces among existing or emerging  new programs.

NSF rec eive s many suggestions for new area s of engineer ing a nd applied  science 
supp ort from a variety of sources such as, the rese arch  c ommunity , professiona l and 
scien tific as sociations , pr ivat e ind ust ry, State a nd local governm ents a nd other Federal  
agencies . These suggestions are car efu lly  analy zed and asses sed so that they may be 
weighed by the Foundatio n’s staf f against competing programm atic dema nds and, if 
selec ted, impl emen ted in  the f orm of new  rese arch  initi ative s or exp ansions of ongoing 
programs.

Poten tial new rese arch  are as are  exam ined in light of the following questions:

• What is the nature  and sign ifica nce of the progra m and what  issues are re- 
sea rch able?

• Will new or addi tiona l r ese arc h signific antly c ontr ibut e to a be tte r u nde rsta nd­
ing of the problem and to th e develop men t of a s cient ific bas e which will con­
trib ute to its solution ?

• Are there  reaso ns for Fe der al s upp ort?

• What is the state -of-the-art,  w hat  are  the gaps in knowledge and technology, and 
what are the p erfo rme r cap abi liti es to fill the  gaps?

• What is the app rop riat e orga niza tion  for suppo rting  any additio nal  re search? Is 
the re a un ique  role for NSF an d EAS?

The Problem  Analysis sta ff re lies  on a varie ty of inputs and mech anism s to provide 
answ ers to th ese question s, incl udin g special studi es and analy ses conducted eith er 
in-house or by the research  a nd user communities, and special seminars and workshops. 
Addi tional  information comes  from NSF advisory  committ ees, in teragenc y pane ls, and 
inte rnal working groups. The  Problem Analysis s taff in tegrates  info rma tion  on curre nt 
programs and proposed new activ ities  into a set of analytic pape rs and recomme nda­
tions for use in determining bud getary  priori ties.

Once the decision has been made to u ndertake a new r esearch program, the Problem 
Analysis  s taff works with the st aff of th e app rop riat e EAS division or of fice to assure 
the smooth imple menta tion of the program .

FY1981 B udg et Highlights and Explanation  of Increase s and D ecreases

Obligations
FY 1979 Actual ................................................................................................................ $950,683
FY 1980 Pro gram ..............................................................................................................  $500,000
FY 1981 R eq ues t..............................................................................................................  $500,000
Di ffe ren ce—FY 1 981/F Y1 98 0........................................................................................ —0—

During FY 1981, a comp rehe nsiv e analy sis of the opp ortu nitie s to de velop  s tress- 
resis tanc e in economical ly imp orta nt plants will be und erta ken . Population growth 
place s incre asing pres sure  on our abili ty to produce suffic ient food and fiber. This
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pressure results from increasing demand for the products of plant growth, encroach­
ment of human activities on agricultural lands, and by deterioration of the suitability 
of some lands for plant growth (e.g., salinization). One answer is to produce plants that 
are more tolerant of environmental stress factors such as salt, water, heat, cold, nutri­
ent depletion, and soil toxins. These new varieties and species  would help to solve the 
problem by retaining productivity on deteriorating land and by bringing into produc­
tion lands that are currently unsuitable for plant growth. The barriers  to solving these 
problems appear to reside in our limited understanding of the mechanisms of stress 
tolerance and of the natural genetic variability in tolerance. There are no current 
programs that seek to systematically gain the requisite information.

The remaining activities of Problem Analysis will include the support of several 
analyses of problem areas with significant scientif ic or engineering content to deter­
mine research needs and program options.
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QUANTITATIVE PROGRAM DATA 
PROBLEM ANALYSIS PROGRAM ELEM ENT

Proposal and Award Summary

A ctu a l
FY 19 79

Estimate
FY1980

Est im at e 
F Y I 981

N u m b e r o f P ro p o sa ls ................................................................ ..........................  1.009 960 940

T o ta l D o lla r A m ount ................................................................ ..........................  S104.550.000 $101,200,000 $100,500,000

N u m b e ro f A w ard s ' .................................................................. ..........................  432 350 340
..........................  32,538.834 28.885.000 30.500.000

A ve ra ge D o lla r A m ount .......................................................... ..........................  75,300 82,700.000 90.400.000

A ve ra ge A w a rd  D ura tion  (M on th s)2 .................................... ..........................  15.5 15.5 15.5

Percentage Distribution ot Funds by Perform er

A ctu a l
FY 19 79

Est im ate
FY  1980

Estim ate 
FY 1981

U n iv e rs it ie s  and  C o lle g e s .................................................... . ..............................  77.7 80.0 80.0

In d u s tr y
S m a ll  B us in ess.................................................................... 10.2 9.8 8.0

O t h e r .................................................................................... ..............................  —0— —0— —0 —

N o n p ro fi t (n o nacadem ic )............................. .......................................................  e.e 6.1 7.0

Sta te  an d lo ca l go ver nm en t ................................................................................  0.5 —0— —0—

N a tio n a l L a b o ra to r ie s ..........................................................................................  —0— —0— —0—

Federa l A ge nc ies .................................................................... ..............................  5.0 4.1 5.0

Psraonnsl and Other Factors

A ctu a l
FY 19 79

Est im ate
F Y I 980

Est im at e
FY1981

N u m b e r o f sci entist yea rs  su p p o r te d .......................................... ....................  245 220 230

Co st o f sci entists  supp or te d .......................................................... ....................  $8,530,000 $5,990,000 $6,610,000

N u m b e ro f g ra du at e s tu de nts s u p p o rte d ................................... ....................  405 380 370

Cost o f g ra du at e stud en ts  su pp or te d .......................................... ....................  $2,900,000 $2,830,000 $3,120,000

O th e r p ers onne l costs  .................................................................... ....................  4.210.000 3,480.000 3.660.000

M a jo r equ ip m en t ............................................................................ ..................... —0— —0— —0—

E q u ip m en t an d in s tr u m e n ta ti o n .............................................. . ....................  3,160.000 2.870.000 2.860,000

O th e r C o s ts '.............................. ........................................................ ..................  S6.628.834 $5,785,000 $5,860,000

In d ir e c t C o s ts .................................................................................... ....................  9,030.000 7.950.000 8.390.000

T o ta l ...................................................................................... ....................  $32,538,834 $28,885,000 $30,500,000

'I n c lu d e s  the num ber of ba sic re se ar ch  p ro g ra m  aw ard s re ce iv in g  add it io n a l In te gra te d Bas ic  Res ea rch fu nd in g . Th ese 

am ounte d  to  165 in  FY  197 9.150 in  FY  1980. and  141 in  FY 1981
-C o n ti n u in g  gra nts in vo lv in g  m u lt i- ye a r com m itm ents  a re  in c lu ded a cc ord in g to  th e a w ard  p e ri od  f o r  w h ic h  f is ca l y ea r f un ds  

a re  p ro v id e d .
’ F ri nge  be nefi ts , ex pe ndable  equ ip m ent,  tr a v e l,  p u b lica ti o n  costs, co m pute r cos ts, o th e r d ir e c t costs.
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INTERGOVERNMENTAL PROGRAMS SUBACTIVITY.............$7,000,000

Obligations by Program Element

Program Element Actual 
FY 1979

Budget
Request
FY 1980

Current
Plan

FY1980
Estimate 

FY 1981
Difference 
FY 1981/80

Local Go vernmen t.................................................
State G ov er nm en t.................................................
Science and Technology Resources .................
Slate  Science, Engineering, and Technology ..

$2,641,699
2,128,069

361,771

$2,850,000
1,800,000

350,000

$2,400,000
1,360,000

240,000
1,500,000

$2,400,000
1,360,000 

240,000 
3,000,000 1,500,000

Total ..................................................................... $5,131,539 $5,000,000 $5,500,000 $7,000,000 $1,500,000

Objectives and Description

The objectiv e of the In terg ove rnm ental Programs  subactiv ity is to inte grate  sci en­
tific and technical reso urce s into the policy f ormul ation,  a dmi nist rative manage ment, 
and progra mmat ic operatio n acti vitie s of State  and local govern ments . This objective  
is pur sue d through programs in indiv idua l jurisdic tions and the estab lishm ent and 
stren gthe ning  of s tatew ide, regio nal, and national networks.

The s trategy  of the Inte rgovernme ntal  Programs is to assist S tate and local govern­
ments, and the regional and nati onal  organiz ations  which rep res ent them, as they 
inves tigate system atical ly altern ative appr oach es for incr easing the use of sc ientific  
and technic al resou rces. In addi tion , incre ased  comm unica tion among S tate and local 
governme nts in scient ific and technology-rela ted matters is a continuing  ob jective  of 
the program. The direction and  content of the Inte rgov ernm enta l Programs are devel­
oped  with cons idera ble Stat e and local governme nt inpu t from organiz ations  and 
assoc iations that rep res ent Sta te and  local officials, such as the Natio nal Governors’ 
Association, the U.S. Conferen ce of Mayors, and the Int ern ationa l City Ma nagem ent 
Association. Emphasis is pla ced  on encouraging inst ituti onaliza tion , whe re app ro­
priate , and on promot ing rep lica tion of s uccess ful, inno vative inst itutional  arr ang e­
ments.

The Local Governme nt e lem ent has been  highly in novative in developing  a series  
of successful network s of c itie s and countie s in which majo r economic benefits and 
major improvements  in opera tion al effic iencies a re b eing achieve d. The stra tegie s ex­
plor ed in the State Gov ernm ent element are alte rna tive  app roa ches to expa nding  
scien tific capab ility in le gisla tive committees, l ead ership  st affs, or in terns , university  
facul ty on loan for e xtende d perio ds, and s ingle-purp ose task forces. The Science and 
Technology Resourc es ele me nt seeks to draw  upon vario us scienc e and technology 
reso urce  bases—such as univ ersi ties , indu strie s, and Fed era l labora tori es—to se rve 
State  and local gove rnme nts. State Science , Engineering , and Technology (SSET) 
focuses on programs des igne d to build the capa city of s tate s to access scientific and 
techn ical inform ation for use  in the publ ic policy developme nt process.
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Major Questions Addressed

Inte rgov ernm enta l Programs ad dress such quest ions as:

• What  a ltern ative mech anism s a re  av aila ble to facilita te the  inte grat ion of scien­
tific and  technica l reso urce s into the policy formu lation  and problem solving 
activitie s of local and State gove rnm ents?

• What alte rnat ive stru ctures are  avai labl e to foster  cooper ation  on a regional or 
nati ona l basis among units of loc al or S tate g overn ment  to help add ress  critica l 
issues of common conc ern?

• What a lter nat ive sy stems a re available  to promote the dev elop men t of improved 
intergov ernm enta l c ooperat ion in the planning a nd imp lementa tion  of national 
res ear ch and developme nt age nda s?

• Will the mechanisms, dev elo ped  during the study phase  of the SSET Program, 
enab le the gubernatorial  and legis lativ e lead ersh ip of the State s to streng then 
the ir cap acity  to access and u se scientif ic, engineering,  and techn ical resou rces?

• Will such mechanisms be inst itut ion aliz ed, witho ut Foundatio n support, as­
suming that they w arra nt continu atio n a fter  the t hree -yea r. F oundation- suppo rt 
perio d?

Significant Recent Achievements

• The  Inter national  Urban Techn ology Exchange Program, with par tial  support 
from NSF, is e valua ting foreig n technology that may be of value  to U.S. c ities 
and  counties. For exa mple , the program has appl ied the Frenc h ROMA system, 
whic h is a co mputerized r efuse routing and d istric ting system, to St. Petersburg, 
Flori da. The dist ricting aspe ct al one  is projecte d to resu lt in an es tima ted a nnual  
savings of $50,000—$100,000. The system currently is being replicated in Yonkers, 
New York, and Dallas, Texas.

• The New England Innovation Group has organized and is operating a technology- 
based Energy Manag ement  P rogram impacting both publi c and priv ate sectors 
in New England and o ther regio ns of the  country. Based on supp ort  from the Fed ­
era l Labor atory Consortiu m, the progra m involve s the use of new innovative 
technologie s to det erm ine insu lati on c haracte rist ics in pub lic an d p rivate build­
ings. The program has led to significant reduction in energy consumption in many 
appl icati ons.

Changes Between FY1980 Budget Request and FY1980 Current Plan

The FY 1980 C urrent Plan of $5,500,000 is $500,000 more than the FY 1980 Budget 
Request of $5,000,000. This increase refl ects the combination  of two factors: (1) the 
decision b y Congress to fund the SSET Program, for which funds w ere not req ues ted in
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the FY 1980 Budget, at $1,500,000 and (2) a decrease of $1,000,000 in the other elements 
of the Intergovernmental Programs subactivity.

FY 1981 Budget H ighlights and Explanation  ol In crease s and D ecreases

Obligations
FY 1979 Actual ................................................................................................................. *$5,1 31,539
FY 1980 Pr og ram ............................................................................................................... **$5 ,500 ,000
FY 1981 R eq ue st ............................................................................................................... $7,000,000
Dif fer ence—FY 1981 /FY1980 ........................................................................................ $1,500,000

'D id  not in clu de a ny f un ds  for  SSET Program.
••I nc lude s $1.5 m illion fo r SSET Program.

An increase of $1,500,000 is requested for Intergovernmental Programs over the 
$5,500,000 level currently planne d for FY 1980. The increase will be applied entirely 
to the SSET Program. At the $7,000,000 level, Intergovernmental Programs will:

• Provide reduced suppor t within the Local Government Program for fifteen on­
going innovation groups, three national networks, and five programs with asso­
ciations of local officials.

• Support reduced number of State government projects in individual jurisdic­
tions and six programs with associations of State officials.

• Provide minimal support  for the Federal Laboratory Consortium Program to im­
prove the linkage to the public and private sectors.

• Support additional Executive and Legislative Branches of State governments in 
their efforts to implement  capacity building programs designed to access scien­
tific and technological resources.

• Initiate for an assessment of the implementation phase of the SSET Program.

The percentage changes from FY 1980 by program element are as follows:

Local Go vernm ent ........................................................................................................... —0—
Sta te G ov er nm en t............................................................................................................. —(1—
Sci enc e an d Te chn olo gy R es our ce s.............................................................................. —(I—
St ate Sc ien ce . E ngi nee rin g, a nd Tec hnolo gy ...............................................................  1007>

Changes in Budget Structure

The Intergovernmental Programs subactivity was formerly the Intergovernmental 
program element in the Intergovernmental Science and PublicTechnology subactivity. 
The four, former subelements of the Intergovernmental program element have now 
become program elements of the new subactivity.
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Coordination W ith and Relationship to Other Efforts

The program is coo rdin ated regul arly within the Federal  government. In many 

cases, this coordination results  in part ial supp ort of Inter gove rnme ntal projects by 

other Feder al agencies. Exam ples of NSF-in itiated activ ities receiv ing support from 

othe r Federal agencies incl ude  t he Urba n Consortiu m for Technology Initiatives, and 

the legislative  Model Inte rsta te Scien ce and Technology Info rmation Clearinghouse.  

Moreov er, other  Federal  agencies, such as the Depa rtment of Energy, are using a 

num ber  of NSF-in itiated inno vation groups, regional networks, and  national  ne tworks 

to assist their  own rese arch  and  deve lopm ent activities .
Furth er, the program’s activ ities are a major source of in form ation and data for 

and are well coordinated  with the activities of the Inte rgov ernm enta l Science, Engi­

neering, and Technology Advisory Panel (ISETAP) in the Office of Scie nce a nd Tech­

nology Policy.
Extensive coordination  also occurs with rep rese ntat ives  of State governments  

(e.g., National Gove rnors’ Assoc iation and National C onference  of State Legislatures) 

and local governm ent (e.g., Nati ona l League of Ci ties, United State s Confe rence of 

Mayors, Inter natio nal City Manage men t Association, and National  Association of 

Coun ties) .

Local Government Program Element .......................................... $2,400 ,000

Actual
FYI 979

Budget
Request
FY 1980

Cu rre nl
Plan

FY1980
Estimate
FY 1981

Differen ce  
F Y I 981/80

$2,641.699 $2,850,000 $2,400,000 $2,400,000 $ - 0 -

The object ive of the Local Gove rnm ent element is to support the establishm ent of 

statewide, regional, and national innovation networks to provide cooperative approaches 

for solving common problems with scie ntifi c and technical components.
Local governments ar e expe rien cing un pre ced ent ed dem ands  to assu me decisio n­

making and manage ment res pon sib iliti es for a b road range of co mplex  issues, many 

involving  major  scientifi c and  tech nica l components. This progra m emph asizes ap­
proach es to strengthen the capacity  of local governments  to identif y the ir needs and 

ensure  that  rese arch  is app rop ria tely targe ted to im port ant problems.
Examples of these statewide and regional innovation networks are those in California, 

Georgia, Ohio, Texas, Oklahoma, Te nne sse e, a nd New England; na tion al net works ar e 

the U rban Consortium, the U rban  Techno logy System, and  the Co mmuni ty Technology 

Init iativ es Program. The inte rest s of both rura l and urban America are  supp orted  in 

this program. At the nat ional level, the networking system facil itate s th e d evelop ment 

of n atio nal rese arch  and develop men t agend as rele vant  to local need s.
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The FY 1981 emphasis will be on strength ening  the networks and information ex­
chang e among the networks, as well as attempting to incre ase  the use of unive rsities , 
indu stries, and the Fed eral  labs  as reso urce  bases.

State Government Program Ele men t........................................ $1,360,000

Actual
FY 1979

Budget 
Request 
F Y I 980

Current
Plan

FYI 980
Estimate
FY1981

Difference
FY 1981/80

$2,128,068 *1,8 00.00 0 81,360,000 81,360,000 8—O—

The objective of the Sta te Government elem ent  is to foster coope ration  on a 
regional and nation al basis, to as sist individual state s in their capac ity streng thening 
efforts , and to addre ss criti cal issues  of common concern.

The incr ease d comp lexity  of issues facing the count ry cont inue s to place a hea vy 
burde n on Stat es’ public managem ent capacity . State gover nmen ts need exam ples 
of successfully tested  in stitutio nal mechanisms that they can  inte grate into their exec u­
tive or legislative policy man agem ent process.

During FY 1981, empha sis in the State Gove rnme nt Progra m (Execut ive) will be 
plac ed on strength ening  the s cientific  and technological c apa bili ties  of national organi­
zations , such as the Nati ona l Governors' Association, the Council of State Plannin g 
Agencies, and the Counci l of State Governments . In addition, emph asis will also be 
placed on su pporting pro ject s in individual states to ex ami ne of new appr oach es for 
using scient ific and tech nical resource s from vario us reso urc e institu tions,  such as 
unive rsities .

For FY 1981, th e State  Gove rnme nt (Legis lative) Program will emphasiz e su ppo rt 
of projects in indivi dual  sta tes. New ap proa ches , such as uni vers ity-b ased  info rmat ion 
systems, will be  tried  in som e sta tes (e.g., Texas), while  r epli cati ons  of past succes sful 
effort s will be atte mp ted in others  (e.g., Arka nsas ). It is ant icip ated  that projects  in 
Massachusetts and South Caro lina will be inst itut ion aliz ed during the year. Natio nal 
networks , such as the Legis lative Inform ation System, will emp hasiz e improv ed com­
munication among the states.
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Science and Technology Resources
Program Eleme nt........................................................................$240,000

Actual
FY I 979

Budget
Request
FY 1980

Current
Plan

FY 19811
Estimate
FY 1981

Difference
FY  1981/80

$361,771 $350,000 $240,000 $240,000 $—0—

The objective of the Science a nd Technology Resources elemen t is to increase the 
potent ial of various  scien tific and techn ical resource organ izations (universities,  Fed­
era l labo ratories , and indus try) to serve the needs of State and local governments 
more effectively.

One of the key elem ents  of the S&T Resources Program is the Federal Laboratory 
Consortium for Technology Transfer. The Consortium, with over 180 m ember labo­
rato ries , facil itate s the tran sfer  of existing science and technology to assist in the 
solut ion of p roblems. The labora tor ies  are a resou rce for national and regional net­
works of local government (e.g., the Community Technology Init iatives Program and 
New England  Innovation Group).  The Federal Laboratory Consortium also provides 
nationa l publications , sha res com puter data bases, and holds nat iona l and regional 
meet ings with the u ser communiti es to ensure the broadest  applicatio n of new infor­
mation,  rese arch results , and successfu l technologies.

During  FY 1981, emph asis will be placed in two areas : one, in developing an 
expanded role for universit ies in working with State and local governments ; and, two, 
in strengthening  the computer conferencing system within  and between individual 
lab ora tor ies and the national and regional innovation groups.

State Science, Engineering, and Technology
Program Element...... .............................................................. $3,000,000

Actual
FY 1979

Budget
Request
FY 1980

Current
Plan

FY1980
Estimate
FY1981

Difference
FY 1,981/80

$—0— $—0— $1 .500.000 $3,000,000 $1,500,000

The objective  of the State Science, Engineering, and Technology program is to 
increase the capaci ty of the gub ernato rial  and legislative leadership of the States to 
access and utilize sc ientific , enginee ring , and technica l resources in the formulat ion 
and man agem ent of public  policy and in the resolut ion of cr itical issues in subject 
areas with significant scientific or tech nical components .
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The State, Science, Engineer ing, and Technology (SSET) program continues, with 
an implementa tion  phase , the study and planning  phase  of the program previous ly 
auth orized by the National Science Foundat ion Authorization Act for FY 1977 (P.L. 
94-471), Under  this study phase, awa rds were made during  FY 1977 and 1978 involving 
49 Execut ive Branches and 42 Legis latures, The intent of that phase of the SSET pro­
gram was to assist S tates in identify ing the need  for and the cont ributions  that can be 
made by policy analyses , rese arch  resu lts,  and scientifi c, engineer ing,and technical 
resources in thei r policy-formulation and decision-making processes. The  final repor ts 
from all the awa rdees will have been  subm itted  to the Foundation  by the middle of 
Fiscal Year 1980. During the FY 1980, $1,500,000 will have been made a vai lab le through 
competit ive awards to initia te in six teen to twenty bran ches of S tate governments the 
implem entatio n phase  of the plans  and programs developed under the study  phase of 
the SSET program.

The FY 1981 program will allow for an $1,500,000 increase over FY 1980, thereby 
bringing the program to $3,000,000. Such increase  will:

• Supp ort, afte r compet itive selection, an ad ditional twelve to sixteen Executive 
and Legislative Branches of State  government to initi ate the implementa tion 
pha se of their  p lans and programs.

• Provide support to the National  Governors’ Association and the National Con­
ferenc e of State Legislatures to continue their role in ensu ring  the effectiveness 
and quality of the program through the provision  of information and technical 
services,  the conduct of meetings, and the analysis of documents produced.

• Init iate an as sessment of the im plem enta tion p hase of the program.
• Continue second year sup por t for those branches  of State government receiving 

their first year awa rd in FY 1980.
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QUANTIT ATIVE  PROGRAM DATA 
INTERG OVE RNMENTA L PROGRAMS

Proposals and Awards Summary

A ctu a l
FY 1979

Est im at e
FY 1980

Es tim ate 
FY  1981

Proposals :
N um ber o f P ro p o sa ls .................................................................. ....................  82 93 142

Tota l D o ll a r  R e q u e s te d ................................................. ....................  5,171.539 8.500.000 12.200.000

Aw ard s:
N um ber o f A w a rd s ...................................................................... ....................  75 73 89

Tota l D o ll a r  Am o u n ts .................................................................. ....................  5.131.539 5.500.000 7.000.000

Ave ra ge  D o ll a r  Pe r A w a r d ........................................................ ..........  68.421 75.342 78.652

Ave ra ge  A w a rd  D ura tion  (M on th s)  ........................................ ....................  12 12 12

Percentage Distribution of Funds Awarded by Performer

Actual
FY1979

Est im at e
FY 19 80

Est im ate
FY19B1

U niv e rs it ie s  and  C o ll e g e s ....................................................... ...........................  13.0 9.5 7.4

In d u s tr y ........................................................................................ ...........................  4.2 1.1 0.9

Sm all B us in ess........................................................................ |4.2 | (1.11 (0.9)

O th e r ........................................................................................ ...........................  (— 0— 1 ( - 0 - 1 (— o— )

N o n p ro fi t (n onacadem ic )1 ..................................................... ...........................  43.5 32.7 30.0

Stale and  Loc al  G o ve rn m e n t- ................................................. 34.0 52.7 58.5

N ationa l L a b o ra to r ie s ............................................................. ...........................  4.5 3.6 2.9

Fe de ra l Age nc ie s ..................................................................... ...........................  0.9 0.4 0.3

O th e r ............................................................................................ ...........................  —0— —0 — —0—

Personnel and Other Factors

A ctu a l E stim ate  Es tim ate
F Y 1979 F Y 1980 FY  1981

Fac ul ty
N um ber yea rs  su pport ed  ................................................................................
Am ount o f fa cu lt y  su pport  ..............................................................................  $600,000

Pos tdoc to ra l A ss oc ia tes:
N um ber o f years  su pp orted ............................................................................  —0 —
A m ount o f p ostd octo ra l support  ....................................................................  —-0—

G ra du at e S tu de nt s
N um bers uppo rt ed  p e r a w ard  yea r ..............................................................  20
Am ount o f gr aduate  stu de nt  s u p p o r t ............................................................  $100,000

O th e r Per so nn el  C o s ts ..........................................................................................  2,900,000
La nd , Build in gs, a nd F ix ed E q u ip m e n t............................................................  —0—
M a jo r E c ,u ip m e n t............................ .......................................................................  —0—
O th e r E qu ip m ent ...................................................................................................  —0 —
O th e rC o s ts ................................................................................................................  900,000
I nd i ree l ( lo s ts ............................................................................................................  631,539

15
$600,000

—0 — 
—0 —

20
$100,000

3.150.000

—0 —
970.000
680.000

15
$600,000

—0 — 
—0 —

20
$100,000 
4.100.000 

—0— 
—0— 
—0— 

1.300.000 
900.000

T o ta l.............. .................................................................................................. $5,131,539 $5,500,000 $7,000,000

' In c lu des p u b li c  in te re s t gro up , such as the N ationa l C o n fe re n ce o f S tate Leg is la tu re s.
Perce ntag e Io  state an d loca l go ve rn m en ts  incr ea se s su b s ta n ti a ll y  over FY 1979 because of in it ia ti o n  o f SS ET  prog ra m. 

T h is  is als o the reas on  fo r  the dec lin e  in  per ce nt  o f u n iv e rs it ie s  an d co lle ge s as w e ll  as non -p ro fi t in s ti tu ti o n s
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SMALL BUSINESS INNOVATION AND INDUSTRIAL
TECHNOLOGY SUBACTIVITY ................................................ $18,200,000

Obligations by Program Element

Program E leme nt Actua l
FY1 979

Budget 
Requ est 
F Y  1980

Cu rre nt
Plan

FY1 980
Estimate

FY1981
Diff eren ce  
F Y  1.981/80

Sm all  Busin es s In novation .........................
Ind ust ria l Te ch no lo gy ...................................
App ropriat e Tech no log y .............................

........ *$3,686,589

........ 2,038,227
*$3,000,000

3,000,0 00
*$3,000,000

2,570 ,000
1,800 ,000

$13,000,000
5,200,000

$10,000,000
2,630,0 00

-1,900,000
Tot al ....................................................... $5,724,816 $6,000,000 $7,370,00 0 $18,200,000 $10,830 ,000

*The Sm all Bus iness Inno vatio n program element did not exist as a separat e program element in the F Y  1979 and F Y  1980 
budgets:  it w as e stab lishe d for the F Y  1981 budget  and up to that t ime f und s for so lici tat ion s in the sma ll business  program were 
inc luded pr im ar ily  in the Ap pli ed  Re searc h and Prob lem- Focused Research act ivit ies.  Ho we ver , it is shown here and in the 
des crip tion al the program element leve l to r efle ct the appr opr iate  amounts for the prog ram  in those years.

Objectives and Description

This is a new  program subactivity  estab lish ed as a r esu lt of the P res ide nt’s I ndus­
trial Innovat ion Initi ativ e anno unced last fall. Program elem ents were previously  
disp erse d through othe r componen ts of the Appl ied Researc h program of EAS. The 
objectives of the program are  to:

• Draw upon the res erv oir  of scientific and  technological  r ese arch  c apabilit ies in 
the Nati on’s small busi nesses and univ ersi ties,  w ith a view  towards moving the 
most promising res earch  into comm ercia lizat ion effo rts as soon as possible .

• Combine  the s cien tific a nd technological reso urces of univers ities  and  in dus try 
in innovative program s which acc ele rate  the introductio n of new techno logies  
in U.S. business.

The Small Busin ess Innov ation  p rogram  elem ent  p rov ides  an oppo rtunity and an 
incen tive fo r small science  and techno logy-ba sed firms to perform research  on imp or­
tant scient ific and tech nica l problems that could have  s ignif icant  pu blic ben efit  if the 
rese arch  is succe ssful. It also encou rages  the use of Fed era l research  to stim ula te 
innovat ion in the pri vat e sector. The program is divi ded  into thre e phases: Pha se I, 
which provides for l imi ted  fun ds to explo re the resear ch valid ity and feas ibili ty of the 
propos ed innov ative  res earch  idea; Phase  II, which sup por ts with expa nded  fund ing 
rese arch  efforts asso ciat ed with those projects  judge d most promising afte r Phase I; 
and Phase III, w hich is the developm ent phas e conducted by the small busin ess firm 
with priv ate funds.

The Industrial Technology program elemen t sponsors research  on: incentives designed 
to increase the commitment of U.S. indust ry to r esearch and development: es tablishment 
of un ive rsit y/in dus try coop erative resear ch prog rams  in  g eneri c technologies (a high 
prior ity item in the Pre sid ent’s Domestic Policy Revie w on Innovation); and selected 
projects des igned to d raw  together the results coming out of a num ber  of basic re sea rch
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proje cts when the re ap pe ar s a high likelihood for s yner gistic  effect on U.S. techno logica l 

ca pa bil ity . Such co mm itm en ts ar e ne ce ssary  to inc re as e the  flow of inn ovativ e pro d­

ucts  a nd pro ces ses . T his  in cr ea se d lev el of in no vatio n is  e ssen tia l to inc rease d pr od uc ­

tivity , a fav or ab le ba la nc e of t rade , a nd  a hi gh er stan da rd  of livin g for  the U.S. P rese nt  

ex pe rim en ts co nc en tra te on ins titu tio nal arr an ge men ts wh ich  aggregate the re se ar ch  

in terests  of sev eral fir ms throu gh  a un ive rsi ty rel ati on sh ip .
The Appropriate Technology’ program element  provides researc h support to strengthen 

the  sci enc e base ne ed ed  to ide nti fy  and  develop  pro mi sin g ap pr op ria te  tech nol ogies. 

Th e program  also see ks to im pro ve  the un de rs tan ding  of ap pr op ria te  tech nolo gy as a 

con cept and  to ass ess  its ro le  an d imp act  on U.S. soc iety  an d its economy.  The  NSF 

pro gra m is b ase d on a p la n su bm itt ed  e arl y in 1979 to Co ngr ess  at  its r eq ue st.  C ong ress  
subs eq ue nt ly  di re cte d tha t the  Fo undat ion  ini tia te the  pro gra m on an expe rim en tal  

basis  b egin ning  in FY 1980 . No fun ds are  r eq ue ste d in FY 1981 for  the program  p endin g 

an evalu ati on  of the first ye ar 's  res ults .

Major Research Questions

• How c an the inn ov ati ve  ca pa cit y of sm all bu sin ess best  be st im ulate d?

• Wha t inc entiv es ar e ne ed ed  to st im ula te sm all  b us iness i nt er es t in  part ici pa tin g 

in F ed era l R&D?

• What topic ar ea s ar e sm all  bu sin esses like ly to gr av ita te tow ard  in addre ssi ng  

pos sib le i nn ov ati ve  tech no log ies ?

• Whic h ar ea s of s cie nce an d tech nolo gy will  best at tra ct indu str y fun ds to a un i­

versi ty res ea rch ce nter ?

• What sty le of U ni ve rs itv /Ind us try  Ce nte r ma nage me nt most fav ors  the  p rofes­

sio nal  ca re er  of the  u nive rs ity  p ers on ne l, as we ll as the  c on tin uit y of th e c en ter 

pro gra m af ter concl usi on of NSF supp or t?

• Un de r wh at con dit ion s can Uni ve rs ity /In du str y Ce nte rs be  ma de total ly self - 

sus tai nin g?

Significant Recent Achievements

• The  exp erie nce s ema nating from  the effor ts in the universi ty-indu stry  c ooper ative 

re se ar ch  pro gra m over the  pa st  7  years,  and the  s ma ll bu sin es s inn ova tio n pro ­
gra m ove r the pas t 3, co nt rib ut ed  si gnific antly  to the Pr es iden t's  D omestic Po licy 

Re vie w of U.S. ind ustry  a nd the  s ub se qu en t pla n to re vi tal ize  in no vatio n in that  

sector of the economy. The res ea rch  resul ts indicating the rece ptiv ity of Am erican  

in du str y to generi c techno log y ce nt er s (i.e. , ce nter s involv ing  technolo gie s tha t 

un de rlie mult iple indu strial sec tors ) and  the succe ss of the smal l bus ines s efforts 

ha ve  bee n lau de d and s er ve  as lin ch pins  in the Pr es iden t's  In du stria l Inn ova tion  

Ini tia tiv e.
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• A p rojec t studyin g the feasibi lity  of a high p res sur e wat er jet for highway sur ­
face  m aintenan ce has bee n succe ssful ly co mplet ed. The project, jointly funded 
with the Federal  H ighway Adm inist ration, has s hown that this r esearch  on high 
pre ssu re wate r je t t echnology could result  in adva nced , more effic ient highway 
mainte nan ce proc edures. As a result , the Federal  Highway Administra tion is 
cur ren tly procuring equ ipm ent  for field testing and implemen tation.

Changes Between the F Y 1980 Budget Request and the  FY1980 Current Plan

The FY 1980 C urre nt Plan of $7,370,000 is $1,370,000 more than the FY 80 Budget 
Requ est of $6,000,000. This inc rea se occurs as a resu lt of Congre ss’ direc ting that the 
NSF init iate  an Approp riate  Techno logy Program at $1,800,000 and at the same time 
decreas ing the Indu stria l Techno logy Program by $430,000.

FY 1981 Budget High lights and Explanation of Increase s and  Decre ase s

Obligations
EY 1979 A c tu a l ..........................................................................................................................  S5.724.816
EY 1980 Pro g ra m ........................................................................................................................  S7.370.000
E Y 1981 R e q u e s t............................ ............................................................................................  S18.200.000
D if fe re n ce —EY 19 81 /EY 1980 ...............................................................................................  S10.830.00ll

The increase  of $10,830,000, from $7,370,000 in FY 1980 to $18,200,000 in FY 1981. 
incl udes a $10,000,000 i ncr eas e f or Small Business Innovation resear ch and a $2,630,000 
inc rea se for In dustr ial Techno logy. These increas es are par tial ly offset by a de crea se 
of $1,800,000 for the Ap pro pri ate  Technology Program. More speci fically,

• The $10.0 mill ion inc rea se in the Small Business In novation program allo ws the 
program to move out of an exp erim enta l phas e, wh ere  it was spre ad among 
several subactivi ties, and  has become a signif icant thru st in its own right. At 
this level, two ann ual  solici tations for prop osals  f rom small  busin esses  can be 
accommodat ed, the nu mb er of the topic a rea s in w hich proposals  are solicited 
expa nded , and uns olic ited  small business  prop osals  encouraged.

• In the Ind ustr ial Te chnology Program

— One or more add itio nal  univ ersi ty/i ndu stry  coo perative  rese arch  centers 
will be  se lected from the previou sly awa rded plan ning  grants or from oth er 
proposa ls. These cen ters  will be in a reas of ‘‘gen eric " sc ience  such as com­
pute r science, app lied mathematics, reac tant  polyme rs and meta l fusion. In 
addition to the above, the program will support continuing university/industry 
cooperative rese arch  centers and p lanning grants for innovative experimental 
designs for futur e cente rs. ($2,000,000)

— One or two maj or Technology Innovation Projects  in areas such as high 
energy pulse weld ing or the modeling of cognit ive processes and visual 
systems are  pla nned ($630,000).
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The percentage changes, by pro gram  eleme nt, from the FY 80 Cur rent Plan to the 

FY 1981 Budget Request are as follows:

Small Business In novation .............................................................................................  333'/-
lndu st ria l Tec hn olog y..................................................................................................... 102'-
App ropr ia teTe ch no logy ................................................................................................ -100',«

Changes in Budget Structure

As was previously noted, the Sm all Busines Inn ovation and I ndu strial Technology 
Subactivity  is a new subactiv ity. The Small Business Innovation program elemen t is 
also new. Formerly, the small busin ess effort  was supp orted  with funds from other  pro­
grams of the direc torate and did not appe ar as any one specific  item. The Indus trial 
Technology program element is the form er Industry program element of the Intergovern­
mental Scien ce and Public Technology subactivity .

Small Business Innovation Program Element* ......................$13,000,000

Obligations by Program Element

Actua l
FY 1979

Budget
Request
FY1980

Cu rre nt
Plan

FY  1980
Estimate
FY 1981

Di ffe rence
FY 1981/80

$3,686,589 $3,000,000 $3,000,000 $13,000,000 $10,000,000

•T his pro gram element was established fo r the FY 1981 Budget, hav ing prev iously  been a p art of ef fo rts  in pr io r years 
in  App lied Research and Problem-Focused Research. Fu nd ing fo r sm all  business so lic ita tions  in  those years is shown to re flec t 
the level of  e ffo rt  in such years.

Objectives and Description

This is a new program e leme nt intr odu ced  as a result of the P res ide nt’s Industrial 
Innovation Initiative  which added $10.0 million to the NSF Small Business Innovation 
program. This program had been prev iously supp orted  on an e xpe rimental basis  with 
funds f rom othe r dir ecto rate program s an d had been managed within the In dust ry pro­
gram of the Inter gove rnme ntal Science and  Public Technology subac tivity.

The goal of the program is to draw  upon the rese arch  base of the Nati on's small 
busin esses and  d irec t that resea rch toward technological innova tion and commercial 
appl ications. In addi tion, the appr oach  also couples EAS rese arch  to oth er critical 
elements in the innovation process , such as sourc es of venture  capital , commercial 
marke t dem and, manage ment capability, a nd  fin ancia l n egotiat ionsbetwe en the small 
firm and pote ntia l investors. The obje ctives of the program are to:

• Couple F ederal resea rch to private  ve nture capi tal and ma rket deman ds.

• Fund h igh-risk  innovative re search  on advan ced concepts that may not be a ttra c­
tive to priva te investors be caus e of heavy, fro nt-end costs; and
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• Ini tiate technology t ran sfe r at the beginning of th e rese arch process rather  than 
aft er R&D has bee n com pleted or  a prod uct procur ed.

The NSF Small Business Inno vatio n program is a three-pha sed  program. Phase I 
and II involv e NSF-funded res ear ch on EAS program objectives; Phase III involves 
priv ate fund ing of the develop men t pha se to pursu e commercial objec tives.

More specif ically . Phase I p rov ides up  to $25,000 for small res ear ch effort s of up to 
6 months to prove the feasibility of the idea and the r ese arch com pete nce of the small 
firm. Phase I s erves  as a sc reen ing pha se and provides a feas ibil ity- orie nted  re search 
report which is impor tant in det erm inin g whe ther  NSF and pri vat e sources should 
make any furt her  investmen t in the  project .

Phase II funding supp orts  thos e projects judge d most prom ising afte r the first 
phase . Such projects  are eligible for larger funding and from 12 to 24 months of 
support. Phase III is the dev elo pm ent  phase  to pu rsue comm ercia l applic ations . It is 
cond ucte d by the small busi ness  f irm and priva tely fun ded  from a th ird- part y source . 
While Phase  III is not fun ded  by NSF, Phase II propo sals that re ceive a co mmitment for 
follow-on funding (i.e., Phase III) receive  extra consideration in the evaluation process.

Since its inception in FY 1977, the program has made con siderable  progress. The 
first solicitation resulted  in 42 Pha se I and 21 Phase  II aw ards.  While presently  in the 
middle of Phase II awards, a num ber  of firms have  been  invol ved with follow-on 
fund ing with ventu re capi tal firm s and large bus iness es. The second  solicit ation, in FY 
1979, prod uced  54 Phase I gr ants . The third solic itation  has jus t bee n issued.

FY 1981 Budget Highlights and Ex planation of Increases and D ecreas es

Obligations
FY 1979 Actual .................................................................................................................. $3,686,589
FY 1980 Pr og ra m ................................................................................................................ $3,000,000
FY 1981 R eq u est .....................................................................................................................  $13,000,000
Di ffe ren ce—FY 1981/F Y1 98 0 .............................................................................................. $10,000,000

As a resul t of the h eig htened  e mphasis in th e program , the n umb er of soli citations 
in FY 1981 will be inc rea sed  from one to two and the topic  a rea s covered under  the 
solicitation will be exp and ed to reflec t the full range  and  scope of the dire ctorate 's 
programs.

Coordination With and R elationship  to Other Efforts

The Small Business I nnova tion program involves c oordina tion  with all div isions  of 
the Directorate. Rese arch  topics fo r each  solicita tion are  o btain ed from EAS divis ions 
in impo rtant  are as for resear ch within EAS regular program objectives. Proposals  
upon r eceipt are referre d to these  same  divisions  and the most rele vant  pr ogram are as 
for peer revie w and evaluation.

As part of the Domestic Policy Review the Pre sident  h as propo sed expa ndin g the 
program into other Feder al agencies , and NSF will serv e, whe re req ues ted , in an
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advisory role to assist the Office of Management and Budget and othe r agencies . The 
program is currently coordinated  with the Small Business Adm inistra tion and with all 
other agencies with substantial R&D budgets. This coordination is strengthened through 
the annual  NSF Small Business Conferences on Federal R&D.

In du st ria lT ec hno logy Prog ram E le m ent.................................... $5,200,000

Obligations by Program Element

Actua l
FY1979

Hudget
Kequesf
FY 19811

Current
Pion

FY  198(1
Estimate 
FY I 981

Differen ce
F Y 1981/80

$2,038,227 $3,000,000 $2,570,000 $5,200,000 $2,630,000

Objectives and Description

The productivity and intern atio nal  competitiveness of U.S. firms depend upon 
science  and technology, but investme nt in basic rese arch  and fun dam ental sc ience by 
U.S. firms  is a dec lining percen tage of sales. The Indus trial  Technology program tests 
experim ental institu tions and incenti ves  which will increase  the commitment of U.S. 
indust ry to research  and developmen t. The chief area  of expe rimenta tion  is the 
coupling of academic  resources to in dust rial needs.

The specific  objectives of th e program are to:
• Design and suppo rt exp erimenta l mechan isms to couple the longer range and 

more fundamen tal perspectiv es of academic sc ience  with the research  needs of 
indus try;

• Aggregate fund amental r ese arc h interests across certa in technologies which can 
bene fit many firms, but  which no single firm could afford on its own; and

• Draw together result s of va riou s basic research  efforts  when  it appears  likely 
that a synergistic ef fect on U.S. technological capabili ty could occur.

The principle areas of program research activity have been the University/Indust ry 
Coopera tive Research experim ents and the Technology Innovation Projects. The pro­
gram has funded ten differen t Un iversit y/Indu stry  Cooperative Research Centers. 
Some of these  cente rs ar e new and in the planning stage, while o ther s have operated 7 
or more  years.  Important lessons have  been  learned  from some 50 center-op eration 
years . Some of these lessons were inco rporate d into  the P resid ential Initia tive and  the 
assoc iated Domestic Policy Review  on Indu stria l Innovation. A chief result  of these 
experim ents is the observed supp ort  of indus try for research centers in “generic" tech­
nologies  (i.e„  technologies that  underli e multiple  industria l sectors) ra the r than organ­
ization of research cente rs by produc t groups. Such cente rs will lay the basis for  future  
effort s di rec ted  at productivi ty enhan cem ent  and innovation  in the indus tria l sector of 
this Nation .

F—VIII—6



713

The  area s of ge ne ric  re se ar ch  se lec ted  for Unive rs ity /Ind us try cente rs have  de ­
pe nd ed  larg ely  upo n prop os als from  un ive rsi ty de pa rtmen ts  and associated ind ustry  
fund ing com mitment s. Ac tive pla nning  g ran ts, pro posal s, and proposal  int ere st have  
be en  shown in t he  ar ea s of com pu te rscien ce , app lie d ma them ati cs , re ac tan t polymers, 
meta l fusion, com puter-a ided design  (CAD), po lymeric  coatings, ven ture capita l analysis , 
micro pro cesso rs,  and  ch em ical circui t eleme nts .

The Tech nolo gy Innova tio n Pro jec ts (TIP) su be lemen t will  continue research  on 
au tom ate d ass embly  with sp ec ia l em pha sis  on model ing  of vi sua l sy stems and integ ra­
tion  of thes e systems into  the comp uter con trol of the  a ssem bly  p roce ss. The res ea rch 
on high ene rgy  im pu lse  w eld ing begun in FY 1980 will co nt inue  w ith inc reased  ind us ­
tri al and  Fe de ral  suppor t.

FY 1981 Budget  Highlights and Explanation  of Increases and D ecreas es

Ob ligat ion s

FY 1979 Ac tua l ....................................................
FY 1980 Prog ram..................................................
FY 1981 Re qu es t...............................................................................................................
Di ffe rence—FY 1981 /FY1980 .......................................................................................

$2,038,227
$2,570,000
$5,200,000
$2,630,000

The  inc rease of $2,630,000 in FY 1981, from $2,570,000 in FY 1980 to $5,200,000, will 
suppor t addit ion al Un ive rsi ty- Industr y ce nters in ar ea s such as com puter  sci ence , 
appl ied  ma the ma tics, co mpu ter-aid ed  desig n (CAD), r ea ct an t polymers , m eta l fus ion , 
polym eri c coatings and ve ntur e ana lys is ($2,000,000). Tec hno logy Pro jec ts in ar ea s 
such as cognitiv e and visu al sys tem s as wel l as high  en ergy  impulse  we ldin g wil l be  
em phas ize d ($630,000).

Coordination With Relationship  to Other Efforts

Every y ea r an In du st rial  Technolo gy pro gra m gr an te e co nferen ce  is he ld at wh ich  
re se arch er s repo rt thei r progres s durin g the  pas t ye ar  and the ir plans for  the  fu tu re . 
These  con fer ences are well  a tte nd ed  by academi c, indu str y,  and  governm ent l ea de rs .

Whenever poss ibl e, the  Industr ial  Technology  pro gram  suppor ts pro jec ts joi ntl y 
with  miss ion agencie s to pro vid e a smooth flow  of the  technology  from the re se ar ch  
stag e to its appli ca tio n. Fo r exa mp le,  in FY 1980 an ex pe rim en t for hig h-e nergy p uls e 
we ldin g appli ed  to ra il ro ad  welds will be funded  coopera tiv ely  with the Fe de ra l 
Railro ad Ad ministr ati on .
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QUANTITATIVE PROGRAM DATA 
SMALL BUSINESS AND INDUSTRIAL TECHNOLOGY

Proposals and Awards

Est imate
FY 1979

Estim ate
FY 1.980

Est ima te
FY1981

Proposals:
Number of Pro po sa ls .................................................................................. 448 850 865
Total  Dollar Req ue st ed .............................................................................. $8,700,000 $17,000,000 $23,000,000

Awards:
Number of Aw ar ds ........... .......................................................................... 81 140 240

Total  Dollar Amount ...................................................................................... $5,724,816 $7,370,000 $18,200,000
Av era ges Per A w ar d .................................................................................. 62.910 52.643 75.823
Average  Award Duration (Months) ......................................................... 15 15 15

Percentage Distribution ot Funds Awarded by Performer

Actual Estima te Estimate
FY 1979 FY 1980 FY1981

Un ive rsi ties and C ol leg es .............................................................................. 24.4 35 19
In dus tr y............................................................................................................ 75.6 60 80

S m a ll  R ns in pss ......................................................................... (64.6) (52) (76)
Ot he r ................................................ (11.0) (8) (4)

Non pro fit (non acad em ic).............................................................................. - 0 - 5 1
Sta le and Local  Government ......................................................................... —0— —0— —0—
Nat ional L ab or at or ie s.................................................................................... —0— —0— —0—
Ot he r ................................................................................................................ —0— —0— —0—

Personnel and Other Factors

Actual
FY1979

Estim ate
FY I 980

Estim ate
FY1981

Facu lty:
Num be rof Year s Suppo rted  ..................................................... ........... 20 50 78
Amount of Faculty Su pp or t......................................................... $600,000 $1.600.000 $2,700,000

Pos tdoc tora l Associates:
Nu mb er o f YearsSup por ted  ..................................................... ............. - 0 - 10 2
Amo unt of Postdoctoral S upport ................................................ ............. - 0 - $150,000 $30,000

Gr adua te S tudents:
Nu mber Sup por ted  Per Award Year ........................................ ............. 22 70 70
Amount of  Grad uate Student S upport ...................................... ............. $200,000 $560,000 $700,000

Other Pe rso nnel C os ts ..................................................................... ............. 2.700.000 2.240.000 7.560.000
Sma ll Busin essSol icit atio n Pe rsonnel Costs ........................... ............. (2.480.000| (2.000.000) (7.300.000)

Land. Bu ildings, and Fixed E qu ip m en t........................................ ............. —0— —0— —0—
Major E qu ip m ent............................................................................ ............. - 0 - —0— —0—
Other Eq uip me nt ............................................................................ ............. 218.816 290.000 628.000
Oth er C os ts ........................................................................................ .............  575.000 650.000 1.850.000
Ind irect C os ts .................................................................................... .............  1.431.000 1.880.000 4.732.000

T o ta l............................................................................................ ............. $5,724,816 $7,370,000 $18,200,000
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SCIENTIFIC, TECHNO LOG ICAL, AND  
INTE RNATIONAL AFFAIRS

PROGRAM ACTIVITY SUMMARY

FY1981 PROGRAM TO TA L..........................................................$28,850,000

Obligation s by Subactivity

Pago S ubacti v ity A c tu a l 
FY 1979

Budget
Request
FY1980

Current
Plan

FY 1980
Est im at e  

FY 1981
D if fe re nce  
FY 1981/80

Q-l Internat ional Cooperative
Scientific Act iv ities *....................... $10,603,513 $10,515,000 $12,014,000 $12,900,000 $886,000

G-ll Policy Research and Analysis........... 5,459,033 5,800,000 5,749,000 6,650,000 901.000
G-lll Science Resources Studies .............. 3,071,607 3,200,000 3,188,000 3,400,000 212,000
G-IV Information Science and

Te ch no logy ...................................... 4,428,155 5,200,000 5,152,000 5,900,000 748,000
Tota l* ........................................... $23,562,308 $24,715,000 $26,103,000 $28,850,000 $2,747,000

* Excludes activities under the U.S.-U.S.S.R. Agreement on Cooperation in the Fields of Science and Technology which are 
presented separately in the Cross Directorate Program Budget.

Goals and Description

Science and technology are  nat ional and intern atio nal  reso urces. Domestically 
the scien tific and technological en ter pr ise  of th e Unite d States yields new knowledge 
and prac tices which impro ve the qua lity  of life and lead  to new  prod ucts,  processes, 
and servi ces. Abroad, science and  technology are incre asingly see n as a means to 
economic growth and social  dev elopment . Efficient, ef fectiv e, an d timely in tern ation al 
exchange of scient ific info rma tion  also contribut es to U.S. int ern atio nal  objectives. 
Science and technology more and  more affect governing inst itutions,  the industria l 
and academic sectors, and the role of individual citizens. Consequently, there is greater 
conc ern about science  and techn ology policy and fundi ng of the netwo rks linking 
science and technology (S&T) to societ y at large.

The goal of the Scienti fic, Technologica l, and Int ernatio nal Affai rs (STIA) pro­
gram activity  is to prom ote the unde rsta ndi ng and e ffect ive functioni ng of the N ation’s 
scie ntif ic and technological ent erp ris e. STIA supp orts activities  desig ned to provide 
informat ion and system atic ana lysi s of the Nation’s S&T enter pri se,  and to enhance 
dome stic and inte rnat iona l exch ange  of S&T inform ation.

Each program subactivity contrib utes to attaining the overall STIA goal in a specific 
way. The Policy R esearch and Analy sis su bactivity p inpo ints criti cal S&T policy issues 
through extramural and intra mura l research  and examines the im pact and effectiveness 
of alte rna tive  Feder al policies for science and technology. Thus  it c ontri butes  to the 
knowledge base for policy form ulat ion.  The Science Reso urces Studies subacti vity
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develops comprehensive descrip tion s of the Nation’s ava ilable human and financ ial 
resour ces  for scientific and technological activities. Together, these two subactiv ities 
car ry out most of the monito ring and policy research  and analysis activitie s of STIA.

The remaining two suba ctiv ities are concerned  wi th the improvement of S&T in­
form ation  exchange. Internatio nal Cooperative Science programs benefit the U.S. 
scientifi c effort by gaining knowledge about scient ific activi ties or resources in other 
countri es and by promoting mutua lly beneficia l cost and facility sharing . At the same 
time, these  programs help the United States to im plement foreign policy objectives 
which have S&T content. The Information Science and Technology subactivity supports 
basic and appl ied rese arch  lead ing to timely and resou rcefu l use of information 
especia lly by the science and technology enterprise.

The objectives of each STIA subactivity are deriv ed from the NSF Act:
International Cooperative Sci ent ific  Activities (INT), in accordance with NSF 

statuto ry authority, foster the inte rchang e of scienti fic inform ation  between U.S. and 
foreign scientists, and initi ate and support  scientif ic and techn ical activit ies relating 
to i nte rnation al cooperation.  U.S. scientis ts and engineers from virtually every field 
benefit from the several types of activities supported. Formal and informal cooperative 
activ ities  w’ith other coun tries  offer opportuni ties for research  and the exchange of 
S&T inform ation  to the bene fit of all parties. Modes of cooperation range from the 
trave l support of individual U.S. scientist s serving as key speakers at international 
con fere nces to substantial contributio ns toward dues  and adm inist rative costs asso­
ciated with U.S. part icipation in internatio nal  scientific organizations.

Policy Research and Analysi s (PRA) meets to the Foundat ion's obligation to 
prov ide a source of in format ion and analysis for policy fo rmulation  to the Executive 
Office of the President and other Fed era l agencies. Its programs aid policymakers by 
supp orting studies of the re lations hips be twee n science and technology, the economy, 
and qua lity of life; the processes and management of innovation;  improved envi­
ronm enta l, energy, and resource polic ies; and assessments  of technologies  and the 
benefits  and risks of technologica l alternatives.

Science Resources  Studies (SRS)  is responsive to the NSF man date  to collect, 
interp ret  and analyze data on sc ient ific and technical resources in the United States. 
This subactivi ty main tains a u nique data base and develops comprehensive descrip ­
tions and analyses of National and inte rnation al R&D funding, and the supply  and 
utiliz ation  of scient ific and technica l personnel . This is done through the conduct 
of periodic surveys and studie s. SRS su rveys and studi es are essentia l to appraising 
the adequacy,  distribution , and cha rac teri stic s of resources avai labl e for scientifi c 
and technica l activit ies in the United States and abroad.

Information  Science and Technology (1ST). The Foundat ion’s charge to foster 
the exchange  of sc ientific  and technica l inform ation has led to the  support  of basic 
and app lied  research  in information  science and technology. Effect ive use of the 
informat ion resource  require s improve ments in storage, transmission, and retrieval.  
Research is needed  to define  new concepts and to provide  a theo retical ba se for fu ture 
advancement in society's ability to handle ever larger volumes of information. Research
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is su pported  in the following areas: 1) sta ndard s and measures, 2) stru cture of in for­
mation, 3) behavio ral aspec ts of info rmatio n tra nsf er,  4) models of information  flow, 
and 5) informat ion technology.

Changes Between the FY1980 Budget Request  and FY 1980 Current Plan

The FY 1980 Cur rent  Plan for the Scientific, Technologic al and Inte rnation al 
Affairs  program activi ty is $26,103,000. This amo unt is $1,388,000, or 5.6 p ercent,  above 
the FY 1980 Requ est to Congress, $24,715,000.

About $1.1 million  was reprogramme d for thre e thrusts  in inte rnation al scien tific 
coope ration where:  1) increa sing U.S. scien tific i nteractio n with countries  of We stern 
Euro pe prom ises exceptional opportu niti es through  s hare d expe rtise , reso urces, and 
facilities; 2) increased  scientific excha nges  with China honor  the rece nt U.S.-China 
Agreement on Co opera tion in Science and Technology: an d 3) provis ions for sc ientifi c 
coope ration with developing coun tries  are  in line with the U.S. postur e and policies 
expr essed at the UN Co nfere nce on Scie nce and Technology for Developm ent; at the 
same  time, this third  th rust opens some u niq ue environments to U.S. scientifi c inquiry. 
The rema ining $300,000 is d evoted to exte ndin g U.S.-Japan ese cap abi litie s in photo­
syn thesis- rela ted energy conversion res ear ch.

The curre nt plan of $26,103,000 excludes the NSF Planning  and Eval uation  sub­
activity and activ ities und er the U.S.-U.S.S.R. Agreem ent on Cooperation  in  Fie lds of 
Science and Technology. Previously inc luded in the STIA budget, both  now app ear  
sep ara tely  in the Cross Directora te Progr ams Budget. .

FY 1981 Budget Highlights and Explanation of Increases and Decreases

Obligations
FY 1979 Actual ................................................................................................................. $23,562,308
FY 1980 Pro gram ............................................................................................................... $26,103,000
FY 1981 R eq ue st ............................................................................................................... $28,850,000
Di ffe rence FY 1981/1980 ...................................................................................................... $2,747,000

The FY 1981 b udget reques t for STIA, $28,850,000, exceeds the FY 1980 Current  Plan by 
10.5 perc ent,  or $2,747,000. Throu gh internal  adju stme nts and no growth restr iction s 
in so me ongoing programs, this smal l incr ease non ethe less  mai nta ins the thre e int er­
natio nal coope rative science  th rus ts of FY 1980 and pe rmits other stra tegic ally p lanned 
activ ities  in each of the four subactivi ties.  Perce ntage  increas es in the subactivities 
follow:

In ternat iona l Coope rat ive  Sc ie nt ifi c Activ ites...........................................................  7.47.
Pol icy Research and A na ly s is .................................................................................................. 15.77.
Science  Resources Studies  ............................................................................................ 6.67*
Informa tion Sc ience and Tech nolo gy....................................................................................  14.57.
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Program in crea ses a re des crib ed below:

Inter national  Coop erative Scien tific Activities. Ongoing programs and exchanges, 

including the thrus ts ini tia ted  in 1980, are main taine d, although they continue to face 

dolla r value pressur es over seas . The requ este d $886,000 increas e will:

• Expand the co operativ e re search  thrust in Western Eu rope  where scientific  and 

technica l c apa bili ties  in some fie lds r ival or su rpas s those in  the U.S. and w here  

U.S. sc ientists  can  b ene fit most from cooperation  ($286,00 0), for a total program 

of $1,800,000,

• Cover significantly inc reased  dues and operating  costs associated  with U.S. par ­

tici pat ion  in in te rn at io na l scient ific  o rga niz ations  ($500,00 0; total program , 

$4,100,000).

• Enable  ap proximat ely one hun dred more U.S. sci entis ts and engineers to par ti­

cipate in major in tern atio nal  con feren ces ($100,000; total program , $800,000).

Policy Research and Analysis

• An inc rease  of $750,000 initi ates  a new rese arch  and analy sis program in i nte r­

national economic policy  that will build  upon cur ren t work focusing on int er­

national  technology tran sfe r.

• An incre ase of $151,000 perm its addit ional risk analys is activit ies to im prove 

methods  for evaluating long-term comp arative risks a nd ben efit s of alte rnat ive 

technologies.

Science Resources Studies . Comp letion of several large stud ies fund ed in FY 1980 

and an incre ase of $212,000 permits:

• A key survey of U.S. scie ntis ts and engineers identifi ed by the 1980 De cennial 

Census. This con tinues  a thrust begun in FY 1979 which has p lann ed, s eque ntial  

phases running through 1984. The data obtained will serve as a base for the Federal 

Governm ent’s statistical  information  on the adequacy,  dis tribu tion , and  charac ­

teristics of the Nation 's S&T perso nnel .

• Supp ort of two special proj ects  designed to update the N atio n’s inform ation and 

data concern ing small R&D f irm ’s industria l activity  and the R&D of in dep en­

dent nonprofit institu tions.

Information S cience and Technology

• An increase  of $748,000 allow s growth in thre e program elements: suppo rt of 

research on information transf er and related human behavior aspects ($400,000); 
investigation s of the info rmation  eco nomy ($148,000); and research on new and 

promis ing inform ation technology ($200,000).
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Coordination and Relationship to Other Federal Efforts

A critic al par t of STIA's goa l—improving the und erst and ing  and effect ive func­
tioning of the Nation's  S&T en terp ris e—involves dire ct rela tion ship s with users of 
ST1A output. This rela tionship  requ ire s continued forma l and informal contacts and 
coor dina tion  with policymak ers in the public  and priv ate sectors. And, it require s 
two-way commun ication  wi th S&T community re sea rch ers , ad min istrators, educators,  
and indu stry  represe ntat ives .

Several  mechan isms are emp loye d by STIA. Within the Government, close links 
are main taine d with the Executive  Office of the Pres iden t, par ticu larl y OMB and 
OSTP, and with other Fed eral  ag enc ies—notably  the D epartments  of State, Commerce, 
and Energy. Illust rativ e exa mples of coo rdina tion include: 1) STIA staf f p artic ipati on 
in in teragenc y working group s whic h coord inate Fed eral  R&D effor ts (e.g., Task Force 
on the Federal  Inform ation Locator System, the NSF-State Depar tme nt s teering gro up 
reporting to U.S.-Mexico Commission for S&T Cooperation, and the Federal Education 
Data Acquisition Council); and 2) staff analyses provided as input to special Presidential 
policy review s with S&T co ntent (e.g., Industria l Innov ation Domestic Policy Review 
and Non-fuels Mine ral Policy Review.)

In a dditio n, ongoing inf orm al contact  betw een  sta ff mem bers  of vario us ag encies 
ens ure s the flow of cur ren t inform atio n conc erning  program  pla ns and output. F urt her­
more, it preve nts unn ecessar y duplication of efforts  among th e agencies. Such contac ts 
frequently lead to joint review and project monitoring where there  are common interests.

STIA uses ad visory com mittees as a major mechanism  fo r gaining di rect  feedbac k 
and expert g uidance, esp ecia lly from the edu cational  and p rivate  sectors. O ther meth­
ods of reaching publi c and pri vat e sector users  incl ude  info rma l consu ltation  and 
stru ctu red  workshops spo nso red  by NSF for obta ining  advi ce from groups of edu ca­
tional institut ions, ind ust rial  organ izatio ns, and scientifi c socie ties. State and local 
gover nmen ts are also con sul ted  in similar ways.

Changes in Budget Structure

The overall  struct ure  of the FY 1981 STIA b udget rem ain s identical  to that pr e­
sen ted to Congress for FY 1980. However , three chang es hav e occurred at the sub ­
activity level:

• A new program e lem en t—Intern atio nal Economic Po licy—is added to the Policy 
Research and Analy sis subact ivity. Activities su ppo rted  unde r this e leme nt will 
focus on in ter nat ion al issues  affecting domestic econo mic p rogress and the con ­
duct of foreign rela tion s.

• Risk analysis ac tivit ies h ave been of ficially add ed to the Technology A ssessme nt 
program elem ent wit hin  the Policy Rese arch and  Analys is subact ivity. The 
program’s name h as b een cha nged to Technology Assessm ent and Risk Analysis, 
reflec ting the com plem enta rity  of the two kin ds of ac tivity and providing more 
visibility  to the Fo und atio n’s effort s in risk analys is.
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• An addi tional program  el eme nt—Informa tion Technology—has evolved within  
the Information Scie nce and Technology subact ivity. Through this program 
element, new information  system uses and ideas  not pursued within the private 
sector will be ex amined , and the use of more effective  instrumentation for infor­
mation science res earch  will be promoted.

Evaluation and Oversight

Final reports resu lting from STIA supported  extr amural policy research  rece ive 
evalua tion. A number of methods are used: mailed p eer  review, panel review, commis­
sioned papers, conferences  or workshops. Each method is a way of bringing professional 
rese arch ers,  policymakers, and the inte reste d public  into the examination of re search 
results and their pote ntia l use. This policy of evalu ation  also covers intramurally  
writ ten stud ies and  rep ort s prep are d at the reques t of other government organizations. 
These sta ff-prepared produc ts must bes imilarly  evalu ated  pr ior to formal distribu tion 
outs ide the National  Science Foundation. Furth er, as in FY 1980, o ther mechanisms 
cont inue to be employed. They are:

• Reviews of strat egic  plan s and project results by three perm anen t advisory 
committees;

• Special reviews of program plans and results by ad hoc consultants and profes­
sional organizations;

• Surveys of prospect ive users  to de term ine the utility of STIA products ;

• External contracts for ind epe nde nt evaluation  of individ ual program effec tive­
ness; and

• Inclusion of evaluation re qui rem ents in extramural projec ts supported by STIA.
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QU ANTITATIVE PROGRAM DATA
SCIENTIFIC, TECHNOLOGICAL, AND INTERNATIONAL AFFAIRS ACTIVITY

Proposal* and Awards

A c tu a l
FY 1979

Est im ate
FY 19 80

Es tim ate
FY1981

Propo sa ls:
N u m b e r— T o ta l .............................................................................. 685 760 839
Tot.nl D o lla rs  Prop os ed  ................................................................ ..................  $58,595,224 $66,750,000 $82,300,000

In te rn a ti o n a l T ra v e l S up po rt  A pp lica tions
N u m b e r— T o ta l .............................................................................. ........  677 800 850
Tota l D o ll a r  Su pport  R eq uested  ................................................ $1,616,100 $2,500,000 $2,800,000

A w a rd s :1

N u m b e r— T o ta l ............................................................................... ..................  455 438 451
D o lla rs  Aw a rd e d :

Tota l A m o u n t .............................................................................. ..................  $22,977,944 $25,403,000 $28,050,000
A vera ges  p e r A w a r d .................................................................. ................  50.501 57.998 62.195
Avera ge A w a rd  D ura tion  (mon ths)  ........................................ ................  16 16 16

1 nte rn a tio n a l T ra v e l S upport:
T o ta l N u m b e r o f Suc ce ss fu l A p p li c a ti o n s ................................. 303 325 354
D o ll a r  Support  P ro vid ed:

T o ta l A m o u n t................................................................................. . . .  $584,364 $700,000 $800,000
A vera ge S per S uc ce ss fu l A p p li ca ti o n  ................................... ................  1.929 2.154 2.600

Distribution of Funds Awarded by Performer

A c tu a l
F Y I 979

Est im at e
FY  198079

F.sl imatu
FY1981

U n iv e rs it ie s  A C o ll e g e s ................................................................................ $11,192,529 $12,268,000 $13,980,000
N o n -P ro fi t In s ti tu ti o n s .................................................................................. 1,696,448 1.950.000 2.100.000
F o r- P ro fi t Bu sine ss  and  I n d u s tr y ................................................................ 2,312.717 2.785.000 3.155.000
Federa l Labora to ries A O th er USG A g e n c ie s ......................................... 1.431.205 1.440.000 1.590.0(H)
N a ti o n a l Acad em y of Scien ce s & P ro fe ss io nal S o c ie ti e s .................... 6,540.589 7.150.000 7.500.000
O th e r-  ............................................................................................................... 388.820 510.000 525.000

T o ta l ...................................................................................................................  $23,562,308 $26,103,000 $26,850,000

Personnel Support end Other Factors

A ctu a l
F Y I  979

Est im at e
FY 198079

Est im at e 
FY 1981

Scien tist s:
N um ber S upp or te d .................................................... ..................................... 519 555 578
A m o u n to f S u p p o r t ...................................................... $4,238,534 $4,795,000 $5,265,000

O th e r P ro fess iona ls:
N um ber S upported .................................................... 148 161 176
A m o u n to f S u p p o r t ...............................  ................... $1,083,050 $1.275.000 $1.490.000

G ra duate  Stu de nts:
N um berS upport ed  .................................................... ..................................... 142 155 171
A m ount o f S u p p o r t ...................................................... ..................................... $925,935 $1,070,000 $1.240.000

O th e r Pe rson ne l C o s ts .................................................... ..................................... 1.824.597 1.982.000 2.280.000
O th e r Cos ts’ ....................................................................... ..................................... 10.944.865 11.996.000 12.890.000

In d ir e c t C o s ts .................................................................... ................................  4.545.327 4.985.000 5.685.000

T o ta l.............. ............................................................... .....................................  $23,562,308 $26,103,000 $28,850,000

' In clu des pur ch as e o rd ers  an d in le ra g e n cy  agree men ts  fo r  pr og ra m m atic  work .
Sta te  an d la ic a l G overn m ents , in d iv id u a ls . FF RDC's manag ed  by  an y p e rf o rm e r lis te d .

'E xpendab le  equ ip m ent,  p u b li c a ti o n , co m pute r an d o th er d ir e c t costs.
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INTERNATIONAL COOPERATIVE SCIENTIFIC 
ACTIVITIES PROGRAM SUBACTIVIT Y.................................. $12,900,000

Obligations by Program Element

Program Element Actual
FY19 79

Budget
Reque st
FY1 980

Curre nt
Plan

FY1980
Estimate
FY1981

Di ffe ren ce 
F Y 1981/80

Coope rat ive  Sc ie nce *....................................... $6,638,359 $6,115,000 $7,614,000 $7,900,000 $286,000
Sci en tifi c Org anizat ions & Re so ur ce s .......... 2,946,854 3,700,000 3,700, 000 4,200,000 500,000
U N . Confe ren ce on S cie nc e &

Tec hno log y for Dev elop m en t...................... 388,936 —0— —0— —0— —0—
Internatio nal T ra ve l.......................................... 584,364 700,000 700,000 800,000 100,000

Total ........................................................... $10,603,513 $10,515,000 $12,014,000 $12,900,000 $886,00 0

•E xclud es acli vilie s u nder the  U.S .-U.S.S.R. Agreement on C oop era tion in the F ields of  Sci enc e a nd T echnology whic h a re  pr e­
sente d sep ara tely in the Cross  Di rec torat e Prog rams secti on of the budget.

Objectives and Description

The vigor of science  and technology in the Unite d State s is enha nced  through 
internat iona l links. Res ear che rs share uniq ue facil ities or reso urce s and exchang e 
information. Inte rnat iona l coop erat ive programs imp lem ent the statuto ry autho rity 
of NSF to “initiate an d s upp ort  spe cific scientific activit ies i n connect ion with matters 
relat ing to in tern ation al cooper atio n" (P.L. 81-507, Section 3 (b) j.

Ther e are two prin cipal, inte rre lated objectiv es of Inte rnation al Coopera tive 
Scient ific Activities:

• to help meet the nee ds of U.S. science  through trad e of scie ntific  and techn ical 
information with othe r countries , and

• to assist in the design and  impl ementati on of sc ience  activ ities and programs 
in support of in ternat ion al objectives of the United  States.

Thre e program elem ents  are  inclu ded in this subactivity:

• The Coopera tive Science progra m provides support  for parti cipa tion  of U.S. 
scientists in bilateral resea rch programs with countries in Europe, Latin America, 
Asia, Africa, and Oceania; for exch ange of scientists: and  for col labor ative  activ­
ities to assist in build ing scie nce  infr astr uctures in deve lopin g countries.

• The S cientific O rgan izati ons and Resourc es program p rov ides  support for p art i­
cipation of U.S. scientists in international scientific organizations, and for studies 
and analyse s re levant to U.S. pa rtici pation in these organiz ation s and to NSF co­
operativ e science  activi ties.

° The Internatio nal Trav el program provides suppo rt for the part icipation of 
U.S. sc ientists  in major  intern atio nal  scientific meetings held  abroad.
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Significant Recent Achievements 

Recovery and Use of Nutrients from Whey
Large quantities of essential nutrients  are lost to the world’s food supply and 

become environmental pollutants because of inadequate methods to recover them 
from the waste products of food production. A major example of this problem is whey, 
a nutrit ious by-product of cheese manufacture  which is largely disposed of as waste. 
The Second Whey Research Workshop, held in 1979 under the U.S.-Australia Co­
operative Science Program, assessed progress made by researchers of the United 
States, Australia, and New Zeal and during the 4 years since the First Whey Workshop 
was held. All three countries have dairy industries  of major importance. In identifying 
current research areas of high priority, the participants agreed to cooperate on research 
projects related to whey processing, whey protein concentrates, and modifications of 
whey components especially as diet for patients suffering kidney or liver damage. 
These workshops have fostered  fruitful trilateral collaboration among scientists of the 
United States, Australia, and New Zealand.

Devices for Solar Energy Conversion
For solar energy conversion to be efficient and economically attractive, solar 

radiatio n must be absorbed by surfaces that do not re-emit the trapped energy as 
infrared rays as the absorber heats up. Present surface designs utilize costly multi­
layer systems that tend to deterio rate at high temperatures. Under the U.S.-France 
Cooperative Science Program, researchers of the two countries are jointly studying the 1 
optical properties of materials showing promise for use in single-layer surfaces. For 
the first time, under this binational effort, comprehensive optical measurements of 
these materials have been made. Results indicate ways that may lead to devices for 
efficient and economical solar energy conversion.

Natural  Resource Planning
At the International Institute of Applied Systems Analysis (IIASA) and at the 

University of British Columbia, an approach to environmental assessment and manage­
ment known as the “a daptive” approach has been developed by an international team 
of ecologists and environmental resource managers. The adaptive approach recognizes 
that uncertainty is an inevitab le and significant part of all environmental planning 
and management. The challenge is to develop an understanding of the key elements 
and processes involved and to design policies that permit environmental systems 
to adapt to, and thus survive, stress. The approach has been successfully applied 
by the U.S. Fish and Wildlife Service to river quality assessment and water resource 
management studies, and by a U.S. resource development firm in assessing and 
managing environmental impacts of mining projects.
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Seminar on Liquid Chromatography

Liquid chrom atography is a method widely used in rese arch  and manu factur ing 

for separati ng chemicals in so lutio n. The National Science  F oundation and the Japan 

Society for the Promotion of Science jointly spons ored a sem ina r to br ing together 

leading rese archer s of the two cou ntri es in this rapi dly developing field. Discussions 

dea lt with progress and need s, focusin g p rima rily on new  sta tion ary phase s including 

bond ed and porous  poly mers,  a nd on detectio n m ethods  inc ludin g mass spectrom etry. 

Japa nese  scientist s are making  lead ing  contri bution s in  the f ield of liqu id chromatog­

raph y, but publication of the ir work in the open lite ratu re is often  slow. Thus, the 

sem ina r provid ed an imp orta nt oppo rtun ity for U.S. experts to meet with Japanese 

colleagues to discuss new findings and exchange important information well in advance 

of pub lished reports.

Early Human Artifacts in the Philippine Islands

U.S. scientis ts have  col labora ted  with scien tists from the Phil lippine National 

Museum in a project involving geological mapping and studi es of stratigraphy and 

sedi men tation in the Cagayan Valley  in Luzon. The objectiv e of the project is to 

inves tigate the rela tionship  bet ween tools belie ved to have been  produced  by early 

man and animal  fossils collecte d since 1971 by P hilippine  f ield part ies. The Cagayan 

Valle y is one of only a few l ocal ities  in the world w here artifa cts and extinct fauna  can 

be rel ate d to a strat igraphic  and  temp oral framew ork. The joint rese arch , which 

includes new field work and also fossil dating efforts in both coun tries , is making a 

contrib utio n to an und erst and ing  of Pleistocene  c ultu ral develop men t a nd the faunas  

and environ men t of so uth eas tern  Asia.

Models of Land Subsidence

U.S. and Mexican scien tists hav e brought  their  complem entary knowledge and 

exp erie nce  together in a coop erat ive investig ation of how land sub side s as a result  of 

ground water or petrol eum with drawal . Land subsi dence, often leading to ground 

fail ures, slides, and cave-ins, is also of part icular inte rest  to the United  States in 

rela tion  to the developme nt of g eotherm al.e nergy. The res ear che rs are testing and 

improv ing a system of equat ions  descr ibin g fluid behavio r in re lati on to parti cula r soil 

properties . Two differen t com puter-b ased models, inde pen den tly deve lope d by the 

two group s of re sear cher s, are  b eing teste d coope ratively with e xten sive  d ata on land 

subs iden ce. The results are exp ected to improve  und erst anding of the relat ionsh ips 

between soil and fluid withdrawal and assist prediction and control of land subsidence.

Changes  Betw een FY1980 Bu dget Request  and F Y 1980 Current Plan

The FY 1980 Current  Plan exceed s the FY 1980 Budget Requ est by $1,499,000. 

Of this total, $1,199,000 is allocated  to the Coope rative Science program element to 

perm it augm entat ion of thre e signi ficant pro gram thrusts.  The first  thrus t is increased
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cooperation with the scientifically advanced countries of Western Europe, where research 
capabi litie s are com parable  to those in the United  States  in a number of scientific 
fields.  The th rust inc ludes expansion  of cooperative science programs with France and 
Italy and development of new  arrangements for collaborat ive activities with Switzerland, 
Germany and Belgium. The second th rust is the development of cooperative  programs 
which  focus on scien tific problem s of importance to developing countries  and which 
cont ribu te to the building of science and engineer ing cap abi litie s in these count ries. 
This thrust is a direc t result of preparation for the  1979 U.N. Conference on Science and 
Technology for Deve lopment and the conference itself. The third  thrust,  to increase 
scien tific exchanges with China, is pa rt of the deve lopm ent of closer ties in science 
and technology between the United States and China resulting from the 1979 agreement 
for cooperation in science and technology signed by the two countries. Another $300,000 
added to Coopera tive Scie nce is designated for a special joint  effo rt in photosynthesis 
research with Japan as par t of a 1979 Executive-leve l init iative in energy rese arch 
collaboration.

FY1981 Budget Highlights and Explanation of Increase s and Decreases

Obligations
FYl979Aclual ................................................................................................................. $10,603,531
FY 1980 Pro gram ............................................................................................................... $12,014,000
FY 1981 R equest ............................................................................................................... $12,900,000
Dif ferenc e—FY 1981 /FY1980 ........................................................................................ $886,000

The $12.9 million requ est ed for the In ternatio nal Coo pera tive Scientific  Activities  
Program Subact ivity for FY 1981 is 7.4 percent  more than the FY 1980 program.

Coo perative Sci en ce ........................................................................................................ 3.87»
Scientifi c Organiz ations & R es ou rces ........................................................................... 13.57r
In ternat ion al T ra v e l........................................................................................................ 14.37$

The FY 1981 Budget includ es:
• Cooperative Sc ien ce— support  of bilate ral coop erat ive programs and exchanges 

with countrie s of Western  Europe, Eastern Europe , Asia, Latin America, Africa, 
and Ocea nia ($7,900,000). An increa se of $286,000 over  FY 1980 will be used to 
mainta in the momentum of new thrus ts init iated in FY 1980 which emphasize 
increased cooperation with Western Europe and expanded cooperative research 
on problems imp orta nt to deve loping  countr ies.

• Scientific Organizat ions and Resources— support  for U.S. mem bersh ip and p ar­
ticipation in the Inte rnation al Insti tute of Applied Systems Analysis and in the  
Inte rnat iona l Counci l of Scientific  Unions and mem ber  unions; and for studie s 
and analyses related to international scientific activities ($4,200,000); an increase 
of $500,000 over FY 1980, p rimar ily to cover increased  costs of dues to m aintain 
membersh ip in inte rnation al scien tific  organizations.

G- I-4



726

• Inte rnat iona l Travel— suppor t of trav el by U.S. scient ists to attend major inte r­
nation al scientific meet ings and conf eren ces overseas ($800,000); an incre ase 
of $100,000 over FY 1980 to help  provide ade qua te represent atio n of the U.S. 
scientific community.

Coordinat ion and Relationship to Other Efforts

NSF staff part icip ates  in the Committee on Inte rnat iona l Science, Engineering 
and Technology, with the Depar tme nt of State as lead agency, and in three  of its 
intera gency working gro ups. T he working gr oups are studyin g coo rdination, long-term 
planning, and perso nnel  trai ning  w ith respe ct to science and technology and i nte rna ­
tional diplomacy.

NSF coordination with the Department of State on international scientific programs 
occurs  in the following activities: obtaining approval for science agreem ents with 
foreig n governments, payment of du es to i nter nationa l s cient ific organiza tions, cle ar­
ance  for certa in rese arch  projects  and certain staff travel, negotia tions, and program 
initia tives . In addition , ther e is fre qu ent policy and program coor dination with the 
Office of Science and Technology Policy, such as in the developmen t of new international 
science initia tives and in Joint Commission activity. Program officers also maintain 
contact and coordinate with the ir counterparts in techn ical agen cies of the Govern ­
ment on various inte rnat iona l activities.

Cooperative Science Program Element $7,900,000

Obligations by Program Element

Actua l
FY Vj79

Budget
Request
FY 1980

Current
Plan

FY I960
Estimate
FY1961

Di ffe rence
FY 1981/80

S6.6S3.3S9 $6,115,000 $7,614,000 $7,900,000 $286,000

Objectives and Description

The major objectives of the C ooperat ive Science program  are to (1) p rovide opp or­
tuni ties for U.S. scientis ts to acq uir e and share inform ation abou t cur ren t resea rch 
activ ities  with scientists in foreign countries; (2) encourage inte rnation al sharing of 
resear ch costs and to provide  ac cess to major  res earc h facilities; a nd (3) suppo rt scien­
tific and technological activities relev ant to international objectives of the United States. 
As an elemen t of cost sharing, collaborating institutions in foreign countries must provide 
supp ort for thei r parti cipa ting scie ntis ts or make thei r facili ties ava ilab le to visiting 
U.S. scien tists.
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The Coopera tive Science program ele me nt inclu des thre e major  activities:

• Bila teral  resear ch program s. The se programs are set up under  formal bila tera l 
agreem ents or in forma l arr ang em ent s betw een the United States and count ries 
in Europe,  Latin America, Asia, Africa,  and Oceania. Programs with some 30 coun­
tries support participation of U.S. scientists in cooperative research projects, joint 
sem ina rs and workshops,  and scie ntif ic visits.

• Int erac ade my exchanges. These sci ent ist exchang e progra ms are  manag ed by 
the National  Academy of Scien ces and the national acad emies of the U.S.S.R. 
and seven Easte rn Euro pean  c oun trie s. Scientif ic and scholarly  exchanges  a re 
also sup por ted betw een the United  States and China.

• Scie nce in Developing Co untri es. This program supp orts  resea rch  and teaching  
that r ela te to the ap plica tion of scie nce  and engineeri ng to pr oble ms of develop­
ment in Asia, Africa, Latin America, and the Caribbean. Awards un der  this program 
provide  fu nds for co operative  re sea rch , joint conferences, and diss erta tion  sup­
port, in accordance with cri ter ia deve loped by the National Scie nce Board.

FY1981 Budget Highlights and Explanation of Increases and Decreases

The budget requ est of $7,900,000  is $286,000 above the FY 1980 level. The FY 1981 
program incl udes the following activities :

• Coopera tion with Weste rn Eur ope  ($1,800,000); an incr ease of $286,000 over 
FY 1980 to contin ue the thru st to develop closer scien tific coop erat ion with the 
adv anc ed coun tries  of this region .

• Cooperative programs unde r formal bilateral agreements with countries in Asia, 
Eas tern  Europe, Latin Am erica, and Ocean ia ($2,700,000); a dec rea se of $300,000 
from the FY 1980 plan to reali gn activi ties in favor of coop erat ion with advanced 
cou ntri es and the Science  in Developing Coun tries Program.

• Coop erat ive activi ties with deve loping countries  u nde r the S cience in Develop­
ing Co untrie s thrus t ($1,100,000); an incre ase of $300,000 over FY 1980 chiefly to 
expand activities in Latin Am erica and the Cari bbea n.

• Exchanges ma naged by the  U.S. National  Academ y of Sciences with  the U.S.S.R. 
and  seven East Euro pean  co unt ries  ($1,600,000); no chan ge from FY 1980.

• Exchanges with China man aged  by the Com mittee for S chola rly Communication  
with the Peo ple’s Republic of China ($700,000); no change from FY 1980.
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Scientific Organizations and Resources Program Element . . .  $4,200,000

Obligations by Program Element

Ac tua l
FY 1979

Budget
Request
FY 1980

Current
Plan

FY198U
Estim ate
FY1981

Diffe rence
FY 1981/80

S2.946.S54 S3.700.000 S3.700.000 $4,200,000 $500,000

Objectives and Description

Th ere  ar e two ob jec tiv es  for  the Sc ien tif ic O rga niz ati on s a nd Res our ces  Progr am:

• To suppor t partic ipa tion by U.S. scientists in in tern atio nal  scienti fic organizations.

• To supp ort stud ies and analyses  relate d to parti cipa tion  of U.S. scienti sts in int er­
natio nal  sc ien tif ic o rga niza tio ns  and  bi la te ra l s cie nc e ac tivi ties .

The  pri ma ry  thr ust  of thi s pro gra m ele men t is to e ns ur e conti nu ed  U.S. m em be r­
sh ip  and  inv olv em ent  in  in te rn at io na l sci entif ic org aniza tio ns,  pr im ari ly the  In te r­
na tio nal Ins titu te for App lie d Systems A naly sis (NASA), an d the  In ter natio nal C oun cil 
of Sci ent ific  Un ions (IC SU ) an d its me mb er unio ns. Th rou gh pa rti cip ati on  in the se 
org ani zat ion s, U.S. sc ient ist s sh ar e in the pla nn ing  and execu tion of ma jor  in te r­
na tio na l res ea rch pr ojec ts an d in pro jec ts which  ad dr es s glo bal  pro ble ms. NSF pro ­
vid es  sup po rt for  U.S. mem be rshi p in the se org aniza tio ns throu gh  the Na tion al Ac ad­
emy  of Sci enc es, the  U.S. na tio na l me mb er of NASA and ICSU.

A s econ dary activity  un de r the  Sc ien tifi c Or ga niz ati on s an d Res our ces  program  
ele men t consis ts of e xt er na l an d i n-h ous e stud ies , a nal yses,  an d ass ess me nts  of co op er­
ati ve  sci ent ific  act ivi ties as we ll as certa in in te rn at iona l sc ient ifi c org ani zati ons .

FY 1981 Budget Highlights and Explanation of Increases and Decreases

The  bu dge t r eq ue st of $4,200 ,000 is $500,000  abo ve the FY 198 0 C urren t Plan. T he FY 
1981 pro gram inc lud es the fol low ing  activi ties:

• Su pp or t for  U.S. m em be rs hi p in NASA an d ICSU an d its mem be r un ions  
($4,100,000); an i ncr eas e of $550,000 over FY 1980 to cover  the higher costs of requ ired 
dues and adm inis trat ive  exp ens es rela ted  to U.S. par tici pat ion  in these organ iza­
tions due to do lla r de va lu at io n and  inf lat ion .

• Support  of ope ratio nal an d analy tical stud ies to provid e progr am planning , design 
and  ass ess me nt su pp or t for  NSF int erna tio na l co op era tiv e sci enc e activitie s 
($100,0 00); a de cr ea se  of $50,000 from FY 1980.
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International Travel Program Element ............................................ $800,000

Obligations by Program Element

A ctu a l
FY 1979

Bu dg et
Req ue st
FY 1980

Current
Plan

FY  1980
Estimate
FVJ981

D if fe re n ce
FY 1981/80

$584,364 $700,000 $700,000 $800,000 $100,000

Objectives and Description

The objectiv e of the Inte rnation al Travel program elem ent is to ena ble  U.S. 
scientists to par ticipate in impo rtant inte rnation al scie ntif ic meetings. By attendin g 
these meetings, U.S. scie ntis ts are able  to acquire  earl y scien tific inform ation  con­
cernin g ongoing res ear ch by foreign co lleagu es in their f ield s and  a re able to est abl ish 
a basis for future communication and collaboration. Group aw ards are primarily made to 
professional societie s, u nive rsit ies,  and  other no npro fit o rganiz ation s that  sup port  and 
coord inate par ticipat ion  by U.S. scientis ts. In addi tion, a few indiv idual awa rds are  
made to U.S. scien tists invi ted as organizers and lec tur ers  to in tern ation al meetings 
and to young scientist s invi ted to par ticipate in NATO Advan ced Study Instit utes.  
New manag ement  pro ced ure s were esta blis hed  in 1979 to cen tral ize and consolida te 
internati onal  travel sup por t. More trav elers have been supp orted because the new 
proc edures encourage grou p awards.

FY 1981 Budget Highlights and Explanation of Increases and Decreases

The req ues ted  inc rea se of $100,000 over the FY 1980 plan  is needed  to rais e the 
level of U.S. p arti cipatio n at inte rnat iona l meeting s and  c over incr eased trav el costs. 
The addit ional sup por t and the cont inued  emp hasis on group awa rds under  the new 
manag ement pro ced ure s will boost U.S. rep res entat ion  at key s cient ific meet ings by 
about 100 scientists a nd  en gine ers and, a t the same  time, i ncrease op port unit ies for the 
parti cipation of youn ger scientists .
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Q UANTITATIVE PR OGR AM  DA TA
IN TERNATIO NA L CO OPE RA TIVE  SCIE NTIF IC  ACTIV IT IE S SU BA CT IVITY 

Proposals and Awards

A c tu a l Est imate Estimate
EY 1.979 EY1980 F Y 1981

Proposals :
N um ber— T o ta l.............. .....................................................................................
To ta l D o lla rs  Pro po se d ....................................................................................

In te rn a tio n a l T ra ve l S upport  A p p li ca ti o n s
N um ber-To ta l .....................................................................................................
To ta l D o lla r S up po rt  R eq ue sted  ....................................................................

A w a rd s :'
N um ber— T o ta l ...................................................................................................
D o lla rs  Aw ard ed:

To ta l A m o u n t.............. .....................................................................................
A vera ges pe r A w a r d ....................................................................................
Ave ra ge  A w ard  D ura tion  (m on th s)  .........................................................

In te rn a tio n a l T ra ve l S upport :
T o ta l N um ber of  Su cc es sful  A p p li c a t io n s ...................................................
D o lla r S upport  Pro vide d:

Tota l A m o u n t.............. ................................................ ....................................
A vera ges pe r Suc ce ss fu l A p p l ic a t io n .....................................................

377
$22,166,242

400
S24.000.000

430
$26,200,000

677
SI .616.100

800
S2.500.000

850
$2,800,000

226 247 254

S10.019.149
44.333

18

S11.314.000
$45,806

18

$12,100,000
$47,038

18

303 325 354

$584,364
SI .929

$700,000 
$2.154

SHOO.0(H) 
$2,600

Distribution of Funds Awarded by Performer

A c tu a l
FY 1979

Es tim ate
FY1980

Est im ate
EY1981

U niv e rs it ie s  and C o lle g e s ............................................................................ $3,500,270 $4,214,000 $4,600,000

N o n -P ro fi ll n s li tu li o n s ................................. ................................................. 172.206 400.000 500.000

F or- P ro fi t B us ine ss  and  I n d u s try ................................................................ 850,000 800.000 800.000

Fed er al  L abo ra to ries  A O th er US G A g e n c ie s ......................................... 718.519 700.000 800.000

N a tiona l A ca de m y o f Scie nces  & P ro fe ssi onal S o c ie ti e s .................... 5.362.518 5.900.000 6.200.000

O th er-  ............................................................................................................... . . . . —0 — —0— —0—

T o ta l .......................................................................................................... $10,603,513 $12,014,000 $12,900,000

Personnel and Other Factors

Actu a l
P Y lM t

Es tim ate
EY 1.980

Est im ate 
FY 1981

Scien tist s:
N um b e r S up po rted  .................................................... ..................................... 254 275 285

A m oun t o f S u p p o r t ...................................................... ....................................  $1,440,538 $1,750,000 $1.800.000

O th e r P ro fe ss iona ls :
N u m b e r S upp or te d ................................................... ..................................  36 45 50

A m ount o f S u p p o r t ...................................................... ..................................... $517,702 $650,000 $750,000

G ra duate  Stude nts:
N um ber S upp or te d .................................................... ..................................... 35 40 45

A m oun t o f S u p p o r t ...................................................... ................................. $134,836 $175,000 $200,000

O th e r P er so nn el  C o s ts .................................................... ..................................... $385,865 $425,000 $500,000

O th e r C o s ts '.............................. ........................................ ..................................... $7,161,176 $7,914,000 $8,300,000

In d ir e c t C o s ts .................................................................... ................................... $963,394 $1,100,000 $1.350.(MM)

T o ta l ............................................................................ ..................................... $10,603,513 $12,014,000 $12,900,000

' In c lu des  pu rc ha se  orde rs  an d in te ra gency agre em en ts  fo r p ro gra m m atic w or k.
Sta te  an d Lo ca l G ov er nm en ts , in d iv id u a ls . FFRDC's managed by  an y p e rf o rm er lis te d.

'E xpendab le  equ ip m ent,  pub lica tio n , c o m p u te r an d o th er d ir ec t costs.
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POLICY RESEARCH AND ANALYSIS
PROGRAM SUB ACTIVITY..........................................................$6,650,000

Obligat ion* by Program Element

Program Element Actua l
FY1979

Budget 
Request 
FY 1980

Cu rrent
Plan

FY 1980
Estimate

FY1981
Di ffe rence 
FY 1981/80

Socioeconomic Effect* of SA T ....................... $1,112,225 $1,500,000 $1,400,000 $1,400,000 —0—
Internat ional Economic P olicy.......................
Innovation Processes and Their

- 0 - - 0 - 750,000 $750,000

Ma nagement.................................................. 1,392,414 1,400,000 1,400,000 1,400,000 —i0—
Environment. Energy, and Reso urces..........
Technology Assessment and Risk

1,087,467 900,000 1,100,000 1,100,000

An alys is ........................................................... 1,452,112 1,300,000 1,249,000 1,400,000 151,000
Special Reports and P ro te ct s.......................... 414,815 700,000 600,000 600,000 —0—

Total ............................................................. $5,459,033 $5,800,000 $5,749,000 $6,650,000 $901,000

Objectives and Description

The primary  goal of the Policy Research and Analysis (PRA) subactivity is to 
increase knowledge for decisionmaking on public policy issues which have science 
and technology (S&T) content. The subactivity supports extramural policy research 
and analysis re levant to S&T and assists in the application and use of such information 
by S&T decisionmakers and institutions involved with S&T.

The activities of the Division are derived  from the policy interests  and needs of 
the National Science Foundation, the Executive Office of the President, and the 
Congress. They include:

• Synthesizing the available knowledge and data relevant to specific policy issues;

• Developing an improved S&T information base for public policy analysis;

• Conducting policy analyses and assessing alternative S&T policy options;

• Enhancing the Nation’s S&T policy research capabilities; and

• Disseminating the information acquired and assimilated.

Significant Recent Achievements

The following are  examples of recent achievements of the Policy Research and 
Analysis subactivity.

The International Spread of Innovations Via the Foreign Subsidiaries of U.S.-Based 
Enterprises

This project, directed by Raymond Vernon of Harvard University, reviewed the 
transfer  and diffusion of 400 U.S. product innovations to overseas  affiliates by U.S.
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multinatio nals in the post-World War II p eriod. The objec tive was to assess the rate , 
direction, and d ete rm ina nts  of technology tra nsfer an d diffusio n through foreign d irect 
investment and foreig n sub sidi arie s of U.S.-based  firms. The project  found that:

• R&D-intensive firms  spread  the prod uctio n of innov ations  more quickly  and 
widely  in foreig n lo cations than less R&D-in tensive firms, and they use sub sid i­
aries more fre quent ly to prod uce the innov ations than independ ent licensee s.

• The number of new product lines produced abroad  by subsidiaries increase d 
in the 1970s, and the time b etween introduct ion of dome stic p roduct ion and for ­

eign produ ction  has  decr ease d.

• The dive rsifi cati on of pr oducts prod uced  increas ed over time, with high -tech­
nology par ent  firm s placing more emph asis on low-technology produ ct line s 
(outside t hei r p rincip al activity) and other pare nt f irms  moving into techno logy­

intens ive lines.

Risks to Structures  from Natural  Hazards: A Technology Asses sme nt

This recently com plet ed technology assessmen t by the J.H. Wiggins Company of 
Los Angeles compiled , ana lyzed and eval uate d inform ation  on hazard , exposu re, and 
risk in orde r to deve lop a rat ion al basis for haza rd mitigatio n decisionmaking. Subjects 
trea ted  in the rep ort  inc lude urban construc tion, cond emnation , and reha bilitation. 
The report also deals with prac tice s and codes with regard  to risks from: flooding, 
hurric ane , tornado,  wind, earth quake , tsunami, expansive soils, storm surge and la nd­

slide.
The study dealt  with: risk  determin ation, analysis of technological options to 

minim ize damage, cost ana lysi s (dol lar estim ates  of d amage s, cost to loss ratios per 
county , cost-feasibil ity es tim ates for  selecte d mitigation st rate gies) and exa minat ion of 

curre nt and feas ible policy options.
The chap ter summ arizing policy options and reco mm enda tions lists a total of 16 

reco mmenda tions  for imp lem entatio n by the Fede ral Governm ent and 14 reco mmen­

dati ons  for State actions.

The Future Regional Distribution o f National Synthetic Fuel Facilities

In su ppor t of its mission to improve the S&T knowledg e b ase  for dec isionmaking, 
PRA fund ed this study to asse ss factors relating to the geogr aphic distr ibutio n of 
fac iliti es for prod uction  of s ynthet ic liquid and gaseous h ydroca rbons from eith er coal 
or oil shale. The repo rt reviews  cha ract eris tics  of cur ren t technologie s and tradeoffs 
bet we en them which infl uen ce siting decisions. Through surve ys and intervie ws, 
the siting process is exam ined from the perspect ive of four functions  that will be 

involved in the devel opme nt of synth etic fuel capa city—oil produ ction , inter state  
pip eline transmission, regional gas distr ibut ion,  and major energ y consumption facili­

ties. The repo rt suggests how  the informat ion deve lope d could be used in improving 
future  foreca sting and modeling of region al energy deve lopm ent and facility siting.
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Finally, it points out the difficulties in dev elopment  of a long-range synt hetic fuel 
capabil ity in the face  of constantly shifting regu latory restr ictions.

Integration of NSF Funded Studies

During FY 1979, the PRA staff used the results  of funded  stud ies in s eve ral ana ­
lytical pap ers req ueste d by other  agencies. Indic ative  of these  efforts are  the seven 
pap ers  pre pared  for use by p arti cipa nts of the recen t indu stria l innov ation  domestic 
policy review . Each pap er reviewed major resear ch findings, including those  fu nded  
by this subac tivity, rele vant  to important  que stio ns and raised issues  essen tial to pa r­
ticular policy o ptions.  Titles of the sev en p ap ers are: Taxation and In vestm ent in Ind us­
trial Innovation: Foreign Trade Polic ies an d U.S. Industria l Innovation; Direct  Fe deral  
R&D Support and Industrial Innovation: The Impact on Industrial Innovation of Environ­
ment, Heal th, and Safety (EHS) Regulations: Patents  in the Priva te Sector: Scienti fic 
and Technical  Inform ation Policies for Industr ial Innovation; and The Impact  of 
Economic Regulation  on Innovation by Fi rms in the Energy, T rans por tation, and Com­
municatio n S ecto rs of the U.S. The se pape rs were signi ficant c ontr ibut ions  to the  final 
rep ort  which contrib uted  to the Pre sid ent’s re cen t efforts to enco urage innova tion.

Chang es Between FY 1980 Budget Req uest and FY 1980 Current Plan

FY 1980 was the first year  that fun ds we re specif ically  identifi ed for the Special 
Reports and Projec ts program elem ent. Somew hat less ($-100,000) than  the amount 
budgeted ($700,00 0) is expected to be spe nt in FY 1980. The progra m elem ent of 
Environment, Energy, a nd Resource s has  a modest increa se ($200,000)  d ue to a subst an­
tial growth in re lev ant  pr oposals  from th e a cade mic community, as well as an incre ase 
in reques ts for stud ies from othe r organiz ations in the Execut ive Branc h such as the 
Office of Man agem ent and Budget. The  progra m element, Socioeconomi c Effects of 
S&T, is red uced by $100,000 and Techn ology Assessmen t and Risk Analysis by $51,000 
to prov ide the rem ain der  of the inc rease.

FY 1981 Budget  Highlights and Explanation  of Increases  and Decreas es

Obligations
FY 1979 A c tu a l ..........................................................................................................................  $5,459,933
FY 1980 P ro g ra m ........................................................................................................................  $5,749,000
FY 1981 R e q u e s t............................ ............................................................................................  $6,850,000
D if fe re n c e — FY 19 81/F Y1980 .. .............................................................................................  $901,000

The $0.6 million requested for this subactivity is about 16% greater than the FY 1980 
program req uest of $5,749,000. This inc rea se is to perm it two major new thrusts in 
FY 1981: 1) a new program in int ern ational economic policy, an expansion of cur rent  
ongoing work in inte rnat iona l techn ology tran sfer  ($750,000 ), and 2) the addit ion of a 
progra m in risk analysis  to the ongoing technology assessmen t acti vitie s ($151,000).
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Perce ntage  changes between FY 1981 and FY 1980 for those  program elements existing 

in FY 1980 a re as follows:

Socioecunumic Effects o f Science and Techno log y......................................................
Inn ovation  Processes and Their  Man ag em en t............................................................. 07»
Environm ent. Energy,  and Resources ..........................................................................
Techno logy  Assessment and Risk Ana lysis ................................................................... 127.
Special Reports and Pro jects ..........................................................................................

Highligh tsof the FY 1981 prog ram include th e following:

• A new program of res earch  and analy sis on issues in internation al economic 
policy will be initiated to enlarge the research and information base for decisions 
affecting  domestic economic  progress  and the condu ct of foreign relations. 
Of prima ry conce rn are  the inte rnation al monetary and trading  system, coor­
dinat ion of domestic econo mic policy having  in tern atio nal  im plication s, and  the 
role of indus trial cou ntr ies  with resp ect to d eveloping count ries.

• A new thrust in risk analysi s will he support ed in which the primary purpo ses 
will be to suppo rt ext ram ura l rese arch  on risk analysi s and to recognize the 
complementari ty that exis ts between technology asses smen t and risk analysis.

• Support will be pro vide d f or the analysis of the in ter rel ate d e nviro nmental,  eco­
nomic, and social impac ts of growth and economic change result ing from al­
ternative technology choices in energy development.

• Fur ther attention  will be gi ven to the in flue nce of various governme nt policy in­
strum ents  (e.g., taxes, R&D spendin g, patents) on private secto r activity and 
retu rns for R&D and to the analy sis of technological innovatio n impo rtant to 
productivity  growth and intern atio nal  competitive ness.

• Emphasis will be given to stud ies of the effects  on innovatio n processes and 
decisi ons in and betw een  firms and indu stries as influenced by government 
policy and action.

Coordination and B eiationshio to Other Efforts

A concer ted effort is m ade to coo rdinat e Policy Rese arch and Analys is activit ies 
with rele van t and inte rest ed ind ivid uals and organ izatio ns such as the Depa rtmen ts 
of Comm erce,  State, Trea sury , Labor, Heal th and Human Services. Input is pro­
vided  by the Office of Science and  Technology Policy (OSTP) and by the Energy 
and Science Division of OMB. Spec ific exam ples of m echanisms employed in these 
efforts  are  the Domestic Policy Review  I nteragency Committees, the Fed eral  Coordi­
nating  C ouncil for Science, Engineeri ng, and Technology (FCCSET), workshops, and 
informal working groups. In addition, staff from the Congressional Office of Technology 
Assessm ent and PRA review each ot he r’s proposals and plans.

The Foundation  brings resul ts of PRA studies and analys es to the attention of 
inte rest ed par ties in all sectors hy dist ribu ting  copies and arranging  colloquia for
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decisionma kers  a nd rese arch ers.  Final rep ort s of all funded proje cts are  a vailable  to 
the publ ic through the National Technic al Inform ation Serv ice (NTIS) of the Depa rt­
ment of Commer ce.

Socioeconomic Effects of Science and Technology
Program Ele men t..................................................................... $1,400,000

Obligations by Program Element

Actua l
EY 1979

Budget
Request
FY 1980

Cu rre nt
Plan

FY1980
Estimate
FY1981

Di ffe rence
FY 1981/80

$1,112,225 $1.500,000 $1,400,000 $1,400,000

Object ives and Description

This program element supplies analyse s of the contribution of science and technol­
ogy to the economy and to the qua lity  of life, und er both existin g and alte rnate 
inst itutional  conditions and policies. The main objec tive is to improve asses smen ts of 
how Feder al policies modify the rat e, direc tion,  and socioeconomic  c onseque nces  of 
R&D and technological innov ation . The object ive is deri ved  primarily  from the ex­
pressed nee ds of the Executive O ffice of the Pres ident, the Congress, and the Na tional 
Science Foun dation .

FY1981 Budget High lights and Explanation of In crease s and Decreas es

During FY 1981, one set of stu die s will attempt  to prov ide new  insights about 
the inf lue nce  of gov ernment R&D s pending  on the outp uts and ret urns  from private 
secto r technological innova tion. An oth er group of studies will be ini tiat ed to exam ine 
more closel y the alte rnative  tax incenti ves  a vai lable to stim ulate ind ust rial  R&D and 
technological innovation . An ad diti ona l s et of stu dies  will prov ide new  em pirical data 
and analyse s about the contribu tion  of scient ific an d technologi cal resu lts to regulatory 
decisi onma king  and standa rd settin g. Othe r r ese arch will impro ve inform ation  about 
the role of R&D in inte rna tion al competitiv eness, and  the infl uen ce of governm ent 
polic ies in develo ping and commerc ializ ing technologies for foreign markets.

The following general  que stio ns will be add ressed  in FY 1981:

• What are  the econom ic incent ive  and disi ncentive effec ts on R&D and techno ­
logical innova tion of four  wide ly discussed types of gove rnme nt actions: tax 
policy, government R&D funding, inte llectual  proper ty rights protec tion, and 
regu latio n?
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• How can the effects of new scientifi c findings and technological development 
on consum er and worker welfa re,  anti on indus trial  growth be measured more 
precisely?

• What is the influence of fore ign trad e policy ac tions on the competitiveness of 
U.S. R&D-intensive prod ucts  in inte rnat iona l marke ts and the influence of 
these markets on U.S. indust rial  innovation?

There  is no change in the budget from FY 1980 to FY 1981.

International Economic Policy Program Elem en t...................... $750,000

Obligations by Program Element

Actua l
FY 1979

Budget
Request
FY1980

Cu rrent
Plan

PY1H8II
Estimate
FY1981

Diffe rence
FY 1.981/80

- 0 - - 0 - - 0 - $750,000 $750,000

Objectives and Description

This new program elem ent represe nts  a natural expansion of the intern ational 
technology t ransfe r work of the prev ious ly described program elemen t; consequent ly 
the two program elements will be adm inis tere d jointly. The funds  requested will 
make it poss ible for the Foundation  to provide for programs of res earch,  modelling, 
and policy analysis on issues of inte rnational economic policy which will affect domestic 
economic progress and the conduct of foreign relations. The need for a program to 
study such policy issues and to enlarg e the researc h base for decisionso n interna tiona l 
economic policy has been expressed by decisionmakers in the legislative and executive 
branches . The program will provide a mechanism for transmitting valid and timely 
rese arch  findings to assist d ecis ionm akers in dealing  with speci fic problems as well as 
provid ing improved inform ation to the rese arch  community about important issues 
facing decis ionm akers .

FY 1981 Budget Highlights and Explanation of Increases and Decreases

The focus of the program will be on policy issues that are expected to r equ ire 
attention in the near- and  medium-term future . These  include: the inte rna tion al mone­
tary and trading system; coordination of domestic economic policy having international 
impl ications; and the role of the industrial count ries with resp ect to the less deve loped  
coun tries  (LDCs).
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Research  ques tions  to be add ressed  by this program include:
• In wha t directions might the intern atio nal  mone tary system proceed to ensu re 

a s tab le economic environmen t for internation al and domestic comm erce and 
for long term economic growth?

• Is inte rna tion al coordination of d omest ic economic policy having major  inte r­
nat iona l repercussions  feasibl e? If so, what incentive s and pro ced ures can be 
cre ated to ensure that such coordination is implemented  e ffect ively?  What can 
be lea rne d from comparing  the experience  of the economic summits and the 
OECD about the d esir abi lity  and feasibility of formal or informal coordination 
of domestic economic polic ies of the major indu strial nations, given that the 
polic ies of one can be defea ted  by those of others?

• What forms of tran sfe r from the industria l countries to the less developed 
countries has been most successfu l in the past and which are  likely to be 
successfu l in the future? Are there other instruments, bes ides  direc t transfer  
of resources, which the industr ial countries can use to assist the LDCs in pursuing 
their domestic, social, and economic policy objectives?

• What kinds of coopera tion among the main indu strial countri es would be eco­
nomically effective and polit ically feas ible in dealing with the broader eco­
nomic problems associate d with scarce commodities of crucia l importance to 
the industria l world?  What can we lear n from comparison of the experienc e 
of the International Energy Agency, the European Community, and the follow-up 
of the Tokyo summit?

Innovation Processes and Their Management
Program Elemen t.........................................................................$1,400,000

Obligations by Program Element

Ac tua l
FY1979

Budget
Request
F Y 1980

Cu rrent
Plan

F Y I 980
Estimate
FY1981

Differ en ce
FY  1981/80

$1,392,414 $1,400,000 $1,400,000 $1,400,000

Objectives and Description

The pr incip al ob jective of this program e lem ent  is to improv e understa nding of the 
processes by which technological innovation  occurs. Program act ivities  seek improved 
understa nding of the incenti ves  and d isinc entives affect ing these  processes to identify 
potential  leverage  points for  Federal  action. This program element closely coordinates 
its activities with complementary efforts in the Directorate for Engineering and Applied 
Sciences.
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FY 1981 Budget Highlights and Explanation of Increases and Decreases

During FY 1981, the program will emphasize  a greate r conceptual and empir ical 
integration of the innova tion process field. High prior ity rese arch  issues will be 
iden tified, and addressed, through the extra mural program.

Research will be encouraged on the following questions:
• What are the operatio nal aspects of "smallne ss" that may account for the vigor 

of small, high-technology firms? How widespread,  ac ross various sectors of the  
economy, are the inno vativeness and produc tivity of sma ll businesses?

• What is the re latio nship between the ava ilabi lity of venture  capi tal and techno­
logical innovation? What major policy actions seem to account most for the supply 
of ventu re capital for inve stment in innovation?

• How are decisions to innova te made in firms, or State s or local agencies? 
How can these decisions be influenced by Federal actions  or policies?

• Under what condit ions (e.g., third  par ties or liaison agents) can the Federal 
Government  improve communications and o ther rela tions be tween institut ions 
involved in innovative activ ities? For example, can and do contract research  
insti tutes  act as liaison agents  between university and in dus tria l researc h activ­
ities? Between Federal labs and State and local agencies? Between Federal labs 
and indust ries?

There  is no change in the budget from FY 1980 to FY 1981.

Environment, Energy, and Resources Program Elemen t....... $1,100,000

Obligations by Program Element

Actua l
FY 1979

Budget
Request
FY1980

Cu rrent
Plan

FY1980
Estimate
FY1981

Difference
FY 1981/80

$1,087,467 $900,000 $1,100,000 $1,100,000

Objectives and Description

The objective  of this program  ele me nt is to c larify the role of S&T in meeting 
national energy, enviro nmen tal, and reso urce goals. Specific foci are:  the tradeoffs 
betw een energy, environment, and reso urces:  adequacy  of the S&T inform ation  base 
for Federal  decisionmaking in the environ ment, energy, and resources areas ; and 
alte rna tive  Federal  actions for achieving S&T goals.

Examples of r esearch topics are:
• What effect does increasing Fed era l regulation  of energy, envi ronm ent and
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reso urces (EER) have on the rate  and direc tion of g ener al ind ust rial  techno­
logical innovatio n?

• What alte rnative s are ava ilab le for achiev ing the commerc ialization  of new 
energy techno logies? For  in stan ce, how effective are Fed erally- fun ded  d emon ­
stra tion  projec ts in promoting comm ercializa tion of new energy  technologies 
com pare d to other  means  such as joint  Federal -ind ustr ial fund ing of rese arch  
and deve lopm ent?

• What kind of informatio n is ne ed ed  for dec isionmaking in the are as whe re S&T 
and EER interact? For example, how can consistent and reliable  data be obtained 
to track chemical s from the mining or produ ction s tage to the disposal  stage, and 
how can the adeq uacy  of such informati on be asses sed for pur pos es of form u­
lating rela ted Federal poli cies? What alte rnat ive policie s can  be pursued  in the 
face of uncer tainty about  scie ntif ic and technological data ?

FY 1981 Budget Highlights and Explanation of Increases and Decreases

Topics to be p ursu ed in the coming fiscal year  inc lude  ass essm ent of the data base 
for dete rmining the effects  of toxic chemic als on huma n hea lth and the envi ron­
ment, evaluation of alternative compensation  proposals for victims of pollutant-induced 
disease, and analysis of the effects of environmental regulations on industria l innovation.

There  is no change in the bud get from FY 1980 to FY 1981.

Technology Assessment and Risk Analysis
Program Ele me nt.........................................................................$1,400,000

Obligations by Program Element

Ac tua l
FY 1979

Budget
Request
FY 1980

Current
Plan

FY1980
Estimate
FY 1981

Differ en ce
FY 1981/80

$1,452,112 $1,300,000 $1,249,000 $1,400,000 $151,000

Objectives and Description

The objective of this prog ram elem ent is to deter min e the social, economic, and 
inst itutional  cons eque nces  of the intro duct ion of new technologie s or expansion of 
exist ing technologies. Res earch support ed seeks  to de fine  and explore the direc t and 
indirec t effects of technological change. Emphasis is placed on understanding long-term 
effects and comp arative risks and benefits of alte rna tive  technological solutions to 
issues of n ation al concer n. The  sho rt-ter m goal of the p rogram  is to sup ply in forma tion 
that will help deci sion mak ers anticipa te and plan  for impa cts and risks associated
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with the im plem enta tion  of new technologies. Long-term goals cen ter on the im pro ve­
ment of the use of informat ion about risks and impac ts of technology in the science  
and technology policymaking process; on ways to e nha nce  the data base for dec isio n­
making; and on impr ovemen ts in the methods for eva luat ing long-term compara tive  
risks of a lternat ive technological solutions.

FY1981 Budget Highlights and Explanation of Increases and Decreases

In FY 1981, resear ch will focus on the following ques tions:
• What are the implications for pub lic policy that could  resu lt from the implem en­

tation of technologies which have been developed through government-sponsored 
resea rch progra ms, e.g., in biomass utiliza tion or in transp ortation?

• What ar e the consequences of new technologies developed from discover ies in 
the physical sciences, such as the micro-miniaturization of computer components 
or the possibi lity of ge nerating nitrogen-fixing ce real  s train s through the app li­
cation of recombinan t DNA techniques?

In FY 1981, an addi tion al $151,000 is requeste d to support increased  stud ies in risk 
analysis. These stud ies will emphasize such quest ions as:

• Ho ws afe iss afe enough?
• How adequate a re th e est imates of risks associa ted with di fferent technologies?
• What strategies can be developed for  coping with s itua tions in which the d egree  

of risk is e ithe r unknow able  or unknown?
• What are the determinants  of risk perception and preference as they affect public 

acceptabil ity of technological risks?
The acceptabil ity of a given  risk is curren tly d eter min ed either  by expressed pre ­

ferenc e or revea led prefe ren ce  as deduced  from surveys . The results of eith er method 
are  not always consistent.  Methodological advances will be sought to put the determin­
ation of accep table  risk on a more solid footing.
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Special Reports and Projects Program E lemen t........................ $600,000

Obligation s by Program Element

Ac tua l
FY1979

Ru iIrhI
Request
FY 198(1

Current
Plan

FY1980
Estimate
FY 1981

Differen ce
FY 1981/8(1

$414,815 $700,000 $600,000 $600,000 - o -

Objectives and Description

The major objectives of this program element are to respond to assignment of ad hoc 
and continuing policy repo rts. At pre sen t, most program reso urce s are used for reports 
spec ific ally  requ ested by the Exec utive  Branch or the Congress  such as the Annual 
Scie nce and Technology Report a nd the Five-Year Outlook on Sc ience and Technology. 
Extram ural  suppo rt is also pro vided for specia l proje cts such as Domestic Policy Re­
views (DPRs) involving science  or technology r equ este d by the Execu tive Offic e of the 
President.

The princ ipal rese arch topics  in this program elem ent come from legislation re­
quir ing  the Annual and Five-Year  Reports to the Congress and special  requ ests from 
the Executive Office of the Pre sident . T hese reports  analyze p robl ems  of nat ional and 
inte rna tion al signif icance  ide nti fie d through scien tific resear ch or where scientific 
and techn ical concerns are  subst antia l; and opp ortu nities for constra ints  on scientific  
and technological cap abi litie s which  could contribute to the clar ificatio n and possible 
reso lutio n of n ationa l issues.

There  is no change in the budg et request ed for FY 1981.
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QUANTITATIVE PROGRAM DATA 
POLICY RESEARCH AND ANALYSIS SUBACTIVITY

Proposals and Awards

A ctu a l
FY1979

Es tim ate
FYJ980

Est im at e 
F Y 1981

Prop os als:
N u m b e r—T o ta l ................................................................................................ 141 150 1/5
T o ta l D o lla rs  Proposed  .................................................................................. S17.8H3.845 $19,000,000 S24.4OO.OOO

A w a rd s :'
N u m b e r— T o ta l........................................... ..................................................... 137 100 103

D o lla rs  A W nrd w l:
'Total  A m o u n t................................................................................................ $5,459,033 $5,749,000 $6,650,000

A ve ra g e s  pe r A w a r d .................................................................................. 39.847 57.490 64.563

A ve ra ge A w ard  Dura tion (M onth s, ........................................................ 16 16 16

Percentage Distribution of Funds Awarded by Performer

A ctu a l
F Y I  979

Est im ate
F Y I  980

Est im ate
FY1981

U n iv e rs it ie s  Xt C o ll e g e s ........................................................................................ $3,654,150 $3,379,000 $3,980,000

N o n -p ro f il  In s ti tu ti o n s .......................................................................................... 718.171 725.000 750.000

F o r- P ro fi t Bu sine ss  and In d u s tr y ........................................................................ 143.283 545.000 805.000

Federa l L abora to ries an d O th er USG  Age nc ies ............................................ —0 — —0 — —0 —

N ationa l A ca d e m vo f S cien ce sa nd  P ro fe ss io na l S o c ie ti e s ......................... 570.646 600.000 600.000

O th er-  ....................................................................................................................... 372.783 500.000 515.000

T o ta l ................................................................................................................... $5,459,033 $5,749,000 $6,650,000

Personnel end Other Awerd Fsctore

A ctu a l Est im at e Est im ate
F Y I 979 FY 19 80 FY1981

Scien tis ts :
N um ber s u p p o r te d ............................................................................................ 92 100 105

A m ount o f S u p p o r t ............................................................................................ $1,104,726 $1,195,000 $1,415,000

O th e r P ro fe ss io na ls :
N um ber S upported .......................................................................................... 66 70 78

A m ount o f S u p p o r t ............................................................................................ $228,840 $235,000 $310,000

G ra duate  Stu de nt s:
N um b e r S upported  .......................................................................................... 49 50 56

A m ount o f S u p p o r t ............................................................................................ $333,349 $345,000 $420,000

O th er Per so nn el  C o s ts .......................................................................................... 375.944 405.000 500.000

O th er C o s ts '.............................. ............................................................................... 2.015.427 2.074.000 2.340.000

In d irec t C o s ts ........................................................................................................... 1.400.747 1.495.000 1.665.000

T o ta l.............. ..................................................................................................... $5,459,033 $5,749,000 $6,650,000

1 Inc lu des purc hase orde rs  an d in te ra gency  ag re em en ts  f o r  pr ogra m m atic  wo rk .
Sla te  an d lo ca l go ve rn m en ts , in d iv id u a ls . FFRDC’s m an ag ed  by an y p e rf o rm e r lis te d .

'E xpendab le  equ ip m ent,  pub lica tion , com pute r and o th e r d ir e c t costs.
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SCIENCE RESOURCES STUDIES SUBACTIVITY......................$3,400,000

Obligations by Program Element

Program Element Actual
FY1979

Budget
Request
FYJ980

Current
Plan

FY I 980
Estimate

FY1983
Difference 
FY1981/80

S&T Personnel .................................................
Funding of S & T .................................................
Modeling and Special S&T Indicators ............

$1,909,404
588,900
573,303

$1,775,000
1,025,000

400.000

$1.688.000
1.000,000

500,000

$1,700,000
1,100.000

600,000

$12,000
100,000
100,000

Total ............................................................... S3 071 60 7 $3,200,000 $3,188,000 $3,400,000 $212,000

Objectives and Descriptions

The objectives of this  suba ctiv ity a re the developm ent, mainte nan ce, and analysis 
of timely and comprehensiv e info rma tion  on the Nat ion ’s hum an and financ ial re ­
sources for science  and technology. Science Resources Studies meets one of the 
legislative mandates of the National Science Foundation Act of 1950. The Act authorizes 
and  di rects  NSF to “. ..p rovid e a cen tra l cle ari ng ho us e for  the collecti on, 
inte rpreta tion , and analysi s of data  on the avail abili ty of, and the cu rre nt a nd pro jected 
need  for, scientif ic and tech nica l resources  in the Unite d States , and to provi de a 
source of information for policy form ulati on by oth er agenc ies of the Fede ral Govern ­
ment.. ."

Sup port  is pro vided for a n ongoing program of survey s a nd stud ies on science an d 
technology resou rces that includes: 1) the collection, analys is, and  inte rpreta tion  of 
data: 2) ident ifica tion of ex isting  and emerging issues; 3) anal ysis of hist orica l tren ds 
and forecasting  of futu re trends;  and 4) deve lopm ent of mode ls for analy tical and  
pro jecti on purpos es. Results of these surveys and stud ies are  diss eminate d through 
pub lication  of a serie s of rep ort s and summ aries  which make science reso urce  data 
ava ilab le to a w ide audienc e.

The subacti vity divide s its efforts between 1) recu rrin g stud ies and data colle c­
tions, par ticularly  those concern ing R&D fundi ng and the sup ply  and utiliza tion of 
S&T perso nnel , and 2) spec ial analys es of data resp onsive to cur ren t scien ce and 
technology policy issues. Though the issues and emp hase s vary, the surveys and 
stud ies cover a broad  range of national reso urce s for scie nce  and technology and 
prov ide factual  and analytic al inform ation  for the use of NSF manag ment,  the N ational 
Science Board, the Congress, the Office of Science and  Technology Policy, the Office of 
Management and Budget, and others engaged in science and technology policy formula­
tion or evaluat ion.
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Significant Recent Achievements

Science Indies tors— 1978
The eleventh annual report of the National Science Board, Science Indicators—  

1978, was transmit ted by the President to the Congress in November 1979. Science 
Resources Studies provided the analysis and staff for its preparation. The report is the 
fourth in a series providing indices of science and technology performance in the 
United States. The present  volume differs from previous reports in that it incorporates 
more interpretation and analysis of data presented, as well as new data. Primary policy 
questions illuminated by the data are identified, and increased emphasis is placed on 
alternative interpretations and the limitations of the data. This series of reports brings 
together a wide range of information depicting the curren t state of science and tech­
nology. The reports are extensively used by the Congress, the Executive Office of the 
President, and academic research ers and analysts.

Industrial R&D Expenditures
NSF has completed its 1978 survey of R&D expenditures by industry, the largest 

R&D performing sector in the United States. Data from this survey show an annual 
real growth in industrial  R&D expenditures of 5 percent between 1975 and 1978. 
Based on analyses of the survey data, proposed R&D funding levels contained in 
recent Federal budgets, and information obtained in personal interviews with indus­
trial R&D officials, the Foundation projects industrial R&D spending of $41 billion in 
1980. Industrial R&D directors  cite greater emphasis on research  and development 
relative to new market opportunities and continued increases in R&D on energy and 
polution abatement as the prima ry reasons behind recent and expected future growth 
of R&D.

Scientific and Technical Personnel in Industry
The results of the first of a set of three surveys to collect data from individual 

firms on their employment of scientists and engineers were published in FY 1979. The 
data, collected from manufacturing industries, revealed that industries with higher 
than average concentrations of scientists and engineers had significantly greater 
growth in total employment than industries with below average concentrations. Addi­
tional data  derived from surveys of firms in two sets of non-manufacturing industries 
are currently being collected and tabulated.

Changes Between the FY 1980 Budget Request and the FY 1980 Current Plan

The FY 1980 Current Plan differs from the FY 1980 Budget Request by only 
$12,000. There is also a small change in the distribution among the program elements. 
The Modeling and Special Science and Technology Indicators program element has 
been increased by $100,000 over the Budget Request to allow increased support for 
extramur al analytical awards. The postponement until FY 1981 of the Survey of New

G—III—2



745

Entr ants originally  sche dule d for FY 1980 and the red uce d costs of an oth er planned 
proje ct have  permit ted offsetting  reduct ions in the other two program eleme nts.

FY 1981 Budget Highlights and Explanatio ns of Increase s and Decre ase s

Obligations
FY 1979 Actual .....................................................................................................  $3,071,907
FY 1980 Program.................................................................................................... $3,188,000
FY 1981 Request .................................................................................................... $3,400,000
Difference—FY 1981/FY 1980...............................................................................  $212,000

The $3,400,000 request ed for the subac tivity is 6.6 pe rce nt above the FY 1980 Cur­
ren t Plan of $3,188,000.

Perc enta ge increase s among program  elements are as follows:

Scientific and Technical Personnel ......................................................................  1%
FundingofScienceandTechnology......................................................................  10%
Modeling and Special S&T Indicators ................................................................... 20%

The FY 1981 program includes:

• Maintenanc e of the sc ience  r esources inform ation base through contin uation  of 
the pe riod ic surve y prog ram at approximately its cu rrent lev el ($2,100,000).

• Continuat ion of work begu n in FY 1979 on the develop men t of modeling and 
simulation capabilities of the R&D funding and S&T personnel systems ($209,000).

• Cont inued supp ort for the extr amural analys is of sc ience  reso urces data. This 
program has been highly successful in creating interest among economists, statisticians, 
mod elers, and policy analy sts espe ciall y in the academic  community. It provides 
pote ntia lly valu able  inputs  to S&T policy issues from ext ram ural an alysi s of the e xten ­
sive NSF data base ($600,000).

• Supp ort of the S cience  Ind icat ors  effort at a level w hich sh ould  perm it the d evel­
opm ent of new indicators, especia lly those concern ed w ith outp uts, a nd the exploration 
of more  effective  means to mon itor and assess the status of s cien ce and technology 
($500,00 0).

The amount req ues ted  for FY 1981 will allow:

• An incre ase of $285,000 ove r FY 1980 for a total of $500,000 for co ntinua tion of the 
design and plan ning  of a key survey of scientists  and e ngi nee rs to be iden tified in 
the 1980 Decennial C ensus . The survey, to be car ried  out in 1982, will pro vide the 
comprehensiv e data bas e req uire d for the deve lopm ent of the Scientif ic and 
Technical P ersonnel  Data System for the 1980s. This effort will also furnish b ase ­
line data against whic h all S&T perso nnel studi es in the next deca de will be 
calib rated.
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• Support of a su rvey  of the R&D ac tivities of in dep end ent  nonprof it institutions.  

This per iodic survey, last car ried  out in  1974, pro vides  da ta used in the dev elop ­

ment of co mp rehensive  nation al overviews of R&D funding . A new survey is 

badly needed for continu ed developme nt of accu rate  national R&D funding  

total ($100,000).

• Net cyclical incr eas es totalling $240,000 in seve ral peri odi c stu dies and surveys. 

The largest single inc reases  are  expected in two componen ts of the Scient ific 
and Technical  Per son nel  Data System. These  componen ts will be in the data 

collection phas e of the ir bien nial  cycle at the same time requ iring  higher 

annua l outlays than usu al. Thes e cycl ical increases will be part ially  offset by a 

numb er of small cyc lical dec reases  in othe r perio dic su rveys and stu dies ca rrie d 

out in abb revi ated  form in altern ate  years.

• The increases listed  a bov e are part ially  offse t by the completion  of the funding  

of several relat ively larg e spec ial studies totalling $413,000 which will be fully 

funded in FY 1980. T hese include: a s tudy of how academ ic science  and engi­
neering faculty dis trib ute  the ir time among various professio nal activities , and 

in depth case s tudie s of the effects  of technological c hang e on the  ut ilizatio n of 

scientists and engin eers.

Coordination and Relationship to Other Efforts

This subactiv ity is the princi pal  source of natio nal stati stics  on resou rces for 

science and technology: it se rves as  the  focal point within  the  Fe der al Govern ment for 

the collect ion and analysis  of d ata  on science  resources . Close and continuo us int er­

action with other Fede ral agen cies  and with other public  and privat e institut ions is 

mainta ined  to assemble and int erpret inform ation  collected by them . Close and direc t 

contac t is also maintained  with the  Office of Management and Budget, the Office of 

Science and Technology Policy, a nd  other NSF offices, espe cially  the Division of Policy 

Rese arch  and Analysis, to prov ide data and analy ses req uir ed for policy f ormula tion 

and assessm ent.
Coordination is ca rrie d out throu gh a va riety  of mechanisms: inter agency agree­

ments  with the Bureau of the Censu s, the Bureau uf Labor Statistics, the National 

Inst itute s of Health , the Office of E ducation,  the National Endowmen t for the Hum ani­

ties, and other  Feder al agencies; staf f mem bership on inter agen cy committees and 

task f orces  c oncern ed with stat istic s and data collection: staff attend anc e at meetings 

and confere nces; and inform al conta cts among the profe ssional st aff of NSF and other 

organizati ons. Periodic meetings and  c onfe renc es a re held with u ser  groups  to review 

the p rogra m,and surveys of users are con ducted p eriod ically to improv e the u sefuln ess 

of the outp uts of the subactiv ity.
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Scientific and Technical Personnel
Program Elem en t....................................................................... .$1,700,000

Obligations by Program Element

Actua l
FY 1979

Budget
Request
FY 1980

C urren t
Plan

FY19 80
Estimate
FY1981

Diffe re nce
F Y 1980 /81

*1 .80S ,404 81 ,775 ,000 81, 58 8. 00 0 81 ,700 ,000 81 2,000

Objectives and Description

NSF has been charged by Executive Orde r to serve as the Federal Government’s 
principal agency for the collection, coordination,  and analysis of statistical information 
concerning scientific and technical personnel. This program element discharges  this 
responsibil ity.

Studies are designed to provide the factual information essential to track the edu­
cation and distribution of the Nation’s scientists and engineers. Such information is 
used in appraising the adequacy of the Nation’s scientists and engineers, in terms of 
their number and distribution; their quality as represented by educational attainment 
and other measures; and employment opportunities related to such factors as age, sex, 
and race. Specific  objectives are the development and maintenance of:

• A comprehensive statistical picture of the current state of scien ce and engi­
neering in institutions of higher education, including current assessments of the 
ability  of the higher education system to supply scienti fic and technical 
personnel;

• Timely and comprehensive statistical information on the current  and future 
utilization of scientific and technical personnel; and

• Factual information on the characterist ics of scientists and engineers, changes in 
characteristics, factors responsible for these changes, and their effects .

Examples of questions and issues addressed are:
• What are likely future supplies and needs for S&T personnel?
• Have there been significant shifts of doctoral employment by sector?
• What is the degree of change in field and activity, employment sector, and geo­

graphical distribution of scientists and engineers? What factors  produce these 
mobility patterns?

• What is the impact of Federal  pol icies and practices (e.g. funding priorities, new 
program initiatives) on current  and anticipated S&T personnel supply and 
demand?
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• How have the initial job patterns of new doctoral scientists and engineers changed 

in rece nt ye ars?

• What have been the major changes  in the finan cial supp ort of science  and 

engineering  gradua te stud ents? What have  been the effec ts of these support 

changes?

F Y 1981 Budget Highlights and Explanation of Increases and Decre ase s

In FY 1981 the program will inclu de 1] main tena nce of the S&T pe rsonnel data  

system  through contin uatio n of the  p eriod ic sur vey program; 2) continued work on the 

design  and planning of the key survey of scie ntists and engineers to be ident ified  in 

the 1980 Decennial Census; 3) sup por t for extr amu ral analys is of S&T perso nnel data.
The re is a $12,000 i ncr eas e in the FY 1981 budget above the FY 1980 C urrent Plan.

Funding of Science and Technology
Program Eleme nt........................................................................ $1,100,000

Obligations by Program Element

Actual
FYI 979

Budget
Request
FY 1980

Current
Plan

FYI 980
Estimate
FY 1981

Difference
FY 1980/81

$588,900 $1,025,000 $1,000,000 $1,100,000 $100,000

Objectives and Descript ion

This program elem ent inc ludes the collection, analysis , and disseminat ion of 

info rmation  on the patterns  and cha ract eris tics  of funding for resear ch and develop­

ment and for other scient ific and technologica l activitie s. The program includes a core 

of regular, perio dic surveys . Data collected  from govern ment,  indu stry,  universities  
and colleges, and nonprofit insti tuti ons  are integ rated to establish  n ation al totals and 

trends. Special studies covering a wide range of topics rela ted to the financing of 

science and  technology are also carri ed  out.

Exam ples of the quest ions and  issues address ed are:

• What is the p atte rn of publ ic and  p rivate R&D ex pen ditu res in re latio n to major 

func tion al a reas ?

• What is the impact of flu ctuatio ns in Fede ral R&D funding on the staffing pat­

tern s and  genera l stab ility of un iversit ies and col leges?
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• What is the cur ren t distr ibut ion of p ublic  R&D funds betw een  large and small 
indu strial f irms?

• What role  do var ious sectors p lay in th e pe rforma nce  of R&D? In its funding?

• What is the  impa ct of inflation on the Na tio n’s R&D activities?

• What tren ds over time can be obs erved in R&D exp end itur es and in other 
economic var iab les ? What data can bes t serve as bases  for esta blishing  the 
rela tion ship s betw een R&D exp endit ure s and other economic var iab les?

• What is the ge ographic dis tribu tion  of Fe der al R&D funds?

• How a re Fed era l and private R&D exp end itures  d istri bute d by sec tor and type 
of institu tion s?

FY 1981 Budget Highlights and Explanation of Increaaas and Decreases

In FY 1981 the program will incl ude  1) main tenance of the R&D fund ing data 
base through  c ontinuat ion of the peri odi c survey  program and s upport for e xtra mur al 
analys is of R&D funding data.

The in cre ase  of $100,000 req ues ted  for this pro gram in FY 1981 will per mit a survey 
of R&D activi ties of inde pen den t n onp rofi t institutions. This survey, la st carr ied  out in 
1974, w ill pro vide data needed  for acc ura te national R&D funding totals.

Modeling and Special S&T Indicators
Program Elemen t....................................................................... .....$600,000

Ac tua l
F Y I 979

Budget
Request
FY I960

Current
Plan

FY  1980
Estimate
FY 1981

Di ffe rence
FY 1980/81

*573,303 *400 ,000 *500,000 *500 ,000 *100 ,000

Objectives and Description

This program elem ent supp orts stu die s of the dynam ics of the science and tech­
nology res our ce allocation process. A majo r component of this underta king involves 
the d evelopmen t of specia l scie nce and  technology indicat ors w ith em phasis on output 
indic ators . This work and that of the oth er Science Resourc es Stud ies program ele­
ments provide the basis for the Nat iona l Science  B oard’s bi ennial Science Indicators  
pub licat ions  pr epa red  by SRS staff. Also i ncluded are modeling and  sim ulati on activi­
ties de sign ed to lead to a be tter  un der standi ng of the factors re spo nsible for changes in 
the dist ribu tion  of sc ience and techno logy resources.
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Questions and issues examin ed include:

• What measure s can se rve as good indicato rs of the outputs an d impacts of R&D?

• To wh at extent  can mode ling tech niques be used to de scri be the key beha vior  
and interactions  related to R&D?

• What is the status of S&T reso urce s in other coun tries?

• Are th ere fields of sc ienc e in which the U nited States is becom ing eith er more  or 
less produc tive by co mparison  with oth er coun tries?

FY1981 Budget Highlights and Explanation of Increases and Decreases

In FY 1981 the program will inclu de 1) supp ort of extr amural resea rch for the 
deve lopm ent of new S&T ind icators, espec ially those co ncer ned with outputs; 2) work 
on t he development of modeling and simulation capabil ities  for the science  a nd tech­
nology resou rce system; 3) ma inte nan ce and updat ing of the S&T indicators data 
base.

The incre ase of $100,000 req ues ted  for this program in FY 1981 will be used to 
inc rease extramural rese arch  for  the developme nt of n ew S&T indicators.

SCIEN CE RESOURCES STUDIES 
FY 1981 BUDGET

DISCRETE ITEMS
(dollars in millions)

Regular Pe riod icS tud ies
S&T Pe rs on ne l....................................................
Funding  of S&T....................................................
Model ing  and Special S&T Ind icators ...........

Extramu ral  Study P ro gr am s.................................

FY 1979 FY  1980 FY1981

$1 06  $1.06 $1.41
.41 .40 .62
.28 .30 .30

68 .60 60

$2.43 $2.36 $2.93
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QUANTITATIVE PROGRAM DATA 
SCIE NCE RESOURCE STUDIES

Proposal* end Awards

A ctu a l
FY 19 79

Est im ate
FY 1980

Es tim ate
FY1981

Prop os als:
N u m b e r— T o ta l ............................................................................................. 61 70 80
Tota l D o lla rs  Pro po se d .............................................................................. $4,945,137 $5,750,000 $8,700,000

A w a rd s :'
N u m b e r— T o ta l ............................................................................................. 52 48 48
D o lla rs  Aw a rd e d :

T o ta lA m o u n t ............................................................................................. $3,071,607 $3,188,000 $3,400,000
Ave ra ge  $ pe r A w a r d ............................................................................... 59.089 68.417 70.833
A vera ge A w a rd  D ura tion  (m on ths)  .................................................... 9 10 10

Distribution of Funds Awsrdsd by Psrformsr

A ctu a l Est im ate Es tim ate
FY1979 FY 19 80 FY1981

U n iv e rs it ie s  & C o ll e g e s ................................................................................... $373,567 $375,000 $400,000
N on-P ro fi t In s t it u t io n s .................................................................................... 283.985 275.000 300.000
F or- P ro fi t B us ines s an d In d u s tr y .................................................................. 1.140.453 1.188.000 1.250.000
Fed era l Labora to ri es and  O th e r USG  A ge nc ies ..................................... 660.051 700 000 750 000
N ationa l A cadem y o f Sc ienc es  and Pro fe ssi onal S o c ie ti e s .................. 807.425 650.000 700.000
O th e rJ .................................................................................................................. 6.146 0 0

T o ta l ............................................................................................................. $3,071,807 $3,188,000 $3,400,000

Personnel Support end Other Fsctors

A ctu a l Est im at e Es tim ate
FY 1979 FY 1980 FY1H81

Scientist s:
N u m b e r S upported ..................................................................................... 85 85 87
A m oun t o f S u p p o r t ....................................................................................... . . $773,183 $800,000 $850,000

O th e r P ro fe ssio nals :
N u m b e r S upported ...................................................................................... 30 31 32
A m o u n t o f S u p p o r t ......................................................................................... $191,837 $220,000 $240,000

G ra duate  S tu de nt s
N u m b e rS u p p o rt e d  ....................................................................................... 1 4 4
A m o u n t o f S u p p o r t ......................................................................................... $2,185 $20,000 $20,000

O th e r Per so nn el  C o s ts ....................................................................................... 555.981 575.000 610.000

O th e rC o s ts '............................................. ............................................................ 587.916 613.000 660.000
In d ir e c t C o s ts ....................................................................................................... 960.765 960.000 1.020.000

T o ta l ............................................................................................................... $3,071,807 $3,188,000 $3,400,000

'In c lu d e s  pur ch as e o rd er s a nd  in te ra gency ag re em ents  fo r  pr ogra m m atic w ork .
Sta te  an d lo ca l go ve rn m en ts , in d iv id u a ls . F F R D C s managed by  an y p e rf o rm e r lis te d.  

'E xpendab le  equip m ent,  pub lica tio n , c o m p u te r an d ot her d ir ec t costs.
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INFORMATION SCIENCE AND TECHNOLOGY
SUBACTIVITY .......................................................................... $5,900,000

Obligations by Program Element

Program Element Actual
FY 1979

Budget 
Request 
KY I 980

Current
Plan

FY1980
Estimate 

FY 1981
Difference 
FY 1981/80

Standards & Mea su res.......................................... $1,004,576 $1,125,000 $1,100,000 $1,100,000 —0—

Structure of Information........................................ 1,028.637 1,650.000 1,500,000 1,500,000 —0—

Behavioral Aspects of Information Transfer . . . . 1,049,942 1,300,000 1,200,000 1,600,000 400,000

Infometr ics............................................................... 1,345,000 1,125,000 1,152,000 1,300,000 148,000

Information Technology......................................... —0— —O— 200.000 400 000 200,000

Tota l.......................................................................... $4,428,155 $5,200,000 $5,152,000 $5,900,000 $748,000

Objectives and Description

Information is a nat iona l reso urce like land, labo r and capital. Sound national 
inves tments in this resource  requ ire  an understa nding of alte rnative s for its organi­
zation,  access, and trans fer. To fur the r this understa nding the Founda tion supports 
basic  and applied rese arch  on the propert ies,  structu re, flow, and utilization of infor­
mation.

Four program elem ents  of the subac tivity support resear ch on:

• Improved stan dards and  m easures  through which the predictions of theory and 
the perfo rmance of informat ion systems can be assessed.

• The structure of information.
• The behaviora l aspects of info rmation transfe r.
• The developm ent and use of models to understa nd the flows of information and 

its role in the economy (infometrics ).
The fifth program e lement . Information Technology, was in troduced  in FY 1980 to 

suppor t appropriate research activities  rela ted to emerging inform ation  technology.

Significant Recent Achievements

• An Experiment in Data Tagging in Information-Accessing Services Containing 
Energy-Related Data was completed  by the Amer ican Chemical Society. The 
study, which was conducted in cooperation with the Depa rtment of Energy, 
examined the feas ibil ity of coding numerical data in source documents with 
emphasis on cost and convenien ce. The  resu lts will permit the  direct  retrie val of 
this kind of information from automated systems.
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• Research was supported  at MIT to investigate a com puter  inter face which would 
perm it inexper ienced end users  to access automated inform ation  systems them­
selves rather than through professional inte rmediaries . The repo rt defines two 
approache s which should be used in an in tegra ted fashion  to achieve the goal of 
improved access. The first emp hasizes aids for human users  and the second 
plac es the burden on the machin e by appl ications of arti ficial intelligence 
techniques.

• A three volume work, by Machlup and Leeson at New York Univers ity, entitled 
"Information Through the Printed Word: The Disseminat ion of Scholarly, Sci­
entif ic, and Intel lectu al Knowledge" was publ ished. Derived from research  
suppor ted by NSF and othe r agencies, its purpose is to provide a be tter  unde r­
standing of the economics of disseminating scientific and intellectual  information.

• In the context of a document retr ieva l system, a ranking algorithm defines an 
ordering on a set of docu men ts in proportion to their degree of simi larity to a user 
query. A ranking algorithm trie s to presen t the most rele van t information to the 
user first. A project  at Syra cuse  Universi ty evaluated 504 different ranking 
algori thms to determine the ir rela tive  effec tiveness. A num ber  of equally effec­
tive algorithms w ere d isco vere d suggesting that significan t cost reductions  could 
be achieved by employing the least  cost algorithm.

Changes Between F Y 1980 Budget  Request and F Y1980 Current Plan

The major change in the Cu rrent Plan is the introduction of the Information 
Technology program element, for which $200,000 is allocated  in FY 1980. The amounts 
allocated to three of the program e lements  have been red uced slightly from those in the 
FY 1980 budget request. Sta nda rds  and Measures  has been red uced by $25,000, and 
Structure  of Information by $150,000. Behavioral Aspects of In form ation Transfer has 
been  reduced by $100,000, and the Infometrics p rogram elemen t has been increased by 
$27,000. These adjustments provide funding for the new Information Technology 
program element and bring the allocation of funds into better alignment with anticipated 
resear ch oppor tunit ies based on experience in FY 1979.

FY 1981 Budg et Hig hlights and Explanation of Increa ses  and Decre ase s

Obligations
FY 1979 Ac tual  ..........................................................................................................................  $4,428,155
FY 1 980 Pro gr am ........................................................................................................................  $5,152,000
FY 1981 R e q u e s t ........................................................................................................................  $5,900,000
D if fe re nce —FY 1981/FY 1 980...............................................................................................  $748,000
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The p ercenta ge incre ases  for program elem ents  are  as follows:

Standards and Measures.......................................................................................  —0—
Structure of Info rmatio n.......................................................................................  —0—
Behavioral Aspects of Information Transfer .................................................................. 33’. •
Info metrics............................................................................................................ 13'*
Information Technology ................................................................................................ ioti'.<

The $5.9 million requ ested in FY 1981 for Information Science and Technology is 
14.57< more than the FY 1980 program. The $748,000 increase re que sted  wi ll be used as 

follows:

• Sup port  for resea rch into the ways in which inform ation can he tran sfer red 
between inform ation systems and thei r human  users will be incre ased  by 
$400,000, bringing the total to $1,800 ,000.

• Supp ort for investigations of the inform ation economy, including the develop­
ment of pred ictiv e models of the s cien tific  and technical  com munica tion system, 
will be incre ased  by $148,000, bringing the total to $1,300,000.

• Sup port for rese arch  on information  technology will be incr eased by $200,000, 
bringing the total to $400,000. The incr ease will be conc entr ated  on projects 
assessing emerging new systems and for the design and use of more effective 
inst rum enta tion  in informati on science rese arch .

Coordination and R elationship  to Other Efforts

This subac tivity is virtually  the  only U.S. source of supp ort for inform ation  science 
research which is neit her pro prieta ry nor mission orien ted. Related but mission- 
orie nted research is supported  by a num ber of agencies. Among these  a re the Library 
of Congress, the National Library  of Medicine , the Office of Naval Resea rch, and the 
Defense Advanced Research Proje cts Agency. Related rese arch  is also  sp onsored by 
othe r NSF programs,  such as computer sc ience , the beha vior al sci ence s, an d engin eer­
ing. Coor dination with allied prog rams  in the Founda tion and in oth er agencies is 
acco mpli shed  through such mechanisms as joint review of proposals, parti cipa tion in 
advisory committee meetings, and liais on betw een the staffs of the coordinating pro­
grams. Coor dination with the Exec utive  Branch is effected  through p artic ipation  in the 
rele van t activities of the Federal  Coordin ating Committee on Science, Engineering, 

and Technology.
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Standards and Measures Program Elem ent $1,100,000

Obligations by Program Element

Actua l
FY1979

Budget
Request
FY 1980

Cu rre nt
Plan

FY 1980
Estimate
FY 1981

Di ffe rence 
F Y I 981/80

$1,004,576 $1,125,000 $1,100,000 $1,100,000 - 0 -

Objectives and Description

Progress in information scien ce de pe nd s on improved  mea sures and more accu rate 
stan da rd s for  a ssessin g the  p redi ct ions  of theory  and comp aring  th e re su lts  of ex pe ri­
men ts. Th e c on tin ued de ve lop men t an d re fin em en t of such tools is, th er efor e,  the fi rst 
concern  of this  program ele me nt.

Major Research Questions

• How  can  the ess en tia l pr op er tie s of inf orm ation  sys tem s be form ally ch arac ­
ter ize d?  Work tha t ap pl ies to com bin ed huma n and mac hine -based  systems is 
pa rti cu la rly  enc our age d.

• How can  objec tive and qu an tit at ive me asures  of the  at tr ib ut es  of inform ation 
such as co mpl exit y, m eanin g, util ity,  and valu e be  de fin ed?

• How  can  m easures  of co mp lex ity , m ean ing , and  ut ili ty b e r el at ed  to ch arac te ris ­
tics of info rmation  s ys tem s and to de sign  for org aniza tion, tran sfer , in te rp re ta ­
tion,  and uti lization  of inf ormat ion col lec tion s?

• How  ca n s tand ard ex pe rim en ta l en vir onme nts and tes t c oll ec tio ns  be d esigned 
to contr ol v ar iabi lit y and  enh an ce  the  comp arab ili ty  of expe rim en ta l re sul ts?

Explanation ot FY 1981 Increases and Decreases

Th e FY 1981 est im ate  is $1,100,000, uncha nged from the  cu rr en t p lan  for  FY 1980.

Structure of Information Program Element $1,500,000

Obligations by Program Element

Ac tua l
FY1979

Budget
Request
FY 1980

Cu rrent
Plan

FY 1980
Estimate
FY 1981

Di ffe rence
FY 1981/80

$1,028,637 $1,650,000 $1,500,000 $1,500,000 - 0 -
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Objectives and Description

Information systems involve (1) data files or other types of information stored in 
some physical form, and (2) users. This program element is primarily concerned with 
the physical and mathematical properties of information and information systems. 
Its major objectives are (1) characterizing information bearing structures, and (2) 
obtaining a better understanding of the re lationship between form and content. The 

first of these two objectives is directed toward an understand ing of those information 
structu res that are most efficient in given circumstances; it may also suggest how- 
human beings organize or should organize the information they use. The significance 
of the second objective is that computers and other information processing machines 
operate directly on the form of a statement,  noton its content, or meaning. The extent to 
which meaning can be conveyed by form determines how effective a machine, or 
information system, can be in answering the more complicated kinds of questions 

people ask.

Major Research Questions

• How are existing collections of information organized and how should they be 

organized for maximum benefit?

• How are form and content (syntax and semantics) connected, and to what 

extent can the former determ ine or substitute for the latter?

• What relationships exist between  information and the structure of language?

• What are the strengths and limitations of statistical theories of information?

• How can patterns of informat ion in text, image, and numerical archives or files 

be identified and recognized automatically?

Explanation of FY 1981 Increases and Decreases

The FY 1981 estimate is $1,500,000, unchanged from the current plan for FY 1980.

Behavioral Aspects of Information Transfer
Program Element ....................................................................  $1,600,000

Obligations of Program Element

Actua l
FY1979

Budget
Request
FY 1980

Curren t
Plan

FY1980
Estimate
FY 1981

Di ffe rence
FY 1981/80

$1 ,049 ,942 *1 .3 00 ,0 00 *1 ,2 00,0 00 $1 ,600 ,000 *400 ,000
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Objectives and Description

The effec tive appl ication of inform ation technology in the  design of information 
systems depend s upon a know ledge  of human capabi litie s and lim itations in processing 
information. Research in this program element con tributes  to that knowledge  base.

Major Research Questions

The three  main directions for rese arch  rema in uncha nged, although shifts in 
emphasi s will be  made to take curren t progress into account. The main questions are:

• What are the ab iliti es and limitations  of people tran sfe rring informat ion to and 
from physical subsystems such as computer terminals,  video displays, and 
prin ted mate rials?

• How do people  form and recogn ize patte rns in information systems and how do 
they system atical ly simp lify complex inform ation retr iev al and processing 
problems?

• What are the pro per ties spec ific to inform ation systems which are intended 
for use by la rge n umbers of people with varying re qui rem ent s and capabilitie s? 
What tr adeof fs have to be considered , e.g. between search time and cost, in the 
efficient design of informat ion systems for highly dif ferent  users?

Explanation of FY1981 Increases and Decreases

The FY 1981 estima te is $1,600,000, which is $400,000greater th an cur rent ly planned 
for FY 1980. The increas e will expand the FY 1980 level of ef fort in this program ele ­
ment to su pport  the increasing inte rest in these  problems  among social and natu ral 
scientists .

Infometrics Program Element ................................................. $1,300,000

Obligations by Program Element

Ac tua l
FY 1979

Budget
Request
FY  1980

Current
Plan

FY 1980
Estimate
FY 1981

Di ffe rence
FY 1981/80

$1.345,000 $1,125,000 $1,152,000 S1,300.000 $148,000

Objectives and Description

National ex pen ditu res for the transfer  of scien tific and technical in formation have 
cont inued  to grow cons iderab ly faste r than those for resear ch and developme nt and
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some what faste r than the gross national product; they total more than $13 billion 

annu ally.  In additio n, the growing role of sc ientifi c and techn ical information in the 

economy, creat es a req uir em ent  for bett er understa ndin g of the role of information 

in the economy. The objective  of this program element is to stren gthe n under standing  

of the role of inform ation in the economy and to assess and predict the impact of 

technological, regula tory, and  policy changes in the informat ion system.

Major Research Questions

• What is the role of s cien tific  and technic al inform ation as an input to prod uc­

tion? What is the na tur e of information as a prod uct?  How can concepts such as 

comp lementari ty and subs titut ion, economies of scale,  and public good, be 

appl ied to informat ion goods and servic es?

• What is the com para tive  flexibility and subs titutabil ity of inform ational and 

non-in forma tional  par ts of the workforce? What are the possible  tradeoffs 

betw een the informat ion labo r force and inform ation cap ital ?

• How can one solve the aggregat ion problems encoun tere d in modeling infor ­

mation flow? How can one  r ela te inform ation flow in firm s to inform ation flows 

in indu stries and to informa tion  flow in the economy as a whole?

• What criteria s hould  be u sed  in valid ating inform ation m odels?

Explanation of FY1981 Increases and Decreases

The FY 1981 estima te is $1,300,000, w hich is $148,000 grea ter t han current ly planned 

for FY 1980. The incre ase is re spon sive  to the cont inued inte rest in this pro blem area  

shown  by the rese arch  commu nity.

Information Technology Program Element ............................... $400,000

Obligation s by Program Element

Actual
FY1979

Budget
Request
FY1980

Current
Plan

FY 1980
Estimate
FY 1981

Difference
FY 1981/80

- 0 - $200,000 $400,000 $200,000

Objectives and Description

This program  eleme nt is pr ima rily  concerned with two issues: (1) identify ing and 

sup port ing resea rch nee ded  to util ize best the existing inform ation  technology and 

exam ining  the potential use of promis ing new systems and ideas which  are not being
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pu rsue d in the  pr iva te sec tor ; and (2) to promo te the  deve lopm en t and use of more 
eff ec tiv e instr um en tat ion  for  info rm at ion science research .

Regarding  the sec ond  c on cern , spec ial  ins tru men ts such as mi crosco pes a nd tel e­
scopes , w hich extend  no rm al hu man  ab ili tie s to o bse rve and m ea su re  physical  pr op er­
ties  ha ve  be en  essential to the  ad va nc em en t of the  physi cal and biological sciences. 
In form ati on  s cie nce is s im ila rly  de pe nd en t on instr um en ts wh ich  make it p oss ible to 
ob serve and me asure  p ro pe rt ie s o f in for ma tion and inf orma tio n tran sfer  in a way th at 
ex ten ds  im me dia te ind ividu al pe rcep tio n.  For e xamp le,  st ructur al  an aly sis  of langu age  
is alm ost  imp oss ible wi tho ut an  au tom atic pa rser , and  aco ust ic an aly ze rs and syn ­
the siz er s are  ess entia l to re se ar ch  on the st ructur e of voca l inf orm ation . Fu rth er,  
there is a need for image proc essin g ins tru men ts to eff ici en tly  g athe r da ta for use  in 
re se ar ch  on access ing  meaning  from gra phic inf orma tio n suc h as maps, engin eering 
dra wings, and  paten ts.  This prog ram ele men t will ca pi ta liz e on the  rapid advance of 
mi cro ele ctron ics , te lec om mun ica tio ns , and  othe r techno log ica l ad va nc es  to p rom ote  
the  deve lopm en t of inst ru m en ta tio n for inf orma tio n sc ien ce rese arch .

Major Research Questions

• What ins tru men ts to assis t inf orm ation  sci ence  re se ar ch  ar e now pra cti ca l or 
feas ibl e as  a res ul t of adv an ce s in t echnology?

• What advanced syste ms  ar e tech nolog ica lly  feas ib le ov er  the  nex t five  to ten 
years? What a re  the  soc ial  an d economic im pli ca tio ns  of suc h technology?

• What is the impact of inf ormat ion techno logy ad va nc es  on  i nform ation  s cie nce 
researc h?  In pa rt icul ar , w hic h r esea rch d ire cti on s hold g re at er  opp ort un ity , an d 
which  are  ma de les s es se nt ia l by tec hnolo gical cha nge?

Explanation of FY 1981 Increases and Decreases

The FY 1981 e sti mate  is $400,000, an i nc rease of  $200,000 abov e the C urrent  Plan fo r 
FY 1980. This will su pp or t p ro ject s to conc ep tuali ze  an d a na lyze  ad va nc ed  in for ma tion 
sys tem s a nd to app ly ad va nc ed  in form ation  t echnology  to ins tru men ta tio n in inf orma­
tion  science.
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QUANTITATIVE PROGRAM DATA 
INFORMATIO N SCIENCE AND TECHNOLOGY SUBACTIVITY

Proposals and Awards

A ctu al
FY 1979

Est im at e
FY 1980

Est im at e
FY19H1

Prop os als:
N um b e r — T o t a l ............................................... ..........  106 140 154

T o ta l D o lla rs  Pro po se d .................................. ..........  $13,600,000 Si8.oon.ooo S25.OOO.OOO

A w a rd s :'
N u m b e r— T o t a l ............................................... ........ 40 43 40

D o lla rs  Aw ard ed:
T o ta l A m o u n t ..................................................... ..........  $4,428,155 $5,152,000 $5,900,000

A vera ges Per  A w a r d ....................................... ..........  $110,704 $119,814 $128,261
A ve ra ge A w a rd  D ura tion  (M on th s)  ............ .......... 19 19 19

Distribution of Funds Awarded by Performer

A c tu a l
FY 1979

Est im at e
FY  1980

Est im ate 
FY  1981

U n iv e rs it ie s  & C o ll e g e s .................................................................................... $3,664,542 $4,300,000 $5,000,000

N o n -P ro fi t In s ti tu ti o n s ...................................................................................... 522.106 550.000 550.000

For- P ro fi t Bu sine ss  & In d u s tr y ........................................................................ 178,981 252.000 300.000
Fed era l Labo ra to ri es and  O th er U SG  Age nc ies ........................................ 52.635 40.000 40.000

N a tiona l A cadem y of Scien ce sa nd  P ro fe ss io na l S o c ie ti e s .................... —0 — —0 — —0—

O th er ................................................................................................................... 9.891 10.000 10.000

T o ta l ....................................................................................................................... $4,428,155 $5,152,000 $5,900.000

Personnel Support and Other Factors

A ctu a l
FY 1979

Est im ate
FY 1980

Es tim ate 
FY 1981

Scien tis ts :
N um ber s u p p o r te d ....................................................... ...................................  88 95 101
A m ount o f S u p p o r t ....................................................... $920,107 $1.050.000 $1,200,000

O th e r Pro fe ss io na ls :
N um ber S upported  ..................................................... ...................................  14 15 16

A m oun t o f S u p p o r t ....................................................... ...................................  $144,871 $170,000 $190,000

G ra duate  St ud en ts :
N um ber S upported  ..................................................... ...................................  57 61 66

A m ount o f S u p p o r t ....................................................... ...................................  $455,583 $530,000 $600,000

O th e r P er sonnel C o s ts ..................................................... ...................................  506.827 577.000 670.000

O th er C os ts ’ ........................................................................ .................................... 1.180.346 1.395.000 1.590.000

In d ir e c t C o s ts ..................................................................... .................................... 1.220.421 1.430.000 1.650.000

T o ta l ...................................................................................... .................................... $4,428,155 $5.152.000 $5,900,000

' In c lu des  p urc ha se  orders  and in te ra gency  agre em ents  fo r  pr og ra m m atic  wor k.
S ta te  and lo ca l go ve rn men ts , in d iv id u a ls . FFRDC 's  man ag ed  by  an y pe rf o rm e r list ed.

'E xp e n d a b le  equ ip m ent,  pub lica tion , com pute r an d d ir e c t costs.
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CROSS-DIRECTORATE PROGRAMS

PROGRAM A CTIVITY SUMMAR Y

FY1981 PROGRAM TOTAL ......................................................... $51,950,000

Ob ligation* by Subactivity

Page Subactivfty A ctu a l 
FY 1979

Budget
Request
FY1980

Current
Plan

FY 1900
Estimate 

FY 1901
D if fe re n ce  
FY 1981/80

H-2 Industry/University Cooperative
Research ................................................. SS.445.92S 34,000,000 37,050,000 320,000,000 312,950,000

H-S Special Facili ties and Instrumentation 
Program e................................................. S,SOS,302 S,300,000 8,100,000 20,250,000 12,150,000

H-13 Cross-Directorate Internat ional
Prog rams.............................. .................. 3,387,484 3,200,000 4,200,000 5,200,000 1,000,000

H-20 Other Programs ...................... .................. 2,423,171 4,300,000 6,175,348 8,500,000 324,652
Total .................................. .................. 316,862,888 317.300,000 325,525,348 351,950,000 326,424,652

Goals and Description

The Cross- Directorate Progr ams Activity is new in the FY 1981 budget.  The Foun­
dation has grouped in this budg et activity, for pres entatio n purp oses , a number of 
programs with spe cial cha rac teri stic s an d goals. Thes e program s m ainly  provide fund s 
for purpose s not rela ted to any single  field of science but to se ver al scientific fields 
general ly supp orted  by the NSF. In some cases, these progra ms rece ive and review  
prop osals in many area s aime d towar d a specific objec tive othe r than  advancin g 
a pa rt ic ul ar  fiel d of sci enc e. On e program, for exa mp le,  prov ide s equip me nt to 
res ear che rs at small colleges and  a not her  ex peri men ts with b uild ing rese arch  l inkage 
betwee n acade mia and indu stry.  Both programs support  projects  in many fields  of 
science.

Some of the goals of individ ual programs inclu ded in the Cross-Dire ctora te Pro­
gram Activity are to:

• Encourage gre ater  cooperation in r esea rch betw een  un iver sitie s and industry.

• Provide suppo rt for res ear ch equipm ent and improved res ear ch facili ties to 
colleges and univ ersi ties  that  have programs in the sciences  and engineer ing.

• Main tain rese arch  c oop erat ion  betw een the U.S. and the U.S.S.R. and broa den 
oppo rtunities  betw een  the U.S. and China.

• Help predominantly minority colleges and universities establish active research 
programs on their  cam puse s there by encou raging  cap abl e scien tists at these 
institu tions to compete for rese arch  supp ort from all app rop ria te sources.
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• Improve the qua lity  of science  by stimulating and increasing the competitive­
ness of sc ienti sts for Federal  r esearch  support in States that are now re lativ ely 
less able to compete successfully.

• Provide postd octoral oppo rtun ities  for rece nt doctoral graduates to pu rsue  fu ll­
time basic r ese arc h that enhances their ability  to make significant con tribu tions  
to the scien tific world.

• Provide support for rese arc h in decision and management sciences  aimed at the 
improvement of decision making in the public and pr iva te sectors.

• Continue  support of effo rts to plan and evaluate  Foundation  programs on the 
basis of established  needs,  goals, and objectives.

INDUSTRY/UNIVERSITY COOPERATIVE
RESEARCH SUBACTIVITY................... .................................... $20,000,000

Obligatio ns by Program Element

Program Element Actual 
FYI 979

Budget 
Request 
FYI 980

Cu rre nt
Plan

FY 1980
Estimate

FY1981
Difference  
FY 1881/80

Industry /University  Cooperative
Research Program ....................................  $5,445,929 $4,000,000 $7,050,000 $20,000,000 $12,950,000

Total ................................................................ $5,445,929 $4,000,000 $7,050,000 $20,000,000 $12,950,000

Overall Program Level (see n o te ).............. ........ $9,500,000 $6,000,000 $10,600,000 $30,000,000 $19,400,000

Note: This program shares funding of ind ividual projects wi th many other NSF programs for FY 1980 and FY 1981 on a 
67-33 basis: the true overall level of cooperative project funding is shown in the bottom line.

Objectives and Description

The purpose of the Indus try/Un iversit y Cooperat ive Research (ILICR) program is 
to encourage  cooperative r esearc h p rojects in order to strengthen ties between univer­
sities and industry.

There  is a continu ing need for e ffec tive communication  and cooperat ion between 
research ers  in unive rsities and researc hers in industry . Univers ities  produce knowl­
edge  and  tra ined  manpower . Indu str y tra ns lat es  knowled ge into  socially  and 
economica lly useful developments.  The ties should be stren gthened betw een these 
two sectors of the Nation's scientif ic and technological system.

To encourage such ties, this program provides g rants for the suppor t of coopera­
tive resear ch projects involving both universi ty and industria l scientists. Research  is 
focused  on fundamen tal scien tific or engineering  questions of a basic or applied 
natu re. The work may be expected to make a long-term contribution  tow ard produc t or 
process innovation,  or to provide knowledge as a foundation  for new or improved 
technologies. Technological developmen t, classified and clinica l research are not 
supported.
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Crit eria  for projec t funding  from the program include:

• quality of science propos ed

• col labo ratio n be twee n in dus try/un iversit y re sea rch ers

• cost-sh aring

Uni vers ities  and colleges and establ ished profit-making industr ial firms, includ­
ing small busin esses, are eligible. A var iety  of a rran gem ents  have bee n suppo rted. 
Coop erating entities must rep res ent bona fide ind epe nde nt opera tions .

The dist ribution  of IUCR funds  among fields of scien ce will follow the patt ern of 
receipt  of high-quality research pro pos als by NSF. All fields  sup por ted by NSF are 
eligible . Each IUCR propo sal is firs t peer-review ed in competition  with other  pro­
posals in the same area  of science,  a nd then  considered for IUCR funding . The revie w 
pro ced ure s are no differen t from those  given to any scien tific proposa l received by 
NSF.

The administ ration of the prog ram is designed to keep the pee r review  and 
technica l decisions on aw ards  d ece ntralized  in the s tandar d programs of NSF organi­
zational structur e, while prov iding  a central control for IUCR pol icies  and allocation  
of IUCR funds. This provides the pe er  r eview  q uality  control, minimizes adm inis tra­
tive costs and avoids duplicat ion of programs.

Major Research Questions

Rese arch questio ns occur in all field s of sc ience that have rele van ce to indust rial 
technology. This includes  un der sta ndi ng of phys ical, chemical, or elec trica l pro pert ies 
of matter and the exploration of engineering problems of important industrial processes 
and technolo gies. Research usu ally  seeks to a cquire new or more  prec ise empir ical 
data , to model or develo p theor ies  to expla in ph enom ena,  or to design new or improv ed 
devi ces and processes.

Significant Recent Achievements

An IUCR project  fu nde d in FY 1978 has b een invest igating  basic  mechanis ms an d 
stru ctu res  for catalyzi ng the reduction of oxygen in elec trochem ical processes. In 
par ticu lar,  an organ ometallic ion in a porphyr in s tructu re has been co nstruc ted which 
shows r emarkab le catal ytic activity in fac ilitatin g the elec trochem ical transf ormation 
of wat er to hydrogen and oxygen gases (or reve rsib ly for prod ucing electr icity and 
wa ter by elect rochemic ally combinin g hydrogen and oxygen). Such catalysts may 
even tually cont ribut e to the deve lopm ent of hydrogen fuel cells  and of solar  energy 
stora ge by hydrogen prod uctio n.

Examples of IUCR aw ard s made in FY 1979 are:

• Fund amen tal Study on Co extrus ion of Polymeric M ater ials

• Characteriza tion of Supp orte d Metal and  Metal Clus ter Catalysts

• Therm al Con vection  in Ca vities with Appl icatio ns to Crysta l Growth

• An E xperimen tal Stud y for the Cha ract erization of Defects and Imperfect ions 
in GA Field-E ffect Tra nsis tors
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• Fast Response E lectr on Spectrosco py

• Interca vity Laser Spectrosco py

• Design of Silicon Structure s

• Study  of the Limits of Ap pli cab ilit y of Su perposition  in Ele ctro ma gne tic 
Methods for Geo physical Pro specting

Changes Betw een F Y1930 Budget Request and F Y1980 Current Plan

This program was begun  as an experim ent late in FY 1978. Eight proposals were 
fund ed in FY 1978 for a total of $1.7 million with $800,000 from the IUCR program.

In FY 1979, 57 IUCR a wa rds  were made for a total of $9.5 million, of which  $5.4 
million was funded  from the IUCR program, as follows:

FY 1979 IUCR A war ds by Fie ld

Fie ld Nu mb er Perc enta ge

Eng in ee ring .............................................................
Ma ter ials  Research ................................................
Physics.......................................................................
Chem is try.................................................................
Computer Science ..................................................
Ap plie d Re search ....................................................
Atm ospher ic Sc ienc es ............................................
Ear th Sc ien ces.........................................................

29
11

5
4
4
2
1
1

517.
19'/.
97.
77.
77.

3.67.
1.77.
1.77.

T o ta l................................................................... 57 10 07

The high technica l qua lity  of these rese arch  prop osals  and the impor tance  of 
stren gthening  the ties bet we en univ ersit ies and indu stry  resulte d in a decision to 
increas e su bstan tially the lev el of IUCR program activities. As a p art of the Presid ent’s 
innova tion message to Congres s in Octo ber 1979, the NSF IUCR program was identified 
for subst antia l growth. The rat e of growth is scaled  to fund the antic ipate d rate of 
rec eip t by NSF of h igh-quality  ind ust rial /un iver sity  res ear ch proposals .

To encourage  and mainta in smooth progre ss of the program in response to the 
Pre sid ent ’s innovation  message, the Current  Plan for FY 1980 has been incre ased to 
$7.05 million from the FY 1980 Budget Request of $4.5 million.

FY 1981 Budget Highl ights and Explanations of Increases  and  Decreases

IUCR Prog ram

FYI 979 A ct ual .......................
FY 1980 Cur ren t P l a n ............
FY 1981 R eq ue st .....................

$5,445,929
7.050.000

20.000.000

Suppo rt from oth er 
NSF Prog rams

$4,054,071
3.550.000

10.000.0 00

Total IUCR Activity

$9,500,000
10.600.000
30.000.000

Differ enc e—FY 1981/19 80 $12,950,000 $6,450,0 00 $19,400,000

At the requested  FY 1981 level  of $20 million, the num ber  of IUCR award s is 
expe cted  to dou ble in FY 1980 above FY 1979 and to double  again in FY 1981.
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SPECIAL FACILITIES AND INSTRUMENTATION 
PROGRAM SUB ACTIV ITY ........................................................ $20,250,000

Obligations by Program Element

Program Element Actual
FY1979

Budget
Request
FY1980

Currenl
Plan

FY1980
Estimate 

FY 1981
Difference 
FY 1981/8(1

University Research Facilities Improvement . . . 
2-Year and 4-Year Collage Instrumentation . . . . 
Regional Inatrumentatlon Facilities ...................

606,302
5,000,000

1,000,000
4,800,000

3,300,000
4,800,000

$14,250,000
3,000,000
3,000,000

$14,250,000 
-300,000 

-1,800,000

Total ................................................................. $5,606,302 $5,800,000 $8,100,000 $20,250,000 $12,150,000

Objectives and Description

The Specia l Facilities and Instrumentation Program subactivity provides support 
for instrumentation and facili ties across several disciplines. The object ives of this 
subactivity are to:

• Provide support for essential research equipment to those 2-year and 4-year 
colleges that have only small or no doctoral programs in science and engineering.

• Increase the availability of highly specialized instrumentation and relevant 
personnel to researchers in various  regions of the United States.

• Assist graduate level  research laboratories at universities to upgrade their 
facilities.

• Maintain appropriate geographic distribution of basic research capabil ity in the 
United States.

Many other Foundation programs provide support for specialized equipment and 
facili ties through regular project grants.
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University Research Facilities Improvement
Program Eleme nt...................................................................... $14,250,000

Ac tua l
FYI 979

Budget
Request
FY1980

Current
Plan

F Y I 980
Estimate
FY1981

Diffe renc e
FY 1981/80

_0_ Q $14,250,000 $14,250,000

Object ives and Descr iption

A co nsid erab le amount of the res ear ch supp orted  by the Fed era l governm ent is 
conducted in univers ity lab ora tor ies by facul ty m ember s a nd their  gra dua te and post­
doctoral stude nts who work on in de pend en t rese arch  p roblem s. T he continuing need 
for scie ntifi c knowledge and res earch  traini ng of the highest qual ity is of utmost 
imp orta nce if this Nation is to mainta in its lead ersh ip in science.

Many of the labo rato ries  in ope rati on for gradua te-lev el res ear ch are simply ou t­
dated . Main tainin g the high quality of rese arch  su ppor ted by the Fede ral Governme nt 
through proj ect awards req uir es tha t labo ratory facil ities  be broug ht up-to-date.

FY 1981 Budget Highlights and Explanation of Increase s and Decreases

The Foundation, through this new  program, will prov ide $14,250,000  of support 
in FY 1981 to unive rsities  to upg rade rese arch  facilitie s. This support  will include  
funds for the construc tion and reno vat ion  of gra duate a cademic faci litie s for r esearch 
in all fields of science and engineer ing, excluding the clinical areas. Federal  funds 
will be provided  on a one to one m atching basis  with univ ersity  funds from no n-Federal 
sources .
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QUANTITATIVE PROGRAM DATA
UNIVERSITY RESEARCH FACIL ITIES IMPROVEMENT PROGRAM ELEMENT 

Proposal and Award Summary

Estimate Estimate Estimate
FY1S79 FY1980 FY1981

Numb ero f Proposals Rece ive d.....................................................................
Nunber of Awards ..........................................................................................
Dollars Proposed (Tota l) ................................................................................
Dollars Proposed (Annual R a le )...................................................................
Dollars Awarded (T ota l) .................................................................................
Dollars Awarded (Annual R a le )...................................................................
Averages per A w a rd ................... . .................................................................
Average Award Duration (Y ea rs )..................................................................

—0— 
—0— 
—0— 
—0— 
—0—
—0—
—0—
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2-Year and 4*Year College Instrumentation
Program Eleme nt........................................................................$3,000,000

Ac tua l
FY1979

Budget
Request
FY 1980

Current
Plan

FY 1980
Estim ate
FY1981

Diffe rence
FY 1981/80

$606,302 $1,000,000 $3,300,000 $3,000,000 $-300,000

Objectives and Description

The objective of the 2-Year and 4-Year College Instrum enta tion  program element 
is to provide  r esea rch equ ipm ent  of mo derat e cost to colleges and unive rsitie s lacking 
or having only very small doctora l programs in the sciences and  enginee ring. Inst ru­
mentation  and equi pment aw ard s make significant rese arch investigations possible  
by qual ified  scientis ts who lack  i nstrume nts or equipm ent esse ntia l for their  e xpe ri­
ments. The program is par ticula rly  concerned  with the nee ds of w ell-tr ained rece nt 
Ph.D.'s, who are  locating in these insti tutions more freq uen tly than in the r ecent pas t. 
Being able to secu re the nec ess ary  scientific equipm ent will enable these young 
scien tists  to m aintain and improve  th eir rese arch c apab ilitie s, with mea sura ble bene­
fits to the Nation. In many cases, the availa bility of r esearch  equipm ent will permi t 
the scientists to complet e a suf fici ent  am ount of high- quality r ese arc h to enable them 

to compete successfully for reg ula r scientific rese arch proj ect suppo rt.

Significant Recent Achievements

The program made 44 grants in fiscal year  1979, totaling $606,302 during the pro­
gram’s first year. Research in chemistry  and biology rece ived  the majority of the 
awa rds  in FY 1979. However, physics,  biophysics , comp uter scienc e, atmospher ic 
scien ce, mater ials scienc e, and oceanogra phy are also rep res ented  in the awar d list.

Changes Between the FY 1980 Budget Request and FY 1980 Current Plan

The incre ase of $2,300,000 in the FY 1980 C urre nt Plan for this program element, 
from $1,000,000 to $3,300,000, re flec ts Con gressional action on the F ound ation 's FY 1980 
Budget Request  that provi ded for a prescri bed  incr ease .

FY 1981 Budget Highlights and Explanation of Increases and Decreases

Obligations

FY 1979 Aclunl .........................................................................................................................  $606,302
I'Y  I9 60  Pro itr am .......................................................................................................................  $3,300,000
FY 1981 R eq ues t........................................... ............................................................................  $3,000,000
D iffe re nce —FY 1981 /FY 1980 ........................................................... .................................... $-300,000
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The program will contin ue at $300,000 below  the FY 1980 level, which  was a 
major  inc reas e o ver the FY 1979 rate of act ivity. The a verage  size of aw ards  is expe cted  
to incr ease to abou t $20,000, compared  to $13,780 in FY 1979 and $16,500 in FY 1980 
beca use of cost increas es for equipment. The num ber of gr ants (150) is estimat ed to 
be 50 lower than  the num ber estim ated  for FY 1980.

QUANTITATIVE PROGRAM DATA
2-YEAR AND 4-YEAR COLLEGE INSTRUMENTATION PROGRAM ELEM ENT

Ac tua l
FY1979

Estimate
FY1980

Estimate 
FY 1981

Nu mber of A w a rd s ......................................................................................... 44 200 150
To tal  Dol lar Amo unt ..................................................................................... $606,302 $3,300,000 $3,000,000
Averuge Dol lar Am ount .................................................................... ........... 13.780 16.500 20.000
Average Aw ard Du rution (Months) ............................................................. 12 12 12

Percentage Distr ibut ion o f Funds by Pe rfo rmer

A ll awards  in this  program element are made to colleges and un iversi ties .
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Regional Instrumentation Facilities Program Element
k

........... $3,000,000

Actuol
FY 1979

Budget
Request
FY1980

Current
Plan

FY1930
Estimate
FY1981

Difference
FY 1981/80

$5,000,000 $4,500,000 $4,500,000 $3,000,000 $-1,800,000

Objectives and Description

The objectives  of this progr am e leme nt a re to:

• Improve the quality  and  scope of rese arch in vari ous regions of the United  

States by incre asing the avail abili ty of soph isticated  instru ment ation  and 

train ed personnel to r ese arc he rs in these  regions:

• Provide  greater  scie ntif ic oppo rtuni ty by utilizing this instr umentati on on a 

shar ed basis:

• Improve the geograp hic dis trib utio n of basic  rese arch  capa bili ty in the U.S., and

• Enhance research interact ion among university, industry, and government scientists 

and engineers.

The Foundation recog nizes  t hat rese arch  a nd inst rum entatio n go ha nd in han d in 

the creation of new knowledge. O bsolescence of instrumentation in many of the Nation’s 

resear ch cente rs is becoming a ser ious problem exacerb ated by the cu rren t rev olution 

in instrumentation technology, which is producing instrumentation of a power unimagined 

only a few y ears ago. Regional faci litie s featu ring  such  i nstrume ntation  offer an eco­

nomical solution to the des ire  to make costly inst rum enta tion  widely avail able to 

qua lified scientists , including  those at smaller institu tions.
To achieve these ends, it is a lso essen tial that highly qual ifie d perso nnel  be avail ­

able to maintain and ope rate  the instr ume nts and often to help  with inte rpre tatio n 

of the results.

Funding History

In FY1979, the following facil ities we re init iated:

University Facili ty

Arizo na State University Scanning  Electron Microscope
Mon tana  State Un iversity Surface Science and Submicro n

Cal ifornia Institute  of Technology High Field Nu clear Magnetic Resonance

Univ ersit y of California-B erkeley San Francisco Lase r Center

Jointly With Stanford Univers ity
Univ ersity of Illinois High Field Nuclea r Magnetic Resonance
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At the beginn ing of FY 1980, thr ee  addit ional  faci lities were  establis hed:

Universit y Fac ility
Mas sach uset ts Inst itute  of Technology 
Univ ersity  of Minnesota 
Yale Univ ersit y

Laser Spect roscop y 
Surfac e Scie nce
High Field N ucle ar Ma gnetic Resonance

FY 1981 Budget Highlights and Explanation of Increases and Decreases

The total num ber of fa cili ties  in operation  in FY 1980 is 14, rep rese ntin g a broad 
cross -section of science  and highly  crea tive research opp ortu nitie s. At p resent, it is 
envisioned that no addition al fac iliti es will be esta blished during FY 1981, and the 
exist ing facil ities  will be sub ject  to an  intensive evaluatio n proce ss. Thus, the Budget 
Request  fo r FY 1981 of $3,000,000, which  is $1,800,000 below the FY 1980 Curr ent Plan 
of $4,800,000, will p ermit opera tion al support, equipm ent purc hases necessary  to con­
tinu e the opera tion of the exist ing facilities, and suffic ient equipm ent supp ort to 
mainta in existing facil ities  at state-of-th e-art .
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QUANTITATIVE PROGRAM DATA
REGIONAL INSTRUMENTATION FACILITIES PROGRAM ELEMENT

Pro posa l and  A w ard  Sum m ar y

Est im at e
FY 1979

Est im at e
F Y I  980

Est im ate
FY1981

N um ber o f P ro po sa ls  R e c e iv e d .......................................................................... 164 14 14
N um ber o f A w a rd s ................................................................................................ 'l l T4 14
D olla rs  Propo se d (T o ta l) ...................................................................................... $200,000,000 $6,000,000 $6,000,000
D olla rs  Propo se d (A nnua l Rale|  ........................................................................ 50.000.000 1.500.000 1.500.000
D olla rs  A w ard ed  ( T o ta l) ...................................................................................... 5.000.000 4.800.000 3.000,000
D olla rs  A w ard ed  ( A nnua l R a te ) ........................................................................ 1.250.000 1.200.000 750.000
A vera ges Per A w a r d ............................................................................................ 454.545 342.860 214,286
Ave ra ge  A w a rd  D ura tion  (Y e a rs )...................................................................... 4 4 4

' In c lu des 5 ne w  awar ds  fo r FY 1979 an d 6 con tinu in g  aw ard s mad e i n  F Y 1978.
In c lu des 11 con tinu in g  aw ar ds  mad e in  FY  1978-FY 1979 an d 3 new  aw ar ds  mad e in  FY 1980.

P erc enta ge D is tr ib u ti o n  o f Fun ds  A w ard ed by  P e rf o rm er

A ll  funds ar e  aw ard ed to u n iv e rs it ie s  and  co lle ge s.
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CROSS-DIRECTORATE INTERNATIONAL
PROGRAMS SUBACTIVITY........................................................ $5,200,000

Obligations by Program Elamant

Program Elnmttnl Actual 
FY I 879

Budget
Request
FY1880

Current
Plan

FY1980
Estimate

FY1981
Difference 
FY 1881/80

U8/USSR Cooperative  Reteareh Program . . . .  
US/Chlna Cooperation In Baale Selancaa ........

83,3( 7,4( 4 (3,200 ,000 (3,200 ,000
1,000,000

(3,200 .000
2,000,000 (1,00 0,000

Total .................................................................. 83 ,3 (7 ,4(4 (3,200,000 (4,200,000 (8,200,000 (1,000 ,000

Objectives and Daacrlptlon

The objecti ves of the Cros s-Directo rate Inte rnation al Programs subactivity focus 
on prom oting a more cost-e ffective U.S. scien tific effort  by exchan ging rese arch  info r­
mation  wi th the U.S.S.R. and the Repu blic of China and by sha ring  costs and access to 
rar e or uniq ue rese arch  faci litie s, resour ces, and expe rtise  through bila tera l pro­
grams, joint commissions, and info rma l coope ration  base d upon mutua l benefi t.

U.S./U.S.S.R. Cooperative Research
Program Elem ent........................................................................ $3,200,000

Actual
FY 1979

Budget 
Request 
F Y I 980

Current
Plan

FY1980
Estimate
FY 1981

Difference
F Y 1981/80

(3,387,484 (3 .20 0,0 00 (3,200 ,000 (3,200,000

O bje ctive s and Des cr iptio n

Coope rative scien tific activitie s und er the U.S./U.S.S.R. Agree ment  on Scien tific 
and Technical Cooperation are directed towards acquiring new ideas and perspectives; 
provid ing the oppo rtun ity for U.S. res ear che rs to have access to unique facil ities  
and environment; shar ing of rese arch  costs; and obtaining  inform ation  on s cient ific 
activi ties and rese arch  and  deve lopm ent in the Soviet Union. Equality of b enefit and 
recip rocity  are guiding cri ter ia in the program.

Principa l objec tives of the coope rative  progra m are to:

• Provide funding for U.S. scientists to work with Soviet scient ists on coop erative 
activitie s which a dva nce  science and  technology in the U nited States.
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• Provide  funding for joint exchanges, symposia, con ferences, and researc h in the 
areas of science agreed to jointly between the United States and the Soviet Union.

This subactiv ity responds to NSF’s statutory authority to "ini tiate  and support 
specific scientif ic activit ies in connection  with m atters  re lating to in terna tiona l coop­
era tio n” and to support the scientif ic component of U.S. foreign policy initiatives. 
(P.L. 81-507).

The forms of cooperation un der this agreement include: exchange of scientists and 
scientifi c and technical information ; joint development of programs in both the basic 
and applied  areas; joint resear ch and testing; and joint conferences  and symposia.

Cooperative a reas  cu rrently inc lude : Chemical Catalysis, Computer Applications 
in Managemen t, Elect rometallurgy and Materials, Corrosion, Physics, Microbiology, 
Science Policy, Scientific and Technical Information, Heat and Mass Transfe r, Poly­
mer Sciences, and Earth Sciences.

Significant Recent Achievements 

Computer Applications in Management
U.S. and Soviet cooperative  research activit ies include the development of high 

qua lity  computer programs for num eric al computa tions, a p roblem common to com­
puter specialis ts in both countries. In this connection, U.S. and Soviet specialis ts 
have bee n coopera ting in using com pute r programs for solving certain classes of 
matrix problems. Soviet experti se in the algorithmic solutions to these  problems is 
unu sua lly strong and has bee n extremely useful to U.S. resea rch ers  in this area. It is 
expected that a special users man ual,  which will be valuable to U.S. investigators in 
the computing community, will be developed from this cooperation .

Plasma Arc Remelting for Producing High Nitrogen Stainless Steels
The Soviet Union has invested  extensive resources  in techniques of plasma-arc  

reme lting  (PAR) for the p roduction  of high quality  speciali ty steel s and superalloys. 
There are  now 20 PAR fu rnaces in the Soviet Union; none exist in the United States. 
It is estimated that the cost of build ing one would be approximately $500,000.

Under  this cooperation,  the Sovie ts will provide to the U.S. ingots prepared by 
stain less steel  prepared by PAR process. The U.S. will furni sh ingots prepared by 
elec troslag and vacuum-arc remel ting  processes in U.S. furnaces.  Joint testing will be 
conducted on composition,  st ruc ture, hot-work ing r esponse, and mechanica l prop er­
ties. Shar ing of test r esult s in this way will assist the United States in improving steel 
product ion processes.

Evaluation of Advanced Cutting Tool Systems
As par t of US/USSR cooperation in electrometallurgy, joint testing  has been 

underw ay to dete rmin e the benefits  of hard  refractory  coat ings on hard carb ide and 
high speed cutting tools. Using a Sovie t-developed electron beam gun, refractory
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carb ide,  nitr ide  and carbon  nitr ide coatings of titanium and hafniu m have been 
applied  in the USSR to such tools, which  w ere  sub sequ ently sen t to the U.S. for testing. 
Excel lent res ults have been  achieved. Pre liminary testing has shown incr eas es in the 
range of 100%—700%  in the li fetim e of th e co ated hard  ca rbid es a nd 50'/i— 250"/< in the 
lifetime of the coated  high spee d tool steels. In the future, it is planne d to link the 
Soviet elec tron -beam gun with a U.S. develop ed evap orat ion cha mber into a hy brid 
coating ins trume nt which is expe cted  to yield even more impr essiv e resul ts.

Heat and  Mass Transfer

Fun dam ental rese arch  in h eat  an d mass transfer  is gainin g im port ance in the U.S. 
as a result of the current energy crises. In both the U.S. and the Soviet Union, theoretical 
and exp erim ental rese arch  in the fiel d of heat and mass tran sfe r has  been actively 
pursued. The Soviets are espe cial ly strong in rese arch  on ther mal  radiatio n and 
conve ctive hea t and mass tran sfer , in whic h they a re noted for a dvances in analytica l 
development for prototype exper imental investigations, and for the broad range of prob­
lems stud ied. Following sev eral  yea rs of inform al contac t and coop erat ive rese arch  
betwee n the U.S. and the Soviet Unio n, plans for the cur ren t p rogram of coop eration  
in heat and mass t ransfer under  the S&T agreement were initiated in 1979. The planned 
program, which will cover the most imp orta nt ar eas  of heat and mass  tra nsf er res earc h, 
will pro duc e quan titat ive resu lts ben efic ial to the U.S. in the design of more efficient 
industr ial processes.

Changes B etween FY1980  Bud get Request and the FY1980 Current Plan

The FY 1980 Current  Plan is the same as the FY 1980 Budget Request . Curr ent 
acti vitie s and p rogram s sup por ted  un der  this progra m we re a gree d to by both countrie s 
at the U.S./U.S.S.R. Joint Commission  Meeting held in Moscow in Feb ruary 1979.

FY 1981 Budget Highlights and Explanation of In creases and Decreases

Obligations

FY 1979 Actu al ..........................................................................................................................  $3,387,484
FY 1980 Pro g ra m ........................................................................................................................  $3,200,000
FY  1981 R e q u e s t............................ ............................................................................................  $3,200,000
D if fe re n ce — FY 19 81 /FY 1980 ...............................................................................................  —0—

No incre ase is requ est ed for the FY 1981 program. The program propos ed for FY 
1981, identical to that for FY 1980, is as follows: Chemical Cataly sis ($350,000), Com­
pu ter  Applicat ions in Manage men t ($600,000), Elec trom etall urgy and Mate rials  
($665,00 0), Corrosion ($250 ,000),  Physics ($300,000), Microbiology ($250,000), Science  
Policy ($220,000), S cienti fic a nd  Technical Inform ation ($15,000), H eat and Mass Tra ns­
fer ($250,000), Polymer Scie nces  ($150,000), and Earth Sciences  ($150,000).
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Coordination and Relationship  to Other Efforts

NSF staff pa rticipates in an Interagency Coordinating Committee for U.S.-Soviet 
Affairs, chaired by the Department of State. This Committee is responsible for  moni­
toring and coordinating U.S. Government activities with respect to the Soviet Union.

The NSF also provides staff support to Frank Press and the U.S. members of 
the Joint Commission.

NSF coordination with the Department of State, in connection with the US/USSR 
Cooperative Research Program, includes obtaining policy guidance in planning and 
carrying out coopera tive S&T activities with the Soviet Union.

NSF program off icers also coordinate with their counterparts in other technical 
agencies on various matters related to cooperative activities with the Soviet Union.
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QUANTITATIVE PROGRAM DATA 
U.S. /U.S .S.R . COOPERATIVE RESEARCH PROGRAM

Proposal and Award Summary

Est im ate
FY 19 79

E stim ate
F Y I  980

Est im ate
FY1981

Aw ard s:
N um ber o f A w a rd s  (Tot al ) ..................................................... .......................  44 41 41

Tota l D o lla rs  Aw a rd e d :
Tota l A m o u n t .............................................................................. ....................... S3.387.484 S3.200.000 $3,200,000
A vera ges Per  A w a r d ................................................................ ....................... 76.990 78.050 78.050
Ave ra ge  A w a rd  D ura tion  ( M on ths)  ...................................... ....................... 12 12 12

Distribution of Funds Awardad by Performer

Est im at e
FY 1979

E stim ate
F Y I  980

Est im at e
FY1981

U n iv e rs it ie s  an d C o ll e g e s ........................................................ ..........................  $1,849,397 $1,915,300 $1,915,300
N o n -P ro fi t I n s ti tu ti o n s .............................................................. ........................... 277.159 545.000 545.000
F or- P ro fi t Bu sine ss  an d In d u s tr y ............................................ ..........................  430.200 49.700 49.700
Fed era l L a b o ra to r ie s ................................................................ ..........................  416.868 140.000 140.000
N ationa l A cadem y of  Sc ien ces .............................................. ..........................  813.860 550.000 550.000
O th e r ............................................................................................. ........................... —0 —0— —0—

T o ta l .............................................................................. ............ ..........................  $3,387,484 $3,200,000 $3,200,000

Personnel Support and Other Factors

Est im at e
FY 1979

Est im at e
FY 1980

Est im at e 
FY 1981

Scien tist s:
N u m b e r S up po rted  ...................................................... ................................... 50 38 39
A m ount o f S u p p o r t ........................................................ ................................... $347,002 $234,558 $240,100

O th e r P ro fe ss iona ls:
N u m b e r S upp or te d ...................................................... ...................................  33 31 31
A m o u n t o f S u p p o r t ........................................................ ................................... 300.805 312.234 301.723

G ra duate  Stud en ts:
N u m b e ro f S upp or te d .................................................. ...................................  31 27 27
A m oun t o f S u p p o r t .................................................... ................................... 272.957 202.574 207.641

O th e r P er so nn el  C o s ts .................................................. ................................... 276.587 225.500 228.945
O th e rC o s ts ............................................................ ................................... 1.319.693 1.398.918 1.410.015
In d ir e c t C o s ts ............................................................ ................................... 870.440 826.216 811.576

T o ta l ................................................................................... ................................... $3,387,484 $3,200,000 $3,200,000
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U.S./China Cooperation in Basic Sciences
Program Elemen t........................................................................ $2,000,000

Ac tua l
F Y I 979

Budget
Request
FY1980

Current
Plan

FY1980
Est ima te
FY1981

Diffe rence
FY 1981/80

81,000,000 82,000,000 81.000.000

Objectives and Description

The funds req ues ted  for this new program elem ent will make it possi ble for the 

Foundation to coop erate  with Chinese  scientists in a b roa d rese arch  program in the 

basic  biological, social, mat hem atic al, and physica l sciences. This work is u nde rtak en 

in accordance with t he US-Ch ina Agreement for Cooperation  in Science and Technol­

ogy, which was signed on January 31, 1979. This coop erative rese arch  program is a 

nat ura l follow-on and expa nsio n of a s eries of exchan ges of scient ific delegations and 

individu als fund ed since 1972 und er Inte rnat iona l Coop erat ive Scientific Activities. 

Oth er agreements  have bee n signed which involve other a gencies of the governme nt. 

Thes e agree ments inclu de the field s of energy, agric ultur e, high energy physics, and 

spac e technology, and the exch ange  of students and scholars.

Specific objecti ves of the NSF program are to:

• Encourage and assist the deve lopm ent of a bro ad range of cooperative  scien tific 

activitie s betw een  the two countries  which a re bas ed on m utual  bene fit, equality 

and reciprocity.

• Provide oppo rtunities  to U.S. scientists to coop erate  with  Ch inese colleagues in 

scient ific and technologica l fiel ds of common interes t.

• Maintain essen tial adm inis trat ive supp ort to program activ ities  and operations , 

including travel  and interp ret ation  services.

Program activities  will in clu de coop erative research , sympos ia and  scienti fic visits 

on topics of mutual scien tific intere st. Imple mentation  of th e program  is d ependen t 

upo n forma l agreement on de tai ls with Chinese  authorities .

Changes between FY1980 Budget and FY 1980 Current Plan

The FY 1980 bu dget subm issio n to Congress did not prov ide for this program. One 

million  dolla rs was r eprogramm ed from other activities in o rder to cover  the costs of 

program planning and the init ial phase of program impl emen tation during FY 1980.
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FY1981 B udg et Highlights and Expla nat ion of In creaaea and Decreases

Obligations
F Y 1979 Ac tu a l ..........................................................................................................................  —0—
FY  1980 P ro g ra m ........................................................................................................................  $1,000,090
FY 1981 R e q u e s t............................ ............................................................................................  $2,000,000
D if fe re n ce — FY 1 98 1/FY  1980 ...............................................................................................  $1,000,000

NSF has recently conducted an inte r-di rec tora te review to iden tify the fields 
which  offer  the greatest potent ial scien tific retu rn in coop eration with China. The 
can did ate  fields are archaeology , anthropology, paleontology, linguistics, history of 
scien ce, descriptive botany,  d esc riptive  zoology, n atural products chemistry, and R&D 
managem ent and scienc e policy. The fields  actua lly inclu ded in any accord with the 
Chinese, initia lly or over time, will depe nd upon perc eive d rela tive  impor tance  and 
the outcome of pending  nego tiations.

FY 1980 activi ties will focus on pro gram developme nt. Plan ning  and implem enting 
symposia or visits for the purpo se of p lannin g specific proje cts will be the principal 
activities supported. Some of these activities will be perfo rmed by the National Academy 
of Science s.

The increase  for FY 1981 will assu re a program of signi ficant sc ientific ac tivity in 
each of the several addi tion al fiel ds which will be incl uded  in the final accord. A 
port ion of the funds in this prog ram may also be avai lable  to supp ort the National 
Academy of Sciences' exch ange s with its Chines e counterpart.

Coordination with and Relation  to oth er Efforts

The Director  of the Nati ona l Science  F ound ation  is an ex officio memb er for the 
U.S. on the US-China Joint Commission on Science  and Technology, chaired by the 
Pr esi den t’s Science Advisor . The Joint Commission is the coord inating body for the 
US-China Agreement on Scie nce and Technology. NSF's plan ning  activities are also 
coor dina ted with the Office  of Science  and Technology Policy, the Depa rtment of 
State,  and other Federal  agencies involved in agre eme nts with China.

Intern ally, NSF coo rdin ates its activities through a C hina  Working Group r epo rt­
ing to the Assistant Director for Scientific, Technological and Inter natio nal Affairs. 
The China Working Group  has memb ers from each of NSF’s line direc torat es. This 
new  coope rative scien ce activ ity will be carried  out in addi tion  to NSF su ppor t for 
exchanges of students and sc ientific delegations managed by the Committee for Scholarly 
Communication with the Peo ple 's R epublic of China, w hich wer e initiate d befor e no r­
malization of U.S.-China diplo mati c relat ions.
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OTHER PROGRAMS SUBACTIVITY $6,500 ,000

Obligations by Program Elem ent

Program Element A c tu a l 
FY 1979

Budget 
Request 
F Y I 980

Current
Pion

FY1980
Estimate

FY1981
Difference  
FY 1981/80

Research Initiation in Minority Inst itutions . . . .  
Experimental Program to Stimulate

$425,944 $1,000,000 $1,000,000 $1,000,000 —0—

Competitive Research ..................................... 875,310 2,700,000 3,850,000 2,700,000 -1,150,000
Postdoctoral Fellowships '................................... (1,774,251) (900,000) (900,000) 900.000 900,000
Decision and Management S ci en ce s............... —0— —0— —o— 1,000,000 1,000,000
Alan T. Waterman Award ..................................... 150,000 *(150,000) 150,000 150,000 —0—
NSF Planning and Evaluation ............................. 971,917 600,000 1,175,348 750,000 -425,348

Total ................................................................... $2,423,171 $4,300,000 $6,175,348 $6,500,000 $324,652

1 Postdoctoral Fellowship funds were included in Science Education prior to FY 1981.
:Alan T. Waterman Award funds were included in other NSF directorates for the FY 1980 Budget Request.

Objectives and Description

Program elements included in the Other Programs category focus on a wide range 
of support efforts that address  specific needs and objectives rather than stressing any 
one part icular scientific discipline.

Some of the objectives of this program subactivity are to:

• Help predominantly minority colleges and universities establish active research 
programs on their campuses, thereby encouraging capable scientists at these 
institutions to compete for research support from all appropriate sources.

• Strengthen the research base in eligible States that wish to increase the ability 
of scientists in these States to compete more successfully for Federal research 
funds.

• Provide support to allow young postdoctoral researchers to pursue full time 
work that will strengthen their ability to make significant contributions to the 
scientific community and to the world at large.

• Increase support for research, development, and testing methods to improve 
those activities common to decision and management sciences.

• Provide recognition to an outstanding young scientist based on his/her previous 
attainments.

• Develop more e fficient  techniques for reviewing and appraising the effective­
ness of Foundation programs.
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Research Initiation in Minority Institutions
Program Elem en t........................................................................ $1,000,000

Actua l
FY 1979

Budget
Request
FY1980

Cu rrent
Plan

FY 1980
Estim ate
FY 1981

Diffe renc e
FY 1981/80

$425,99 4 $1,000,000 $1,000,000 $1,000,000

Object ives and Description

The objectives of support for Research Initiation in Minority Institutions (RIMI) 
are to:

• Help establish active researc h programs on eligible campuses.

• Assist capable science f aculty at participating institutions to begin inde pendent 
research caie ers.

• Encourage scientists from participating colleges and un iversities to compete for 
research support from all appropriate sources.

• Provide necessary tools and time to carry on research  at eligible institutions, 
where teaching loads tend to be heavy and quality researc h equipment is scarce.

• Reduce isolation of resea rchers at eligible institutions from the larger scientific 
community by pr oviding travel support and opportunities to collaborate with 
scientists at major resea rch institutions.

• Help eligible institutions retain faculty who wish to be active in research.

The Foundation has taken the role of catalyst for sustaining research support at 
predominantly minority institutions. Often, the most difficult part of a research project 
is getting it s tarted. Given special  help in getting necessary equipment and the time 
to exchange ideas with colleagues and try some approaches to see which may be most 
fruitful, those who are capable  and continue to be inter ested in doing quality research 
will compete for research support  from the Foundation and other agencies.

Support from the special funds earmarked for RIMI depends on the following 
criteria:

• The quality of the proposed research;

• Whether the institution has a student body which is predominantly minority: 
and

• Whether the investigator has had any Federal research support at that institution.

Proposals are accepted  in all scientific disciplines supported by NSF including 
applied research. They are evaluated through the peer review process.
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Sign ificant Recent Achievements

Radiation Monitors for Nuclear Reactors

A crucial part  of reacto r sa fety systems are dosim eters  whic h measure the a mount 
of radiatio n received by work ers. The neut ron cross section excitation  function is a 
measure of the sensitivity of the materia l in the dosim eter  to neutro ns. The data on 
whic h some of the cross sect ions  are based are old and insu ffici ently  accura te. With 
the aid of RIMI funds, S. K. G hora i and stude nts from Alaba ma State University  hav e 
mea sure d cross secti ons for isoto pes of nickel and antimony, using rese arch  fa cilitie s 
at A uburn University . Th eir res ult s have b een requ este d by the Inter national  N uclea r 
Data Committee to fill out the body of information needed  for nuc lear  technology.

Fossil Studies

S. Tas eer Hussain of H owa rd University has colla bora ted with  workers  from the 
Geological Survey of Pa kista n and others on the paleontology and biost ratigraphy of 
nor thw este rn Pakistan. Key fossil finds of rodents and large mammals, including 
wha les,  indicat e re spectively a r evis ed timing for the arri val of rode nts in the ar ea and 
the pre sen ce of a sea, the w estern  Tethys. Hussain has been highly produc tive in pu b­
licat ions , and he plans to cont inue the se arch  for fossils, begun w ith RIMI supp ort, and 
the inte rpre tation of the past hist ory of the sea.

FY 1981 Budget High lights and Ex planatio n of Increases and Decreases

Obligations

FY 1979 Actual .........................................................................................................................  $425,944
FY 1980 Pro gram .......................................................................................................................  $1.000.000
FY 1981 R equ est.......................................................................................................................  $1,000,000
Dif fe re nc e—FY1 98 1/FY 1980 ..............................................................................................  —0—

No incr ease is requ este d in FY 1981 for this program elem ent. This reflec ts our 
expe ctat ion that student bodie s in the eligible institu tions will not increase signifi­
cantl y. so that hiring of n ew facu lty will be limited.

Coordinat ion and Relation to Oth er Efforts

Although not previou sly ide nti fied as a budget program elem ent,  RIMI ha s been, 
for sev era l years, an integral  p art of the F ound ation ’s efforts to provi de g reat er access 
to sc ient ific careers  by minor ities . As the estab lishm ent of the Depa rtme nt of Educa­
tion le ads  to changes in NSF's programs,  in tern al coordination will be mainta ined both 
by inte ract ion  betw een program person nel  in the Science Educa tion Direc torate and 
coor dina tors  in the rese arch dir ect ora tes  and through such media as the National 
Scie nce Board Committee on Min oriti es and Women in Science. Ways of using the
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capabili ties of the Resource Centers  for Science and Engineering to further RIM1 
objectives continue to be developed.

Coordination with other agencies include informal contacts with persons who 
have responsibility for minority activities, and more formal interactions such as their 
participa tion in a recent NSF-sponsored workshop on New Directions for Supporting 
Scientific Research in Black Institutions.
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QUANTITATIVE PROGRAM DATA
RESEARCH INITIA TIO N IN  MIN ORITY INSTITUTIONS PROGRAM ELEMENT 

Proposal and Award Summary

Est im ate
F Y 1979

Es tim ate
F Y I 980

Est im at e 
FY 1.981

N um ber o f P ropo sa ls R e c e iv e d ................................................. 100 110
N um ber o f A w a rd s ........................................................................ ......................  9 30 28
D o lla rs  Pro po se d (T o ta l) ............................................................. ......................  * $5,000,000 $5,500,000
D o lla rs  Pro po se d (A nnua l Rate ) ............................................... ......................  * 2.000.000 2.000.000
D o lla rs  Aw ard ed  ( T o ta l) ............................................................. ......................  $425,944 1.000.000 1.000.000
D o lla rs  A w ard ed ( A nnual R a te ) ................................................ ......................  228.184 526.300 555.500
A ve ra g e s  pe r A w a r d .................................................................... ......................  47.327 33.333 35.700
Ave ra ge A w a rd  D ura tion  (M on th s)  ......................................... ......................  22.4 22.8 21.6

'N o t  ava ila b le .

Percentage Distribution ol Funds Awarded by Performer

A l l  R IM I a war ds  are  ma de  Io col lege s a nd  u n iv e rs it ie s .

Personnel and Other Factors

Est im at e
FY 1979

Est im ate
F Y I 980

Est im at e
FY1981

S en io r S cientist s. Fac ul ty
N u m b e r o f y ea rs  su pp or te d ...................................................... ....................  3 10 9
A m oun t o f fa cu lt y  support  ........................................................ ....................  $68,292 $250,000 $245,000

Post do ct or al  A ssoc iates
N u m b e ro f y ea rs  su p p o r te d ...................................................... ....................  —0— —0 — —0—
A m oun t o f fa cu lt y  support  ........................................................ ....................  —0 — —0— —0—

G ra duate  Stu de nt s
N u m b e ro f s upp or te d p e rg ra n t- y e a r ....................................... ....................  2 10 10
A m oun t o f gr ad ua te  s u p p o rt............................ .......................... ....................  10.060 60.000 70,000

U nderg ra dua te  Stud en ts
N um b e r s upported p e rg ra n t-y e a r ......................................... ....................  1 10 12
A m ount o f u nderg ra duate  s u p p o r t ......................................... ....................  6.175 30.000 40.000

O th e r Per so nn el  C o s ts ................................................................... ....................  49.971 150.000 150.000
La nd . B u ild in gs , a nd  F ixed  E q u ip m e n t..................................... ..................... —0— —0— —0—
M a jo r E qu ip m en t (m ore than  $200.900) ................................... ..................... - 0 — —0 — —0—
O th er E qu ip m en t ............................................................................ ....................  111.760 200.000 180.000
O th e r C o s ts ........................................................................................ ....................  81.242 110.000 115,000
In d ir e c t C o s ts .................................................................................... ....................  98.444 200.000 200.000

T o ta l .................................................................................................. ....................  $425,944 $1,000,000 $1,000,000
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Experimental Program to Stimulate Competitive
Research Program Element ...................................................... $2,700,000

Actual
FY1879

Budget
Requeil
FY19B0

Current
Plan

FY1980
Estimate
FY1981

Difference
FY 1881/80

M7 S,310 M,TOO,000 U,MO ,000 M,700,000 *• 1,ISO,000

Objective! end Description

The Experim enta l Program to Stim ulate Compet itive Rese arch  was estab lishe d 
by the Nati onal  Science Foundatio n in January 1978, in re spon se to a recom mend ation  
from an NSF Task Force on G eogr aphic Dis tributi on of NSF Awards. Discussions lead ­
ing to its estab lishmen t recog nized  th e local, as well as na tion al, i mpo rtan ce of a strong 
science base, the benefits of a div ers ifie d and wid espread  per for me r pool, and the 
major  con tribu tions  that a me rit-based p eer revie w system ha s made to the Nation. The 
Foun datio n ad opted the progra m to ens ure  that no State nee d remai n a no n-partici pant  
in scie ntifi c resea rch.

The prog ram’s objective cen ter s on s timula ting resear ch competit iveness within 
the acce pted peer  review  system. The program places resp ons ibil ity for program 
design and execution upon aca dem ic scientists and indu strial lea de rs within  each 
State and req uire s subs tanti al Stat e and private sector  cost s haring as well as plans 
for cont inuat ion of impr ovem ents afte r term ination of NSF sup port . Project s will 
resp ond to sp ecific scientific nee ds and  circums tance s and will b uil d on existing areas  
of sc ient ific  strength  to develop new  area s of p otential exce llence.

The program is being conducted in two phases. During FY 1979, seven  Phase A 
Plan ning  awards of up to $125,000  wer e made to ad hoc committees in Arkansas , 
Main e, Montan a, North Dakota, South  Carolin a, South Dakota and  West Virginia. The 
ad hoc com mittees are composed of a cademic scientist s an d ind ust ria l leader s w ithin 
each State. With the gran t, each comm ittee  assesse d cur ren t r ese arc h activi ties within 
its State,  ident ified  resource s and  options for improvem ent, and created a f ive-ye ar 
plan to improve the quan tity and  comp etitive ness of rese arch with in the State.

The seven eligible  Sta tes w ere  id enti fied  through the app lica tion  of a se t of objec­
tive crit eria  (such as the amount of scientifi c r ese arch proj ect sup por t received from 
NSF, the ratio of do ctoral scie ntis ts and engineers per  1,000 populat ion and Fede ral 
R&D dollars to unive rsitie s and  colleges in the Stat e).

The seven plans that res ult ed from Phase A Award s will comp ete for Phase B 
Implementati on Awards, to be mad e late in FY 1980.

During FY 1981, the Fou ndat ion plans to fund the second year of the Phase B 
Impl ementati on Awards. The ave rage an nual  ra te per  award in FY 1981 is esti mate d at 
$700,000. No State will be p erm itte d to parti cipa te in Ph ase B for more than five years.

The Foundat ion plans  to ini tia te Phase A planning  activ ities  in thre e addi tiona l
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States during Fiscal Year 1980, with Phase A Awards to be made from FY 1981 funds. 
The three additional States, identified with the same criteria  as used before, are 
expected to be Vermont, Idaho and Mississippi.

Changes Between FY 1980 Budget Request and FY 1980 Current Plan

The increase of $1,150,000 for this program element in FY 1980, from a Budget 
Request of $2,700,000 to a C urren t Plan level of $3,850,000, reflects increased funding 
of Phase B implementation awards.

FY 1981 Budget Highlights and Explanation of Increases and Decreases 

Obligations
FY 1979 A c tu a l ..........................................................................................................................  $875,310
FY 198 0P ro gr am ........................................................................................................................  $3,850,000
FY 1981 R e q u e s t............................ ............................................................................................  $2,700,000
D if fe re n ce —FY 1981/F Y 1980 ...............................................................................................  $-1,150,000

The National Science Foundation adopted the Experimental Program to Stimulate 
Competitive Research after the FY 1979 Budget had been submitted to Congress. 
During testimony before all four  committees on the FY 1979 Budget Request, the NSF 
Director indicated that he intended to make $1,000,000 available for this program. 
House and Senate Authorization Committees and the House Appropriations Commit­
tee specifically endorsed the Director’s intention.

The FY 1979 obligation of $1,000,000 carried out that stated intention by providing 
monies for planning and assessment in each of the seven States. The $3,850,000 pro­
vided in FY 1980 would implement the initial year of each State's five-year improve­
ment program and permit a modest evaluation program to commence. At the FY 1981 
request level of $2,700,000, the program will have available sufficient funds to make 
Phase A Awards in three additional  states and provide 2nd year  support for some of 
the Phase B Implementation Awards. Second year funds for the remaining Phase 
B Awards will be provided in FY 1982.

Significant Recent Achievements

• Basic science has been given increased visibility within each State and enthusi­
asm among science faculty is high.

• Many nationally prom inent scientists have visited p articipant States and have 
assisted in the assessment activities.

• Detailed objective descriptio ns of science resources have been completed in 
each State.

• There have been improved interactions among academic institutions, State Gov­
ernment, and Industry, leading to an increase in co-operative activities.

• There has been an increase in communication and cooperation among academic 
institutions.

• There have been increases in long range science planning and in basic research
proposals. (
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Q UANTITATIV E PROGRAM DA TA
EXPERIM ENTAL PR OGR AM  TO  STIMULA TE  CO M PETIT IV E  RE SEAR CH  PR OGR AM  ELEM ENT 

Number ol Awards and Average  Size

Ac tual
FY1979

Estimate
FY 1980

Estimate
FY1981

Num ber  of A w a rd s ........................................................................ .......................  7 5-7 ft-10
To ta l Dollar  Am ou nt  .................................................................... .......................  $875,000 $3,850,000 $2,700,000
Ave rage  Dollar  Am ou nt  ............................................................. .......................  125.000 800.000 360.000
Ave rage  Awar d Dura tion |Mon ths|  ......................................... .......................  12 12 12

Percentage Distribution ol Funds by Performer

A ll  aw ards  in  ih is program  elem en t are m ad e Io colleges and  univ ersities.
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Postdoctoral Fellowship Program Element ...............................$900,000

Actua l
FY1979'

Budget
Request
FY1980'

Current
Plan

F Y 1980'
Estimate
FY3981

Differen ce  
F Y I 981/80

($1,774,251) ($900,000) ($900,000) $900,000 $900,000

'These data wh ich  are includ ed  in Science Education are disp layed for  com par ison 
purposes only.

Objectives and Description

A cadre of highly traine d scie ntis ts is necessary  for the so und ness of the N ation ’s 

scie ntifi c and technological futu re. Although this N ation has a very strong and effec­

tive e ducationa l system, many p romi sing new Ph.D. scientists can b ene fitg rea tly  from 

add itio nal  t raining  und er the tute lage  of leading experts in th eir own or related  fields. 

Such train ing of fers the  op por tunity for gaining  new technical skil ls, ne w insights, and 

new perspectives on research problems. The Foundation supports such career-enh ance­

ment  opportunitie s in all fields through the Postdoctoral Fello wship program.

The program element:

• Selec ts through national me rit competition a limited nu mbe r of the most promis­

ing indiv iduals  from all fie lds of science,  math ematics, a nd engineering for one- 

year fellowships.

• Allows fellowship rec ipie nts  to choose thei r senior scien tific  advisor  in this 

count ry or abroad .

• Allows those with other dem and ing  obligations to conduct their fellowship  
activi ties on a part-tim e b asis  over an extended  p eriod,  t her eby  affording  them 

access to a research  caree r which  might otherwise be dela yed .

Significant Recent Achievements

As a resul t of the mul tidi scip lina ry natu re of this program element, achiev ements 

are mad e in a broad varie ty of f ield s. One recen tly completed fellowshi p involved 

work with a Dutch group studying ways  to produce more cost-e ffective solar cells for 
direc t gene ratio n of electric ity from sunlight. The Fellow ’s role in the group was the 

study of the electr ical prop erties of materia ls used in such solar  cells. Thei r efforts 

resu lted  in the design of new ap pro ach es to growing smalle r and  much c hea per  silicon 

crysta ls which are very effici ent in sola r cells.
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Changes Between FY 1980 Budget Request and FY1980 Current Plan

The re is no chang e betw een the amo unt in the FY 1980 Budget Request  and the 
FY 1980 Cur rent Plan. Funds for the prog ram are  included in the Science Education 
budget activity.

FY 1981 Budget Highlights and Explanations of Increases and Decreases

The amount requ este d for FY 1981 is th e same as pla nned for FY 1980 and  r eflects  
a s table  level of effort. However, fund s for  this program are  r equ est ed in the Cross- 
Directora te Activity for FY 1981 to ref lec t the fact that postdoctoral stip end s are 
offered in sup port of re searc h.

Coordination and Relationship to Other Efforts

This progra m eleme nt is co ord ina ted with s imilar  supp ort p rogra ms in  oth er ag en­
cies espe cial ly the Departmen t of H eal th and Human Serv ices—Nati onal  Institute of 
Health . Effort s a re direc ted toward exchan ge of inform ation and coor dina tion  of pro­
gram dire ctio n to monitor both prog ram equi ty and over lap among s im ilar  programs.
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QUANTITATIVE PROGRAM DATA 
POSTDOCTORAL FELLOWSHIP PROGRAM ELEMENT

P ro posa l and  Awar d Sum m ar y

Est ima te
FY19 79 **

Estimate
FY1980

Estim ate
FY1981

Proposals:
Nu mb er of P roposa ls .............................................................................. 752 947 850

Total  Amount Proposed.......................................................................... $10,377,600 $14,867,900 $13,345,000

Average Amount Per Prop os al ............................................................... 13.800 15.700 15.700

Aw ards:
Nu mb er of A w ard s.................................................................................. 124 51 51

Total  Amount Award ed.............................................................................. $1,774,251 $900,000 $900,000

Average Amount Per Awa rd ................................................................. 14.308 17.650 17.650

Average Annual Amount ....................................................................... 14.308 17.650 17.050

Average Aw ard  Durat ion  (M onths!  ...................................................... 12 12 12

Total  Num be ro f Partic ipants Supp or te d* ................................................ 123 50 50

P erc en ta ge  D is tr ib u tion  o f Fun ds A w ard ed  by P e rf o rm er

Est imate Estimate Estimate
FY1S7S FY1980 FY 1HH1

Unive rs itie s and Co lle ge s.......................................................................... 100 100 100

Other  Non-Profi t O rg an izatio ns............................................................... —0— —0— —0—

In dustr y ......................................................................................................... —0— —0— —0—

Other  ............................................................................................................ . . —0— —0— —0—

P e rs o n n e l and O th er Aw ard  Facto rs

Estimate
F Y I 979

Estimate
FY 1980

Estimate
FY19B1

Professio nal S taf f Cos ts................................................... —0— —0— —0—

Other  Staff C os ts .............................................................. —0— —0 — —0—

Sub tota l. Staf f Co sts..................................................... —0— —0— —0—

Expen dab le Supp lies  and E quip m ent........................... —o— —0— —0—

Permanent Equipm ent ................................................... —0— —0 — —0—

Othe r Project Direct Costs .............................................. 68.530 70.000 70.000

Subto tal . Non-Sta ff Pro ject Costs ............................... 68.530 70.000 70.000

To tal . D irect  Costs..................................................... 68.530 70.000 70.000

Indi rect  Co sts.................................................................... 29.370 30.000 30.000

Pa rticip an t Support  Costs: 770.000
Stipend  A Othe r Personal A llo wan ce s....................... 1.602.551 770.000

Co st-of-Educalion Allow ances .................................. 73.800 30.000 30.000

To tal . Pa rticip an t Support C osts ............................. 1.676.351 800.000 800.000

Grand Total  ...................................................................... $1.774.251 $900,000 $900,000

‘ In d iv id ual  Awards. Does nol inclu de award  fo r propos al eva lua tion  supp ort.
•• T h is  co lum n of  figures duplicates in fo rm at ion inc orpo rated  in the quan titat ive  dnla fo r Science  Education.
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Decision and Management Sciences Program Elemen t......... $1,000,000

Actual
EY1979

Budget
Bequest
FY1980

Cu rrent
Plan

FY 198(1
Estimate
FY1981

Diffe renc e
EY1HH1/80

_ o— _ 0_ Q *1,000,000 *1,000,000

Objectives and Description

Improved  manageme nt of co mplex economic, social, and technica l organiza tions 
operati ng in risky and u nce rtai n envi ronmen ts is one of the m ajor ch allenges  the nation 
faces in coming decades. Over the last forty years, the ability of scientis ts to address 
this chal leng e has been  incre asing . The branches  of sc ience that deal with improving 
orga niza tiona l decisions, man agem ent,  and operat ions are known va riousl y as systems 
analy sis, decision science , ope rati on rese arch , and oper ations management. The uni­
fying them e in these scien ces is the discovery of ratio nal decis ion and manage ment 
proced ures. These are then app lied  to improve the oper ations of publ ic and privat e 
ent erp rise s, such as health systems, transporation  systems, u rban service systems, and 
busi ness  enterpris es.

The object ive of this sub activity  is to provide a s cient ific knowledge base which 
can lead  to the enha nced  per forma nce  of organiz ations.  The program  will support 
inte rdisciplin ary  rese arch  on the developme nt, testing, and evaluatio n of models 
which can  be applied to the improve ment of decisionmaking and the increased efficiency 
of pub lic and private secto r operatio ns.

Examples of Major Research Questions

Major research  questio ns include:

• How can real- time  decisionmaking und er unc erta inty  in large systems be im­
proved?

• What are rules  for rati ona l decisio nmaking when  there is more  than one dec i­
sionm aker and m ore t han  one objective  in a given org anization ?

• What kind of genera l models for foreca sting strat egic  envi ronm ents can be 
developed?

• How can real-w orld unc erta inty  be measu red and q uan tif ied ?

• How can complex o rgan izati onal  preference s be m odeled?

• How can mathem atical decision theory  be appl ied to inve stmen t and budget ing 
problem s in public and priv ate organizatio ns?
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FY1981 Budget Highlights and Explanation of Increa ses  and Decreas es

The Decision and Management Sciences p rogram is being establ ished as the result 
of a systematic review of NSF support  for these fields . This review was un de r­
taken by NSF management and program staff in conjunction  with representat ives  from 
the relevant  scien tific  communities . It revealed  significant opportu nities for resea rch , 
including the developme nt of in formation and analytical methods that will enhanc e 
the Nation 's economic progress through improved plan ning  and decisionmaking and 
through more effective des igns for operat ions and procedures. In FY 1981, the program 
will emphasize pilot studies to test new methods.

Coordination and Relation  to Other Efforts

In addit ion to prov iding  d irect support for research in the dec ision and man age­
ment sciences, cross-d irec tora te coord ination is also mainta ined  with other NSF pro­
grams that support res earch  in the operational sciences and indus trial engineer ing. 
These include  rela ted work conducted by the Math ematics and Computer Science 
Division of the M athe mat ical and Physical Sciences Directo rate;  the Engineering and 
Applied Research  Divisions  of the Engineering and Applied  Sciences Direc torate ; the 
Social and Economic Scien ce Division of the Biological, Behaviora l and Social Sciences 
Directorate; and the Divisions of Policy Research and Analysis, International  Pro­
grams, and Information Science of the Scientific , Technologica l, and Inte rnation al 
Affairs Directora te. C oord ination is maintained by exchange of program plans, by joint 
review of proposals, and where  app ropriat e, joint funding. Staff lia ison is main tained 
with other agencies that are  espec ially active in the mission  rela ted support of the 
decisions and managem ent sciences, part icularly the D epartment of Defense and the 
Depar tment of Energy.

Alan T. Waterman Award ...............................................................$150,000

Ac tual 
FYI 979

Budget
Request 
F Y I 980

Current
Plan

FY 1980
Estimate

FY1981
Di ffe rence 
FY 1981/80

$150,000 (’ $150,000) $150,000 $150,000

'A lan T. Wa terma n award  funds were inc luded in oth er  Foundation pro­
grams for  the  FY 1980 Budget Request.

Objectives and Description

The annual Alan T. Waterm an Award recognizes an outstandin g young scientist  
in the forefront of science. In addition to a medal and o ther recognition, the recip ient  
rece ives  a grant of up to $50,000 per  year  for a period of up to th ree  year s for scientific
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rese arch or advanced study in the mathem atic al, physica l, medical, biological, engi­
neering, social, or othe r sciences at the inst itut ion  of the rec ipi en t’s choice.

In August 1975, the Congress es tablish ed the Alan T. Waterman A ward to mark the 
25th A nniversary of the National Science Foun dati on and to honor the  firs t Dir ector  of 
the Found ation, Dr. Alan T. W aterma n.

Can dida tes for this awar d must be United  S tates citize ns and  must  be 35 years of 
age or yo unger  by Dece mber 31 of the yea r in which nominated. Emph asis is giv en to a 
can did ate ’s rec ord  of completed scien tific  or engineering research which has dem on­
stra ted  an outst andin g capab ility  and except ional prom ise for making signif icant 
achievem ents  in the futu re. Efforts are ma de to assur e that quality, inno vatio n and 
potential  for disco very are indicato rs for  rese arch perf orm ed by rec ipie nts  of this 
award .

Sign ificant Recent Achievem ents

The re have  been  four rec ipie nts  of the Water man Award  to date: two mathem a­
ticians. one paleogeologist and one phys icist .

The firs t recipien t, Charl es L. Fef ferm an, rece ived  the Awar d in 1976 for his 
rese arch  in Fo uri er ana lysi s, pa rti al  di ffe re nt ia l equa tio ns  and  se ve ra l complex 
var iables which have brought fres h insight and renewe d vigor to class ical area s of 
mathematics and contributed significantly to the advanceme nt of modern mathematical 

\ analysis.
His outs tanding ac hievements have  been recognized by re ceip t, at the age of 22, of 

the Salem Prize; and in 1978, at the age of 29, r ece ipt of the Fields Med al, which is 
awa rded only once every four years and  is the most sought afte r inte rna tional  prize 
among math emat ician s. Fur ther , in 1979, the National Academy of Scien ces electe d 
Fef ferm an to membership.

The second  recip ient,  J. William  Schopf, rece ived  the Award for his outstanding  
resear ch on P reca mbrian biotas. His work on th ese deli cate  a nd anc ient fossil m icro­
organisms will cont ribut e sign ifica ntly  to the knowledge of the origin of life and the 
evolu tion of the earl iest  known biota s of the world.

Schopf’s outstanding resear ch has been  recogn ized by an Awar d given to him in 
1966 by the Botanical Society of A merica and, in 1968 and  1971, by aw ard s given by the 
Society of Economic Paleon tologists and Mineralogists.  He himself feels  that his 
grea test  hono r was bes towed in the sprin g of 1978 when he was the fi rst professor in his 
dep art me nt to be named  by the stud ents as a “disti nguished  teac her ."

The third recip ient,  Richa rd A. Muller , rece ived  the Award  in 1978 for highly 
origin al and innovative resear ch,  which has led to im port ant discover ies and inve n­
tions in diverse area s of physic s, including astrophysics , radioisotop e dating and 
optics.

It is be lieved that Mu ller’s rese arch will h ave a pro found impact on several are as 
of scien ce and, further , that his rese arch  on the me asurem ent of cosmic velocity is 
one of the most si gnificant achi evem ents .

H—33



794

The fourth reci pien t, William P. Th urston , rece ived  the Award in 1979 in r ecogni­
tion of his achievem ents  in intro ducing re volu tion ary n ew geometrical method s in the 

theor y of fol iations , function theory and topology.
His rese arch  is co nsider ed to have revo lutio nized his rese arch discip line and to 

have  solved several long-standing geometric problems.
Thurston ’s previous ho nor s include an Alfred  P. Sloan  Fe llowship and the A meri­

can Mathematic al Society’s Oswa ld Veble n P rize in geo metry for h is co ntrib ution s in  
that field.

NSF Planning and Evaluation Program Elem en t......................... $750,000

Obligations by Program Subelement

Program Subelement Actual
FY 1979

Budget
Request
FY1980

Current
Plan

FY1980
Estimate 

FYI 981
Diff er en ce  
FY 1981/81)

Planning and Policy Studies ........................... $908,733 $500,000 $825,348 $400,000 $-425,348
Evaluation Stud ies ............................................ 63,184 100,000 350,000 350,000 —o—

Total ............................................................... $971,917 $600,000 $1,175,348 $750,000 $-425,348

Objectives and Description

The object ives of the NSF  Planning and Evalua tion pr ogra m el ement are:

• To provide planning  and evalu ation  m echanisms  th at will strengthen  the Foun­
dation's  capability to improve the overall qual ity of p rogram managemen t and 
oversight based  upon app rop ria te data; and

• To support policy and program analys is a ctivities that cont ribu te to the Fou nda­
tion's resolu tion of major issues regar ding  altern ativ e method s of achiev ing 
scient ific and edu cat ion al rese arch  objectives.

Coordination and Relationship to Other Efforts

Information and data  fr om all sections of the Foun dation , o ther Fe deral  a gencies, 
and the academ ic and ind ust rial  research sectors  are continu ally  updated to e nsure 
effe ctive and  mean ingful inp ut to strateg ic planning and pol icy issues of conc ern to the 
Dire ctor  and the N ational  Sc ience Board. The program of extr am ura l award s inc ludes  
spec ial studies by the National Academy of Science s, in dus tria l re sea rch  associations,  
scientif ic/t echnica l socie ties, and other  Federal  and non-Fed eral  organiza tions. In 
par ticu lar,  the Foundation is providing research supp ort for data evaluation  through 
the Stan dard  Reference  Data Program of the National Burea u of Standards.

Evaluation activi ties are coor dina ted with all NSF Progr am Activities. Other 
app rop riat e Federal agencies are  i nform ed of the plans  a nd resu lts of the evaluation 
activi ties.
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$400,000PLANNING ANO POLICY STUDIES PROGRAM SUBELEMENT

Actua l
F Y I 979

Budget
Request
FYmao

Cu rren t
Plan

F Y 1980
Estimate
FY19S1

Diffe rence
FY l.9 81 /80

$908 ,733 $500 ,000 $8 25 ,348 $400 ,000 $-42 5,348

Objectives end Description

The Plann ing and Policy Stu dies  program  subelem ent supp orts rese arch  and 
policy analy sis designe d to s trengthe n the Foun datio n’s a bility to pla n for, and to im­
prove the mana geme nt of, its activ ities . The program focuses on strat egic  issues of 
conce rn to the Director  of NSF and  to the N ational  Scie nce Board. The re que sted  funds 
prov ide for a program of ext ram ura l awards to:

• Provide inform ation and ana lysi s re qui red  by the NSF and the National Science 
Board in assessing pro blem s, evaluating alter natives,  esta blishing  priori ties, 
and  developing recommen dat ions regard ing NSF activitie s.

• Iden tify potential  p rob lem s and oppo rtun’ ties aff ecting  the  sup por t of res earc h 
and  scienc e educ ation , and  the Fou ndat ion’s r elat ionship s with the scientific 
and indu stria l comm uniti es.

• Document scien tific tren ds within  disci pline s and monit or direc tions  in the 
capabil ities  of resea rch  per form ers .

Significant Recent Achievement!

• The 1980 edition  of Status of Science Reviews, m ore comp rehe nsiv e than ea rlie r 
edition s, was issued. This publ icat ion has becom e a fun dam ental refe ren ce 
docum ent for staff  of the Foundation, the Natio nal Science Board, Executive 
offices, and Cong ressio nal committees .

• A final repo rt w as p repa red, und er contrac t, conc ernin g "Tre nds in the Organi­
zation of Academic Research:  The Role of O rganized Rese arch  Units and Full- 
Time Research ers."  The rep ort  looks at vario us aspe cts of the growth of in sti­
tutes, cente rs and lab ora tor ies  outside  of regu lar academ ic depa rtme nts, pa r­
tic ul ar ly  the em er ge nc e of lon g-t erm  ca re er  p at te rn s for  pr of es sion al  
rese archer s outsid e the regu lar tenu re-tr ack faculty.

• “Inte rdis ciplina ry Res earch Manageme nt-Re search Needs and Oppor tun ities” 
is a s tatus report providing twenty-one sp ecific reco mme ndat ions on this topic. 
The report is based  to a co nsid erab le degr ee on find ings from the se veral  proj­
ects e arl ier  su pport ed by NSF's Research Man agem ent Impro veme nt Program.

• A Final Staff Rep ort "Regional Forums of the National  Science Board ” was 
prepar ed focusing on the last thre e forums  in the init ial serie s of six. These  
forums were desi gne d to inc rease public awareness of iss ues affecting  scie nce 
and to facil itate  pub lic parti cipa tion  to the form ulat ion and developm ent of 
NSF policies and programs.
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Changes Between F Y1980 Budget Request and FY 1980 Current Plan

Current  funding  for this program elem ent in FY 1980 has been incre ased  from 
$500,000 to $825,348 to provide  for rese arch  on seve ral spec ific issues not fore seen 
when  the FY 1980 Budget Requ est was formulate d. Thes e issues  include:

• Factors rel ating  to the  researc h ca pa bi lit ies  and  po ten tia l of his tor ica lly  
minority aca demi c inst itutions.

• The f easibility and usefuln ess  of innov ative financing mechanisms for s upport­
ing research.

• The value, sig nifica nce, and social utility of basic rese arc h in the  social sciences .

• Matters  affecting the intere sts of seve ral gove rnme ntal agencies arising from 
sponsored bas ic res earch  in the compute r are a and cryptology.

• Indicators of the inst rum entatio n need s of the resear ch community, and ways 
to improve the av aila bili ty and  use of instrumentation.

FY 1981 Budget Highlight* and Explanation of Increases and Decrease*

The decr ease for this prog ram sube lem ent of $425,348, from $825,348 in FY 1980 
to $400,000 in FY 1981, r efle cts the fact that the amoun t of work supp orted in planning 
and policy studies may vary  from year to year  and  depe nds,  in part, on short-te rm 
nee ds that cannot always be fore see n. This program supp orts  res ear ch and analysi s 
rela ting  to policy issues of i nte res t to decisio nmak ers and policy  plan ners  within, or 
havin g cognizance over, the Foundatio n. The focus is on high quali ty rese arch  that 
will contribute to the Foundatoin's efforts to properly plan and administer  its programs. 
Freq uent ly, topics s upporte d hav e bro ade r appl icability  as well.

Major Topic*

Some of the major topics expec ted  to be addr esse d in FY 1981 include:

• Determinat ion of the effe cts of inf lation  on the conduct of r ese arch of in terest 
toNSF.

• Development of in dica tors  of th e s tate of and need s f or scie ntif ic inst rum enta­
tion, par ticularly  in univ ersi ty re sea rch  activit ies.

• Analysis of innovative mec hanisms  to fund scientific activi ties.

• Elabo ration  of various po licy a spects of indust ry-university  coope ration .

• Examination of the  deg ree  to which  emerging researc h topics can  be determ ined  
from recent publicat ions.

• Examin ation of factors influen cing  inte rnat iona l coop erat ion and cost sh aring 
in large-scale res earc h efforts in both  bilateral an d m ulti late ral modes.
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$350 ,000EVALUATION STUDIES PROGRAM SUBELEMENT

Ac tua l
F Y 1979

Budget
Bequest
FY1980

Cur re nt
Plan

F Y  1980
Est im at e
FY 1981

Di ffe rence
FY 1981/80

M 3,184 $100,000 $350,000 $350,000

Objective* and Description

The goal of evaluation is to develop credible m easures of scientific progress and 
the contribution or utility of NSF programs to this progress. More specifically, evalua­
tion is concerned with oversight on the products or outputs of all NSF programs. Most 
of NSF programs are basic research and have as their objective the advancement of 
scientific knowledge. A principal justificat ion for support of this objective is that 
knowledge gained will ultimately yield results which can be utilized in practical appli­
cations. However, utility in applicat ion is clear only after decades, and feedback on 
what is currently being produced is needed. Feedback consists of information on 
knowledge added or scientific progress.

The objectives of the Evaluation Studies program subelement are:

• To conduct evaluations of major programs chosen by the NSF Director and to 
develop data bases and prelim inary  analyses nee ded for design and testing of 
evalu ation s. These evaluat ions provide the Director with inform ation on 
program results, impact, effectiveness, and conformance with legal authority 
for his use in oversight and subsequ ent budgeting decisions;

• To coordinate the evaluation activities of other parts of the Foundation; and

• To perform studies, as required, which utilize the data, experience and knowledge 
acquired in performing evaluations.

• To support efforts to evalu ate and increase the reliabili ty of data used by 
research ers and technologists.

Major Issue*

The major research problem is to develop a systematic means for oversight on 
basic research program results. Since basic resea rch does not typically yield outputs 
which have immediate technological utility, oversight in the short term will have to be 
on the scientific quality or merit of the immediate research outputs. However, the 
system must include a mechanism for assuring that assessments of the ultimate utility 
of the products or results of currently supported resea rch will be provided. An experi­
ment is currently in progress to assess the product of completed research projects. 
Basic questions addressed  are: How does the quality of NSF supported research prod­
ucts compare with all contemporary research  in the appropriate  subfields? and, Is the 
assessment of the quality of the products from a completed project consistent with the 
award/de cline decisions on subsequent proposals? The experiment  will yield answers
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to these  questions for two major programs and information about validity and reliability 

of the methods used.

Significant Recent Achievement*

• An eva lua tio n of the Mino rity  Ins titu tio ns Scien ce Im pro vem ent  Progr am 
(M1SIP) was com plete d. An im porta nt aspec t of the stu dy was the acqu isition of 

base line data.

• The expe rime ntal eva lua tion  of comp leted res ear ch project s is nearing com­
pletion for one major  NSF progra m (ocea nographic sci ence) and has st arted for 

another major progra m (che mis try).

Cha ng ** Between F Y1980 Budget Request and FY 1980 Current Plan

The F oundation has ma de $250 ,000 availa ble in FY 1980 for utili zatio n by the Offic e 

of Stan dard Refer ence Data, N atio nal Bureau of Standards , Department of Commerce, 
to fund a numb er of projec ts in the range of $10,00 0—$50,000 per  year  for data com­
pila tion  and /or  evaluation  of phys ical and chemic al data. This increases the Eval­
uatio n Studie s program su be lem ent’s Current Plan in FY 1980 to $350,000, up from the 
FY 1980 Budget Request of $100,000. The products of these  projects  will be dist ri­

bute d to NSF and the research community.
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QUANTITATIVE PROGRAM DATA  
EVALUATION STUDIES PROG RAM SUBELEMENT

Proposals and Awards

Estimate
F Y 1979

Estim ate
FY198U

Est ima te 
F Y I 981

Numb er of  Proposals R eceiv ed.......................................................
Nu mb er of  Awords* ..........................................................................

.......... —0— 50 50

.......... 11 23 23
Do llar s Proposed ( T o ta l) ................................................. .......... 0 $400,000 $400,000
Do llars Proposed (Annua l Rate)  ....................................................... .......... —0— 400,000 400.000
Do llars Awa rde d ( T o ta l) ................................................................. .......... $63,184 $350,000 $350,000
Do llars Awa rde d (A nnua l Rale) ....................................................... .......... 63.184 350.000 350.0(H)
Average $ per  A w a rd .......................................................................... .......... 5.744 15.200 15.200
Average Aw ard D urat ion  (M onths ) ................................................. .......... 5 12 12

Percentage Distribution of Funds by Performer

Estimate Estimate Estim ate
FY1979 h'Y 1980 F Y 1981

1 Jniversitie s and Col lege s........................................ .......... 0 25 25
In dustr y .......................................................................... .......... 60 20 20
Federa l L ab or at orie s........................................ .......... —0— 40 40
Othe r Government A gencie s..................................................... .......... 40 15 15

Personnel and Other Factors

Estim ate Estimate Estim ate
FT 1979 FY 1980 FY1981

Senio r Scie nlis ls.  Faculty 
Nu mber of yours suppo rted . . . .  
Amoun t of  luc id ly  support .......

Postdoctoral Associates 
Nu mber of yours  supported . . . .  
Am oun t of  pos ldoc lorul support

Gra duate  Studen ts

—II— 
—0—

Numb er o f supported per uwur d- ye ar......................................................
Am oun t of grad uate student suppor t ........................................................

Othe r Personnel C ost s....................................................................................
Land. Buildin gs , and Fixed E qu ip m ent........................................................
Major  Eip iip men t (more than $200,000)........................................................
Othe r Equ ipm ent ............................................................................................
Other  Costs ' .....................................................................................................
Indirect  Cos ts ...................................................................................................

—0— 
—0— 

$14,000

—0— 
—0—

41.684
7.500

—0—

$97,000 
—0—

—0—
191.0(H)
62.000

—0— 
—0— 

$97,000 
—0— 
—0— 
—n— 

191.000 
62.000

Total $63,184 $350,000 $350,000

' Inc lud es awarded  fo r supp lements,  purchase o rders and interagency agreements.
Fringe Benefits , expe ndable equip me nt tra ve l, pu bl icat ion cost, c omputer costs, oth er di rect  costs.
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PROGRAM DEVELOPMEN T AND MANA GEM ENT

PROGRAM ACTIVITY SUMMARY

FY1981 ProgramTotal .............................................................. $60,800,000

Obligation s by Subactivity

Page Subactivity A c tu a l 
FY 1979

Budget 
Request 
FY 1980

Current
Plan

FY  1980
Estimcte 

FY 1981
Difference  
FY 1981/80

1-9 Mathemat ical and Phyaical Science* . . . . $4,154,420 $5,242,000 $4,755,000 $4,822,000 $67,000

1-10 Astronomical,  Atmospheric, Earth
and Ocean Sciences .............................. 4,911,017 5,538,000 5,787,000 5,987,000 200,000

1-12 Biological, Behavioral and Social
Sciences ................................................. 3,843,141 4,592,000 4,798,000 4,864,000 66,000

1-13 Science Education P ro gra m *................... 3,543,928 3,825,500 3,820,000 3,820,000 —0—

1-14 Engineering and Applied Science ........... 5,151,927 5,463,500 5,864,000 5,964,000 100,000

1-18 Scientific , Technological and
International Affairs .............................. 6,396,024 6,497,000 6,718,000 6,761,000 43,000

1-18 Executive Managem ent............................ 8,389,967 7,926,000 7,458,000 7,631,000 173,000

1-20 Central Support Service* and
Administration ....................................... 20,575,474 20,516,000 21,363,762 20,951,000 -412,762

Total  ..................................................... $54,765,698 $59,600,000 ’ ■>$60,563,762 $60,800,000 $236,238

Full Time Permanent Positions’ ............... 1,260 1,280 ‘ 1,274 1,293 19

1 includes 12 reimbursihk* positions.
-In clu de s $2,547,762 EY 1979 PDM ca rry ov er fu n d s ’
'Excludes $84,000 transferred to Department of Education.
4Excludes 6 positions transferred to Department of Education.

Organization and Objectives

The goal of the Program Deve lopment Activity and M anagement is to achieve the 
most ef fect ive management of the National Science Foundation. Major objectives of 
this activity are to:

• ope rate a system of im par tial  evaluation and selec tion of p ropo sals to ensure 
suppor t of rese arch  and science education projects on the basi s of sc ientific  
merit :

• prov ide a suffic ient staff  of well- trained  and highly qual ified scient ists, educa­
tors, administ rators, and  supp ort  personnel;

• supply support services to pro vide staff an environment c onducive  to effec tive 
program and  management operatio ns:

• ens ure  proper  accoun tabil ity and oversigh t of F ederal fund s through effective  
managem ent policies, p rocedu res , and techniques:

• mainta in an in-house cap abi lity  for high qual ity analysis of s cience and tech­
nology policy;
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• identify issues and develop long-range plans for effective and  responsive NSF 
programs; and

• obtain oversight by outside experts and in-house staff to ensure  vitality and 
responsiveness of NSF programs.

NSF is organized into six program directorates, an a dministrat ion direc torate, and 
six staff offices reporting to the Director. Within this structure, the six program direc­
torates operate and manage the major discrete parts of the Foundation's efforts in 
science research.

Three of the directorates, each composed of related groups of scientificdisciplines, 
strongly represent basic re search programs in the top management level. These direc­
torates are Mathematical and Physical Sciences; Astronomical, Atmospheric, Earth, 
and Ocean Sciences; and Biological, Behavioral, and Social Sciences.

The other directorates  manage research in applied science and engineering; 
science education; and a consolidation of international science programs, science 
information activities, science resources studies, and science policy analysis. These 
director ates are Engineering and Applied Science, Science Education, and Scientific, 
Technological, and Internationa l Affairs.

The staff offices report ing to the Director are Planning and Resources Manage­
ment, Equal Employment Opportunity, Government and Public Programs, General 
Counsel, Small Business Research and Development, and Audit and Oversight.

In addition to managing a nd operating science researc h programs through grants 
and contracts, the NSF staff conducts in-house efforts relate d to:

• studies of science resources, including scientific manpower;

• evaluation of science policy issues and alternatives in support of the National 
Science Board and the Office of Science and Technology Policy;

• coordination of nationa l and interna tional scientific activities;

• planning and management of a complex logistic support for the U.S. Antarctic 
Research Program;

• planning and managing the expanded ocean drilling programs; and

• a science liaison staff maintained at Tokyo, Japan, to assist coordination of 
science programs involving Far Eastern countries.

Significant Recent Achievements

• Directorate for Engineering and Applied Science—Effective July 1, 1979, the 
Engineering Division of the Mathematical, and Physical and Engineering Direc­
torate and the Applied Science Divisions of the Applied Science and Research 
Applications Directora te were merged, forming the new Directorate for Engi­
neering and Applied Science. This merger was designed to:
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— stren gthen NSF’s eng ineerin g prog rams by giving engineer ing a single, more 
visible place in the organizat ion;

— enha nce NSF’s prog rams of app lied  an d problem-focused rese arch by pro ­
viding a bro ade r base  of scien ce and en gineering  to build upon; and

— recognize  the key role of eng inee ring  in the tran sfe r of science into tech­
nology and the imp orta nce  of engin eering in NSF’s ind ust ry-rela ted  and 
problem-orie nted  res ear ch programs.

• Cross -Directorate Programs Activ ity—In rece nt years , sev era l programs have 
bee n mandated by the Congr ess or ha ve been d eveloped  by NSF in respo nse to 
spec ific scient ific needs . For the most pa rt, these initia tives  d id not fit comfort­
ably within  the programs of a single  d irec tora te or they req uir ed  s pecia l man­
agem ent and admi nistration .

Und er a new Cros s-Directo rate Programs Activity, these  programs are set 
forth sepa rate ly in NSF’s budg et. Among these program s are  the US/USSR 
Coop erative Research Program, the Two and Four-Year College Science Inst ru­
men tatio n Program, the Exper ime ntal Program to Stimulate Comp etitive  Re­
sea rch  and the University Res earch Faci lities Improvem ent Program .

The Cross-Directorate Programs Activity not only id enti fies these specia l pro­
grams; it also assists NSF to establ ish budgetary requirem ents and measure  accom­
plish ments. Under c urrent  p lann ing,  mana geme nt of the cr oss- dire ctor ate pro­
grams is to be contin ued with in NSF’s exis ting organ izational stru cture.

• Master  Grant—An exp erim ent in simp lified rese arch  gr ant adm inis trat ion  was 
begun in January, 1979, with the chemistry  dep artm ent  of the Univ ersity of 
Flori da. Since then, the chem istry  d epa rtm ents of eight other uni versities have 
join ed the experiment.  T he inst itut ion s are the Univ ersity  of Cali forn ia at Los 
Angeles,  the Univers ity of Ca lifo rnia  at San Diego, C alifor nia Ins titu te of tech­
nology, the University of Wisconsin at Madison, the Mas sach uset ts Institute  
of Technology, Co lumbia Univ ersity, the State Unive rsity of New York at Stony 
Brook, and the University of Illinois at Urba na.

The expe rime nt employs a concept known as the master grant; i.e., NSF 
trea ts rese arch projects app rove d not as indiv idua l grants  to the institution 
but as sub-e lements of a single gra nt. Such grouping of pro jects  permits a su b­
stantia l simplification of reco rdk eep ing  and a sharing of resou rces .

NSF also is placing increased  emp hasi s upon the use of c ontin uing  gr ants 
and mul tiple -yea r awards to red uc e the num bers  of propo sals, peer  review s, 
and NSF processing and  gran ts awa rde d. In this connection, NSF now automates 
most of the more than 11,000 aw ard  lette rs, about  11,000 dec lina tion  lette rs, 
and 35,000 le tter s soliciting ad hoc p ropo sal review s or selectin g re vie we rs ea ch 
year.  The autom ated produ ction  resu lts  in s izabl e savings  of cle rica l staff time.

• Seni or Executive S ervice—Title IV of the Civil Service Reform Act es tabl ished 
the Seni or Executive Service,  a se pa rat e personne l system for se nio r ex ecutives 
and mana gers in the Fede ral gove rnment. The SES was designed prim aril y to

1-3



803

provide greater  flexib ility among the senio r staff and thereby  to assist the 
achievemen t of program and agency  goals.

NSF has established its Senior  Executive Service cad re b ased  on an  alloca­
tion of 129 positions approved  by th e Office of Personn el Ma nagement . The SES 
Per form ance Appraisal System in NSF has also been established  and is now 
being  implemented .

• Staffing Study—An agency staff ing study , completed during the ear ly fall of 
1979, was  used to de term ine sta ffi ng  requ ire men t for the FY 1981 budget.  
Procedures and data were dev elo ped to estimate the personn el req uirements 
for proposa l workload and sizes of program budget s in each directora te. The 
study  also assists managers in achieving the following objec tives:
— Improving the abili ty to co mpare  the dist ribution  of worklo ads within  the 

Foun dation:
— Im prov ing the  in te gra tion of PD&M bu dg et  re que st s with  program  

require ments:
— Improv ing the abi lity to es timate  changes in work loads f rom t ren ds noted in 

the inputs of each di rec torate ; and
— Estab lishing analy tical models  for future staff  planning .
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NA TIO NA L SCIENCE FOUNDATION
Analysis ol Appropriation Limitations tor Program Development and Management

Fiscal Year Appropriated PD 8-M
Limita tion

Fiscal year in which limitation is obligated

Actual
FY 1979

Estimate
FY1980

Estimate
FY1981

Prior Years Recoveries and Available Balancea .

FY1979:
P.L. 9 5-392.............................................................

$3,138,560 $3,138,660

52,252,238

(625,000)

2,547,762

58,100,000

(84,000)

60,800,000

54,800,000
(Reallocated to U.S. Antarctic Program

FY1980:
P.L. 96-103............................................................. 58,100.000

(Transferred to the Department of
Ed uc at ion) ....................................................

FY I 981 Estimate:
Annual Appropriation ........................................... 60,800,000

Total Obligated ................................................ 54,765,898 $60,563,762 $60,800,000

Changes Between the FY19S0 Budget Request and the FY1980 Current Plan

The current plan for FY 1980 provides a total of $60,563,762 for the Foundation's 
program development and management expenses. This level of funding will allow 
NSF to operate with a staffing plan of 1,274 full-time positions. The average salary will 

be about $30,250.
The FY 1980 plan includes $58,100,000 appropriated in FY 1980 and $2,547,762 

carryover balance from FY 1979. It excludes $84,000 to be t ransferred  during FY 1980 
to the new Department of Education for the part year salaries of 6 positions transferred. 
Of the FY 1979 carryovers, $2,500,000 resulted from the House Appropriations Sub­

committee recommendation that the FY 1980 costs of the October 1979 Federal pay 
increase be at least partially absorb ed by the Foundation in lieu of proposing a supple­
mental appropriation request for the purpose. It is estimated that the total cost will be 

approximately $2,700,000.
Other significant changes in the FY 1980 plan, compared to the FY 1980 budget 

request, include:

• An increase of $397,000 resulting from provisions of the Civil Service Reform 

Act establishing the Senior Executive Service.

• An increase of $225,000 for additional  part-time employment, in response to . 
P.L. 95-437, the Federal Employees Part-time Career Employment Act of 1978.

• An increase of $200,000 for additional  shared costs of the overseas office per­
sonnel and services provided by the Department of State to NSF employees 
assigned overseas or traveling abroad on official business. This increase reults 
from a change in billing procedure by the Department of State and the declining 
value of the dollars to foreign currencies.
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• An inc rease of $90,000 for sup plie s $50,000 for print ing and $40,000 for miscel­
lane ous office e qui pme nt du e to pri ce  increase s.

• Offse tting  thes e inc reases are:

— a dec rea se of $286,000 in trav el of perso ns and tran spo rtat ion  of things as 
req uir ed  by P.L. 96-86 a nd adm inis trat ion  g uide line s req uir ing  a gencies to 
red uce their  estimates of the two categ ories by 8%.

• A d ecr eas e of $685,000 in re nts  a nd  commu nications, prim arily r ela ted  to equ ip­
ment  ren tals and  communi catio ns, a nd

• Dec reases of $400,000 in equip me nt procureme nt prim aril y rel ate d to office 
autom ation .

FY 1981 Budget Highlights and Explanation of Increases and Decreases

The FY 1981 estimate of $60 ,800,00 0 for Program Deve lopme nt and Management 
is an inc rea se of $236,238 over the esti mate forFY 1980.

A total staff of 1293  posit ions is planne d for FY 1981, an inc rease of 19 positions. 
Six of the new positions wer e ide nti fie d for support  of basic and  applied  rese arch  
efforts by the NSF staffing study com plet ed in the fall of 1979. Eight are  ne ede d in con­
nection with the expanded prog ram of ocean drilling. Of the remaining  five positions, 
three are  allocated to the  exp anded  program for resear ch faci lities, one to the small 
busi ness  rese arch  program , and one for the Five-Year  Outlook in Science  report 
auth oriz ed by the Science and Technology Policy Act of 1976.

FY 1981 in crea ses and decre ase s are:

• An in crea se of $456,000 for per ma nen t p erso nne l com pens ation for salary costs 
of the addit ional  19 positi ons. This initia l fund ing is approx ima tely  two-th irds 
of the annual cost of the se positions and the balanc e will be ann ual ized  in 
FY 1982;

• An incre ase of $25,000 for consu ltant  compensation  to fund about  250 more 
consu ltant days per for me d by outside experts  to provi de oversight and advice 
concerning NSF programs;

• An ad ditio nal $63,000 for personnel benefit s as the em plo yer ’s con tribu tions  to 
reti rem ent and ins ura nce for the ad ditio nal 19 posi tions and for in crea sed costs 
of bene fit paym ents for the existing staff.

• A total incr ease of $146,00 0 is provid ed for travel. This  item covers addition al 
site visits for  m onitorin g and oversight of program aw ard s by existing s taff, and 
19 new employees , advisory  commit tees, and cons ultants for new program s.

• An in crea se of $50 ,000 for transpor tatio n of things for house hold  moves of new 
employees.
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• A net dec reas e of $235,000 in rents and  communicati ons, resulting from an 
incre ase of $200,000  in space rental rate s assessed  to NSF by the Gen eral  
Services  Ad ministra tion  and  a d ecrease of $435,000 in ren tal costs for data proc­
essing equi pme nt previou sly leased but now purcha sed.

• An incre ase of $50 ,000 for printin g and reprodu ctio n due  to inc reased costs of 
pape r, printing  supp lies , and print ing by the Gov ernm ent Printing Office and 
privat e contractors.

• A decreas e of $108,762 in adm inist rativ e servi ces cont racts  previously  bud ­
geted for softw are d evelopm ent.

• A net decre ase of $210,000 resultin g from redu ced  p urc has es of special purp ose 
equip ment  and com puter har dware.
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PROGRAM DE VELOPMENT AND MAN AGEMENT 

Summary of Obligations by Object

Object Actual
FY 1979

Bu dg et
Req ue st
FY 19 80

C u rr e n t
Plan

FY 19 80
E stim ate

FY 1981
D if fe re nce  
F Y I 981/80

F u ll -t im e  Perm anent P osi tions’ ...............................
Ave ra ge Sa la ry  ............................................................

1,260
$28,070

1.280
$27,500

'1.274
$30,250

1.293
$30,300

19
$50

Per so nn el  C om pensa tion :
F u ll -t im e  Perm anent S ta ff  ...................................
O th e r than F u ll - ti m e  S ta f f .....................................
O th e r P ers onnel C om pe ns at io n .........................
NS B.  A d v is o ry  Co m m it te es A C on sul ta nt s . . . .

$33,255,107
504.513
502.946
442.864

$35,160,000
650.000
650.000
850,000

$37,413,000
765,000
872,000
550.000

$37,869,000
765.000
872.000
575.000

$456,000 
—0— 
—0— 

25.000

S ubto ta l,  Per so nn el  Com pensation ............... 34.705,430 37,310,000 39.600.000 40.081.000 481.000

Per so nn el  B enefi ts :
E m p lo ye r C o n tr ib u ti o n  to R eti re m ent,

L if e  & H e a lt h  In su ra nce, F1CA , e tc ..................
O th e r P ers onnel B enefi t P aym en ts .....................

2.975.302
79,550

3,435.000
125,000

3.424.000
70.000

3.469,000
88.000

45.000
18.000

S ubto ta l,  Per so nn el  B enefi ts  ........................... 3.054.852 3.560.000 3.494.000 3,557.000 -63.000

S ub to ta l.  Per so nn el  Com pe ns at io n 
an d B e n e f it s ...................................................... 37.760.282 40.870.000 43.094.000 43.638.000 544.000

T ra ve l:
S ta ff T ra v e l ..............................................................
NSB . A d v is o ry  C om m itt ee s & C onsultants  . . . .  
O th e rT ra v e l Expe ns es  .........................................

1,731,278
778.132

46.286

2,055.000
1,095.000

85.000

1.902.000
1.035.000

62.000

1,960.000
1.120.000

65.000

58.000
85.000

3.000

S u b to ta l. T ra v e l............................. ....................... 2,555.696 3.235,000 2.999.000 3.145.000 146.000

T ra n sp o rt a tio n  o f T h in g s ............................................ 207.159 300.000 250.000 300.000 50.000

R en ta l & C om m unic ations:
O ff ic e  Sp ac e R e n ta l.............. ..................................
Dat a Proce ss ing & O ff ic e  A uto m a tion

E q u ip m en t R e n ta ls ..............................................
O th e r R e n ta ls ............................................................
T e le phone . T e le gra ph. C able  & Postag e ...........

3,280,508

1.422.388
351,807

1,956,479

3.400,000

1.260.000
575.000

2.350.000

3.360,000

1.075,000
400.000

2,065.000

3.560.000

640.000
400.000

2.065.000

200.000

-435.000 
—0 — 
—0—

S ubto ta l.  R en ta l A C o m m u n ic a tio n s ............... 7,011.182 7.585.000 6.900.000 6.665.000 -235.000

P rin ti n g  & R e p ro d u c ti o n ............................................ 430.334 500,000 550.000 600.000 50.000

O th e r Co n tr ac tu a l S er vice s:
A d m in is tr a ti v e  C o n tr a c ts ...................................... 1,425.165

756.361
1,170.689
(620.689)
(550,000)

314,748

1,625.000
940.000

1.450,000 1,450.000
A u d it  S e rv ic e s .......................................................... 850.000 850.000 —0—
Dat a Proce ss ing C on trac ts  ....................................

O pera tions A M a in te nance ..............................
1,600.000
(688,000)
(912.000)

350.000

1,755,762
(875.000,
(880.762)

430.000

1.647,000
(875.000,
(772,000)

430.000

-108.762
(— o— , 

(-108 .762) 
—0—

S oftw are  D e v e lo p m e n t.............. ........................
E m plo yee T ra in in g ..................................................

S ubto ta l.  O th e r C ontr actu a l S erv ic es .......... 3.666.963 4.515.000 4.485.762 4.377.000 -108.762

S upp lies  & M ate ria ls :
O ff ic e  Su pp lie s.  P ri n ting  Supplie s,  e tc ...............
Data P roce ss ing S up plie s ......................................

541.812
109.952

500.000
120.000

600.000
110.000

600,000
110.000

—0— 
—0—

S ubto ta l.  Supplie s & M a te ri a ls  ........................ 651,564 620.000 710,000 710.000 —0—

E quip m ent:
O ff ic e . F u rn it u re  A S pe cial  P urpo se

E q u ip m e n t.............................................................
Data P roce ss ing E qu ip m ent:

C om pute r H a rd w a re ..........................................
O ff ic e  A uto m ation  E qu ip m en t .......................

630.585

1,103.545
743.884

550.000

700.000
700.000

585.000

700.000
265.000

510.000

565.000
265.000

-75.000

-135.000
—0 —

Subto ta l.  Equ ip m ent .......................................... 2.478.014 1.950.000 1.550.000 1.340.000 -210.000

G ra nts . Sub sidies  A C o n tr ib u tions :
A w a rd  Rec ip ie nts  E xpenses.................................. 4.704 25.000 25.000 25.000 —0 —

T O T A L ................................................................... $54,765,898 $59,600,000 ‘$60,563,762 $60,860,000 $236,238

1 In c lu des 12 re im b u rs a b le  pos it io ns.
- Inc lu des $2,547,762 in  FY 1979 c a rr yo ve r fu nds fo r  PDAM . 
'E xc lu des 8 pos it io ns tr a n s fe rr e d  to  th e D epartm ent o f E ducation. 
'E xc lu des  $64,000 tr a n s fe rr e d  to  th e D epartm ent o f Edu ca tion .
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Mathematical and Physical Sciences $4,822,000

Summary of Obligations by Object

Object Actua l
FY 1979

Budget
Request
F Y 1980

Curren t
Pla n

FYisao
Estimate

FY1981
Diffe renc e 
FY 1981/80

Fu ll- Time P ei mene nt  Po s it io n s ..................... 116 118 119 120 1

Per so nnel  Compe ns at ion and  Ben ef its :
Fu ll- Time P erman en t Positions  .............................. $3 ,358 ,766
Oth er  Than  Full-Time S ta ff ........................................  16,945
Oth er  Pe rs on ne l Co mpe ns at ion ............................  10 7,355
Ad viso ry  Co mmittee s and C o n su lt an ts ...............  26 ,928
Ben ef its ......................................................................... 29 2,758
Tr av el:
Sta ff  T ra v e l.............. ......................................................  260 ,851
Adv isor y C om mittee s and  Co n su lt an ts ................ 90,817
Off ice Autom at ion E qu ipmen t ................................  —0—

T o t a l ......................................................................  $4 ,154 ,420

$4 ,054 ,000 $3 ,815 ,000 $3 ,840 ,000 $2 5,00 0
27 ,000 25 ,000 25,000 —Oi—
89 .000 12 0,00 0 120,0 00 — 0—
80 ,000 40 ,000 45,000 5,00 0

406,00 0 35 0,00 0 352,000 2,00 0

30 6,000 28 5,00 0 300,000 15 ,000
12 2,000 12 0,000 140,000 20 ,000
15 8,000 —O— —0 — — 0—

$5 ,242 ,000 $4 ,755 ,000 $4 ,822 ,000 $8 7,00 0

Functional Subactivity Description and Objectives

This functional suba ctivi ty is organized on a disc iplin ary basi s and in add ition  to 
the Office of the Assistant Directo r for M athem atica l and Phy sical Sciences consis ts of 

the following divisions:

• Division of Mathem atica l an d Computer Sciences

• Division of Physics

• Division of Chemistry

• Division of Mater ials R esearch

The Division of M athe mat ical and Computer Sciences prov ides  sup port  for these  
two scien tific  discip lines, incl udin g providing Fed eral  lea dersh ip in explorin g and 

deve lopin g the uses of co mputer s in rese arch .
The Division of Physics is resp ons ible  for carry ing out a majo r portion  of the 

Foundat ion's  program for su ppo rt of basic re search  in physics whic h has the  obje ctive 
of inc reasi ng knowledge and under standi ng of the bas ic pr opert ies  of the fundame ntal 

forc es and elem enta ry con stituen ts of matte r.
The Division of Chemistry  pro vid es supp ort for r ese arch  in  ch emis try which p ro­

motes the unde rstan ding  of the stru ctu res , proper ties  an d c hemical transformati on of 

mat ter.
Sup port  of fund ame ntal stu die s in the optical , elect rical , magnetic, struc tura l, 

ther mal  and chemical  pro per ties  of mat eria ls is provi ded through the Division of 

Ma teri als  Research . The o bjec tive of such studies is to increas e our basic knowlege of 
materia ls and to utilize this knowledge in contributing to the solution of national problems.
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FY1981 Budget Highlights and Explanation of Increases and Decreases

The cost of per ma nen t pos ition s is in crea sed by $27,000 for par t salary costs and 
ben efit s of an addition al asso ciate program manager in the fiel d of mathem atics, a 
posit ion iden tified by the NSF staffing s tudy during 1979. S taff trave l is in crea sed by 
$15,000 to provide addi tion al site visits for monitoring and oversight of program 
awa rds . An additional $25,000 is provi ded for the inc reased  costs of compensating  
advisory  committees and con sul tants and thei r rel ate d travel.

Astonomical, Atmospheric, Earth and Ocean Sciences ......... $5,987,000

Summary of Obligations by Object

Object Actua l 
FY 1979

Budget
Bequest
FY1980

Cu rre nt
Plan

FY 1980
Estimate

FY 1981
Differen ce 
FY 1981/80

Full-T ime Permanent Po si tio ns ........................ 148 151 150 156 6
Personnel Compensation and Benefits:
Full-Time Permanent Positions ....................... $4,020,542 $4,430,000 $4,675,000 $4,820,000 $145,000
Other Than Full-Time Sta ff ................................. 10,809 35,000 15,000 15,000 —0—
Other Personnel Compensation ...................... 48,249 40,000 102,000 102,000 —0—
Advisory Committees and Co ns ul tants.......... 31,642 55.000 45.000 50,000 5,000
Benefits ............................................................... 351,113 434.000 430,000 445,000 15,000
Travel:
Staff Tra ve l........................................................... 327,276 375,000 365,000 380,000 15,000
Advisory Committees and Co ns ul tants.......... 121,386 95,000 155.000 175,000 20,000
Office Automation Equipment ......................... —0— 74,000 —0— —0— —0—

Total ............................................................. $4,911,017 $5,538,000 $5,787,000 $5,987,000 $200,000

Functional Subactivity Description and Objectives

The organizati onal str uc tur e of the Astron omical, A tmospheric, Earth  a nd Ocean 
Scien ces funct ional subacti vity  consists, in addition  to the Office of the Assistant 
Direct or, of the following components:

• Division of Astrono mical Sciences

• Division of Atmosp heri c Sciences

• Division of Earth Sc ienc es

• Division of Ocean S cien ces

• Division of Polar Progra ms

• Division of Ocean Dri lling  Programs

The Foundation's sup port of research in optical and  rad io astronomy is accomplished 
thro ugh  the Divi sion  of As tronom ical Sci enc es. This  su pp or t inc lud es gra nts  to 
indiv idua l astro nom ers and  the funding for five nati ona l cen ters  for astron omical
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resea rch. T he ob jecti ve of this research is to incre ase  the understan ding  of the phys ical 

natu re of the univer se,  the stru cture and behavio r of s tars , objects and phe nom ena  

observ ed in deep space, and the makeup of the int ers tel lar  medium.
The Division of Atmos pheric Sciences s uppo rts r ese arc h across the e ntire ra nge of 

atmos pheric  ph enom ena. Inclu ded in the Division ar e the Cl imate Dynamics Prog ram, 

Atmosph eric Sciences Proje ct Support , the Global Atmosph eric Research Program, 

and the National Ce nte r for Atmosph eric Research.
The Division of Earth  Scie nces sup ports basic res ear ch in geology, geophysics, and  

geochemistry with the objective  of providing knowledge of the stru cture and com- 

positior  of the rocks tha t comp rise the earth ’s c rust and  the processes that form and  

modify them.
The Division of Oc ean  Scien ces su ppor ts r ese arch in o ceanography, the ev olut ion 

of ocean basins, and ma rin e life. Support is also provide d for the constru ction and  

operation  of rese arch  ships and shore  facil ities essential to the conduct of ma rine 

resea rch. The Division is resp onsi ble for the plann ing, management, and sup por t of 

U.S. parti cipa tion in the Inte rnation al Decad e of O cean Exploration.
The Division of Pol ar Programs has lead  agency resp onsi bilit ies for the U.S. 

Antarctic Program and the Arctic Resea rch Program.  F or the USAP, DPP manages  t he 

enti re U.S. program with the Depa rtments of D efense and  Tran sportatio n prov iding  

oper ation al supp ort on a cost reim bursable basis. In the Arctic, NSF is one of the 

major agency sup por ters  of basic  research .
The Division of Oce an Drilling Programs inclu des two subactivities:  the Deep 

Sea Drilling Project (DSDP) and the Ocean  Margin Drill ing Project (OMDP). NSF 

has overall mana geme nt responsi bility for these  programs.

FY1981 Budget Highlights and Explanation of Increases and Decreases

Funding for pers onn el comp ensat ion is incr eased by $160,000 to cover  the par t- 

year  salary  costs and ben efi ts six addit ional positions in the new Division of Ocean 

Drilling Programs. These  posit ions are a d ivision direc tor, a chief scientis t, an ocea n 

drilling section manage r, an ocea n dr illing engineer,  an d su ppo rt staff. Staf f travel  for  

this new program will requ ire  $15,000. Consul tant c omp ensa tion and associated trave l 

will req uire a total of $25,000.
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Biological, Behavioral and Social Scien ce s............................. $4,864,000

Summ ary of Ob ligations by Object

Object Actual 
FY 1979

Budget
Aequest 
F Y I 980

Current
Plan

F Y I 980
Estimate

FY1981
Difference  
FY 1981/80

Full-Time Perm anent Positions ....................... 114 119 120 122 2
Personnel Compensation and Benefits:
Full-Time Permanent Positions ....................... $2,776,801 $3,375,000 $3,630,000 $3,690,000 $60,000
Other Than Full-T ime S ta ff ................................ 86,207 95,000 159,000 159,000 —0—
Other Personnel Compensation ..................... 36,730 35,000 74,000 74.000 —0—
Advisory Committees and Con su ltants.......... 102,983 130,000 130,000 130,000 —o—
Benefits ............................................................... 250,841 325,000 330,000 336,000 6.000
Travel:
Staff Trave l........................................................... 165,780 250,000 185,000 185,000 —0—
Advisory Committees and Consultants.......... 223,799 240,000 290,000 290,000 —0—
Office Automation Equipment ......................... —0— 142,000 —0— —0— —0—

Total ............................................................. $3,643,141 $4,592,000 $4,798,000 $4,864,000 $66,000

Functional Subactivity Description and Objectives

The Biological, Behavioral and Social Sciences functional subactivity consists, 
in addition to the Office of the Assistant Director, of the following divisions:

• Division of Physiology, Cellula r and Molecular Biology

• Divisionof Behavioral and Neural  Sciences (

• Divisionof Environmental Biology

• Division of Social and Economic Sciences

The Division of Physiology, Cellular and Molecular Biology supports research 
to understand the molecular basis of cellular structure  and the physiochemical basis 
of biological functions in cells, organ systems, and whole organisms.

The Division of Behavioral and Neural Sciences supports res earch to advance the 
understanding of the behavior of humans and lower animals and the biological, psy­
chological, and cultural factors that underlie behavior.

The Division of Environmental Biology supports research to understand the eco­
logical interrelationships in terres trial and fres hwater  ecosystems and the evolution­
ary relationships among the several million species of plants, animals, and micro­
organisms.

The Division of Social and Economic Sciences supports research to advance 
understanding of the processes underlying the stru cture and operation of social insti­
tutions and to elucidate the principles underlying their stability and change.

FY 1981 Budget Highlights and Explanation of Increases and Decreases

Personnel compensation and benefits are increased  by a total of $66,000 to fund 
two additional program directors, one each in population biology and in cellula r 
biology. Both positions were identified by the NSF staffing study. (
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Science Education Prog ram s................................................... . $3,820,000

Summary of Obligations by Object

Object Actual
FY1979

Budget 
Request 
F Y I 960

Current
Plan

FY1980
Estimate 

FYI 981
Difference  
F Y I 981/8U

Full-Time Permanent Positions ........................ 110 112 ’106 106 —0—
Personnel Compensation and Benefits:
Full-Time Permanent Po si tio ns ........................ $2,926,449 $3,060,000 $3,145,000 $3,145,000 —0—
Other Than Full-Time Staff ................................. 39,987 55,000 76,000 76,000 —0—
Other Personnel Compensation ...................... 43,200 35,000 67,000 67,000 —0—
Advisory Committees and Cons ultants.......... 20,593 45.000 30,000 30,000 —0—
Benefits ............................................................... 263,088 293,500 290,000 290,000 -■0—
Travel:
Staff Tra ve l........................................................... 131,463 135,000 142,000 142,000 —0—
Advisory Committees and Co ns ultents.......... 56,360 95,000 70,000 70,000 —0—
Administrat ive Contracts................................... 62,788 —0— —0— —0— —0—
Office Automation Equipment .......................... —0— 107,000 —0— —0— —0—

Total  ............................................................. $3,543,928 $3,825,500 $3,820,000 $3,820,000 - 0 -

' Excludes 6 positions transferred to the Department of Education.

Functional Subactivity Description and Objectives

The Science Education Prog ram functi onal subac tivity is composed of the Office 
of the Assistant Direct or for Science Education and the follow ing units: Division of 

Scien tific Perso nnel Imp rove men t, Division of Scien ce Ed ucati on Resources Im prov e­
ment,  Division of Science Educ ation  Dev elopment an d Re search, O ffice of Science  and 

Society, and Office of Program Integ ration .
The overall  objec tive of the funct ional subac tivity is to init iate  and supp ort 

programs w hich will s tren gth en scie nce educ ation  p rogram s at all levels, assu re high 

sta ndard s and quality in the trai nin g of all stud ents  and prof essi ona ls in the sciences, 

and rais e the general level  of scie nce liter acy in the Nation.
The Division of Scien tific Person nel Impro veme nt is re spo nsible for fellowships 

and traineeship s, programs to provide e xperien ce in in depen dent s tudy  and rese arch , 

prog rams  to assist  the prof essi ona l deve lopm ent of sc ience  f aculty , and a program to 
encourage greater  participation in the sciences by minorities, women and the handicapped.

The Division of Sc ience  E ducation Resources Improvement is  respo nsib le for the  

imp roveme nt of pre-college inst ruc tion  and programs to im prov e the scien ce edu ca­
tion cap abi litie s of 2-year and 4-y ear  institu tions  of higher educatio n, including those 

inst itutions providing un der gra duate  and  grad uate tra ining  in the sciences for minority 

stud ents .
The Division of Scien ce Educ ation  Development and Researc h is  respon sible for 

prog rams  to advance our  knowle dge of how scienti fic concepts, p rocesse s and ski lls are 

lea rned  and to enco urage the dev elopment  of mater ials and inst ruction al techniques 
by w hich the quality, rele van ce and  efficacy of the lear ning  p roce sses  in  sc ience can 
be impro ved.

The Office of Science and Socie ty is resp onsible for prog rams  to improve the
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public  understand ing  of science, inclu ding  how scienc e works and what  are its uses 
and limitations . The program also prov ides  c itizens with access to s cient ific inform a­
tion rel ated to important p ublic  issues, which in cludes  eth ics and  valu es in science and 
technology.

The Office of Program Integ ratio n provides support  serv ices  to the Assistant 
Direct or for  Science  Education. T hese  serv ices include integ rating  and comparing pr o­
grams across  divisions, including progr am evaluation  and ne eds asses smen t in scien ce 
education.

FY1981 Budget Highlights  and  Explanation of Inc rea ses  and De creas es

Funding for program developme nt and management in Sc ience Education is held 
level for FY 1981, part ly as a r esu lt of the t rans fer of six positions and $84,000 to the new 
Dep artm ent of Education duri ng FY 1980.

Engineering and Applied Science $5,964,000

Summary of Obligations by Object

Object Actual 
• FY1979

Budget
Request
FY 1980

Current
Plan

FY1980
Estimate 

FY 1981
Difference  
FY J 981/80

Full-Time Permanent Positions ................... 149 155 150 152 2
Personnel Compensation and Benefits:
Full-Time Permanent Positions ...........................  $4,193,469
Other  Than Full-Time Staf f..........................    61,616
Other Personnel Compensation .......................... 25,045
Advisory Committees and Con su ltants..............  42,418
Benefits ..................................................................  363,897
Travel:
Staff Trave l............................................................... 386,173
Advisory Committees and Con su lta nts.............. 79,309
Office  Automation Equipment .............................  —0 

Total .....................................   $5,151,927

$4,241.000 $4,715,000 $4,770,000 $55,000
68,000 83,000 83,000 —0i—
51,000 76,000 76,000 —0—
75,000 60,000 65,000 5,000

407,500 430,000 435,000 5,000

394,000 400.000 415,000 15,000
128,000 100,000 120,000 20,000
99,000 —0— —0— —0—

$5,463,500 $5,864,000 $5,964,000 $100,000

Functio nal  Subactivity Description and Objectives

The Found atio n’s progr am of Engineering and Applied Science seeks to strengthe n 
the resea rch base of U.S. engin eering and applied  scien ce and to enhance the links 
between research  an d applica tions for g reater cont ributions  to the  under standing  and 
resolut ion of significant socie tal problems.

In additio n to the Offic e of the Assistant Directo r for Engineering and Applied 
Science, the activity is organized into six divisions:

• The Division of Elect rical , Computer, and Systems Enginee ring provides sup ­
port for basic res earch  in the three  rela ted disc iplin es of ele ctrica l, computer, 
and systems engineering.
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• The Division of Chem ical and Process Engineer ing spo nsors basic re search re le­
vant to the entir e r ang e of chemical, pe troch emical, b ioche mical, food, minera l, 
and other  proces s industr ies.

• The Division of Civil and  Mech anica l Engineering  sup por ts a broad array of 
research efforts  involving mech anica l and ther mal  phenom ena  important to 
engineering  appl icati ons.

• The Division of App lied  Rese arch  c onsid ers unsolicited, app lied  re search pro­
posals growing out of ba sic  disco veries in vari ous f ields  of scienc e and enginee r­
ing wi th high pote ntia l for techn ical appl ication or for use in public  policy.

• The Division of Problem- Focu sed Research conc entrate s upon selec ted prob ­
lems of society whe re scie nce  and technology can make signif icant cont ribu ­
tions to timely, prac tica l solutions.

• The Division of Inte rgo vernmental Science  and Public Technology supports 
effort s to increase the cap abi lity  of sta te and local gove rnm ents  to use science  
and technology in pub lic policy, tests incentive s to incr eas e R&D inves tment  
in the private sector,  cond ucts  expe rime nts to in cre ase  the ability of scie ntists 
in selec ted states to com pete  succes sfully for Fed eral  res ear ch funds, and 
supp orts rese arch  in app ropriat e technologies.  Foundatio n effort s to increase  
the par ticip ation of small bu siness  in rese arch  and a ppl ied science are prim arily  
dire cted  in this division.

FY1981 Budget Highlights and Explanation of Increases and Decreases

Pers onne l compensation funding  is incre ased  by $60,000 to cover  the part-year 
sala ry and benefits of two add itio nal  program direc tors, one in the small busine ss 
inno vativ e rese arch  program, the oth er in separati on process engineering. The latte r 
posit ion w as id entif ied by the NSF staffing study. Staff travel is inc reased  by $15,000 to 
provide  addit ional  site visits for moni torin g and oversight of pr ogram  awards by the  
existin g and new staff. An additio nal  $25,000 is provi ded for the increas ed costs of 
advisory committees and cons ultan ts.
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Scientific, Technological and International Affairs $6,761,000

Summary of Obligations by Object

Object Actua l 
F Y 1979

Budget
Bequest
FY1960

Cu rre nt
Plan

FY 1980
Est ima te 
FY 1981

Di ffe rence 
FY 1981/80

Full-Time Permanent Positions ...................... 182 183 182 183 1
Personnel Compensation and Benefits:
Full-Time Permanent Positions ....................... $5,237,679 $5,130,000 $5,350,000 $5,380,000 $30,000
Other  Than Full-Time S ta ff ................................ 49,222 65,000 94,000 94,000 —0—
Other Personnel Compensation ..................... 29,766 115,000 108,000 108,000 —0—
Advisory Committees and Consultants ......... 33,538 60,000 45,000 45,000 —0—
Benefits ......................... 532 655 596,000 550,000 563,000 13,000
Travel:
StaffTrave l........................................................... 228,011 310,000 250,000 250,000 —0—
Advisory Committees and Consultants .......... 41,863 75,000 55,000 55,000 —0—
Transportation of th ings .................................... 11,500 20,000 10,000 10,000 —0—
Administrative Contracts.................................. 226.090 50,000 250.000 250,000 —0—
Supplies and M ater ia ls ...................................... 5,700 5,000 6,000 6,000 —0—
Office Automation Equipment .......................... —0— 71,000 —0— —0— —0—

Total ............................................................. $6,396,024 $6,497,000 $6,718,000 $6,761,000 $43,000

' Includes 11 re im bu rsa ble  positions.

Functional Subactivity Description and Objectives

This functional subac tivity is com posed of the Office of the Assist ant Director for 
Scientific, Technological and Intern atio nal  Affairs and the following components:

• Division of Internat iona l Prog rams

• Division of Policy Resea rch a nd Analysis

• Division of Science R esources Studies

• Division of Informa tion Scie nce a ndTechnology

The Division of Int ern atio nal  P rograms funds and manages inte rnat iona l c ooper­
ative  r esea rch and exchan ge of scientists  an d NSF partic ipation  in Joint Commissions 
for Scientif ic and Technical  Cooperation; and sponsors U.S. part icipa tion in non­
gover nmental inte rnat iona l scien tific  organiza tions. The Division also manages the 
Fou ndat ion’s Specia l Foreign Currency program which uses U.S. owned excess 
cur rencies  in ce rtain  cou ntri es to carry out r ese arch and rel ate d activities, including 
the transla tion of foreign scien tific lite ratu re into English. The objectives are to 
stren gthen U.S. sc ience by a cqui ring  scientific inform ation  a broad, foster close wor k­
ing rela tionships betw een  U.S. and foreign scientists and there by share facili ties 
and costs. These prog rams  also support U.S. foreign policy objectives rela ted to 
scien ce and technology. T he Division ma intains lia ision with the Depar tment of State, 
other  Federal agencies,  an d the National Academy of Sciences on matters af fecting  the 
Foun dation ’s inte rna tion al programs. It promotes  ands up po rts  effective U.S. scient ific 
represen tatio n in intern atio nal  organiz ations  and at inte rnation al scientific con­
ferences  and provides advi ce and gu idance to units of the Foundat ion on i nternation al 
scientif ic matters .
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The Division of Policy Rese arch  and Analysis  carr ies out and  suppo rts scienc e 
and  technology policy res earch  and analysis. The Division prov ides policy rese arch 
and assess ment for existing  and  emerging science and technology issues and is the 
Fou nda tion ’s focal point for investigatin g and analyz ing the effects of Fed eral policy 
optio ns on R&D, technological deve lopme nts, and the costs and  bene fits from such 
activities. Also, the Division helps supp ort the analy tical nee ds of various  groups 
with in the Executive Office of the Pres iden t such as th e Office  of Science and Tech ­
nology Policy and the Office of Management and Budget.

The Division of Scie nce Reso urces  Studies is respon sible for collecting and i nte r­
pre tating data on national  res our ces  in scienc e and technology. In carrying out this 
responsibility the Division collec ts, analyzes and publishes stati stica l data  obta ined  
dire ctly  from surveys cond ucte d by the Division or by oth er Fed era l agencies. The 
subjects covered by these surv eys inclu de rese arch and develop men t in indus try, 
univ ersit ies, and nonpr ofit inst itutions,  and other s cienc e and technology indic ators.

The Division of Info rmation Science and Technology funds basic and appl ied 
resear ch proposals to advance the und erst anding of the pro per ties and stru cture of 
informat ion and how it is organized, tran sfe rred , and used.

FY1981 Budget Highlights and Explanation of Increases and Decreases

Funding for pers onnel com pens ation is increas ed by $33,000 for the part  year  
salary  costs-and benefits of an add itio nal  policy a nalys t who will have  respo nsibility  
for pre par ation of the Five-Ye ar Outlook  on S cience  repo rt p rep ared  for the Office of 
Science and Technology Policy. This position was identif ied by the NSF staffing 
study.  An additio nal $10,000 is inc lud ed for benefit s to NSF employees statio ned at 
Tokyo due  to higher cost of livi ng in japa n.
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Executive Management............................................................. $7,631,000

Summary of Obligations by Object

Objec t Actua l
FY 19 79

Budget
Request
FY 1980

Cur re nt
Plan

FY  1980
Est im ate

FY1981
D if fe re n ce  
h'Y 1981/HU

Fu ll-Time P er man en t Pos ition s ............................ 135 135 141 146 5
Pe rson ne l Com pe ns et ion an d B enefi ts:
Fu ll-Time P er man en t Pos ition s ............................ $4 ,136 ,936 $4 ,400 ,000 $4 ,683 ,000 $4 ,794 ,000 $111 ,000
Other  Than F ull-T ime S ta f f ....................................... 62 ,197 130,00 0 98,000 98 .000 — o—
Other  Pe rson ne l Com pe ns at ion ........................... 43 ,069 65,000 111,000 111,00 0 —0—
NS B,  Advisory Com mitte es  an d Consu ltants . . . 18 4,312 400,000 195,000 20 5,000 10 ,000
Ben ef its  ........................................................................ 37 1,99 8 437,0 00 429,000 44 0,00 0 11.000
Travel:
Staff  Tr a v e l............................ ........................................ 144,8 11 210,0 00 185,000 198,00 0 13.000
NSB, Adv isory C om m itte es  an d Consu ltants . . . 16 3,97 8 335 ,000 24 5,000 27 0,00 0 25 ,000
Other  Tra ve l E x p e n s e s ............................................. 4, 71 9 20,000 12 ,000 15 ,000 3,000
Te legra ph and C a b le ................................................. 35 ,000 40.000 35 ,000 35 ,000 —OI—
Adm inistrat ive C o n tr ac ts ......................................... 48 1,88 2 875,0 00 590,000 59 0,00 0 — 0—
Au dit S e rv ic e ............................................................... 756,361 940.000 850,00 0 85 0.00 0 — o—
Award Rec ipients E x p e n s e s ................................... 4, 70 4 25,00 0 25 ,000 25 ,000 —0—
Office A utom ation E qu ip men t .............................. — 0— 49,000 —0— —0— —o—

To tal ..................................................................... $6 ,3 89 ,967 $7 ,926 ,000 $7 ,458 ,000 $7 ,6 31 .000 $1 73 ,000

Functional Subactivity Description and Objectives

Policy direction, top managem ent of the NSF and support  for the Direc tor are 
includ ed in this function al area . In addition  to the Office of the Direc tor and the 
Nation al Sc ience  Board, Executive M anag ement consis ts of the following NSF offices:

• Office  of the General Coun sel

• Office  of Governm ental and P ublic Programs

• Office  of Planning and Reso urce s Management

• Office  of Equal Employment O pportunit y

• Office of Small Business Re search and Development

• Office of Audit and Overs ight

The National Sc ience Board, w hich consists of 24 leading scientis ts and  educ ators, 
appoint ed by the Presid ent, and the Director  of NSF, devel ops the broa d policy guide ­
lines  und er which Foundation activ ities  are car ried  out within the framework of the 
National Science Foundation Act. P ublic memb ers of the Board are  compensated for 
the ir at tend ance  at meetings  of the NSB and its committees and for  trave l costs incurred 
in carrying  out their resp onsi bili ties . Duties of the NSB a re specified in the National  
Science fou nd ati on  Act.

The Director is the chief executive  officer of the Foundation  and is r espon sible 
for the execution of the F oun dat ion’s program in acco rdance w ith the  National Scien ce 
Foun dation  Act and the broad policy guide lines  of the Board.
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The Office of the Gene ral Counsel prov ides  legal advice  and co unsel to the Board, 

the Director, and the staff on all aspec ts of the agency’s operation.

The Office of Gove rnme nt and Public  Programs advis es and assists the Dire ctor  

and coordinate s the Fou ndat ion’s liaison with Congre ss, as w ell as with profess ional 

societies and othe r nongo vernment al organiza tions; inform s the p ublic of NSF acti vi­

ties through the g ene ral and specialized media,  both prin ted  an d electronic; and  e dits 

or prep ares  officia l publ icat ions  of NSF.
The Offic e of Plann ing and Resources Managem ent provides for plan ning, policy, 

and program anal ysis on a Found ation-wide basis with special emph asis on co ord ina ­

tion and informat ion exchan ge of activi ties that cut across dire ctorate s or whic h 

involve m ajor Fou ndat ion policies. Develo pment  of the Foundation budget , its jus tifi ­

cation to the Office of Management and Budget and to the Congress and impleme ntation of 

financial oper ating pla ns consis tent with authori zatio n and appropr iatio n legislation 

are major functi ons of this Office. The Office includes the Foun datio n’s program 

review capability whi ch assists with perio dic revie ws of agency progra ms by NSF 

managem ent, program adm inist rato rs and to the National  Science Board.

The Office of Equal Employment O pportunit y admin iste rs the  NSF Equal Em ploy­

ment Opportunity Program, including the Federal Women’s Program and Opportuni ties for 

Spanish  Speaking  People and also serve s as the princi pal  advisor  to the Dire ctor  on 

equal  employ ment opp ortu nity  matters.
The Office of Sm all Business Resea rch and Developme nt, assists the Dire ctor  in  

fostering  comm unication s betw een NSF and the small busin ess community rel ate d 

to res ear ch and deve lop me nt.  The Off ice ass ists  in dividu al smal l bu sin esses in 

obtaining inform ation on programs, policies and  p roc edure s of NSF, as well as o the r 

possible sources of sup por t an d information  outside NSF, and  recom mends  chan ges in 

NSF procedures so as to draw more fully on resour ces of the  small bu sines s community. 

The Office collects, analyze s, compiles, and pub lishes inform ation  on grants and 

contra cts awar ded to sm all busin esses  and submits  qua rte rly  repo rts to Congress on 

NSF small business  ac tivit ies. The Office represents the NSF on the Interagency Com ­

mittee on Women's Business Ente rprise.
The Office of Audit and Oversight has resp onsi bility for: sampling prop osal  

actions  and post-award adm inis trat ion  to eva luate docu men tatio n and adh ere nce  to 

sta ted  pro ced ures; ass ess ing  o ver all  system pe rfo rm an ce  and  recom mendi ng im ­

proved  and simplified proc edures;  investig ating charges of im prop er actions by NSF 

staff  and monitoring the decis ion  rec onsidera tion  system; performing  finan cial audit s, 

monitor ing and coor dina ting  procedures  for scientific overs ight und erta ken  by dis­

cipli nary  panels; and perform ing evaluation  and program audit . The Office rep orts 

direc tly to the Director.

FY1981 Budget Highlights and Explanation of Increases and Decreases

An incre ase of $1 22t000 will fund the par t-year salary costs and benefits  of five 

addition al positions for the exp and ed indu stry /univer sity  coo perative  rese arch  pro-
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gram, and the new program of in strumenta tion and research facilities, Staff travel 
is increased by $13,000 to fund higher costs and travel by new employees. The National 
Science Board, advisory committees, and consultants are increased  $35,000 to cover 
higher costs of operation. Funding for the costs associated with the presentation of 
the Nat ional Medal of Science is increased by $3,000.

Central Support Services and Administration ........................$20,951,000

Summary of Obligations by Object

Object Ac tual  
FY 1979

Budget
Request 
F Y I 980

Cu rre nt
Plan

EY 198ft
Estimate

FY1981
Di ffe rence 
FY 1981/80

Administrat ion:
Full-Time Permanent Positions' ......................... 306 307 306 308 2
Personnel Compensation and Benefits:
Full-Time Permanent Positions ........................... $6,604,465 $6,470,000 $7,400,000 $7,430,000 $30,000
Other Than Full-T ime S ta ff .................................... 177,530 175,000 215,000 215,000 —0k—
Other Personnel Compensation ......................... 169,532 220,000 214,000 214.000 —o—
Advisory Committees and Con su ltants.............. 450 5,000 5.000 5.000 —o—
Benefits ................................................................... 628,502 661,000 685,000 696,000 11,000
Travel:
Staff Tr ave l............................................................... 86,913 75,000 90,000 90,000 _ o_
Advisory Committees and Co ns ultants.............. 620 5,000 —0— —o — —0—

Administrat ion, Sub total............................... $7,668,012 $7,611,000 $8,609,000 $8,650,000 $41,000
Central Support Services:
OtherTravel Exp en ses.......................................... 41,567 65,000 50,000 50,000 —0—
Transportat ion of Thin gs....................................... 195,659 280,000 240,000 290,000 50,000
Office Space R en ta l................................................ 3,260,508 3,400,000 3,360,000 3,560.000 200,000
Data Processing and Office Automation

Equipment Rentals ............................................ 1,422,388 1,260.000 1,075,000 640,000 -435,000
Other Rentals .......................................................... 351,807 575,000 400,000 400,000 _v0---
Telephone, Telegraph, Cable and Po stage........ 1,921,479 2.310.000 2,030,000 2,030,000 —0—
Printing and Reproduction..................................... 430,334 500,000 550,000 600,000 50,000
Administrative Co ntracts....................................... 654.405 700,000 610,000 610,000 —0—
Data Processing Co nt racts................................... 1,170,689 1,600,000 1,755,762 1,647,000 -108,762

Operations and M ain ten ance ........................... (620,689) (688,000) (875,000) (875,000) (—0—)
Software Development ..................................... (550,000) (912,000) (880,762) (772,000) (-108,762

Emplo yee Train ing .................................................. 314.748 350,000 430.000 430.000 —0—
Supplies and Materials:

Office  Supplies, Printing Supplies, e tc............ 535,912 495,000 594,000 594,000 —o—
Data Processing Su pp lie s..................................... 109,952 120,000 110,000 110,000 —0—
Equipment:

Office,  Furniture A Special Purpose
Equip ment........................................................ 630,585 550,000 585,000 510,000 -75,000

Data Processing Equipment:
Computer Hardware and Office Au tom ation.. 1,847,429 700,000 965,000 830,000 -135,000

Central  Support Services, S ubtotal...................... $12,907,462 $12,905,000 $12,754,762 $12,301,000 $-453,762
Tota l........................................................................... $20,575,474 $20,516,000 $21,363,762 $20,951,000 $-412,762

' includes one ruim liiirsuble position.

Functional Subactivity Description and Objectives

The Assistant Director for Administration manages the Central Support Services 
and Administration area which encompasses those agency-wide a dministrative and
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support services be st p rov ided on a cen tral ized basis and those costs which cannot be 
directly associated with the operatio n of any  one Directora te.

The Administ ration are a includes sala ries  and travel costs associated  with the 
development, coordination and accomplishmen t of agency-wide adm inist rative, 
personnel , accounting, contracting, and data  processing  activities.  There are five s taff  
units repor ting to the A ssistant Director for Adm inist ration. The Division of Financia l 
and Administra tive Manage men t is respo nsib le for logistics and housekeeping for the 
NSF and for accounting services.  Employee oriented func tions  are assigned to the 
Division of Personnel and  Management and Health Serv ices  Unit. The Division of 
Personnel and Manage ment also provides managem ent services. The Division of 
Grants  and Contracts is res pon sib le for reviewing and approving the business aspect s 
of all proposed grants and contracts and for receiving  and  follow-up on final grant 
fiscal and technica l repor ts. Both the Division of Grants  and Contracts and the Division 
of Financial and Adm inis trat ive Management work closely  with the business  o ffices  
of universities and insti tutions  perfo rming the resear ch supp orted by NSF. Data 
process ing support is provided by the Division of Information Systems.

FY 1981 Budget Highlights and Explanation of Increases and Decreases

An increase of $41,000 is prov ided for p art  yea r sa lar ies  and benefi ts of two addi­
tional positions in the Division of Grants and Contracts. T hese  positions are associate d 
with  the exp anded  Ocean  Dril ling  Program in the Di rec tor ate  for Astron omical, 
Atmospheric, Earth and Ocean Sciences.

Other  increases and dec reases  by line item are as follows:
• Transportation of Things—An increase of $50,000 takes into acount higher  labor 

charges  and high er average  costs of household and  equipment moves. This 
item includes the cost of moving house hold  goods of eligible new employees,  
truck rental for use in transp orting s upplies and equ ipm ent  between the NSF 
warehouse and var ious office locations in Washington, freight cost on equ ip­
ment where the cost is not included in the purcha se price , and transportat ion  
and insta llation  costs of NSF scienti fic exhib its at scientifi c conventions and 
meetings.

• Space Rental—An increas e of $200,000 results  from adjustme nts in the stan dar d 
level user charge  assesse d by the General  Serv ices Administration for leased 
space occupied by the Foundation's Washington offices.

• Data Processing and Office E quipment Rentals—A decrease of $435,000 result s 
from NSF's near  complete purchase of its c entral com pute r system and signi fi­
cant progress  towards  automating office proced ures in the Foundat ion. Equ ip­
ment formerly leased  or rented is now owned by the Foundat ion.

• Printing and Rep roduct ion—An increase  of $50,000 covers price  increases 
imposed by the G overnment Printing Office and privat e vendors and prov ides  
for a limited inc rease in the volume of program relate d materia l to be pr inted.
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• Data Processing Contracts—A decre ase of $108,762 results from the completion 
of several  major projects in computer software development.

• Special purpose equipme nt—A decrease of $75,000 reflects NSF’s equipment  
purcha se requirements for FY1981.

• Computer hardware and Office Automation—A decrease of $135,000 results 
from the near-completion of NSF’s effort to acquire its computer system and 
to automate office procedures. The amount required  for this effort in FY 1981 
reflects the Foundation’s progress toward these goals.
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SCIENCE EDUCATION

PROGRAM ACTIVITY SUMMARY

FY1981 PROGRAM T OTAL......................................................$85,700,000

Obligations by Subactivity

Page Sub act ivity Actu al 
F Y  1979

Budget
Reque st
FY19 80

Cu rre nt
Pla n

FY1 980
Estimate

F Y  1981
Di ffe ren ce  
F Y  1981/81)

J- l Sc ien tif ic P ers onnel  Impr ovem ent . . . . $33,071,847 $32,900,000 <$31,600,000 $35,200,000 $3,600,000
J- ll Sc ie nc e E ducatio n Resou rces  

Improvement ...................................... 28,605,692 29,100.000 <24,000,000 24,200,000 200.000
J- ll l Sc ie nc e Educati on D evelopm ent

A Re search  .......................................... 12,014,423 15,300,000 14,950,000 17,500,000 2,550,000
J- IV Sc ie nc e A Socie ty .................................. 6,287,4 55 7,400,000 7,650,0 00 8,800,000 1,150,000

Total ................................................. $79,979,417 $84,700,000 <.<$78,200,000 $85,700,000 $7,500,000

'In clud es  S1.0M Io be obligated  by the Pre-C oll ege Tea che r Deve lopment in Scienc e Prog ram in Janu ary 1980 for summ er 
proj ects for teachers in Grad es K-4. but exc lud es S1.5M for acad emic year  proje cts schedu led for oblig ation after Ap ril  1.1980. 
the date for establishment of the Department of Educa tion. Thi s latter amount wi ll at that time be transferred to the new Department. 

Ex clu de s $5.0M which is being  transfe rred  to the Department of Educ ation as of Ap ril  1. 1980.

Goals and Description

The National Science F oundatio n Act of 1950 (P.L. 81-507, as amended) d irects  the 
Foun dation to “ . . . initiate and su ppo rt. . .programs to strength en. . .science education  
programs  at all levels. . . ” From this  mission flow two continuing goals for the Science  
Education  Program in FY 1981:

• To help all citizens increase their bas ic unders tand ing of science and  its contr i­
butions to the quali ty of life; and

• To assure  a stable flow of the  most talented students into ca ree rs in the sciences,  
with particular reference to increasing the participation of minorities and women.

To implemen t these goals the Science Education staff, working  closely with the 
Congress, the National Science  Board and the sc ientific community, has developed a 
balanced and carefully integra ted set of program mechanisms. The objectives  of these 
programs are  to:

• Support research on how science  and mathematics are learned and development 
of more effective  instructiona l techniques and materia ls for use at all levels of 
education;

• Provide high quality  training  in  sc ience  for specia lly selected  students  in pro­
grams ranging from the junior high school through the gradua te levels;
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• Provid e for sub jec t-m atte r revit aliza tion of both pre-c ollege  t each ers of science  

and und erg rad uat e sc ience faculty;

• Assist in the imp rov ement of und ergraduate scien ce inst ructi on at 2-year and 

4-yea r colleges and universi ties;  and

• Improve  the publi c's und erst and ing  of scien ce and how it affects their daily 
lives thus increasing  the abili ty of citizens to pa rtic ipa te knowledgeably in the 
resolut ion of s cience -re late d public policy issues.

In pursuing these objecti ves  the Foundation will place  spec ial emphasis on fo ur 
prio rity  thrusts. Two of the fou r thrusts were initi ated  in FY 1979. The first of the se is 
the impro vement of science education for the earl y adolesce nt. This entai ls focussing 
continu ed effort at a point of high oppor tunity , the juni or high /mi ddle school years.  

What we know about this age group tells us that many choose not to study science and 
math ematics beyond this age and that this is p arti cula rly true of m inorities and girls. 
We n eed to know more about why this ph enom enon  occurs  a t this age level and what 
nee ds to be done to alt er the situation so that these studen ts have a bro ade ned  
understand ing  of science and  that they do not preclude themselve s from possible 

pre par atio n for future  sci enc e and technology-related car eers.
The second of the thru sts initiated in FY 1979 is that of improved  access of 

under  r eprese nted  min orit ies and women to caree rs in s cien ce and enginee ring. The 
mat ter of care er access, whi le rela ted to the early  adolesc ence  thrust, is of suf ficie nt 

impo rtanc e to cont inue  to s et this subje ct forw ard as a par ticula r scienc e educ ation  

concern .
The third priority thrust, initiated in FY 1980, relates to out-of-classroom or informal 

scien ce lea rnin g exper ien ces . This is an imp orta nt factor in the genera l de velopment of 
the public's  und ers tan din g of science, and is of great imp orta nce  in inter estin g and 
motivating chil dren to stud y science. Elem entary school enro llme nts are shrinking  

drast ical ly. Yet w ithin this redu ced school enro llme nt are  the scientists who will be 

ente ring  the sc ienti fic l abor force at the turn of the centu ry. With a smalle r pool to draw  
from, science  must comm and a gre ater  prop ortio n of t ale nte d young stu dents to as sure 
an ade quat e labo r force  two decades hence. The motivation al aspects of informal , 

out-of-classroom science learnin g in the cu rrent decade is expected to play an importan t 

role in the develop men t of the cadre of sc ienti sts of the future.
This year  a four th prio rity  thrust is adde d to the above  continuin g con cerns— 

revitaliza tion of colleg e s cien ce teaching. For the past s eve ral years, higher educa tion  

(under gra dua te inst itut ion s in p arti cula r) has be en a ffec ted by a series of even ts which 
have, in a c umu lativ e way, affec ted the qual ity and cur ren tne ss of college te achin g of 

science. Declining s tudent enrollments due primarily to bi rthrate changes have affected 
faculty mobility and redu ced the need for new faculty. This, in conjunction with tenure , 

has brought about a con seq uen t aging of facu lty. In additio n, the changing  chara cte r of 

the student body and changing pat tern s in the job mar ket have made the content  of 

many course offeri ngs obsole te. Because of th ese factors the Founda tion is pro posi ng 
to give priority , as a new  ma jor t hrus t for FY 1981, to the  upd ating  of the sub jec t-m atte r 

competence of co llege scien ce faculty.
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The program s tructu re necessa ry to achieve this plan is a lrea dy in place. It cons ists 
of four program suba ctivities , which are ad min istra tive groupings  of program elements 

having similar  objectives. They  are:

Scientific Pers onne l Impro vem ent — Program s in this subactivity are designed  to 
improve subject-m atter  com pete nce  of pre -college and college  scienc e teach ers and 
students: and to iden tify and  enco urage the talen ted,  p arti cularly  minorit ies, women 
and the physically han dic app ed,  to part icip ate more fu lly in the study of the  sciences, 
mathe matic s and engin eering.

Science Education Reso urce s Improvem ent—This group of program s is designed  
to bring  about the imp roveme nt of instruction  in the sciences  in  schools, 2-year and 
4-year colleges, and universi ties and provide validated knowledge concerning effective 
instructio nal strateg ies and res earch  result s in education in the scienc es for use by 

decis ionm akers  in scienc e education.
Science  Education Deve lopm ent and Researc h— Thes e two programs supp ort 

scientis ts and prac tition ers who are  trying to advance o ur b asic knowledg e of how the 
concepts, processes and skills of sc ience  are lear ned  and enco urag e the d evelop ment 
of new, more effective  ma ter ials and methods of in struction,  withou t which the im­
provem ent of scien ce educat ion  canno t proceed in an orde rly fashion.

Science an d Socie ty— The prog rams in this subactivity  seek to bring about greater 
gen era l unde rstan ding  of scien ce and technology, the connections betw een them, and 
the human  value implicatio ns of both for contempo rary life.

Within this program str uct ure  the Foundat ion plans to implement its four p riority 
thrusts. In the accomplishment of this, the strategy initiated in FY 1979 will be continued. 
This strategy require s that, wh ere ve r app rop riat e in the sev eral  scienc e education 
program mechanisms, special efforts will be made to allocate regular program resources 
to the fur therance of these priorit y thrusts . The impo rtan ce of t hese priori ties in the 
achieve men t of the two major goals stated above demands  that they be incor porat ed 
into each applicable program rather  than being isolated as separ ate or discrete functions.

In addit ion to these  prio rity c once rns, the Fou ndat ion’s tradit iona l concerns for the 
sup por t of those students having  the great est talent for study and rese arch  in sc ience 
and for improving the quali ty of science  inst ructio n in j unio r/co mm uni ty colleges and 
in 4-year colleges will be continu ed in FY 1981. The effe ctivenes s of our Nation’s 
lead ers—scientists and non-scientist—is directly depen dent upon the quality of instruc­

tion prov ided  in our insti tutio ns of high er eductio n.

Changes Between FY 1980 Budget Request and FY 1980 Current Plan

The differen ces betw een the FY 1980 Budget Request and the FY 1980 Current Plan 
are  relate d to: 1) actions taken by the Congress durin g the FY 1980 Authorization 
process: 2) an ear lier -tha n-or igin ally-planned  i ncre ase of fellowsh ip and  tr aine eshi p 
stipend s; and 3) the establish men t of the Department of Education.

Direc tion from the Congress res ult ed in an increase  in two program elements 
over the amount inc luded in the FY 1980 Budget Request. First, M inor ities , Women and
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the Physi cally  Ha nd ica pped  in Sc ien ce  Program in the Sci ent ific Pe rso nnel Impro ve­
men t Su bactivity has  been incr ea se d from  a requ es ted $2,000,000 to the curre nt 
pla n of $2,240,000. Seco nd, Ethics an d Va lues in Science and  Tec hno logy Prog ram in 
the Sc ien ce and Socie ty Subactivity ha s be en  incr ea sed from  a requ es t of $1,300,000 
to a cu rren t pla n of $1,693,000.

The Fo undation last  i nc reased  its Fellows hip  and Tr aine eship st ipen d rat es  in FY 
1976. At th at time  the  ra tes  w ere  $3,900 and  $3,600 respec tiv ely  on a 12 mo nth  basis. The 
typ ica l fel low  the refore rec eiv ed  $2,925 for  pe rso nal ex penses  for a 9 m onth school 
year.  Sim ila rly , the typical  traine e rece ived  $2,700 for a scho ol ye ar . Th e effect s of 
inf lat ion  s ince  1976 on the se low l ev els of su ppor t need  not be do cu men ted here.  The 
Fo undation had  plan ne d a s tip en d in cr ea se  for FY 1981. B ecause  of the  rec en t rap id 
incr ea se  in the  inf lat ion  r ate , this  pl an ne d increase  w as cha nged to a  two-p has e plan  
to be in iti at ed  in FY 1979 to bring  so me re lie f sooner to fello ws and  tra inee s. The first  
phase, a $420 per  a nnu m increa se  f or  e ac h fellow and tra inee , was accom pli shed  by a 
pro-rata reprogramming of FY 1979 fun ds from each Scien ce Education  program. To carry 
this  in cr ea se  for wa rd re qu ired  a si m ila r p ro- rat a reprog ram mi ng  of FY 1980 funds.  The 
second  ph ase add s an incr em en t of $480 per ann um  in FY 1981.

Su bs eq ue nt  to the pas sag e of th e Fo un da tio n’s FY 1980 App ropr ia tio n,  the D epart ­
ment of Educa tion Organ iza tion Act  of 1979, P.L. 96-88, was signed  by the  Presi dent.  
This  act requ ired  that  there be tr an sf er re d to the  new  Dep ar tm en t of Educa tion the  
Fo un da tio n's  Min ority Ins tituti ons Sc ien ce Im pro veme nt Pro gram (described in the  
Scien ce Educ ation R eso urces I mprov em en t Suba ctiv ity,  be low) and that portion of the  
Pre -Co lleg e Te ache r De ve lop me nt in Scienc e Program (de sc rib ed  in the  Scien tific 
Pe rso nn el Impro veme nt Su bactivity, belo w) which prov ides  for the  upgra din g of the 
sci ence  su bjec t-m att er backgrounds of  pra cti cin g t ea ch ers of t he pr im ary grad es  (K-4). 
The es tim ate  of FY 1980 fun ds  av ai la bl e f or the Minor ity  In sti tu tio ns  Sc ien ce Im pro ve­
ment  Program is $5,000,000. The prelimi nary estimate of FY 1980 fun ds in the Pre-College 
Tea ch er  Developm ent in Sc ien ce  Pro gra m which will  be use d to fun d pro jec ts for 
pr im ary grad e tea ch ers  is $2,500,000.

Th e Ad ministr ati on 's pla n fo r est ab lis hm en t of the  Dep ar tm en t of Educa tion  
re qu ires  that of  thes e estima tes , tha t port ion  not yet ob ligate d as of Apri l 1,1980 sha ll be 
tran sfer re d to the Departm ent. Be cause of pr ed et er m ined  p roposa l rece ip t da tes , and  
pe er  rev iew  and  aw ard  sc he du les, it is est imated tha t the  following  amounts  will be 
av ai lable for tra ns fer as of Ap ril 1, 1980:

Minor ity lnst ilu tio ns Scien ce lm pr ov em en lP ro gr am  ................................................ $5,000,000
Pre -Co llegeTeacher D evelopm ent (K -4| Program .....................................................  $1,500,000

Tota l Estimated Transfe r, FY 1980 ............................................................................  $6,500,000

Th ese amoun ts have th er ef or e be en  exc lud ed  from  the FY 1980 C urren t Plan  as 
di sp lay ed  in this docum ent . In ad di tio n,  no fun ds for  th ese  two acti vit ies  are  in clu ded  
in the  FY 1981 Budget  Reque st.
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FY 1981 Budget Highlights and Explantion of Increases and Decreases

Obligations

FY 1979 Ac lua l ................................................................................................................  $79,979,417
FY 198(1 Program ..............................................................................................................  $78,200,000
FY 1981 R eq ue st ..............................................................................................................  $85,700,000
Di ffe rence—FY 1981/FY 1980 ........................................................................................ $7,500,000

The amount requ este d for the FY 1981 Science Educ ation Program Activity is 
$85,700,000. This represe nts a 9.6 per cen t incre ase over the adjuste d Curr ent Plan for 
FY 1980, $78,200,000.

Given the adjus tments in the Science  Education Cur rent  Plan caused by the 
tran sfe rs to the D epartment of Educ ation , the perce nt change between FY 1980 and FY 
1981 for the four Science Educatio n Subact ivities  are:

Sc ient ific  Personnel Im pro ve m en t......................................................................................... 11.4%
Science Educat ion Resources Improv em en t ..............................................................  0.8%
Science Education  De ve lopm en ts  Research ...................................................................... 17.1%
Science and Socie ty .................................................................................................................. 15.0%

Program areas inc reased in FY 1981 include:

• $425,000 for Grad uate  Fell owships  and Traineeships to p rov ide for increa sed 
stipend support.

• $820,000 for Student-Oriented Programs to increase support for special education 
opportunities in science for middle-school and high school students and for Under­
grad uate Research Part icipation.

• $1,011,000 to incre ase suppor t for impro veme nt of under gra dua te instruction in 
scien ce through the upg radin g of subje ct-m atter backg round s of science faculty.

• $1,359,000 to increase  s upp ort  fo r minori ty high school stud ents and for women 
to incre ase the access of these und err epr ese nte d groups  in the scient ific and 
technological labor  force.

• $522,000 for improving undergraduate instruction in science through Local Course 
Improvement.

• $404,000 for Information Diss emin ation  in Science Educa tion to increase the 
support  of activ ities designed to bring to educat ion decisionma kers  inform ation 
abou t new instruction al ma ter ial s and techniques and the results  of resea rch 
into the learning of science whic h can be utilized to improve education  in 
scien ce, including a new emp hasi s on the dissemina tion of in form ation on in­
stru ction in science  in 2- and 4-ye ar colleges.

• $523,000 to increase the Researc h in Science Education Program for dev eloping 
new  knowlege about the p rocesses by w hich science  is lea rne d and the motiva­
tional  factors involved in pur suing science as a career.

• $2,035,000 for Develop ment in Science Education to crea te new  instru ctiona l 
mat eria ls an d techniques  pri ma rily  to be applie d to the furth era nce  of the Foun­
da tio n’s four Science Education priorit y thru sts—improvement of e ducational
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opportu niti es for early  adol escents , career  access for minor ities, and women, 
informal out-of-classroom ins truc tion al mate rials  and systems, and the quality  
of sc ienc e teaching  in higher education.

• $1,080,000 to increa se utiliz ation  of museums and similar community resources 
in improving the public's unders tanding  of science and its role in their daily lives.

Programs or projects redu ced  or elim inated:
• Postdoctoral Fellowships have been transferred to the Cross-Directorate Program 

section of this budget document .
• The Student-O riginated  Studies  Program has been  combined with the Under­

graduate  Research Par ticipat ion  Program with no loss of support for the group 
serv ed,  undergraduate stud ents.

• The Minority Institutions Science Improvement Program is transferred pursuant 
to P.L. 96-88, the Departm ent of Education Organ ization  Act of 1979, as well as 
that portion of the P re-College Teacher  Development in Science Program which 
involved primary grade (K-4) teachers.

• $448,000 decrease in the Com prehensive Assistance to Un dergradua te Science 
Educa tion Program and a $286,000 decreas e in the Instruc tiona l Scien tific Equip­
ment  Program. These  decr eas es are more than offset by inc reases  in o ther pro­
grams which focus directly  on the improvemen t of u nde rgradu ate  sc ience ed­
ucation.

Thus, the highlight of the FY 1981 Science Education Program activity is its emp ha­
sis on increasing  those resour ces  alloca ted to the support of a broad spectrum of 
activitie s which will:

• Improve the science instruction of early adolescents, and in particular minorities 
and girls, to equip them b ett er  to apprecia te how sc ience  affects  their daily lives 
and motivate them to contin ue the study of science so as not to preclude possible 
caree r choices in s cience and technology;

• Improve study and research  opportunities for minorities  and women and identify 
the social, psychological and  instructional bar rie rs which these  groups face in 
pursuing careers  in science ; and, furth er, to explore and develop the means to 
allev iate those bar rie rs;

• Increase the number and kind of informal out-of-classroom learning experiences 
in science, par ticu larly for child ren,  to improve th eir understand ing of science 
and technology as it touc hes their lives and to enco urage them to delve dee per  
into the study of science  for their personal  edfica tion and possible  ca reer u tili­
zation; and

• Increase  opp ortu niti es for college sc ience  facul ty to upgrade their science back­
grounds and to make the ir course offerings more effective and relevant  to the 
scientifi c manpower requirem ent s of the future .
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In implem enting these  emp hase s the Science  Education Program will focus on 

individu als by: 1) identifying talen ted stud ents  at the jun ior  high through grad uate  
school levels and providing special oppo rtunities  for exten ding  their education in 
science: 2) supporting faculty members who wish to updat e thei r science subjec t- 
matter competencies and improve the quality and re levance of the courses they teach; 3) 

seeking out and supp ortin g the most talen ted of those working in the area  of science 
education resea rch and developm ent; and 4) bringing  to all c itize ns an un derst anding 
of scienc e through use of the informal  education mechanisms with  which they inte ract 

on a day-to-day basis.

Coordination and Relationship to Other Efforts

The Science Ed ucation  P rogra m activity is coordin ated with the be nefit  of govern­

ment-w ide formal and informal  efforts.  In 1964, the Federal  Int erage ncy Committee on 
Education was established by Executive Order. This effective coordination mechanism 
has been contin ued und er P.L. 96-88, The Depa rtmen t of Educat ion Organization Act of 

1979. Sect ion 214 of this Act dir ect s that, “The Committee shall  assist the Se cretary in 
provi ding  a mechanism to a ssu re that the procedures  and action s of the Department 

and othe r Federal dep artm ents an d agencies are ful ly co ord ina ted.” The Committee is 
composed of the Secr etary of Education as chairperson  and senio r policymaking 

offici als of Federa l agencies , commissions and boar ds having an inte rest  and /or  re­
sponsibili ty in education. The Commit tee also inclu des policy level repr esen tatio n 
from the Office of Mana geme nt and Budget, the Council of Economic Advisors, the 

Office  of Science and Technology Policy, and the Domestic Policy Staff. The Assistant 
Director for S cience Education has  served as the Found ation 's rep resentativ e on this 

imp orta nt coordina tion mechanism since its inception.
The Assistant Directo r for Scien ce Education also serv es as the Founda tion's 

rep res ent ative on the National Counci l for Educat ional Research,  a statutory advisory 
council to the Director of the Nat iona l Institu te for Education. This body, which  was 

tran sfe rre d Io the Depa rtment of Education und er Section 301 (b) (7) of P.L. 96-88, 
meets regularly and is composed of both governmental and nongovernmental members 

who advis e on Feder al res ear ch,  deve lopm ent and dissemin ation  policy.
The Assistant Director for S cien ce Education  h as b een  in tima tely  involved in the 

legis lative development of the Dep artm ent of Education. At the pres ent time the 

Assis tant Directo r and senior members  of the staff of the Office of the Assistant 
Direc tor for Science Education a re  consulte d re gularly by those staf f members resp on­
sible  for the transition effort. The Foundatio n looks forw ard to continu ing con sultation  

and coor dination with the new Dep artm ent as required by Section  304 (b) and the 

deve lopmen t of coo rdinated plan ning a nd o perat ion of scienc e ed ucat ion program s as 

req uir ed by Section 304 (c) of the Depa rtment of Education Orga nization Act.
In addition to these formal coordination efforts, the Office of the Assistant Director 

for Science Education is in contact with the top m anagement of ag encies such as the 
Dep artm ent of Energy, the National Endowm ent for the H umanitie s, and the Natio nal 

Endo wmen t for the Arts. Th ese c ontacts are prim arily  in the ar ea of progra m pla nning
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and policy. Other more specific examples of coord ination will be provided at the 
Subactivity  level where they are more conveniently addressed.

Changes in Budget Structure

The stru ctu re of the FY 1981 Science Education  Program activity is the same as that 
auth orized by the Congress in FY 1980, with the exception of the program transfers 
req uired by legislation c reat ing th e D epar tment of Education. The emphases on career 
access for minori ties and women, on education in science at the jun ior  high school 
level, on informal out-of-c lassroom education al expe riences,  and on im provemen t of 
und erg raduate instruction in scien ce, can be readily  accommodated w ithin the cu rrent 
program struc ture.

Evaluation and Oversight

The evaluation  and overs ight aspect  of the Science Education  program activity 
involves input from the National  Science  Board, the Advisory Committee for Science 
Education, representatives of the  scientific and educational community, and the public. 
It inclu des special activit ies responsive to expressed Congressional inte nt. An example 
of such special  activit ies is the evalu ation  of the Resource Cen ters  for Science and 
Engineering called for in House Report No. 96-321, the Con ference Report on the 
National Science Foundation Authorization Act for FY 1980. Another is a study of several 
activ ities  designed to improve  the quality  of und erg raduate science teaching. This 
study was also called  for in House Report No. 96-321. Both of these studi es will be 
transmi tted  to the Congress in January 1980.

The Advisory Committee  for Science Educa tion is specif ical ly charged with the 
primary responsibility for external oversight of the Science Education Program Activity. 
This group, whose me mbership  includes rep resentatives  of all levels of e duca tion 
and professional  scientist s from both industry  and academ ia, performs  this function 
through a system of subcom mit tees  augmented by con sultants  from outside the Foun­
datio n when specia l e xpert ise  is requ ired . These subcomm ittees report  the ir program 
oversight findings to the Director  of the Foundation  via the Assistant Direc tor for 
Science Education. In addition, the Advisory Committee makes a formal report annually 
to the Foun dation’s Directo r and the National Science Board.

The Office of Program Integration  (OPI) for Science Education was established in 
FY 1976. This office, which reports directly to the Assis tant Director  for Science 
Educat ion, is respon sib le for integra ting, comparing, and evaluatin g programs across 
divisions. It has also bee n responsible for broad needs assessme nts at all leve ls of 
science education. As an example, OPI has arranged, through the U.S. Covernm ent 
Printing Office, for p ubl ica tion  of Early Adolescence:  Perspective s and Recommenda­
tions. This planning effort  in science educ ation for ear ly adolescents follows on an 
ear lier OPI-developed ser ies  on the Status of Pre-College Science, Mathemat ics and 
Social Studie s Educationa l Practices in U.S. Schools.
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In addition to formal evaluation s of p rogram areas , the Foundation has increased 
require ments for evaluation of awa rded projects. Program of ficers  are  responsible for 
insur ing that all projects include appr opr iate pla ns for evalu ation . Where appropriate, 
funds are included in the project budgets specif ically for this purpose.
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QUANTITATIVE PROGRAM DATA 
SCIENCE EDUCATION ACTIVITY

Proposals and Awards

A c tu a l
E Y 1979

Est im at e
FY  1.98(1

Est im ate
FY1981

Propo sa ls:
N u m b e r o f P ro p o s a ls ...................................................................... ................  10.899 10.360 10.896
T o ta l A m oun t P ro posed .................................................................. ..................  $277,461,543 $402,989,900 $373 ,888 ,80 0

A vera ge Am oun t Pe r P ro posa l...................................................... 25.457 38.898 34.314
A w ard s:

N u m b e r o f  A w a rd s .......................................................................... 3.660 3.590 3.214
Tota l A m oun t A w a rd e d .................................................................. ..................  S79.979.417 $78,200,000 $85,700,000

Ave ra ge A m oun t Pe r A w ard  ........................................................ ................  21.840 21.800 26.700

A vera ge A n n u a l A m ount .............................................................. ................  13.794 13.100 16.000

Ave ra ge A w a rd  D ura tion  (M o n th s ) ............................................ 19 20 20

Tota l N u m b e r o f P art ic ip ants  Supported .............................. ................  34.192 33.125 37.842

Percentage Distribution ol Funds Awarded by Performer

A ctu a l
FY 1979

Est im at e
FY 19 80

Est im ate
FY1981

U n iv e rs it ie s  A C o ll e g e s .................................................... ................................... 75 74 75

O th e r N o n p ro fi t O rg a n iz a ti o n s ...................................... ................................... 17 18 17

ln d u s t r v ................................................................................. ................................... 1 1 1
O th e r * ................................................................................... ................................... 7 7 7

Personnel and Other Award Factors

A ctu a l Est im at e Est im at e
EY  1979 E Y 1980 FY1H81

P ro fe ss io nal S ta ff  Co s ts ...................................................... $18,540,818 $19,254,400 $21,256,000

O th e r S ta ff  C o s ts .................................................................. ..................................  7.044.241 7.291.000 8.152.000

S ub to ta l.  S ta ff  C o s ts ...................................................... ................................... 25.585.059 26.545.400 29.408.000

E xpendab le  S upplie s & E q u ip m e n t............................. ................................... 3.033.579 2.851.100 3.355.000

Perm anent E qu ip m ent .................................................... ................................  9.160.047 7.403.300 7.328.000

O th e r P ro je ct  D irect Cos ts .............................................. ................................... 9.854.719 9.767.000 11.287.000

S ubto ta l.  N onsta ff  P ro ject  Costs  ....................................................................  22.048.345 20.021.400 21.970.000

T o ta l.  D irec t C os ts ............................................................ ................................  47.633.404 46.566.800 51.378.000

In d ir e c t C o s ts ......................................................................... ................................  11.275.303 11.979.700 13.246.000

P a rt ic ip a n t S up port  Costs:
S tipend K O th e r P erso na l A ll o w a n c e s ....................... ..........................  15.045.776 13.861.300 15.092.000

Cos t-of-Educution A llo w ances .................................... ................  6.024.934 5.792.200 5.984.000

T o ta l.  P art ic ip an t Sup port  C o s ts ...................................... ................................  21.070.710 19.653.500 21.076.000

G ra nd To ta l .......................................................................... ..............................  $79,979,417 $78,200,000 $85,700,000

* I n d iv id u u l Awnr ds .
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SCIENTIF IC PERSONNEL IMPROVEMENT 
SUBACTIVITY ........................................................................ $35,200,000

Obligations by Program Elem ent

Program  El em en t Acluo l
FY19 79

Budge!
Reque s! 
F Y I  980

C u rr e n t
Pl an

F Y  1980
Estimate  

F Y  1981

Fe llo ws hips  and T ra in ee sh ip s..................... $15,262,154 613 700 ,000 $13,975,000 $14,400,000
Min orit ies , Women A the Phy sic ally

Ha nd ica pp ed  in Scien ce  ........................... 2,361,832 2,000,000 2,240,000 3.600,000
Stud ent -Or iented  Pr o gra m s......................... 5,417,635 5,200,000 5,180,0 00 6,000,000
Fa cu lty  Improvem ent .................................... ’10,030,226 12,000,000 ’10,205,000 >11,200,000

Total  ................................................................ ’ $33,071,847 $32,900,000 >$31,600,000 ’$35,200,000

Dif fer enc e 
F Y  1981/80

$425,000

1,360,000  
820,000 
995,000 

$3,600,000

' Inclu de s $1,200,000 for proje cls for teachers in grade s K-4  comparable to activ ities sche dule d to be tr ansfe rred to the Depart­
ment of Educati on for F Y  1980.

Inc lud es  $1,000,000 to be expended in Jan uary 1980 for  summer projects for teachers in gra des K-4. but e xclu des $1,509,000 for 
aca dem ic year projects sche duled  for awa rds in May  1980.

‘E xc lude s $2,500,000 b eing reque sted as par t of the Depart ment  of Educati on budget for teac hers in grades K-4

Objectives and Description

An adequate cadre of scientific personnel is an important national asset. Increas­
ingly, the application of science to the solution of societal problems depends upon 
people well trained in the sciences. Thus, the objectives of the Scientific Personnel 
Improvement subactivity are: to iden tify and encourage scientific talent; to assist in 
maintaining high standards and quality training of students and professionals in the 
sciences; and to stimulate more participation in the sciences by underrepresented  
groups such as minorities, women and the physically handicapp ed. This subactivity 
addresses  these objectives through the following strategies:

• Support faculty improvement in all fields of science through continuing educa­
tion activities for pre-college and undergraduate  teachers of science, and there­
by foster the improvement of basic understanding of science by all citizens;

• Provide support for study to a limited number of the Nation s most ablegraduate  
students in science and engineering;

• Increase the number of underrep resented minorities in science careers through 
assistance for meritorious minority graduate students;

• Develop and test methods to attract, encourage and motivate minorities, women, 
and the physically handic apped  to pursue science careers, and to provide them 
with special training opportunities beyond those available in formal science 
education programs; and

• Identify and encourage science and engineering students in the early stages of 
educational development and provide talented students with specialized sci­
ence learning opportunities of immediate relevance to their needs and interests.
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Four elem ents  contr ibu te to these  objectives: (1) Fellowships and Tra ine esh ips  at 
the gradua te level; (2) Minorities, Women and the Physically Han dica pped at the 
juni or high school level and above; (3) Studen t-O rien ted  Programs at the h igh school 
and under gra dua te levels; and (4) Faculty Imp rove men t at the pre-college (grad es 
5-12) and college levels . The focus of the firs t three elements is s tude nts, whi le the 
fourth is aimed at the teach ers of sc ience.

The S cientific  Pers onnel Im provemen t subact ivity  contribu tes to the maj or thrusts 
of the Science Education activity as follows:

• Fello wship s a nd Trainees hips  assu re the flow of able science g rad uat e st uden ts 
into the adv anc ed science  tale nt pool, thereb y develo ping careers  a nd increas ­
ing the access  of und err epr ese nte d grou ps to ca reer s in science .

• Minoriti es, Women and the Phy sically Han dica pped proje cts deve lop and test 
ways to at trac t, encoura ge, and moti vate  u nde r re pre sen ted  group s into c areers 
in science.

• Stu den t-O rien ted  Programs s upp ort  p rojects for the deve lopm ent of care ers  in 
science; in addition these prog rams enh anc e the access of underre pre sente d 
groups  to care ers  in science . T hese  p rojects also pro vide tale nted  e arly  ad oles­
cents unu sual oppo rtuni ties for enr ich ment in scienc e and math emat ics.

• The Facu lty Improv ement  projects, through teache r develop men t programs, 
faci lita te the preparatio n of st ude nts  to function effec tively  in an increasing ly 
science and technologically ori ent ed society. All subelem ents  of Faculty  Im­
provem ent  contr ibute  to the faculty  developm ent thru st and combat faculty 
obsol escen ce. In addition  to this pri ma ry thrus t the Pre-College Teac her  Devel­
opm ent in Science sub elem ent con trib utes  to the early adol escence and  c areer 
access thrusts by imp roving the sub ject  m atter k nowled ge and teac hing  st rate­
gies of science teac hers  of pre-colle ge students.

Significant Recent Achievements

• Throu gh a Minor ities in Scie nce proj ect at the Illinois Inst itute  of Technology, 
125 min ority  high school st ude nts  ar e engaged in small team p roje cts in mec han­
ical design, solar energy,  or e lec tric al enginee ring. These  projec ts are  designed 
to give the m d irect exp erie nce  in applying scie ntific  principles  to the  solution  of 
en gin eerin g pro ble ms  and  fi rs t hand  inf orm ation  on ca re er s and  academ ic 
req uirem ent s for the study  of engineering.

• In ano ther Minorities in Scie nce projec t, Rockwell Inte rna tion al Corporation 
Scie nce Center deve lope d a com preh ensive plan  to increase the number of 
Hisp anics and Native Am eric ans  enter ing scientific and eng inee ring  caree rs. 
Based on a sta te-wide model  to be  implemente d in New Mexico, the p lan entail s 
colla bora tive  efforts of the Fed era l governm ent, the State gover nmen t (both 
executive and legislative branc hes),  industries, universities and other educational 
units , professional socie ties,  and minority organiz ations.
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• Throu gh the Women in Science  sube lem ent a roste r of appro xima tely 1,300 
women scientists was pr ep are d by the Re search  Triangle  Instit ute (RTI) The list 
cont ains  the names of w omen who are inte rest ed in visiting junior and senior 
high schools to encourage women to consider science care ers. This roster, 
toge ther  with a Manu al for Program  Operat ions, also pre pa red  by RTI, is 
expecte d to aid in the conduct of future projects at the local level and not only 
motiva tes, but assists young women to prepar e for car eers in scienc e.

• In the state s of Washington and  Oregon, a visiting scientis t p rogra m for physic­
ally hand icappe d stud ents  en titled “Expan ding C aree r O ptions in S cien ce” has 
bee n nitia ted by Portla nd State  Universit y. Hand icapped scientist s a re visiting 
rural  and small town schools and meeting with hand icappe d stude nts, their 
counselor s, teach ers and par ent s. In addition to provid ing role models, the 
scientist s explain  how they work,  how one becomes  a scient ist, and describe 
caree r prospec ts.

• In a Stud ent Science Train ing pro ject,  Texas Women's Unive rsity conduc ted a 
sum mer  program  which acq uai nte d stude nts with the analysi s of such societal 
problem s in the forefront  of c hem ical  rese arch  as wate r pollution, the photo­
chem istry  of smog, and  photosyn thesi s. Partic ipating were  highly talen ted stu­
den ts from high schools having def icie nt science programs.

• Through a Science Faculty Profess iona l Development grant Shan non O'Dunn 
of Grossmo nt Community College plans to study the natura l and  artificia l 
changes which took place in the coastal zones including surf zones, beaches, 
bea ch cliffs and selec ted adjace nt terr aces of south ern California , northern  
Baja California , and Mexico in the last 100 years. Based on this study he will 
develop  teachin g aids for low er div ision college stud ents  and in ter ested laymen.

• Through the Undergraduate Res earch Participat ion proje ct at Creighton Uni­
versi ty in Omaha, Neb raska , seven u nde rgr adu ate  students c arri ed o ut rese arch  
on population  dynamics, animal behavio r, hibernation, physiology, and genetics. 
Thes e stud ies aid the stude nt in ga inin g an understan ding  of how living organ­
isms respon d to st resses  and genetic  abnormali ties. The studies also give the 
par tic ipa nt first-hand rese arch  exp erie nce .

• Through a Pre-College Tea cher  Deve lopm ent in Science project at Oklahoma 
State Univ ersit y a serie s of thre e Sat urd ay workshops were held  for middle 
school and secon dary school m athe mat ics and science  teac hers. Th e topics were  
(1) Mathem atic al Explorations for G ifted  Students; (2) Make It and Take It With 
You Workshops; and (3) The u se of Microc omputers  in the Classroom.

• In a Chautauqua-T ype Faculty Shor t Cours e on Risk-Benefit Analysis , Chris 
Whipple of the Electric Power Researc h Institut e, Palo Alto, Cali forn ia pre ­
sented the issues involved in determ inin g the acceptabil ity of risk. The course 
cove red thr ee broad categories: (1) tech nica l and economic factors releva nt to 
the de term ination  of risks, ben efits , and thei r distribut ion; (2) psychological and
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social conside ratio ns which inf lue nce  the perc eptio n of risks and benefits , and 
the social value s underlying  pu blic risk taking; and (3) the politica l and  r egula­
tory pra ctic es which have dev eloped  to make risk acce ptability evalu ations .

• In an Ind ustr ial Research Par tici pati on project, four acade mic physicists and 
el ec tri ca l eng ine ers  at Ge ne ral  Te lep ho ne  and  Ele ctro nic s Co rp or ati on ’s 
Waltham, Massachuset ts lab ora tor ies  are  learn ing about  the employme nt of 
indu strial robots for the handlin g a nd assembly of m aterials, two-way t ransm is­
sion over a single optical fibe r, and  the use of digital technology in speech 
analy sis and synthesis  to bet ter  pr ep are their  stud ents  for future  indu stria l 
emplo yment.

Chang es Between the F Y 1980 B udget Request and F Y1980 Current Plan

The net dec rease of $1,300,000 in the FY 1980 C urre nt Plan over the Budget Re­
quest for FY 1980, from $32,900,000 to $31,600,000 reflects the following changes:

• Fellowshi ps and Tra inee ship s we re incre ased  $275,000 to cov er stip end  raises 
init iate d in FY 1979; this par tia lly  offsets the effects  of inflat ion. The stipen d 
increase s originally planned for FY 1981 were moved up two years on an emergency 
basis. Thus, the FY 1979 ann ual  stipends  of $3,900 for fello wshi ps and $3,600 
for trai neeships were increas ed $420 to $4,320 and $4,020, re spectively; FY 1980 
stip end s remain at these levels .

• The Minorities, Women, and Phys ically Han dica pped elem ent was incre ased 
$240,000 (from $2,000,000 to $2,240,000 ) reflec ting Congressional intere st in this 
prog ram as expressed in P.L. 96-44, the Fou ndation ’s FY 1980 Autho rizatio n 
legislation.

• The Faculty Improv ement  ele me nt was dec reas ed $1,795,000 (from $12,000,000 
to $10,205,000) as follows:

— A portion of this decre ase  ($295,000) was req uir ed to com pensate  for the 
increase s refle cted  above; it was abso rbed  prim arily by the Pre-College 
Tea che r Develo pment  in Science subel emen t.

— The remaining dec rease ($1,500,000)  reflects the tran sfe r of funds to the 
Depa rtmen t of Educ ation  for the supp ort of acad emic yea r proje cts for 
teac hers  in grade s K-4.

FY 1981 Budget Highlights and Explanation of Increases and Decreases

Obligations
FY 1979 Actual ................................................................................................................. $33,071,84 7
FY 1980P rog ram ............................................................................................................... $31,60 0,000
FY 1981 R eq ue st ............................................................................................................... $35,200,000
Differ enc e—FY 198 1/FY1980 ............................................................................................... $3,600,000
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The increase of $3,600,000 to a total Budget reque st of $35,200,000 for the Scien tific 
Person nel Improvement su bactivity is 11.4 perc ent more than  the $31,600,000 availa ble 

in FY 1980.
The inc reases /de cre ase s are as follows:

• The Fellowships and Traineeships element is increa sed $425,000 (from $13,975,000 
to $14,400,000) to implement the second phas e of stipe nd adjustm ents. The 
stipen ds have bee n steadily  e roded  by inflatio n and remain below the povert y 
level for a single person. The number of stud ents  supp orted in FY 1981 will 
retur n to the  FY 1979 level  of appr oxim ately  550 new fellowsh ip and t rain ees hip  
starts and a total support  level of 1,700 individu als (1,550 Fellows and 150 

Trainees ).

• The Min orit ies,  Wom en and Phy sica lly Ha nd ica pp ed  element is increa se d 
$1,360,000 (from $2,240,000 to $3,600,000). The  inc reas e will  be used  pri mar ily for 
Minority S tudent A ppre ntic eshi ps at the s enior high school level and for o ppor­
tunities for women  in science. The app ren tice ship s give these stude nts an 
opportunity to part icipate in scienti fic rese arch and  improve the access of this 

under rep res ent ed grou p to c areers in science.

• The Student-Orien ted Program s elem ent is in cre ase d $820,000 (from $5,180,000 
to $6,000,000) to give add itional junio r high school stu den ts opportunities  to lear n 
firsthand about  res earch  through working with res ear ch scientists  in univer si­
ties and in dustry . The Studen t-Or igina ted S tudies  and U nder grad uate  Res earch  
Partic ipation su belements , which both focus on rese arc h exper ienc es for und er­
gradu ates, are com bine d in FY 1981 for more efficien t p rogrammatic opera tion.

• The Faculty Imp rove men t elem ent is incr eased $995,000 (from $10,205,000 to 
$11,200,000). This incre ase  refl ects the following changes:

— An increase  of $1,011,000 (from $2,989,000 to $4,000,000) for Scie nce Faculty 
Programs sub ele me nt to fac ilitat e the acqu isition  of new scient ific knowl­
edge by fac ulty in two-year and four-year  colleges and the und ergr aduate 

divisions of univ ersi ties.

— A decreas e of $16,000 (from $7,216,000 to $7,200,000) in the Pre-College 
Teac her Deve lopm ent in S cience su bele men t is caused by two factors:

• A de crea se of $1,000,000 below FY 1980 Current Pla n through the tr ansfer  
of the remaining  teache r deve lopm ent for kin dergar ten  through fourth 

grade  to the new  Dep artm ent of Education; and

• An increase  of $984,000 to s treng then  the deve lopm ent of teac hers  of 
grades 5-12, parti cul arl y the early  adol esce nce grades,  as part of the 
Science Educatio n activity's  specia l thrust.
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Perc enta ge changes  for Scien tific Per son nel Impro veme nt elem ents  be twe en the 
FY 1981 Budget Request and the FY 1980 Cur rent  Plan are  as follows:

Fellowships and Traineeships
Minorities. Women and Physically Handica ppe d...................................................
Student-Oriented P rograms......................................................................................
Faculty Improvement ..............................................................................................

3.07,
60.7%
15.87.
9.87.

Coordination  and  Relationship to Other Efforts

Fello wshi ps and  T rain ees hips— Coo rdination  of NSF Gr aduate Fello wship s with 
othe r sim ilar  F eder al progra ms is ac hie ved  in broad  scope  through the Fed eral Inte r­
agency Committee  on Education. Beyond  this , information al c ontra cts are  m ainta ined 
with selected agencies having spe cifi c traini ng missions which may overlap with 
areas sup por ted  by the Foundat ion.  Among these agenci es are the Departm ent of 
Energy; th e Environmen tal Prot ect ion  Agency; the U.S. Office of Edu cati on—now the 
Dep artm ent of Educ ation—; the Nati onal  Insti tutes  of Hea lth—pa rtic ularly the 
National Institute of Menta l Health; and the National Institute of Gen eral  Medical 

Scie nce s—; and the National Academy of Sciences.
Fellowshi ps offere d by the F oun dation are based  on a national  meri t comp etition 

and the Fellows may use the fellows hip at an insti tutio n of the ir choice. Thus, NSF 
fello wsh ips diffe r f rom most o the r Fed eral supp ort programs which  a re usually local 
com petit ions and limited to use at a s ingle institu tion. In many instance s, final deci­
sions regardi ng awa rdee s in o the r p rograms are made following a nnounceme nt of the 
Found atio n’s awards. In all cases, provisions are made by NSF to proh ibit  dual su pport  
in those  limited  cases where this might occur.

In contrast to indiv idual porta ble  award s. Minor ity I nstitution  Gradu ate Trainee- 
ship s operate  more like othe r Fe der al supp ort programs, relyin g on the local admin­
istr atio n of funds awa rde d to the institu tion. Special effort s are  given to defin ition  of 
fiel ds of su pport and progra m req uir em ent s in o rder to min imize  po tent ial duplication 
of oth er Federal  efforts,  par tic ula rly  the Gra duate and Prof essio nal Opportun ities  
Progr am of the Office of E duca tion  and the Minor ity Access to Re search Career pro­
gram  of NIH.

Minor ities, Women and t he Physica lly H and icappe d in Sci enc e— A new r esea rch 
app ren tice ship pr ogram for minori ty high school stu den ts is being coordina ted through 
the Office of Science and Techno logy Policy with the Dep artm ent of Defense, Dep art­
men t of Energy, National Ins titu tes  of Health, Dep artm ent of Agriculture,  and other 
governm enta l agencies.  The Physica lly Han dica pped in Science staff coordinate s 
its activi ties with the Bure au of Education for the Han dicapp ed. Othe r avenues for 
informati on exchang e inc lud e the American Association for the Advan cemen t of 
Science, National Scien ce Tea che rs Association, and the Association of American 
Colleges. The Women in S cien ce Program is coordina ted with the Education  and  Work 
Group in the Nat ional Ins titu te of Education . In addi tion,  com pone nts of the minorities  
and women program s are coo rdin ated  within the NSF through the National Science
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Boards’s Committee on Minorities and Women, the Advisory Committee for Science 
Education and the Advisory Committee for Minority Programs in Science Education.

Student-Oriented Programs— Information about student programs is exchanged 
between the staff of NSF and thei r counterpart s at the Department of Energy, National 
Endowment for the Humanities, and the National Aeronautics a nd Space Administra­
tion. NSF staff will also participate in the NASA sponsored ‘‘Workshop to Develop 
a National College Student Experiment Competition for the Space Shuttle.”

Working together, the Foundation and national Hispanic organizations are coop­
erating to increase Hispanic high school student participation in the Student Science 
Training subelement.

Faculty Improvement— Several agencies, such as the Department of Energy 
(energy education), the U.S. Office of Education (environmental,Indian and bilingual 
education) and the Bureau of Indian  Affairs (Indian education),  assist NSF pre-college 
teache r education projects in the process of carrying out their missions. The staff of 
the Pre-college Teacher Development in Science subelement meets periodically with 
cognizant staff members in such agencies to prevent any duplication of effort in 
science-re lated areas of overlappi ng responsibility.

In the Chautauqua-Type Faculty Short Courses NSF selects the courses to be 
offered and the instructors to be appointed with the assistance of the American 
Association for the Advancement of Science which coordinates suggestions provided 
by the academic community, industry, and professional scientific societies.
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QUANTIT ATIVE  PROGRAM DATA 
SCIENTIFIC PERSONNEL IMPROVEMENT SUBA CTIVITY

Proposal and Award Summary

A ctu a l E stim ate  Es tim ate
FY 1979 FY  1980 FY1981

Propo sa ls:
N um ber o f P ro p o s a ls ........................................................... ............................. 7.667 7.040 7.340
Tota l A m o u n t P ro p o se d ....................................................... ........................... $99,973,882 $101 ,389,900 $113,838,800
A vera ge A m oun t Per  Pro p o sa l...........................................

A w ard s:
............................  13.039 14,440 15.480

N um ber o f A w a rd s .............................................................. ............................. 2.531 2.405 2.390
Tota l A m oun t A w a rd e d ........................................................................................  $33,071,847 $31,600,000 $35,200,000

Ave ra ge  A m oun t Per A w ard  ............................................ ............................. 13.065 13.140 14.728
Ave ra ge A n n u a l A m ount ................................................................................  10.452 10,950 11.850
Ave ra ge  A w a rd  D ura tion  (M on th s)  ..............................................................  15 15 15

Tota l N u m b e r o f P art ic ip an ts  Su pp orted ...................................................... 34.166 33.120 38.210

Percentage Distribution of Funds Awarded by P erformer

A c tu a l Est im at e Es tim ate
FY  1979 FY 19 80 FY1981

U n iv e rs it ie s  an d C o lle g e s .................................................................................... 49 53 54
O th e r N o n -P ro fi t O rg a n iz a ti o n s ........................................................................ 3 3 4
In d u s try ..................................................................................................................... 1 —0— 1
O th e r*  ....................................................................................................................... 47 44 41

Personnel and Other Award Factors

A ctu a l Est im ate  Est im at e
FY 1979 FY 1980 FY1981

P ro fe ssio nal S ta ff  C o s ts ........................................................................................  $6,063,297 $6,338,200 $7,379,000
O th e r S ta ff  C o s ts .....................................................................................................  909.575 921.800 1,119.000

S ubto ta l.  S ta ff  C o s ts ...........................................................................................  6,972,872 7.260.000 8.498,000

E xpendab le  Su pplie s and E q u ip m e n t..............................................................  917,319
P erm anent Equ ip m ent .........................................................................................  54.226
O th e r P ro je ct D irec t Costs  ...................................................................................  1,949.573

938.160
52,000

1.849.600

1.093.000
60.000

2.151.000

S ubto ta l.  N on-S ta ff  Projec t Costs 2.921.118 2.839.760 3.304.000

T o ta l.  D irect Costs 9.893.990 10.099.760 11.802.000

In d ir e c t C o s ts ...............................................

P a rt ic ip a n t S up port  Costs:
S tipend & O th e r Perso na l A llo w ances
Cos t-of-Education A llo w ances ..........

T o ta l.  P art ic ip an t S upport  Costs  . . .

2.855.626 2.727.689 3.158.000

14.494.466
6.024.934

12.981.350
5.792.200

14.256.000
5.984.000

20.519.400 18.773.550 20.240.000

G ra nd To ta l ............................................................................................................. $33,071,847 $31 .600000 $35,200,000

* In d iv id u a l A war ds .
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FellowshipsandTraineeships Element ..............................  $14,400,000

Obligations by Program Subelement

Program Subelement Actua l
FY1979

Budget
Request
FY1980

Current
Plan

FY 1980
Estimate

FY1981
Diffe rence 
FY 1981/80

Graduate Fellowsh ips.......................................... $11,405,576 $10,800,000 $10,900,000 $11,800,000 $900,000
Minority  Institution Graduate Fellowships

and Tra ine eship s.............................................. 2,082,327 2,000,000 2,175,000 2,600,000 425,000
Postdoctoral Fellowships .................................. 1,774,251 900,000 900,000 1—0— -900,000

Total .............................................................. $15,262,154 $13,700,000 $13,975,000 $14,400,000 $425,000

' Postdoctoral fellowships funded under Cross-Directorate Programs Activity.

Objectives and Descriptions

The obje ctives of the Fe llow ships and Train eeships  elem ent are  to:

• Provide su ppor t for study  to a limi ted n umb er of the Nation’s most able  gradu ate 

students in science and engineering: a nd

• Increase the number of u nderrepr esen ted minorities in sc ience through assistance 
for minority graduate studen ts.

The Graduate and Mino rity Graduate Fellow ships sub eleme nts  will suppo rt a 

limited numb er of highly talent ed indivi duals  for awards through national competi­
tions. The access of u nde r rep res en ted  g roups to caree rs in scie nce  is fa cilita ted not 

only through fellowships, but also through grad uate  tra ine esh ip awards to minority 
insti tutions, which select the T rai nees to be sup port ed. Both graduate fellowships and 

train eesh ips support up to 3 yea rs of work or study  towar d ad vanced degre es in science.
In FY 1979, 576 new g rad uat e Fellows and T rainees were  s upp orte d in addi tion to 

1,211 continuing gradu ate stu den ts for a total of 1,787. These  plus 123 postdoctoral  

Fellows bring the total to 1,910 as follows:

Graduat e Fellowships Prog ram—Four hun dre d fifty-one new  fellowsh ips were  
awa rde d from a pool of 3,768 applica nts.  A nother 1,312 applicants wer e judged highly  
mer itori ous and were accorded “Honor able  Mention.” This citat ion enab les many of 

the applicants to acqu ire othe r sources of suppo rt. The new Fellows joined 1,064 
continuing Fellows (for a total of 1,515) whose course of s tudy is a lready  underway at 

the instit ution s of their  choice.
Mino rity Grad uate Fell owship s—More than 520 individ uals  who are Americ an 

Indian, Alaskan Native, Black, Mexican American or Puerto Rican competed nationally 
for 65 fellowships, which were awar ded on the basis of merit. In addition, 163 individuals 

judged deserving of s upport wer e acco rded  “ Hon orab le Mention.” It is expected that 
many of of these Honorable Men tion students  will be supp orted via  no n-fed eral funds, 
thus enha ncing the flow of highly tale nted mino rities into the Nat ion ’s scientific pool. 

The new Fellows joined 27 cont inuin g Fellows (for a total of 92). These  continuing
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Fellows star ted with the FY 1978 ex perimental program and planned  to utilize the second 
yea r of the ir thre e-year awa rd dur ing  the 1979-80 school year.

Minority  Institu tion Graduat e Traineeships— Graduate stud ents were  su ppor ted 
in 19 dep artm ents at 10 insti tuti ons  which have over 50% mino rity enroll ment. A 
steady  sta te was achie ved with the award of 60 new 3-year, fully  funde d t raine eship s. 
Thus, suppor t was provi ded for a total of 180 trai neeship-years in FY 1979.

National Needs Postdoctoral Fellowships— In FY 1979123 Fellows were supported; in 
FY 1981, Postdoctoral Fellowships will be offered through a Cross-Directorate subactivity.

FY 1981 Budget Highlights and Explanation of Increases and Decreases

• A total of abou t 1,700 gra duate  science  stud ents  (1,550 Fellows and 50 three - 
yea r tra ine es—150 Train ees hip  years) will be sup por ted  through Graduat e 
Fellowships, Minority Graduate Fellowships and Minority Institutions Graduate 
Traineeships .

• In FY 1981, these  sub ele me nts  continue at the same level  of new starts  (550) 
as were  made in FY 1979.

• The M inority Gradu ate  Fe llowships will re ach  a steady state  of 150 Fellows sup ­
ported in FY 1981 wh en the th ird ye ar of natio nal compet ition  is completed.

• At the FY 1981 requ es t level, the Foun datio n will achieve  its target of h aving 
approxim ately  20 pe rcen t of its gradua te stud ent  sup por t going to minorities  
through the collective efforts of the Minority Graduate  Fellowships and Minority 
Institu tion Gra dua te Trai nees hips .

• The increase  of $425,0 00 (from $13,975,000 to $14,400,000) for Fellow ships and 
Tra ineeships will be used to make the sec ond phas e of the p lann ed a djus tme nts 
initiated in FY 1979 fo r stipend increases; however, cost-of-education allowances, 
which have rem ain ed  at $3,40 0/year since  1976, are still in need of adjustmen t. 
Annual  stipends for  all grad uate  Fellows will be increas ed $480 from $4,320 
to $4,800 and for G raduate Trainees from $4,020 to $4,500. Although these amounts 
rema in well belo w the stipe nd levels  provide d by many other fellow ship and 
training grants , the se increase s signi ficant ly red uce the differen tial which has 
existed in rec ent  year s.

• Postdoctoral Fell ows hip  funds are not req ues ted  under  this program elem ent , 
but ap pear in this budget un der  the Cr oss-D irecto rate Programs Activity.
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Q UANTIT ATIV E PRO GR AM  D ATA 
FELLOW SHIP S AN D TRAIN EE SHIPS ELE MEN T

Proposal and Award Summary

A ctu a l Est im at e Est im ate
FY 1878 FY 1980  FY1981

Pro po sa ls:
N u m b e r o f P ro p o s a ls ................
T o ta l A m o u n t P ro posed ............
Avera ge A m oun t Per P ro posa l. 

A w ard s:
N u m b e r o f A w a rd s ....................

To ta l A m o u n t A w a rd e d ................
A vera ge A m oun t Per  Aw a rd  .. 
A vera ge A n n u a l A m ount ........

5.144
$45,030,800

8.754

1.744
$15,282,154

8.751
8.751 

12

4.360
$38,081,900

8.735

1,850
$13,975,000

8.470
8.470 

12

4.360
$40,242,800

9.230

1.580
$14,400,000

9.230
9.230

12

Tota l N u m b e r o f P a rt ic ip an t— Ye ars S u p p o rte d ........................................... '1.910 '1.790 -1,700

Percentage Distribution of Funds Awarded by Performer

Actu a l Est im at e Est im ate
FY 1979 FY 19 80 FY1981

U n iv e rs it ie s  and  C o lle g e s .................................................................................... 9 6 9
O th e r N o n -P ro fi t O rg aniz ations ........................................................................ —0 — —0— —0—
In d u s try ..................................................................................................................... —0— —0— —0—
O th er*  ....................................................................................................................... 91 94 91

Personnel and Other Award Factors

A ctu a l
FY  1979

Est im at e
FY 19 80

Es tim ate
FY1981

Pro fe ss io na l S ta ff  C o s ts ................................................................. ..................... —0— —0 — —0—
O th er S ta ff  C o s ts .............................................................................. ..................... — 0— —0— —0—

Sub to ta l.  S ta ff  C o s ts ................................................................... ....................  —0— —0 — —0—

E xpendable  S upp lies an d E q u ip m e n t.............. ......................... ..................... —0— — 0— —0—
Per m an en t E q u ip m en t ................................................................. ....................  —0— —0— —0—
O th er P ro je ct D ir e c t Costs ........................................................... ....................  $382,300 $350,000 $350,000

Subto ta l.  N o n -S ta ff  Pr o je ct Costs  ........................................... ..................... 382,300 350.000 350.000

Tota l.  D ir e c t C os ts ................................................................... .....................  382.300 350.000 350,000

In d ir e c t C o s ts .................................................................................... .....................  185.936 150.000 150.000

P art ic ip an t S uppo rt  Cos ts:
Stip end A O th e r P er so na l A ll o w a n c e s ................................... ..................... 8.900.918 7.820.800 8.120.000
C ost-of-Education A llow ances ............................................... ..................... 5,813.000 5.654,200 5.780.000

Tota l.  P a rt ic ia n t S upport  Costs  ........................................... ..................... 14.713.916 13.475.000 13.900.000

Gra nd To ta l ...................................................................................... ..................... $15,282,154 $13,975,000 $14,400,000

‘ In d iv id u a l A w ard s.
'I n c lu d e s  123 Pos td oc to ra l Fe llo w sh ip s in  FY 1979 & 50 in  FY  1980. 
-P ostd oct ora l Fe llow sh ip s no t in c lu ded
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Minorities, Women and Physically Handicapped in
Science Element ......................................................................  $3,600,000

Obligation * by Program Element

Actual
FY 1979

Budget
Request
FY  1980

Current
Pion

F Y I 980
Estimate
FY1981

Difference
FY  1981/80

$2,381,832 $2,000,000 $2 ,240 ,000 $3,800,000 $1,360,000

Objectives and Description

The objectives of Minoriti es, Women, and  th e Physically H and icap ped  in Science 
projects  are to:

• Determ ine ways of increas ing  the entr y or re-e ntry  into scien tific car eers of 
women, min orities, an d the physically handica pped;

• Provide these group s with  special  science lear ning exp erie nce s beyond  those 
avai lable  in formal  scienc e ed ucation programs; and

• Develop and test new  methods to a ttrac t, enco urage, and  motivate  minorities,  
women, and  the physi cally ha ndic apped to consid er ca ree rs in science.

Strateg ies to accom plish  these  objectives in clud e worksh ops w hich fu rnish ca ree r 
information; facili tation pro ject s which upda te knowledge; deve lopm ent of car eer  
information; modif icatio ns of existing science courses; and  special  tra ining o ppo rtun i­
ties beyond those ava ilab le in existing forma l science edu cat ion  programs.

Minori ties in S cien ce—In addition to exper ime ntal ac tivit ies such as the Rockwell 
Inte rnat iona l Corp orati on pro ject  ci ted ear lier , this sub eleme nt has used the stud ent  
par tici pan t models of th e Student-Orien ted Program s ele me nt to improve the flow of 
minorities  into scien ce car eer s. In FY 1979 the Fou ndat ion suppor ted 20 projects  to 
provide nearly 1,650 minority students with the opportunity to study or conduct research 
in a varie ty of science disc iplin es. However, in FY 1980 at the Pre sident ’s reques t, 
$500,000 of the funds av aila ble are  being repr ogra mmed exclu sivel y to provide  summ er 
and academic year app ren ticesh ip o pportun ities  for 200 minorit y high school students. 
In FY 1981 the num ber  of minority stude nts in this activ ity will be doub led, and 
$1,000,000 will be used for high school appr enti ceships .

Women in Scie nce—In FY 1979 the Scien ce Worksho ps, serving  appr oxim ately  
7,200 women at the  u nderg rad uate and gr adu ate  levels, provide  objective informati on 
on possible car eers in scie nce . The Faci litation Projec ts, serving approxim ately  350 
women, are for ind ivi dua ls who have rece ived  degr ees in scienc e, but who are  not 
pres entl y employe d in the field s in which they were trai ned . The education al exp eri ­
ences provided by these projects  upda te the ir knowledge to that  expec ted of cu rre nt 
college gradu ates. About 20 Workshop and 10 F acili tatio n Projec ts will be suppor ted 
in FY 1981. Specia l empha sis will be given to workshop s to m eet the need s of women
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who have a ba che lor' s degr ee in scie nce but are unem ployed or underem ployed and 

are seeking to r eente r s cien ce or change care ers. The Cur rent Plan for FY 1980 and  the 

Budget R equest for FY 1981 are $1,041,000 and $1,400,000 respecti vely, for the Women 

in Science sube lement.
Physically Handicap ped  in Science—In FY 1979, 16 projects  were supported ; 

approximately 12 a wa rds  will be made in FY 1980 an d F Y 1981 to develop an d d isse mi­
nate care er informati on and materials. These proje cts also field test and assess the 

value of fund ame ntal scie nce courses adap ted for h and icappe d students at the ju nio r 

high school, high school and college s tuden t levels. The Curr ent Plan and the Budget 

Request both rema in at $500,000 per year for the Physica lly Handi cappe d in Scie nce 

subelement.

FY 1981 Budget Highlights and Explanation  of Increases and Decreases

• The inc reases of $1,360,000 (from $2,240,000 to $3,600,000) for Minor ities, Women 
and the Physically Han dica pped will be used prin cipally  to expa nd the M inori­

ties in Science and  the Women in Scienc e sub elem ents  as follows:

— The increas e of $1,000,000 (from $700,000 to $1,700,000) will supp ort 400 
rese arch  app ren tice ships for talented  minor ity high school students  in 

grades  10-12. These a ppre ntic eships stimu late bro ade r interest  in ca ree rs in 
science and enginee ring  and establish indi vidu al working rela tionship s 
betwe en high school students and active res ear che rs who may become 

helpful men tors as the students advance .

— The incre ase of $360,000 (from $1,040,000 to $1,400,000) for the Women in 
Science sub eleme nt is to in itiate program  effo rts (ca ree r workshops) and 

other activities at the pre-colleg e le vel in pla ce of the visiting women scie n­

tist activities .
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QUANTIT ATIVE  PROGRAM DATA
MINORITIES, WOM EN AND PHYSICALLY HAND ICAPPED ELEMENT 

Proposal and Award Summary

Ac tual  Es timate  Estimate
FY 1979 FY 19 80  FY1981

Pro po sa ls:
N u m b e r o f P ro p o s a ls .........................................................................................
T o ta l A m o u n t P ro p o se d ....................................................................................
Avera ge Am o u n t Per  P ro posa l......................................................... ................

A w ard s:

185
$4,950,000

26.758

200
$6,000,000

30,000

210
$6,300,000

30.000

N um ber o f  A w a rd s .............................................................................................
Tota l A m o u n t A w a rd e d .......................................................... ..............................

A vera ge A m o u n t Per  Aw a rd  ...........................................................................
Avera ge A.nn ua l A m ount .................................................................................
A vera ge A w a rd  D ura tio n  (M on th s)  ..............................................................

81
$2,361,832

29.259
29.259

12

75
S2.240.000

30.000
30.000

12

120
$3,600,000

30.000
30.000

12

Tota l N u m b e r of P art ic ip an ts  Su pported ........................................ ..............  9.280 8.630 13.700

Percentage Distribution ot Funds Awarded by Performer

A cfu o/
FY 1979

Est im at e
FY 1980

Est im ate 
F Y I 981

U n iv e rs it ie s  and  Co lle g e s .......................................................... ........................  80 80 80
O th e r N o n -P ro fi t O rg aniz ations .............................................. ........................  20 20 20
In d u s try ........................................................................................... ........................  —0— —0— —0—
O th e r ............................................................................................... - 0 - —0—

Personnel and Other Award Factors

A ctu a l
FY 1979

Est im at e
FY 1980

Est im at e
FY1981

Pro fe ss io na l S ta ff  Co s ts .................................................................. ....................  $1,017,100 $964,500 $1,548,000
O th e r S ta ff  Co s ts ............................................................................... ....................  212.300 201.000 324.000

S ubto ta l.  S ta ff  Co s ts .................................................................... ....................  1.229.400 1.185.500 1.872,000

E xpendab le  Su pp lie s and  E q u ip m e n t........................................ ....................  142,000 134.460 216.900
P erm anent E qu ip m ent .................................................................. ....................  —0 — —0— —0—
O th er Pro je ct  D irect Costs ............................................................ ....................  236.000 224.100 360.000

S u b to ta l.N on -S ta ffP ro je c tC os ts  ............................................ ..................  378.000 358.580 576.000

T o ta l.  D irec t C osts ...................................................................... ....................  1.007.400 1.524.060 2.448.000

In d ir e c t C o s ts ...................................................................................... ....................  400.675 379.790 612.000

P a rt ic ip a n t S upport  Costs:
S tipend & O th e r P erso na l A ll o w a n c e s .........................................................  353,757 336.150 540.000
Cos t-of -E du ca tion  A llow ances .................................................. ................... —0 — —0— - 0 -

T ota l.  P art ic ip an t S upport  Costs  ........................................... ..................  353757 336.150 540.000

G ra nd Tota l ......................................................................................... ..................  $2,361,832 $2,240,000 $3,600,000
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Student-Oriented Program Element $6,000,000

Obligations by Program Subelement

Program Subelement Actual 
FYI 979

Budget
Request
FY 1980

Current
Plan

FY1980
Estimate 

FYI 981
Difference 
FY 1981/80

Student Science Tra ining.................................. $2,481,797 $2,300,000 $2,291,000 $3,000,000 $709,000

Student-Originated Studies ............................ 977,209 900,000 897,000 —0— -897,000

Undergraduate Research Part icip atio n.......... 1,958,629 2,000,000 1.992,000 3.000,000 1.008,000

Total ............................................................ $5,417,635 $5,200,000 $5,180,000 $6,000,000 $820,000

Objectives and Descript ion

To help  assure the continued scient ific strength of the Nation, the objectives of the 
Student -Oriented Programs are  to provide support to:

• Train a modest number  of the most talen ted stu dents in the sciences:

• Identi fy and encourage science  and engineering stu dents in the early stages of 
education al developme nt;

• Offer talen ted students  scien ce learning opportuni ties beyond those normally 
avai lable  in formal science programs in schools and colleges: and

• Make available to s tudents firs thand experiences  in the rese arch  process by 
working directly with science  faculty and industria l scientist s on a one-to-one 
basis.

Secondary School Student  Science Train ing—This subelem ent a ids in the identifi ­
cation of ta lented high school studen ts with an interest in science and enables them 
to gain experience in re search  and independent study and to assess career  choices at 
an ear ly stage of development.  In FY 1979, of the 116 projects  (more than 4,300 par ­
ticipants) nearly one-half were with high ability students with excel lent science 
backgrounds. The remainder  dea lt with stude nts of demonstrated  high potentia l but 
of lim ited science  backgrounds. The projec ts involving the latter students  focused on 
stud ents from the inner cities, isolated  rura l areas and educational ly disadvantaged 
populations.

As par t of the Foundat ion’s effort s to find new ways to improve science education 
and to motivate early adolescents, the expe rimental  effort with talented  junior  high 
stud ents initiated in FY 1980 will  be continued  in FY 1981.

Underg radu ate Research Par tic ipa tion—Talented u nde rgradu ate  science majors, 
who have  demonstra ted ability  in science careers  are id enti fied  and provided oppor­
tun itie s to par ticipate in on-going resear ch activities with university science faculty or 
indust rial  scientists. Students devote full-time to the research  activity for a per iod of 
10-12 w eeks in the summer months , normally between thei r junior and senio r years. 
This experience  cont ributes to the scien tific prepara tion of these  students  who are 
committed to a science career.
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In FY 1979,1 ,160 talen ted und erg rad uat es worked on 127 projects  with sc ient ists  to 
gain an insight into how resea rch is cond ucte d. Through profe ssional conta cts the 
stude nts can eva lua te their  ca reer  options well in advance of making g rad uat e school 
decisions. Opp ortu nities for u ndergra dua te scie nce majors to work with i ndu stri al re­
search scientists have the additional advantage of exposing the part icipants to the nature 
of indu stria l science caree rs.

The Stud ent-O rigin ated Studies  and Under gra dua te Resea rch Part icip atio n sub ­
elem ents  taken togeth er continue in FY 1980 at their  FY 1979 levels. In FY 1981 the 
two are comb ined into a single Un der gra duate  Research  Parti cipa tion program to 
achieve  grea ter o pera tion al efficiency. The  FY 1981 Budget Request  for Un der gra dua te 
Resea rch Par ticip ation ($3,000,000) is slightly above the FY 1980 Cu rren t P lan total for 
the two s ube lem ents  ($2,889,000).

FY 1981 Budget Highlights and Explanation of Increases and Decreases

• The increas e of $709,000 in the Stu den t Science Train ing sub eleme nt (from 
$2,291,000 to $3,000,000) will be use d to suppo rt 37 add ition al projects  involving 
abou t 1,000 junio r and senior high stud ent part icipa nts. Project s designed for 
juni or high school stude nts wer e init iate d as p art of Scie nce Educatio n's early  
adolesc ence  thrus t and will rec eive incre ased  emph asis at this fund ing level. 
This Budget Request will p rovi de experie nce s for appr oxim ately  5,500 st uden ts 
in abou t 186 projects with most operati ng in the summer  for  a n average  period 
of 6 w eeks.

• The dec rease of $897,000 (from $897,000 to zero) for S tude nt-O riginate d Studies 
term inates  this sube leme nt. How ever , the Und ergraduate Res earch Par ticip a­
tion mode is augmented in order not to redu ce the supp ort of highly talen ted 
und erg rad uat e stude nts rece ivin g summ er res ear ch experie nce .

• The increase of $1,008,000  (from  $1,992,000 to $3,000,000)  in the Underg radu ate 
Rese arch  Part icipat ion sub ele me nt will allow par ticipat ion  of 500 additional 
stud ents to make a total of a ppro xim atel y 1,500 s tude nts in about 190 projects.
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QUANTITATIVE PROGRAM DATA 
STUDENT-ORIEN TED PROGRAMS ELEMENT

Proposal and Award Summary

A c lu o l
FY  1979

Es tim ate
F Y I 980

Est im ate
FY1981

Proposals :
N um ber o f P ro p o sa ls ........................................................................................ 940 1.000 1.200

Tota l A m ount P ro posed.................................................................................... $15,500,000 $17,500,000 $21,600,000
Ave ra ge  Am ount Per P ro p o sa l......................................................... ............... 16.489 17.500 18.000

A w ard s:
N u m b e ro f A w a rd s ............................................................................................. 319 300 330

Tota l Am ount A w a rd e d ........................................................................................ $5,417,635 $5,180,000 $6,000,000
Ave ra ge Am ount Pe r A w ard  .......................................................................... 16.983 17.266 18.181
Ave ra ge A nnua l A m ount ................................................................................. 16.983 17.266 18.181

Ave ra ge A w ard  D ura tion |M on th s| .............................................................. 12 12 12

T o ta l N u m b e ro f P ar tic ip ants  S upported ....................................................... 6,240 5.920 7.000

Percentage Distribution ol Funds Awarded by Performer

Actu al Es tim ate Est im at e
FY  1979 FY1980 FY1981

U n iv e rs it ie s  and C o lle g e s .................................................................................... 96 96 96
O th e r N on-P ro fi t O rg an izat io ns  ........................................................................ 4 4 4
In d u s try ..................................................................................................................... —0— —0— —0 —
O th e r ......................................................................................................................... —0— —0— —0—

Personnel and Other Award Factors

A ctu a l Est imate Est im at e
FY  1979 FY1980 FY1981

Pro fe ssio nal S ta ff  Cos ts ........................................................................................ $1,464,105 $1,400,000 $1,620,000
O th e r S ta ff  C os ts .................................................................................................... 162.678 154.000 180.000

S ubto ta l.  S ta ff  Co s ts .......................................................................................... 1.626.783 1,554.000 1.800.000

Exp endab le  Supp lie s a nd E q u ip m e n t.............................................................. 379.582 364.000 420.000
Per m anent E quip m ent ........................................................................................ 54.226 52.000 60.000
O th e r P ro je ct D irect Costs .................................................................................. 542.261 515.000 600.000

S ubto ta l.  N on-S ta ff  Projec t Costs  .................................................................. 976.069 931.000 1.080.000

Tota l.  D irect C oa ls .......................................................................................... 2.602.852 2.485.000 2.880.000

In d ir e c t C o a ls .......................................................................................................... 591,510 570.000 660.000

P art ic ip an t S upport  Costs:
Stipend A O th er P erso na l A ll o w a n c e s .......................................................... 2.223.273 2.125.000 2.460.000
C os t-of -E du cat io n A llo w ances ...................................................................... —0— —0— —0—

T ota l.  P art ic ip an t S up po rt  C o s ts ................................................................ 2.223.273 2.125.000 2.460.000

G ra nd To ta l ............................................................................................................. $5,417,635 $5,180,000 $6,000,000
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Faculty Improvement Element $11,200,000

Obligation s by Program Subelem ent

Program Subelem ent Actua l 
FY 1979

Budget
Requ est 
F Y I  980

Cu rre nt
Pla n

FY 19 80
Estimate

FY1981
Dif fer en ce 
F Y  1981/80

Pr e- Co lle ge  Tea ch er D ev elo pm en t..............
Sc ie nce  Facu lty  Pro gr am s.............................

’$6,996,07 4
3,034,152

$9,000,000
3.000,00 0

>$7,216,000
2,989,000

>$7,200,000
4.000,000

$-16,000
1,011,0 00

To tal  ............................................................. . . . .  ’$10,030,226 $12,00 0,000 >$10,205,000 >$11,200,000 $995,000

'In clu de s $1,200,000 for proje cts for teache rs in  grad es K- 4 com parable  to activities sc hed uled to be transferred to the Depart­
ment of Educat ion  for FY  1981.

Inc lud es  $1,000,000 to be exp end ed in  Jan ua ry  1980 for summ er projects  for teac hers in  g rades K-4. but e xclu des  $1,500,000 
for aca dem ic yea r projec ts sche dule d for  aw ard s in  May 1980.

'E xc lu de s $2,500,000 being  requ este d as part  of the Depart ment  of Edu cat ion  budget for  teachers in grad es K-4.

Pre-college Teacher Development in Science— This subelement is designed to 
assist teachers in grades 5-12 to strengthen their subject matter competency in mathe­
matics and the natural and social sciences. With the transfer to the Department of 
Education of activities for teach ers in the primary grades (K-4), an increasing emphasis 
on the middle and junior  high school teacher (grades 5-9) will be undertaken as a 
natural consequence of the Foundation’s early  adolescence thrust. Insufficient a tten­
tion to the quality of instruction  in science and mathematics in these grades has been 
shown to close out later care er options in science and technology for many students, 
particularly women and minorities. Further,  we believe NSF, in cooperation with aca­
demic scientists, is in an unique position to offer education opportunities for the 
specialists in science and mathematics at these grade levels.

Awards for the suppor t of group teacher education activities are made on a com­
petitive basis to colleges and universities and closely all ied institutions having p ar­
ticular scientific expert ise and facilities, such as museums and planetariums. Par­
ticipants are provided training during the academic year, the summer, or both. These 
activities stress the integration of the subject matter of science with the development 
of teaching strategies approp riate to the grade level of the student involved. In many 
cases, societal issues such as pollution, ecology, and bioethics are included in the 
subject content of the project. These are often treated  from the perspective gained 
through the joint applicat ion of physical science princ iples and social science insights 
to an understanding of the problem.

It is antic ipated that up to 60 percent of the approximately 12,500 partic ipants in 
the projects will be middle and junior high school teachers (grades 5-9).

Science Faculty Programs— This subelement uses four components: (1) Faculty 
Short Courses; (2) Industria l Research Participation; (3) Institutes and Conferences; 
and (4) Science Facul ty Fellowships. The Faculty Short Courses component makes it 
possible for about 2,700 college and university science faculty members to und er­
take two two-day periods of intensive study designed to update their subject matter 
backgrounds and to provide new perspectives in their  un dergraduate teaching fields. 
The sessions are conducted by recognized experts at locations widely dispersed
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across the country, thus providing convenien t access at modest travel cost to the 

participan ts.
The use of mod ern technology for r eaching a la rger n umb er of te ache rs in a more 

cost-effect ive ma nne r will be explo red in FY 1981. This effort will include , but is not 

limited to, a fe asib ility  study on the use of te lecom munications for the pre sentation of 

course materia ls simu ltaneous ly at two or more field cente rs.
The Indu stria l Res earc h Part icipat ion compo nent is desig ned to p rovide 2- a nd 4- 

year  college and univ ersi ty science  faculty having little  or no indus trial exp erie nce  

with an oppo rtunity to und erta ke a 10-week summ er rese arch  program at a non- 

academic lab orato ry. Such an experi ence  permits fac ulty m embers to re-evaluate  their  

teaching from the s tan dpo int  of the ne eds and req uirem ent s of th eir s tuden ts. It be ne ­

fits their und erg rad uat e stude nts, most of whom will be pursuing care ers outs ide of 

academ ia, in that the facu lty par ticip ants  are able to provide:

• Better ca ree r counseling;

• More up-to-date and  rele van t inst ructional  mater ials; and

• Excellent resea rch  projects.

The component aims to de velop  and main tain comm unicati on and collabor ation 

among scientists  in  indust ry and in colleges and univ ersit ies. About 20 in dust rial and 

governm ent rese arch faci litie s, selec ted on a comp etitive  b asis, will pro vide res ear ch 

oppor tunit ies for about  65 parti cipants.
The Foundation is cur ren tly  conduct ing a study to dete rmi ne the optimum dis ­

tribution of suppo rt between intensive study opp ortu nitie s of the institute-ty pe and 

fellowship-like activi ties. A pi lot set of eight Insti tutes and Conferenc es is to be con­

ducted in the summ er of 1980. In addition about  70 in divi dual  s alary  matching f ellow- 

ship-lik e award s w ere made avai lable  in FY 1980 to science faculty w ishing to pur sue  

adva nced  study or resear ch for period s of up to 12 months at academ ic or nonacade mic 

facil ities, including governm ent labo ratories.

1981 Explanation of Budget Highlights and Increases and Decreases

• The net $16,000 decre ase  (from $7,216,000 to $7,200,000) for the Pre-College

Teac her D evelo pmen t in Scie nce su bele men t reflects the  following:

— An incr ease of $984,000 to achiev e a total of 250 projects for activities in 

grade s 5-12. This will main tain the momentum of the middle school thrus t 

initia ted in FY 1979;

— The FY 1980 Curre nt P lan is $1,500,000 below ap pro pria tion  level from tran s­

fers im plem ente d in FY 1980;

— A decreas e of $1,000,000 from FY 1980 Curren t Plan through the t ransfe r of 

kindergarten throu gh fourth  grad e teac her training activit ies to the Dep art­

ment of Education. Thus  the total being  reques ted as pa rt of the Depart ment  

of education budget for teachers in grade s K-4, is $2,500,000 in FY 1981.
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• The increase  of $1,011,000 (from $2,989,000 to $4,000,000) for Science Faculty 
Programs will provide an increase  of about 1,000 faculty development oppor­
tunities (from approximately 2,900 to 3,900). This number of opportunities for 
faculty development in FY 1981 can vary from 3,900 to 4,200 depending on the 
outcome of the projected study mentioned earlier.
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QUANTITATIVE PROGRAM DATA 
FACULTY IMPROVEMENT ELEMENT

Propoaal and Award Summary

A i. 'l u u l
F Y  IH7M

K s li in ii to
F Y I. 'IW I

K s f in io fn  
E Y  1981

P ro p o sa ls :
N u m b e re d  P r o p o s a ls ........................................................................... .......................  1.39 8 1.480 1.57 0

T o ta l A m o u n t P r o p o s e d ...................................................................... . S34.4H:t .2H 2 $39,808.0(8) S45.4OO.OtHI

A v e ra g e  A m o u n t P u r P r o p o s a l ........................................................ .......................  24 .073 20.89 7 28 .000

A w a rd s :
N u m b e r  o f A w a r d s ................................................................................ .......................  387 380 380

T o ta l A m o u n t A w a r d a d ........................................................................... $1 0, 03 0,22 8 S10.205.00 0 $1 1.2(81.0(81

A v e ra g e  A m o u n t P e r A w a rd  ........................................................... .......................  25 .917 20 .800 29 .4 70

A v e ra g e  A n n u a l A m o u n t .................................................................. ...........  14.80 0 14.05 0 10.84 0

A v e ra g e  A w a rd  D u ra t io n  |M o n lh s |  ............................................ .......................  21 22 21

T o ta l N u m l ie r o f  P a r t ic ip a n ts  S u p p o r te d  ..................................... .......................  1B.31B 10.78 0 15 .810

Parcantaga Distribution or Funds Awardad by Parformar

A i. 'l u u l
F Y  1H7H

E.a limuln
EY1MUI

E.a lim uln
EY19H1

U n iv e rs it ie s  an d  C o l le g e s ....................................................................... .......................  79 83 HO

O th e r  N o n -P ro fi t O r g a n iz a t io n s ......................................................... .......................  3 3 4

In d u s t r y ............................................................................................................ .......................  2 —0 — 3

O t h e r * .............................................................................................................. .......................  I f l I4 13

Personnel and Other  Award Factora

A c tu a l E s li m o le E.alimuln
F Y  1H7M F Y I  MIO FY1H81

P ro fe s s io n a l S ta ff  C o s ts ........................................................................... S3.582.O 92 S3.B73.7041 $4.211.0 0(1

O th e r  S ta ff  C o s ts ......................................................................................... .......................  534.59 7 50 6,800 01 5. 00 0

S u b to ta l.  S ta ff  C o s ts ............................................................................. 4. 11 0. 089 4.5 40 .500 4. 82 0.00 0

E x p e n d a b le  S u p p li e s  a n d  E q u ip m e n t ............................................. ..................... 39 5.73 7 43 9.700 457. 00 0

P e rm a n e n t E q u ip m e n t ........................................................................... .......................  — 0— — 0 — — 0 —

O th e r  P ro je c t D ir e c t C os ts  .................................................................... .............. 78 9.01 2 780.5 00 841 ,(»00

S u b to ta l.  N u n -S la ff  P ro je c t C osts  .................................................. .......................  1.18 4.74 9 1.200.2 00 1.29 0.(88)

T o ta l.  D ir e c t C o s ts ............................................................................. .......................  5. 30 1.43 8 5.740.7 00 ft.  124.0(H)

In d ir e c t  C o s ts ................................................................................................ ....................... 1. 50 0.33 6 1.020.9 00 1. 73 0.00 0

P a r t ic ip u n l S u p p o r t C osts :
S t ip e n d *  O th e r  P e rs o n a l A l lo w a n c e s ........................................ .......................  3. 01 0.51 8 2.099.40(1 3.138.0 (8)

C o s t- o f- E d u c a t io n  A ll o w a n c e s  ...................................................... .......................  211.93 4 138.0 00 20 4.00 0

T o ta l.  P a r t ic ip a n t S u p p o r t C o s t s ............................................... .......................  3. 22 8.45 2 2.83 7.40 0 3.34 0.(88)

G ra n d  T o ta l .................................................................................................. ....................... $1 0,03 0,22 0 $1 0, 20 5,00 0 $11.2I8 ).IN8 I

In d iv id u a l  A w a rd s .
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SCIENCE EDUCATION RESOURCES IMPROVEMENT
PROGRAM SU BACTIV IT Y.......................................................... $24,200,000

Obligations by Program Element

Pr og ra m E le m en t A ct ua l
FY 19 7 9

Budget
Reque st
FY19 80

Cur ren t
Pl an

F Y  1980
Es tim at e

F Y  1981
D if fe re n ce  
F Y  1981/HU

Co mp rehe ns ive  As si st an ce  to Under-
gradua te S cien ce  Ed uca tio n ......................... $13,518,541 $13,500 ,000 $13,441,000 $1 3,00 0,00 0 $-441,000

Und ergraduate  Instr uct ion al Im prove ment . . . 6,402.566 6.500.000 6,474,000 6, 70 0, 00 0 226.000
Minority In stitutio ns S ci en ce  Improvem ent . . . 4,90 9,749 5,000,000 1—0— 2---0--- —0—
Re sour ce  Ce nters tor S cien ce  and

En gi ne er in g....................................................... 2,743,871 2.800.000 2,789,000 2,800 ,000 11,000
Informat ion D iss em ina tio n ................................ 1,030 ,965 1,300,000 1.296,00 0 1,700 ,000 404.000

Tot al .................................................................... $28,605,692 $29,100,000 $24,000,0 00 $24,20 0,000 $200,000
'$4,980,000 of the amount app ropriated fo rF Y  1980 is be ing  tra nsfe rred  to the Department  of Educ atio n as of A pr il 1.1980 
=$5,000,000 fo r this  program element is being requ ested  as part of the F Y  1981 Department of Edu cat ion  budget.

Objectives and Description

The overarching goal of the Science Education Resources Improvement Sub- 
activity (SERI) is to strengthen the quality of education in science and engineering 
available in the Nation’s schools. The United States depends heavily on its elementary 
and secondary schools and its 2-year and 4-year colleges and universities to provide 
education in science and engineering that will:

• Fill the Nation's need for highly trained scientists, engineers and technologists;

• Develop a scientifically literate citizenry.

By fulfilling the Nation's continuing need for highly trained p ersonnel in science 
and technology, the United States’ strength and leaders hip in innovation and pro­
ductivity are more secure. By developing science literacy in our people, through the 
educational process, each individual gains the opportunity to understand, make better 
use of, and be knowledgeable of scientific and technological advances in this country 
and in the world.

The Foundation's current thrusts in science education are:

• Improving science education at the early adolescent level;

• Strengthening the teaching of undergraduate science, engineering and mathe­
matics; and

• Providing increased access to careers in science for women and minorities.

Five strategic approaches are used in pursuing this goal of improved science and 
engineering education. These  include:

• Assisting underg raduate institutions, including two-year colleges, in implement­
ing comprehensive improvements in the science education programs offered;
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• Assisting colleges and universities in the improvement of instructional mater ials 

for specific undergraduate science courses or programs;

• Assisting colleges and universities in equipping their laboratories for more 

effective science instruction;

• Establishing academic centers that will foster the flow into the sciences of 
talented persons from under represented ethnic minority groups and from low- 

income families;

• Informing decisionmakers, primarily those in elementary and secondary 
schools, about recent developments in instructional materials, educational 
practices, and research findings related  to science education.

At the pre-college and college levels the Information Dissemination for Science 
Education program elem ent provides information on new developments and improve­
ments in science education to key personnel at regional, state and local levels. At the 
undergraduate  level, science education development plans that combine a coherent 
array of activities are funded through the Comprehensive Assistance to Undergraduate 

Science Education program element. The Resource Centers for Science and Engineer­
ing span an even bro ade r spectrum  of activ ities  as programs and reso urces are 

marshaled to bring opportunities for academic training and careers to minority and 
low income students  through access strategies employed in the community, schools, 
undergraduate and g raduate  institutions of a region. The Local Course Improvement 
sub-element encourages  rapid movement into the undergraduate classroom of (a) new 
disciplinary and interdisciplinary knowledge developed through scientific research, 

(b) improved instructional strategies based on increased  knowledge of pedagogy 
developed through educational research, and (c) improved techniques for developing 
instructional materia ls and other products of curriculum development. The rapidly 
advancing revolution in instrumentation for instruction and in computer technology 

is addressed through the Instructional Scientific Equipment sub-element which assists 
undergraduate institutions in their efforts to equip their laboratories with modern 

up-to-date appara tus and equipment.

Sign ificant Recent Ach ievements

• In EY 1979 the second Resource Center for Science and Engineering was funded 
as the University of New Mexico and New Mexico State University cooperated 
in the establishm ent of a Resource Center  in the Southwest to increase both 
science  aw arenes s and the number of scientists and engineers among the 
Hispanic, Native American and other minority communities in the Southwest 
region. Joining these two institutions are 15 educational institutions and two 
research laborator ies. Activities within the Southwest Resource Center include 
student and faculty internships, student and faculty research projects, minority 
recruitment efforts, teacher/counselor workshops, traveling demonstrations, 

science fairs, educational television programs and tutorial services.
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• North Caro lina  State University at Raleigh conducted a three -day sem inar  in 
which faculty from area institution s prov ided program managers wi th first-hand 
info rmation  on insti tutional science education needs and require ments.  The 
project was supported by the Com prehensive Assistance to Underg radu ate 
Science Education program as pa rt of its efforts to understa nd be tte r the needs 
of the Colleges and universit ies it serves and thus to es tablish a f irm basis for 
design ing the program.

• The Local Course Improvement and Instruc tional Scien tific Equipmen t pro­
grams  have publi shed a key word  index  cover ing all projects in bo th programs 
for sev era l years up to the sum mer of 1978. The publicat ion prov ides  ready  
identifi cation of hundreds  of scienc e course improvement projects whose direc­
tors have  v olunteered to provide  advice concerning thei r exp erie nce  with par ­
ticular scientific equipment and various approaches to curriculum development.

• Under  an Instructional Scientifi c Equipment projec t, the University of Rhode 
Island is establishing a modern plan t cell biology teaching laboratory, shared 
by the Departmen ts of Botany and Plant Soil Science. The labo ratory will be 
equ ipp ed with specialized microscopes and a spectro pho tom eter to allow s tu­
den ts to learn  those new tech niques  of cell study that form the basis of research 
in agric ultural productivity.

• Under  an Information Disseminat ion award the Wisconsin Academy of Sci­
ences , Arts and Letters,  working with state  science supervisors  and university 
personn el, is conduct ing regio nal conferences in Iowa, Minn esota  and Wis­
consin. The conferences will acquain t secondary school lea ders with recen tly 
formulate d ideas  about intelle ctual deve lopm ent and the ir impl ications for 
helping stude nts to develop  reasoning ability  while learnin g science.

• A Local Course Improvemen t project at Southern Methodist University  focuses 
on a two-semester course seq uen ce in sof tware engi neering  in respo nse to stu ­
den t and indus try dem and s in an area of the coun try where  high technology 
prevails.  The first course will provide a senio r Computer  Science major with 
experience  in the guided deve lopm ent of a proposal for a medium sized soft­
ware system. The second course will pro vide the student  w ith experience on a 
softw are developme nt pro ject  team.

• Supported by a C omprehensive  Assistance awa rd six small public and private 
libe ral arts colleges in North Dakota are integrating  compute r learning modules 
into  freshm an and  sop homo re- lev el scienc e courses. Seventy-tw o scienc e 
faculty  members in ten majo r science  areas are  involved in this effort.

• A Minority Insti tutions Curr iculum Exchange Conference  for pa rtic ipan ts from 
215 institut ions of higher  education  was convened in Washington, D.C. in 
January, 1979. The goals of the conference were to fac ilita te contact and the 
exchange of ide as and  inform ation among fac ulty me mbers  con cerning 
advances in curricu lum deve lopment and instruct ional techniques which may 
enha nce the quali ty and  effec tiveness of science educat ion at minority institq-
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tions. The proceeding s of the conf erenc e have been  published and widely dis­

seminate d.

Changes Between FY 1980 Budget and FY 1980 Current Plan

The major portio n ($5,000,000) of the dec reas e from the FY 1980 bu dget req ues t is 
due to the tran sfer  dur ing  FY 1980 of the Minority Insti tutio ns Science Improvem ent 

Program to the Dep artm ent of Education.

FY 1981 Budget High lights and Explanation of Increases and Decreases  

Obligations
EY 1979 Actual .....................................................................................................  $28,605,692
EY1980 Program..............................................       $24,000,000
EY 1981 Request.................................................................................................... $24,200,000
Difference—EY1981/EY1980 ............................................................................... $200,000

The $24,200,000 req ueste d for the Scien ce Educ ation  Resources  Improvement 
(SERI) subacti vity is essenti ally  uncha nged from the FY 1980 program amount.  By 

program element the per cen tage changes  for FY 1981 are:

Information Dissemination ..................................................................................  31.271
Undergraduate Instructional Improvement..........................................................  3,57.
Comprehensive Assistance to Undergraduate Science Educa tion ........................ -3.3*/»
Minority InstitutionsScience Improvement ......................................................... Transferred

prio r toFY 1980 
Awards

Resource Centers for Science and Engineering.....................................................  0.471

An in creas e of $4 04,000 in the Inform ation Disse minat ion program elem ent will 
raise  the total reque st to $1,700,0 00 from $1,296,000. This will permi t the Foundation to 
increase  its em phasis on the prior ity assigned to the improve ment of scienc e ins tru c­
tion for ear ly adole scents, minorities,  women and the physi cally  ha ndic apped, and to 

begin disseminat ion of i deas and result s from under gra dua te projects.
The FY 1981 budget req ues t for the Und ergraduate Instructio nal Improvem ent 

program eleme nt will per mit approxim ately  450 awards to colleges and univ ersi ties  
to sup port highly-focused curr icul um impro veme nt projects  d istribute d betw een  the 
two subelements, Local Co urse  I mproveme nt and Inst ruct iona l Scientific Equipmen t. 
This will result  in 200 aw ard s for Local Cou rse Improvem ent, an incre ase of 49 over 
FY 1980, and 250 awa rds for Instru ction al Scienti fic Equipmen t, a decreas e of 35 
from FY 1980, reflec ting a small  shift in priori ty toward  Local Course Improv ement  
projects to incre ase opp ortu niti es for flexibility and innovatio n in respo nse to local 

academic  needs.
The decr ease  of $441,000 in the Comprehensive  Assis tance  to Underg radu ate 

Science Education (CAUSE) p rogram re quest , from $13,441,000 in FY 1980 to $13,000,000
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in FY 1981 will result  in a decrease from 69 to 65 awards from FY 1980 to FY 1981.
Areas of continued emphasis for the FY 1981 CAUSE program are:

• Assis tance  to 2-year and 4-year colleges;
• Assis tance to institutions serving mino rity students;
• Assis tance  to institutions provid ing tra ining  for teachers for ea rly adolescents:
• Exploration of new ideas and addition al mechanisms for improv ing under­

gra dua te science education.
In each of these program elements special efforts  will continue during FY 1981 to 

encourage  local innovat ion in develop ing cost effective and scien tifically sound 
app roaches to improving inst itutional  capabili ties  for science education.

As a resu lt of the Department of Education Reorganization Act (P.L. 96-88), the 
Minority  Insti tutions Science Improv eme nt Program e lement will be tran sfe red  during 
FY 1980, taking with it FY 1980 fund s in the amount of $5,000,000. Funds for the con­
tinuation of this program are included in the FY 1981 budget reques t for the new 
Departm ent of Education.

The Resource Cente rs for Scie nce and Engineering  program element will be 
cont inued  during  FY 1981 at the $2,800,000 level, enab ling the establishme nt of one 
addi tional resource cente r. This will bring the total num ber  of cen ters  established  
from FY 1978 through FY 1981 to four.

Coordination and Relationship to Other Efforts

In discharging its responsib ility  for strengthening sc ience  educat ion in the Nation, 
the Foundat ion in terac ts with oth er Federal agencies also concerned with  education in 
schools, colleges, and univ ersi ties.  The staff main tains  a v arie ty of contacts through 
both forma l and informal associations with thei r cou nte rpa rts in such agencies. For 
exam ple,  the Division staff  util izes  the formal channe ls for informat ion exchange 
established  by the Fed eral  In teragency Committee on Education (FICE) and its various 
subcommittees. These channel s, together with informal,  personal interactions, con­
tinue to p roduce effec tive exch ange  of in format ion and ideas.

The guide lines for the Local Course Improvement subelement call attent ion to a 
par allel program in the Nat iona l Endowment for the Hum anit ies and hold open the 
possibility of joint funding of projects. The Local Course Improveme nt sta ff cont inues 
its effective interaction with the Depa rtment of Energy in seeking proposal reviewers 
and exchanging inform ation  abou t energy-re lated course improvem ent.

Staff members of the Com prehensive Assistance to Undergradua te Science Edu­
cation and Minority Institut ions  Science Improvement programs have consulted  fre­
quently  with the Office of E duc atio n’s Strengthening Deve loping Institut ions program 
to insu re that funding of r equests  is comple mentary and not overlapping. Tentative  
awa rd lists are exchanged prior to making final recomm endations for funding. The 
staff  maintains a simila r cooperative  re latio nship with the F und for the Improvement  
of Postsecondary Educat ion.
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The Inform ation Dissemination for Science Education staff continues its ties 
with the Office of Educa tion ’s National Diffusion Network program staff and the 
National Institute of Education 's Dissemination and Improvement of Practice group.

With the es tab lish ment of the Department of Education , the Foundation expects to 
develop a close mutual cons ultan tship  and information exchange relationship with the  
new Departmen t in ar eas  affecting the st rengthening of science education in minor ity 
institutions.

/
/
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QUANTITATIVE PROGRAM DATA
SCIENCE EDUCATION RESOURCES IMPROVEMENT SUBACTIVITY

P ro posa ls  and  A w ard s

A ctu oi
FY 1979

Est im ate
F Y I 980

Es tim ate 
FY  1981

Prop os als:
N um ber o f P ro p o s a ls ............................. 2.460 2.335 2.400
1 o la l A m ount P ro p o se d ..................................................... $99,543,181 $123,715,497 $137,100,000
Ave ra pn  A m oun l P ur  Pro p o s a l........................................... ................. 40.500 53.000 57.000

A w ard s:
N um ber o f A w a rd s .......................................................................... 583 565 550

T o ta l Am ount A w a rd e t l.............. ............................................... S28.605.692 $24,000,000 $24,200,000
Ave ra ge  A m ount Pe r A w a rd  .................................................................. 49.000 42.500 44.000
Ave ra ge A nnua l A m o u n l .................................................................... 19.600 17.000 17.600
A vera ge Aw ard D u ra tio n  |M onth s| ........................................................ 30 30 30

P erc enta ge D is tr ib u ti o n  o(  Fu nd s A w ard ed by P e rf o rm er

A ctu al E stim ate Es tim ate
FY  1979 FY 198(1 FY 1.981

I Jn iv e rs il ie sand  C o ll e g e s ............................................................................ 99 99 99
O th e r N o n -P ro fi t O rg a n iz a ti o n s ........................................................ 1 1 1
In d u s try ........................................................................................... —0 —0— —0—
O th er ............................................................................................... —0 —0— —0—

Personnel and Other Award Factors

A ctu al
FY 1H7fi

Est im ate
FY 19 80

Es tim ate
FY1981

Pro fe ssio nal S ta ff  C o s ts ..............................................................
O th e r S ta ff  C o s ts ........................................................... .

........................  $7,533,000
3 193 000

$6,944,000
2.705.000

$6,990,000
2.790.000

S ubto ta l.  S ta ff  C o s ts .......................................................... 10 726 000 9.649.000 9.780.000

E xpendable  Supp lies  *  E q u ip m e n t........................................
Per m an en t E qu ip m en t ..............................................................

....................  1.323.800

........................  9.032.300
1.049.800
7.242.300

1.130.000
7.150.000

O th e r P ro je ct D irec t Costs ........................................................ 3.178.202 2,260.500 2.266.000
S ubto ta l.  N on -S ta ff  Pr ojec t Costs  ........................................ ........................  13.534.302 10.552.600 10.546.0(81

Tota l.  D irect C osts .............................................................. ........................  24.260.302 20.201.600 20.326.000
In d ir e c t C o s ts ................................................................................ . 4,345.390 3.798.400 3.874.000

C ra n d l' o ta l .................................................................................. ........................  $28,605,892 $24,000,000 $24,200,000
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Comprehensive Assistance to Undergraduate Science
Education Program Element ................................................  $13,000,000

Obligations by Program Element

Actua l
FY 1979

HuiIrpI
Request
FY1980

Cu rrent
Plan

FY1980
Estim ate
F Y 1981

Diffe rence
FY 1981/80

$13,518,541 $13,500,000 $13,441.000 $13,000,000 $-441,000

Objectives and Description

The Comprehensiv e Assistance to Underg radu ate Science Education (CAUSE) 
program is designed to encourage improve ment in the quality and effec tiven ess of 
underg raduate science  education in the Nat ion’s colleges and universit ies.

The program's primary objec tives are  to:
• Stre ngth en and improve the qua lity  of undergraduate science  instructio n in 2- 

year and 4-year colleges and universit ies:  and
• Enhance  institu tional  capabi lity  for self-a ssessment and upda ting  of their 

science programs.
The Foundation provides grants of up to $250,000 to be expended dur ing a period 

of one to three years in support of locally developed undergraduate science improve­
ment plans. Each plan must include eviden ce of a review of local needs in science 
educat ion, a se t of att ainable goals, and an evalu ation  plan to measure progress and 
results. It also must  be so struc tured that its benefit s will continue  beyond the granting 
period.

Needs for instructional assis tance in improving the quali ty of und ergraduate 
science  education  continue because  of increasing costs, declining student en rollm ents,  
with the inc rease in the  ave rage age of the faculty, changing charac ter of the  student 
body, changing patte rns  in the job market, and advances in knowledge of the  learning  
process, make many current course  offerings  and certain instructio nal equipmen t 
obsolete.  In addition, colleges must resp ond  to an expanding need for sc ienc e knowl­
edge from both science and nonscience majors.  NSF funds, are a necessary and 
impor tan t cat aly st for stim ula ting ins tit ut ions  to a dd ress  their  s cie nce edu cat ion  
problems in responsi ble and creative  ways.

In its f irst four years of opera tion,  the CAUSE program rece ived  about  1,900 pro­
posals from over  1,000 diffe rent  inst itutions.  This represe nted  approximately one- 
third of the total target populat ion.
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FY 1981 Budget Highlights and Explanation of Increases and Decreases

The FY 1981 requ es ted  fun din g lev el of $13,000,0 00 for the Co mp reh ens ive  
Assistan ce to Und ergraduate Scienc e Educatio n program rep resent s a dec rease of 
$441,000 from the level of FY 1980, and will suppo rt approxim ately  65 projec ts, a 
dec rease of four  from the numb er sup por ted  in FY 1980.

Project dire ctors have repo rted  to the Foundation that an estim ated 58,000 stu­
dents per  year  will benefit from imp rov ements  in scienc e instruction  impl emented  
through proje cts fund ed in FY 1979. The pro jec ted  figures for  FY 1981 a war ds is 55,000 
stud ents  per  year.
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QUANTITATIVE PROGRAM DATA 
COMPREHENSIVE ASSISTANCE TO UNDERGRADUATE 

SCIENCE EDUCATION PROGRAM ELEMENT

Proposal and Award Summary

A ctu a l 
h’Y  1979

Es tim ate
EY 198079

Est im ate 
EY 1981

Pro po sa ls:
N u m b e r o f P ro p o sa ls ................................................................ ......................  311 303 300

T o ta l A m ount P ro posed............................................................ $55,600,000 $63,000,000 $63 ,0 00 ,0 00

Ave ra ge Am ou nt  Per  Pro p o sa l................................................ ......................  178.800 207.900 210.000

A w ard s:
N um b e r o f A w a rd s .................................................................... ......................  72 69 65

To tal A m ount A w a rd e d ...................................................... • ......................  $13,518,541 $13,441,000 $13 ,0 00 ,0 00

A vera ge A m ount Per A w ard  .................................................. ......................  187.800 194.900 200 .0 00

Average? A nnua l A m ou nt  ........................................................ ......................  62.600 65.000 66.700

A vera ge A w ard  D ura tion (M onth s)  ...................................... ......................  36 36 36

Perc entage  Distribution of Funds Awarded by Performer

A ctu al
EY  1979

Est im ate
EY1980

Est im ute
EY1981

U n iv e rs it ie s  and C o lle g e s .................................................................................... 100 100 100

O th e r N o n -P ro fi t O rg a n iz a ti o n s ........................................................................ —0 — —0— —II—

In d u s t r y .....................................................................................................................
—0 — —0 — —0—

O t h e r .........................................................................................................................
—0 — —0— —(I —

Personnel end Other Award Factors

A ctu a l Est im at e Es tim ate

FY  1979 F Y I  980 FY  1.981

P ro fe ss io nal S ta ff  Co s ts ........................................................................................ $4,100,000 $4,100,000 $3,960.00(1

O th e r S ta ff  C o s ts .................................................................................................... 1.580.000 1.580.000 1.500.000

S ubto ta l.  S ta ff  C o s ts .......................................................................................... 5.680.000 5.680.000 5.460.000

Expendab le  S upp lie s Equi pm en t .................................................................. 648.800 648.800 650.000

Per m an en t E qu ip m en t ........................................................................................ 3.342.300 3.342.300 3.350.000

O lh e r P ro je ct D irec t C ris is .................................................................................. 1.721.221 1,645.500 1.440.000

S ubto ta l.  N on -S ta ff  Projec t Costs  .................................................................. 5.712.321 5.636.600 5.440.000

T o la l.  D ir e c t C o s ts .......................................................................................... 11.392.321 11.316.600 10.900.000

in d ir e c t C o s ts ...........................................................................................................
2.126.220 2.124.400 2.100.000

G ra n d T o ta l ............................................................................................................. $13,518,541 $13,441,000 $13,000,000
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Undergraduate Instructional Improvement
Program Element ..................................................................... $6,700,000

Obligations by Program Element

Program Subelement Actual 
FY 1.979

Budget
Request
FY1980

Cu rrent
Plan

FY 198<l
Est ima te 

FY 1981
Dif ference  
FY 1981/8U

Local Course Improvem ent...........................
Instructional Scientific Equipment .............

$2,954,529
3,448.037

$3,000,000
3,500.000

$2,988,000
3.486,000

$3,500,000
3.200.000

$512,000
-286.000

Total ............................................................. $6,402,566 $6,500,000 $6,474,000 $6,700,000 $226,000

Objec tiv es a nd  Descr ip tio n

Colleges  and universit ies must continually  revis e the ir inst ruct ion in science  to 
keep pace  with deve lopme nts flowing from rese arch  labora tori es. Many of the new 
findings affect what is being taugh t, but impro vements in the tech niqu es of teach ­
ing scie nce  also continue to ap pear.  Institut ions of high er learnin g must be ca pable of 
resp onding rapidl y to both of thes e kinds of change. Typic ally these  changes are 
focused  in single course s whose mode of instru ction is largely dete rmined  by indi­
vidual facul ty members .

The Local Course Im provement  program s ubelement is designed to help individual 
college -level science  dep art me nts  incorpor ate scien tific and educ ational advances, 
usually  through the efforts of only one or two faculty memb ers. The need for Fo unda­
tion assis tance  is growing bec aus e local resource s are  dim inish ing at the same time 
that scien ce and technology knowledge is increas ing.

The specific objec tives of the Local C ourse Improvement program are:

• To provide insti tutio ns with the capacity for intro ducing scientific or tech­
nological developments in their courses, and for p repar ing improved approaches 
to the pres enta tion  of scie ntifi c concepts.

• To improve the pre -service trainin g of prospec tive teac hers of science  and 
mathem atics through  th e modification of specif ic courses.

• To provide an incentive for individual faculty to try something new and different.

The Local Course Impr ovemen t Program makes small, matching award s ($25,000 
maximum) in supp ort of specific , short-te rm local projects. In FY 1979, 151 projec ts 
were supp orted  in 43 sta tes  and Puerto Rico, out of 514 prop osals  receiv ed. Projects 
involved a wide range  of activ ities . Typically they inclu de the des ign, p repara tion  and 
implementation of specific new  course materials or teaching strategies. Student audiences 
range  from individu als who are  very weak in science to those capa ble of adva nced  
inde pen den t study. Many gran ts involve the use of compute rs, ranging from large 
time-sharing systems to relativ ely  inex pens ive micr ocomputers.
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Through  the In struct ional Scientifi c Equipment  program subelem ent,  the Founda­
tion assists u ndergraduate  in stitu tions to keep pace with changes in teaching  re quire­
ments imposed by developments in scien tific research . What is considered to be the 
best in r esearch  today must be a r egular part of undergradua te instruction  tomorrow. 
Thus, needs for instructiona l equ ipm ent  continually  change in kind and increase in 
sophis ticat ion.

The specific objectives  of th e Instructional Scientif ic Equipmen t Program are:

• To encourage and support  the introduction  of modern  equipm ent to improve 
science and enginee ring labora tory instruction;

• To encourage and suppor t incorporation of current educational  technology 
into und ergraduate sc ience instruction; and

• To focus these efforts  at the level  of individual or small g roups  of well-defined 
courses,  having specif ic improvement plans and lacking the appropriate in­
struct ional  equipmen t to e ffec t desi red improvements.

This program helps prov ide labo rato ry equipmen t to encourage introduction 
of new scientific mater ial and improve d teaching strategies . The awa rds are limited 
to a maximum of $20,000 and must be matched by the gran tee institution . In FY 1979, 
there were 284 awards made in r espons e to 1459 proposals  received. A total of nearly 
$18,000,000 was requested com pared to the $3,450,000 which was obligated.

FY 1981 Budget Highlights and Explanation of Increases and Decreases 

Local Course Improvement
The FY 1981 funding level of $3,500,000 for the Local Course Improvement program 

rep resents an increase of $512,000 ove r FY 1980. This increment will:

• Permit funding of a small n um ber of projec ts to facili tate communication among 
the science  educa tion community of significant  achievemen ts of projects sup­
ported through this program.

• Allow considera tion and poss ible  implementation  of a revis ion in the matching 
provision for grantees. Evidence indicates  that uniform appl ication of the 
cur ren t "one- third  of total cos ts” require ment und er all c ircumsta nces  may be 
det rimenta l to program objective s, and a varie ty of a lter nat ives are currently 
being  studied .

Instructional Scientific Equipment
The requ ested FY 1981 fund ing level of $3,200,000 for the Inst ruct iona l Scientific 

Equipment program represents a decre ase  of $286,000 from the fund ing level for FY 
1980 and will support approximately 250 projects.

The shift in emphases, from the support  of purchase of ins truc tional equipment  
to local course improvement, ref lects a desire to motivate a greater number of individual 
science faculty members to up grade the course s they teach in term s of:
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• The most recent advances in subject-mat ter;
• The application of the results of recen t research on how science is learned and 

applied to the manner in which they conduct their courses.
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QUANTITATIVE PROGRAM DATA
UNDERGRADUATE INSTRUCTIONAL IMPROVEMENT PROGRAM ELEMENT

Proposal and Award Summary

A c tu a l
F Y  197.9

E s ti m u te
F Y  198(1

E s t im a te
EY1.MH1

P ro p o sa ls :
N u m b e r  o f P r o p o s a ls ......................................................................... .......................  1.971 1.830 1. 90 0

T ota l A m o u n t P r o p o s e d .................................................................... S27 .55n .nno S2 3.620.0 0n $2 6, 60 0, 000

A v e ra g e  A m o u n t P e r P r o p o s a l ...................................................... 14 .000 14.00 0 14.00(1

A w a rd s :
N u m b e r  o f  A w a r d s ............................................................................. .......................... 435 495 45 0

T o ta l A m o u n t A w a r d e d ......................................................................... $6 ,4 02 ,566 S6.474.000 $6 ,7 00 ,0 00

A v e ra g e  A m o u n t P e r A w a rd  ......................................................... 14 .719 13.100 15 .0 00

A v e ra g e  A n n u a l A m o u n t ................................................................ 6.10 0 6.100 6.9 00

A v e ra g e  A w a rd  D u r a t io n  ( M o n th s ) .......................... 26 26 26

Percentage Distribution o l Funds Awarded by Performer

A c tu a l
F Y  19 79

E s ti m u te
F Y I  980

E s t im a te
FY 1981

U n iv e rs i t ie s  a n d  C o ll e g e s .................................... 100 100 100

O th e r  N o n -P ro fi t O r g a n iz a t io n s ...................... — 0 — — 0 —

In d u s t r y ........................................................................ — 0 — — 0 — — 0 —

— 0 — — 0 — — 0 —
O th e r  .............................................................................

Personnel and Other Award Factors

A c tu a l
F Y  1979

E s ti m a te
F Y 1 98 0

E s ti m a te  
F Y  1981

P ro fe s s io n a l S ta ff  C o s ts ......................................................................... .........................  $1 ,300 ,000 $1 ,30 0,00 0 $1 ,5 00 ,000

O th e r  S ta f f  C o s ts ....................................................................................... 35 0.00 0 40 0.00 0 40 0.00 0

S u b to ta l.  S ta ff  C o s ts ........................................................................... ..................... 1. 65 0.00 0 1.7 00 ,000 1. 90 0.00 0

E x p e n d a b le S u p p li e s a n d  E q u ip m e n t ........................................... ....................... 20 0.00 0 200.000 20 0.000

P e rm a n e n t E q u ip m e n t ........................................................................ 3. 50 0.00 0 3.5OO.OOO 3. 40 0.00 0

O th e r  P ro je c t D ir e c t C ost s .................................................................. 24 0.000 27 4.000 30 0.00 0

S u b to ta l.  N o n -S ta f f P ro je c t C osts  ............................................... ....................... 3.94 0.00 0 3.97 4.00 0 3. 90 0.00 0

T o ta l.  D ir e c t C o s ts ........................................................................... 5.59 0.00 0 5.67 4.00 0 5. 80 0.00 0

In d ir e c t  C o s ts .............................................................................................. .........................  812.56 6 800.000 90 0.00 0

G ra n d  T o ta l ................................................................................................ .........................  $6 ,402 ,566 $6 ,474 ,000 $6 ,700 ,000
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Minority Institutions Science Improvement Program Element . . . .  —0—

Obligations by Program Element

Actua l
FY1M79

Budget
Request
EY1980

Current
Plan

EY1980
Kstimute

FY lW Il

To be Transferred to Department of Education ................... ........ S4.909.749 $5,000,000 —0— - 0 -

This program has assisted  2-year and 4-year institutions  whose enro llments  are 
pred omi nan tly (more than 50 percen t) Alaskan Native, American Indian,  Black, 
Mexican Amer ican, Puerto  Rican or other ethnic  minority groups und errepr ese nte d 
in sc ience to improve the qual ity of the ir science  educat ion programs and to increase 
the flow of ethnic minority stu den ts into science ca reers. Purs uant to the Department 
of Education Organization  Act (P.L. 96-88), this program e lement has been  t rans ferred 
to the new Department.

The A dmin istra tion' s plan  esta blishing the new Department of Education requires 
that all fund s in programs subject to transfer  which are not obligated as of April 1, 
1980 shall be transf erred as of that da te. The  pred etermined schedule for proposal sub­
mission, pee r review and awa rds precluded  the obligation of any s ignificant fraction  
of EY 1980 funds before April 1, 1980. Therefore , all FY 1980 funds allocated to this 
program are being transfered and no funds are requ ested for FY 1981.

Funds are being requeste d in the amount of $5,000,000 by the Departm ent of Educa­
tion to continue the Minor ity Inst itutions Science Improvement Program in FY 1981.
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QUANTITATIVE PROGRAM DATA 
MIN ORITY INSTITUTIONS SCIENCE IMPROVEMENT PROGRAM

Proposal and Award Summary

Ac tual
FY 1979

Estimate
FY1980

Estimate
FY1981

Proposals:
Nu mber of Prop os als.............................................................. til —0— —0—

To tal  Amount Proposed........................................................... S10.208.995 —0— —0—

Averager Amount Per Propo sa l.............................................. 167.360 —0— —(I—

Aw ards:
Nu mb er of  Aw ard s................................................................. ................... 39 —0— —0—

To ta l Amount A ward ed............................................................. $4,909,749 —0— —0—

Average Amount Per Awa rd ................................................ 125.891 —0— —0—

Averager Annual Amount ..................................................... 62.945 —0— —0—

Average Aw ard  Du rat ion  (Months! .................................... 24 —0— —0—

Percentage Distribution of Funds Awarded by Performer

Ac tual
FY 1979

Estimate
FY1980

Estimate 
FY 1981

1 Inivp rs itie s nnd Co lleges...................................................... ............... 100 —0— —0—

Other  Non-Profit  O rg an izat ions .......................................... ......................  —0— —0— —0—

In dustr v ................................................................................... ......................  —0— —0— —0—

O th e r ....................................................................................... ......................  —0— —0— —0—

Personnel and Other Award Factors

Ac tua l
FY 1979

Estimate
FYI 980

Estimate 
FY 1981

..................  $900,000 —0— - 0 -

Other  Sta ff Costs...................................................................... 700.000 —0— —0—

Subto tal.  Staff Cos ts ............................................................. ................... 1.600.000 —0—

Expen dab le Supplies and E qu ip m ent................................... ................... 350.000 —0— —0—

Permanent Equipment ........................................................... ................... 2.110.000 —0— —0—

Other  Project Direct Costs ...................................................... 250.000 —0— —0—

Subto tal . Non-Sta ff Project  Costs ....................................... ................... 2.710.000 —0— —0—

Total . D irec t Costs............................................................. ................... 4.310.000 —0— —0—

Indi re ct  Costs............................................................................ ................... 599.749 —0— —0—

Grand To tal  .............................................................................. ............. $4,909,749 —0— —0—
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Resource Centers for Science and Engineering ..................  $2,800,000

Obligations by Program Element

Actua l
FY1979

Budget
Request
F Y 1980

Current
Plan

FY 1980
Estimate
FY 1981

Difference
FY 1981/80

$2,743,871 $2,800,000 $2,789,000 $2,800,000 $11,000

The Resou rce Centers for Scie nce and Engineering program  prom otes  increa sed 
par ticip ation in science  and eng ine erin g by minori ties and persons from low-income 
fami lies through the establish men t of geographically disp erse d Reso urce Centers .

Speci fically, the program seeks to expand options in s cienc e and  engineeri ng by 
assisting eligib le institu tions in the ir efforts:

• To increase the interest  in sci enc e and  eng ineer ing studies  of thes e students:

• To increase the n umb er of doctorate s in science rece ived  by the se students:

• To prov ide such students w ith role models in science and r ese arc h opportu nitie s 
with establishe d scientists:

• To provide faculty members  with academic res ear ch options and to increase 
their scholarly pr oductivity.

The activit ies and infl uen ce of the estab lishe d Centers is r eaching out to ins titu­
tions at all educa tional  levels as well  as to the minor ity and low-income community 
in the surro undi ng area.  Cen ters  are  located nea r concentrat ions  of m inority  groups 
or low-incom e families and are  geographically disp ers ed in ord er to serve differen t 
mino rity groups.

A Resource C enter e stabli she d through this p rogram serves a var iety  of functions 
for the various consti tuent groups  in the region in which it is locate d. Some of the func­
tions are  as follows:

• For its minority stu dents  or stude nts from low-income families, the Cen ter 
(a) provides access to esta blished scien tists, (b) offe rs a varie ty of qual ity 
scienc e programs, (c) has  faculty and progra ms reflecti ng sensitiv ity to the 
specia l needs  of thes e stude nts, and (d) has visible  and functio nal minority 
faculty to serv e as role models for these stude nts.

• For its minori ty facu lty, the institution at which the Cen ter is located has a 
record of d em ons trat ed commitment as reflec ted  in its hist ory of promo tion and 
tenure with respec t to this group and it provid es them  w ith professional dev el­
opment and res earch  oppo rtunit ies.

• For neighboring un der gra duate  and pre-c ollege  inst itutions enrolli ng sub stan­
tial num bers  of min orit y stude nts or stud ents from low-income families, the
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Center develops joint education programs designed to increase the flow of 
talented students from these groups into science.

• For the nearby minority community, the Center engages in activities designed 
to facilitate (a) the dissemination and interpretation of scientific information 
to the lay community and (b) an exchange of views regarding local scientific 
needs and interests between members of the lay' and academic communities.

FY1981 Budget Highlights and Explanation of Increases and Decreases

The Resource Centers for Science and Engineering program element will be 
funded in FY 1981 at the level of $2,800,000, approximately the same as in FY 1980, 
and permit the establishment of the 4th Resource Center. As they are established, 
these Centers not only individually serve their respective regions, but also support 
and complement each other in a growing network that creates its own effect on the 
capability of the Foundation to address the needs of minority students and students 
from low-income families.
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QUANTITATIVE PROGRAM DATA 
RESOURCE CENTERS FOR SCIENCE AND ENGINEERING  

Proposal and Award Summary

A c tu a l
E Y  1979

E s ti m a te
E Y  1.980

E s t im a te
EY1981

P ro p o sa ls :
N u m b e r  o f  P r o p o s a ls ........................................................................ ..........................  1 12 15
T o ta l A m o u n t P r o p o s e d ................................................................... $2 .994 .186 $3 0,97 0,47 9 S42.IIIHI.II1 III
A v e ra g e  A m o u n t P e r P r o p o s a l ..................................................... ..........................  2. 99 4.18 6 2.5HO.H73 2. 80 0.00 0

A w a rd s :
N u m b e r o f  A w a r d s .........................................................................................................  1 1 1

T o ta l A m o u n t A w a r d e d ........................................................................ ..........................  $2 ,743 ,87 1 $2 ,789 ,000 $2.8011.000
A v e ra g e  A m o u n t  P e r A  w a r d  ........................................................ ..........................  2.743.8 71 2. 78 9.00 0 2. 80 0.00 0
A v e ra g e  A n n u a l A m o u n t ............................................................... 68 3.968 69 7.25 0 70 0.00 0
A v e ra g e  A w a rd  D u r a t io n  ( M o n th s )  ............................................ ................. 48 48 48

Percentage Distribution of Funds Awarded by Performer

A c tu a l
E Y  lfi TH

E s t im a te
F Y 1 9 8 0

E s ti m a te
EY19 81

U n iv e rs i t ie s  an d  C o l le g e s .......................................
O th e r  N o n -P ro f it  O r g a n iz a t io n s .........................

100 10 0 100
— 0 — — 0 — — 0 —

In d u s t r x ............................................................................. — 0 — — 0 — — 0 —
O th e r  .................................................................................. — 0— — 0 — — 0—

Personnel and Other Award Factors

P ro fe s s io n a l S ta f f  (J u s ts ............................
O th e r  S tu f f  C o s ts ..........................................

S u b to ta l.  S tu f f  C o s ts ..............................

E x p e n d a b le  S u p p li e s  an d  E q u ip m e n t
P e rm a n e n t E q u ip m e n t ............................
O th e r  P ro je c t D ir e c t C osts  .....................

S u b to ta l.  N o n -S ta f f  P ro je c t C osts  . .

T o ta l.  D ir e c t  C o s ts ..............................

In d i r e c t  C o s ts .................................................

G ra n d  T o ta l ...................................................

A c tu a l
E Y  1979

E s t im a te
E Y  1980

E s ti m a te
EY19 81

$9 13 ,000 $1 ,128.00(1 $1 ,000 ,000
26 3.00 0 33 5.00 0 40 0.00 0

1. 17 6.00 0 1. 46 3.00 0 1.40 0.00 0

75 .000 13 6.00 0 20 0.00 0
80 .000 40 0.00 0 40 0.00 0

. . 835.8 71 21 5. 00 0 30 0.000

990.871 75 1.00 0 90 0.00 0

2.1 66 .871 2.21 4.00 0 2. 30 0.00 0

57 7.00 0 575.00 0 50 0. 00 0

S2.743.871 $2 ,7 89 ,000 $2 ,8 00 ,000
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Information Dissemination for Science Education
Program Element ....................................................................  $1,700,000

Obligations by Program Element

Actua l
FY 1979

Budget 
Request 
F Y I 980

Current
Plan

FY 1980
Estimate
FY1981

Di ffe rence
FY 1981/80

$1,030,965 $1,300.000 $1 ,296 ,000 $1,700,000 $404,000

Objectives and Descr iption

The purpose of this prog ram elem ent is to dissem inate inform ation on alte rnative  
instruction al materials and prac tices  and on rese arch  finding s rela ted to classroom 
instruction in the scienc es and  mathem atics. To maximize impact, this activi ty ha s in 
the past focused on science  supervisors and othe r decision m ake rs at the state an d local 
level. It has become incre asingly app are nt that decision makers in higher education 
are also in grea t need of the kinds of info rmatio n made availab le unde r Information 
Dissemination for Science Educat ion funding. While the pr ese nt em phasis on impro ve­
ment of science education  for early adolescents  and min orit ies (espec ially those 
at tending junior  highschools in ur ban  settings) will continue,  diss emination  of findings 
from resea rch and dev elopment  on und ergraduate instr uct ional problem s will be 
encouraged at the higher  e duc atio n levels. Suppor t will be allo cate d to achieve more 
rap id and efficien t diss emi nati on of information on new  teaching mate rials  and tech­
niqu es to benefit the physi cally  handica pped, minorities  and women  and on cu rren t 
deve lopm ents  flowing from rese arc h and dev elopment activ ities at all leve ls in science  
educ ation. This information will be d ispe rsed  and exchanged in working seminars  and 
conf eren ces, through profess ional journ als, in profe ssion al meetings and through 
computerized systems.

FY1981 Budget Highlights and Ex planatio ns of Increases and Decreases

In addition to traditional Information Dissemination for Science Education projects, 
including  the urban  juni or high school emphasis, the increase of $404,000 over the 
cur ren t FY 1980 plan will allow the Inform ation Dissem ination  program  to support a 
limit ed number of pr ojects  aime d at:

• Providing decision make rs at all education al levels who are  respo nsible  for 
selecting curr icula and cou rse plan s with inform ation  on alte rna tive  instruc­
tional mate rials  and tech niq ue s designe d for tea chi ng mi no rit ies , w omen and 
the physically  hand icap ped:  and
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• Motivating individual faculty  mem bers  in h igher education  who are  in a posi­
tion to minim ize the lag betw een resu lts from research and deve lopment in 
science education and their application in the education system.

These activ ities  will help ensure that tested techniques and ideas  flowing from the 
rese arch  and deve lopment efforts in sci ence education support ed by the  Founda tion 
and other agencies will reach the classroom in a timely fashion.
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QUANTITATIVE PROGRAM DATA
INFORMATION DIS SEMINA TIO N FOR SCIENCE EDUCATION PROGRAM ELEMENT 

Proposal and Award Summary

Ac tua l
EY 1979

Es tim ate
FY 1980

Est im at e
FY1981

Prop os als:
20 0116 150

Tota l A m ount P ro posed...................... ............ $3,190,000 $4,125,000 $5,500,000
Ave ra ge  A m ou nt  Per P ro p o sa l.......................

A w ard s:
27.500 27.500 27.500

N um ber o f A w a rd s ........................ ................. 36 50 63
Tota l A m ount A w a rd e d .....................................

Ave ra ge A m ount Per A w ard  .......................
$1,030,965 $1.296.000 $1 700.000

28.640 25.920 27.000
A vera ge Annua l Am ou nt  ............................. 21.480 19.440 20.200
Ave ra ge A w ard  D ura tion ( M o n th s ) ............. 16 16 16

Percentage Dlatribution ol Funds Awarded by Performer

Ac tua l
FY 1979

Kstimatn
FY198U

Kstimatn  
FY 1981

I (D iv ers it ie s  and C o lle g e s ............................. 85 85 85
O th e r N on-P ro fi t O rg a n iz a ti o n s ................. 15 15 15
In d u s lr v ............................................................. ..  . —0— —0— —0 —

O th e r ................................................................. — 0— —0— —0—

Personnel and Other Award Factors

Ac tua l
FY 1979

Es tim ate
FY 1980

Est im ate 
EY  1981

Pro fe ss io nal S ta ff  C o s ts ................................................................ ......................  $320,000 $416,000 $530,000
O th e r S ta ff  C o s ts ............................................................................ 300.000 390.000 490.000

S ubto ta l.  Sta ff  C o s ts ........................................................... • • • ......................  620.000 806.000 1.020.000

E xpendab le  Su pp lie s and  E quip m ent ..................................... ......................  50.000 65.000 80.000
Per m anent Equip m ent ............................................................... ......................  —0— —0— —0—

O th e r P ro je ct D irect Costs .....................................  ................. ......................  131.110 126.000 226.000

S ubto ta l.  N on-S ta ff  Pro ject  Costs ......................................... ......................  181.110 191.000 306.000

To ta l.  D irec t C osts .................................................................. ......................  801.110 997.000 1.326.000

In d ir e c t C o s ts .................................................................................. ......................  229.855 299.000 374.000

G ra nd To ta l ..................................................................................... ......................  $1.030.965 $1.296.000 $1.700.000
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SCIENCE EDUCATION DEVELOPMENT AND 
RESEARCH SUBACTIVITY............................................... ......... $17,500,000

Obligatio ns by Program Element

Program Element Actua l 
FY 1979

Budget
Bequest
FY1980

Curren!
Plan

F Y I 980
Est ima te

FY1981
Difference 
FY 1981/80

Development in Science Education* ..........
Research in Science Edu catio n...................

$8,184,741
3,829,682

$9,000,000
6,300,000

$8,965,000
5,985.000

$11,000,000
6,500.000

$2,035,000
515,000

Total ......................................................... $12,014,423 $15,300,000 $14,950,000 $17,500,000 $2,550,000

Objectives and Description

The objec tives  of the Science E ducation Development and Research (SEDR) sub­
activity are  to deve lop new means for improving  science educat ion at all levels, and to 
fur the r the basic un ders tand ing of scienc e teaching and lea rning. Progress  is sought by:

• Developing innovative technologie s, ins tructional m ater ials,  methods  of instruc­
tion, and  ways to incre ase p art icipat ion  in science, and

• Generat ing new knowledge and  theory as a basis for improve ments in science 
education .

The qual ity of life is increasing ly affected by science and its re lated  technology. 
The heal th of science, in  turn , is inf lue nce d by the quality  of science education . Due to 
rapid  changes in sc ience and society, science  educat ion must be continually  modified 
through development an d re sea rch . Both are n eeded to introd uce  new  knowledge into 
the educational process, to prep are people for new science-related tasks and problems, 
to transla te scientific knowledge into  a form that can be und ersto od and le arned, and to 
capital ize upon new insights into the way we learn. Both developm ent  and research  in 
science  education are n eeded to assure  that people will be  able to cope with and enjoy 
the benefit s of our techno logica lly based society.

The kind of in vestment needed to improve science education through research  
and developmen t clearly wa rrants  Federal funding. All the challenges cannot  be met 
by indiv idua l ins titutions. The Fo undation  thus has  an important ro le to play in helping 
schools, colleges, museums and other institut ions, as well as individual citizens, to 
meet science education challenges.

The Science Education Deve lopme nt and Research Subactivi ty has specifically 
targe ted several areas of e mphasis which rela te directly  to the goals and objectives 
stated for the Founda,ion's scie nce  education activity as a whole.

For both developme nt and  resea rch  these ar eas  of emphasis inclu de:
• Science Literacy and the R elation of  Scienc e to Societ y—To assist all citizens in 

coping with and enjoying both our technological society and  the natura l world, 
and to understa nd the rela tion ships at the inte rface of science and society.
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• Career Access—With special conce rn for par ticip ation of minorit ies, women 
and the physically  handicapp ed, to ass ure a sta ble flow of talented individ uals  
into scienc e careers, and to main tain  thei r effe ctivenes s through continuing 
education.

• Early Adolescence—This age group is also highlighted because of the importance 
and past neglect of j uni or high school science inst ruct ion.  It is at this age that 
most U.S. children receive th eir last formal sc ience  instruction .

• Technology in Scie nce Educatio n—To exploit the pote ntia l of the rapidly a dva n­
cing inform ation technologie s for improving science (especia lly mathematics) 
learning , and to help  peo ple  use these technologies effectively.

Also pervading both dev elopment  and rese arch ac tivitie s is an  increasing concern 
with efforts to disseminate knowledge generated by these activities to those responsible 

for scien ce education.

Significant Recent Achievements

• Science Literacy —With fund s from the National Science  F oundation a political  
scien ce course has bee n develop ed at Indi ana  Univ ersity to teach high school 
junio rs and s eniors the p rincip les of political pr ocesses t hat o perate at all levels 
of government. A new text was published in November 1978 and has already been 
adopted voluntarily at the State level in nine state s wi th indic ation s for fu rther 
adoptions. In many plac es, the course  is repla cing  one in use since 1913.

• Ca reer Access for Min orit ies—At the University of Washington , a physicist is 
developing  a set of under gra dua te instructio nal units  par ticu larl y aimed at 
minority and other students who need help in the study of science and mathematics. 
The approa ch emp hasizes both  concept lear ning  and reas onin g skills.

• Natio nal Produc tivity—Com pute r-aid ed design (CAD) spe eds  the creation of 
complex engin eering struct ure s such as energy-efficien t cars, computers on a 
chip, and the wings of supe rsonic  pla nes. To facil itate  the use of this impo rtant 
new design tool, a project at Rensselaer Polytechnic Institute is surveying the best 
cur ren t practice  and exploring  ways to share softw are and c urriculu m m ateria ls 
in this field.

• Technology in Science Education—Parallel developments in com puter and video­
disc technologies ap pea r to ha ve reac hed  a stage where  the two technologies can 
he combined into one low-cost system. Such systems will bring together the power 
and logic of the comp uter with  the visual capabil ities  of color televis ion. The 
combination will produce a ver satile learning device that permits interaction with 
the student. Two proof-of-concept demonstrations are being sup ported to pursue 
the potential  these combined technologies hold for improving the produc tivity 
and cost effect iveness of sc ienc e education.
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• Hand-Held Calculators in the Math Class— There has been  considerable ferment 
around the question of whethe r han d-held c alcu lators he lp o r hin der  chi ldren’s 
progress in mathemat ics. A 5-state team of investiga tors has studied the impact 
of calcula tor use by  1,500 elem entary students. The team finds (1) no measu rable 
detr imental  effects  from using calcula tors, (2) ch ildr en lea rn to use calcu lators  
quickly and perfo rm comp utations much more successfu lly than their non-user 
coun terparts and (3) chi ldren develop highly positive atti tudes toward calcu­
lator use.

• Improving Math Problem Solv ing— There is con siderable  evidence  that basic  
skills in ma thematics  among U.S. students have steadily  improved  over the pas t 
30 years but that more  complex problem solving skil ls ha ve declined in the last 
ten to fif teen  years. Researc h on the p roces ses used by students in solving non­
routine problems  shows, for example, that students  r are ly check to see if their 
answers make sense .
Research on ways to improve performance on problem solving tasks is continuing 
at a number of site s at several universitie s. In a 2-year study conduc ted by the 
National Council of Teachers of Mathematics, a sample of school board members, 
parents, school administrators, mathematicians and mathematics educators have 
ident ified the improve ment of problem solving abi litie s as the num ber  one 
priority  for school mathematics.

• Math Course Sele ction by Junior High School Girls— A research  team a, the 
Denver Research Institute of the University of Denver has been  inte rested in the 
pervasive beli ef that  mathematics acts as a selective b arrie r to sc ience car eer s 
for women and  that early  decisions to avoid mathemat ics courses fo reclose la ter 
opportunities. In a project comparing junior high school level males and females, 
influences on s tudent  choices in taking (or not taking) the fi rst op tional  courses 
in mathematics are being studied. Thus far the ir results  show the dominant in­
fluences to Pe: (1) utilitarian concerns—usefulness to further education or careers, 
(2) liking fo r and conf idence in ma thematics, and  (3) the  views of oth er perso ns 
of signif icance to the s tudent ( espec ially paren ts). When a student dec ides about 
enrolling in h is /h er  first optional  mathematics course, sex is not an importa nt 
variable.

• lloporl on Techno logy  in Science Educa tion— As part of the long-range pla nning 
process, a se ries of rep orts  were commissioned in 1978 to assist the D irec tora te 
in formulating a broad, comprehensive r ese arch and developme nt agenda.  The 
first report, Early  Adolescence (SE 78-75), includ es per spec tives  and rec ommen­
dations rega rdin g science  and mathemat ics educ atio n for  the early  adole scen t. 
The second in the ser ies. Techno logy in S cien ce Education: The Next Ten Years 
(SE 79-57), was publ ished in July 1979. This document contains analyse s and 
reco mmenda tions concerning technology and science education for the deca de 
ahead.
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Changes Betw een FY1980 Budget Request and F Y1980 Current Plan

The budget for this su bactivi ty is r edu ced  by $350,000 in th e cu rrent p lan from the 
budget request. This is due  to a reprog ramming of $300,000 from the Research in 
Science Education Program to the Ethics and Values in Science and Technology Program 
in res pons e to Congress ional inte res t in this la tter  pr ogram and a small pro-ra ta r epr o­
gramming of funds to inc rea se the fellowship and trai nee ship stipen d level.

FY 1981 Budget H ighlights and Explanation of Inc rea ses  and Decreases

Obligations

FY 1979 Actua l ................................................................................................................. $12,014,423
FY 1980 Pro gram ......... ............................    $14,950,000
FY 1981 Req ue st ............................................................................................................... $17,500,000
Di ffe rence—FY1981/FY  1980 .......................................................................................  $2,550,000

The $17.5 million req ueste d for the Science Education Develop ment and R esearch 
subactivity  is 17.0 perc ent abov e the FY 1980 program of $14,950,000. The $11 million 
req ues ted  for Developme nt in Science  E ducatio n is $2,035,000 more than the FY 1980 
budget of $8,965,000. Th e $6,500,000 requ este d for the Rese arch  in Science Education  
program is $515,000 more than the FY 1980 budget of $5,985,000.

Percentage c hanges  betw een  FY 1981 and the FY 1980 Cu rrent Plan for the Science  
Education Development and  Research program elem ents  are  as follows:

Develop ment in  Science Educa tion .............................................................................. 23%
Research in Science Educa tion .....................................................................................  9 'z‘

The distrib ution of the FY 1981 Budget Reques t in the deve lopm ent and rese arch  
compo nents reflec ts the F oun dat ion’s continued  e mphasis on updat ing sc ience edu ca­
tion instructiona l mate rials  for  ea rly adole scenc e, improving the quality of formal and 
informal systems of sc ienc e education for all citizens , and gene ratin g new knowledge 
and theory through bas ic res earch  which can serv e as the foundatio n for improvem ents 
in scienc e education.

Coordinat ion and Relationship  to Other Efforts

Liaison is main tained , through both formal and inform al mechan isms, with staff 
cou nterparts in the Office of Education, the Educat ional Planning and Evaluation 
Office of HEW, the National Inst itute  of Education, the Fund for the Improve ment of 
Postse condary Education, the Depa rtmen t of Defense Advan ced Research Projects 
Administra tion, and the National  Endowment for the Humanities. Extensive efforts 
are  made by the National Ins titu te of Education (N1E) and the Founda tion to c oordi­
nate  their  complementary effo rts in rese arch  and deve lopm ent in the teaching  and 
lear ning of science and math ematics.  One major outcome is the estab lishm ent in FY 
1980 of a co operat ive effort bet ween the Foundation  a nd the NIE for developmen t and
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rese arch  in mathemat ics. Foundation  staf f members serve on subcomm ittees on the 
Federal  Inte rage ncy Committee on Educatio n in area s of Research, Development, 
Disseminat ion and Evaluation; Educatio nal Technology; Environm ental  Education; 
and Population Educat ion. They are also mem bers  of Subcommittees of th e Federal 
Council on Educationa l Research and D evelopment. To insure  nonduplica tion , there is 
freque nt checking between agencies ei the r when mult iple fund ing is sought or when 
there is a possibility  of overlap.

Contact has been made with individuals engaged in planning for the new Depart­
ment of Education  in o rder  to help ass ure  that there  is a strong  comm itment to science 
and math ematics education in the plans and structure of the new dep artm ent .

J—III—5



888

QUANTITATIVE PROGRAM DATA
SCIENCE EDUC ATION DEVELOPMENT AND RESEARCH SUBACTIVITY

Proposals and Awards

A c tu a l
FY  1978

Es tim ate
EY190O

E stim ate  
EY 1.981

Prop os als:
N um ber o f P ro p o sa ls ......................................................................................... 319 435 480

Tota l A m ount P ro posed ..................................................................................... $50,400,000 $66,500,000 $74,900,000

Ave ra ge Am ount Per  P ro p o sa l......................................................... ............... 157.994 153.000 156,000

Aw ard s:
N um ber o f A w a rd s ............................................................................................. 93 120 137

Tota l A m ount A w a rd e d .................................................................................... $12,014,423 $14,950,000 $17,500,000

Ave ra ge  A mo un t Pe r A w ard  .......................................................................... 129.187 124.500 128.000

Ave ra ge  A nnua l A m ount ................................................................................. 81.592 74.700 76.800

Ave ra ge Aw ard  D ura tion  (M on th s)  .............................................................. 19 20 20

Percentage Distribution ol Funds Awarded by Performer

A ctu a l Es tim ate E stim ate
EY  1979 F Y 1980 FY1981

U n iv e rs it ie s  & C o ll e g e s ......................................................................................... 68 71 70

O th e r N o n p ro fi t O rg a n iz a ti o n s .......................................................................... 24 22 23

In d u s try .................................................................... ................................................. 7 6 5

O th e r ......................................................................................................................... 1 1 2

Paraonnal and Other Award Factors

A c tu a l
EY  1979

Es tim ate
F Y I 980

Est im ate  
FY 1981

Pro fe ssi onal S ta ff  Co s ts .............................................................. ........................  $3,996,541 $4,954,000 $5,750,000

O th e r S ta ff  Co s ts .......................................................................... ........................  1.827.686 2.460.000 2.831.000

S ubto ta l.  Stu ff  C o s ts ................................................................ ......................... 5.824,227 7,414.000 8.581.000

Exp endab le  Supp lie s & E q u ip m e n t...................................... ........................  325.166 295.000 463.0(H)

Per m anent E quip m ent .............................................................. ......................... 73.521 109.000 118.000

O th e r Pro je ct  D irec t Costs ........................................................ ........................  2.456.633 2.801.000 3.438.000

S ubto ta l.  N onsta ff  Pro ject  Gusts .......................................... ........................  2.855.320 3.205.000 4.019.000

T o ta l.  D irect C os ts .................................................................... ....................  8.079.547 10.619.000 12.600.000

In d ir e c t C o s ts ................................................................................ ........................  3.334.876 4.331.000 4.900.000

G ra nd To ta l .................................................................................. ........................  $12,014,423 $14,950,000 $17,500,000
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Development in Science Education Program Element ......... $11,000,000

Obligations by Program Element

Ac tua l
FY 1979

Budget
Request
FY 1980

Cur re nt
Plan

FY1980
Estimate
FY1981

Differen ce
FY 1981/80

$8,184,741 $9,000,000 $8,965,000 $11,000,000 $2,035,000

Objectives and Description

The obje ctives of the Development in Sc ience Educat ion (DISE) program are to:
• Develop and evaluate  course ma ter ial s and curr icula, delivery  modes,  and 

techno logies  that can improve scienc e ins truction at all levels:
• Exp eriment with out-of-school m etho ds for delivering  science  education: and
• Develop methods for keeping sc ience ed ucat ion cur rent .
Schools, colleges and universi ties mus t deal with new scien tific ca reer  pa tterns, 

changing studen t characteristi cs, rap id knowledge production , incre asing costs, and a 
need for a deeper understan ding  of the impl ications of sc ience  by the public.  New 
instructio nal mate rials  and methods of teaching  science will be needed to help us meet 
the requirements of the next 10 year s. Many of the nee ded  improve men ts will be 
facil itated through the m aterials and m odels that will be  gene rated u nder th is program 
element. Audiences range from the elementary school stud ent  to the mid-caree r 
scientist and engineer and cover all scie nce  discipl ines.

FY1981 Budget Highlights and Explanation of Increases and Decreases

To implement the objectives des cribed  above, the following emphases will be 
pursued in 1981:

• Science for the Early A dolescen t: In FY 1981, signif icant a tten tion  will continue  
to be given to junior  high school science educat ion. The improve men t of junior 
high school education in sc ienc e and mathematics is essen tial if we are to raise 
the level of the general public's understanding of science and increase the access 
of women and minorities  to s cien tific ca reers . Although adol escents  in this age 
group have the inte llectual  deve lopm ent necessary to handle scientific ideas, 
large numbers of youngsters includ ing a d isproportion ate number of minorities 
and girls, drop out of sc ienc e after the eighth, ninth,  or tenth grades. This not 
only forecloses many ca reer  line s but also hin ders later func tioning in a world in 
which  science  and technology play a major role.

• Improving Access to Careers  in Science: The professio nal c adre of scientists  and 
engineers in this country continues to reflect inadequate participa tion by women 
and some of the minorities . These imba lances run counter  to the known d istri-
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bution of talent and  thus rep resent  lost o ppo rtun ities  to individuals and a wast e 

of scientific pote ntia l. The Development in Science Educatio n program will con­

sider pr ojects at all educational  levels design ed to overco me bar rier s to science 

care ers for these  groups .

• Science Literacy  a nd the Relation  of S cience  to Society: The impact and conse­

quenc es of sc ience and  technology can be understoo d and eval uate d only in the 

context of the larger society in which they exist. However, the education of sc ien­

tists and en gineers o ften fails to deal in any dep th with the human istic a spects of 

their work or to rais e the difficult issue of the social implicatio ns of science. 

Similarly, education  in the non-scientific  profe ssions  is def icient in its neglec t of 

science. Furthermore, the general education of most citizens poorly prepares  them 

to deal with the scienc e-re late d social issues of the day. The Development in 

Science Education prog ram will provide supp ort for projects  that addr ess the 

need for improved  educat ion  in these areas .

• Education for Productivity: National productivity and economic progress depe nd 

on the abi lity of a soc iety to cap italize upon new and app rop ria te technological 

oppor tunitie s. To he lp socie ty respo nd to changing conditions, the educa tiona l 

system must r edu ce the time  lag betw een the discov ery of n ew principle s and 

pract ices and their appe ara nc e in curr icula and instr uctional materia ls. This 

appl ies both to the trai ning  of new applied  s cient ists and engi neer s and to the 

continuing educa tion of p ract icin g profess ionals.  The Deve lopme nt in Science 

Education program expe cts to su pport proposals aimed at the rapid infusion of 

the result s of scientific  res ear ch and invent ion into highe r educ ation .

• Technology as Applied to Learning: Recent technological achieve men ts offer 

incr eased oppor tunit ies for impr oved  learn ing at all levels. The power and 

diversity of computers and other electronic technology have already been widely 

dem onst rated, but the impl icati ons of the ir decreasin g cost and of the develop­

ment and a vailab ility of o ther  new  inform ation d evices  cont inue to invite  educ a­

tional exploita tion. I mprovemen t of cost and ed ucat ional effect iven ess, creation 

of new ins tructio nal materia ls or me thodologie s, and  stim ulati on of a more posi­

tive student a ttitude toward scie nce  are some of the gen eral ly re cognized educ a­

tional benefits that may be real ize d through the applica tion of new  technologies 

to education . The suppor t of novel appl icati ons of technology to improv e science 

education a, any level will cons titute another emph asis of the Deve lopme nt in 

Science Education program in FY 1981.

The curre nt FY 1980 budget of $8,965,000 will permit funding of about 60 proj­

ects. The amount requ ested for FY 1981, $11,000,000, will perm it the fund ing of a p­

proximate ly 75 projects . The increase will perm it a con tinuat ion and exte nsio n of the 

strong empha ses  begun in FY 1979 in the are as of early adoles cence, science literac y, 

car eer  access , producti vity, and techno logy as appl ied to lear ning.
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QUANTITATIVE PROGRAM DATA 
DEVELOPMENT IN SCIE NCE EDUCATION  PROGRAM ELEM ENT

Proposals and Awards

A ctu a l
FY 1979

Est im at e
FY1980

Est im ate
FY1981

Propo sa ls:
N um ber o f P ro p o s a ls ............................................................... .......................  152 165 200
T o la l A m ount P ro p o se d ........................................................... .......................  $30,780,000 $34,000,000 $41,400,000
Ave ra ge  A m ount P er  P ro p o sa l............................................... .......................  202.500 206.000 207.000

A w ard s:
N um ber o f A w a rd s ................................................................... .......................  53 60 75
Tota l A m ount A w a rd e d ........................................................... .......................  $8,184,741 $8,985,000 $11,000,000
Ave ra ge  A m oun t P er  Aw a rd  ................................................. .......................  154.429 149.400 146.700
Ave ra ge  A nn u a l A m oun t ....................................................... .......................  88.245 94.400 92.600
Ave ra ge  A w a rd  D u ra ti o n  (M on th s)  ..................................... .......................  21 19 19

Percentage Distribution of Funds Awarded by Performer

Actua l
FY 1979

E stim ate
F Y I 980

Estimate
FY1981

U n iv e rs it ie s  At C o ll e g e s ............................................................. .........................  59 63 65
( )t her N o n p ro fi t O rg a n iz a ti o n s ............................................... .........................  32 30 29
In d u s tr y .......................................................................................... .........................  8 7 5
O th er .............................................................................................. .........................  1 0 1

Personnel and Other Award Factors

A ctu a l
FY 1979

Est ima te
FY 1980

Estimate  
FY 1981

Pro fe ss io na l S ta ff  C o s ts ............................................................. .........................  $3,034,426 $3,348,000 $4,092,000
<)th e r S ta ff  C o s ts .......................................................................... .........................  619.936 684.000 836.000

Sub to ta l.  S ta ff  C o s ts ............................................................... .........................  3.654.362 4.032.000 4.928,000

E xpendable  Supp lies  & E q u ip m e n t....................................... .........................  261.768 288.000 352.000
Per m an en t E qu ip m en t ............................................................. .........................  24.472 27.000 33.000
( )l h e r P ro je ct D ir e c t Cos ts ....................................................... .........................  2.138 .836 2.305.000 2.860.000

Sub to ta l.  N o n s ta ff  Pr oj ec t C o s ts ......................................... ......................... 2.425.076 2.620.000 3.245.000
T ota l.  D irec t C o s ts .................................................................... 6 079 438 6.652.000 8.173.000

In d ir e c t C o s ts ................................................................................ ......................... 2.105.303 2.313.000 2.827.000
C ra nd To ta l .................................................................................... ......................... $8,184,741 $8,965,000 $11.000.000
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Research in Science Education Program Element ...................$6,500,000

Actua l
FY 1979

Budget
Request
FY 1980

Cu rre nt
Plan

FY1980
Estimate
FY1981

Di ffe rence
FY 1981/80

$3,829,682 $6,300,000 $5,985,000 $8,500,000 $515,000

Object ives and Description

The  objectives of the Rese arc h in S cience  Education  (RISE) prog ram elem ent are to:

• Pro vide  a b ett er  ba se of k nowledg e fo r fu ture  ac tiv ities  in s cie nce ed ucation :

• Int egr ate  an d sy nthe siz e re su lts  of existin g rese ar ch  to ma ke them  mor e acces­
sib le and  usefu l to p ol icym ak er s a nd  oth ers invo lve d in  sc ien ce  edu cat ion:  a nd

• Enc oura ge co ordina tio n of sc ien ce  ed uc ati on  re se ar ch  eff ort s so that  res ult s 

ar e fo cused and  c um ulati ve .

Ex pe rie nc e from  the  sc ie nc e ed uc ati on  ref orms  of the 195 0's and  1960’s de mon ­
st ra te s that  a vali d and co he re nt  rese ar ch  ba se is ne ed ed  in ca rry ing out ed uc ati on al 
change. A tpre se nt , the sc ien ce  ed uc at io ns ys te m is seek ing  ways to me et d em an ds  such 

as con tro llin g the costs of educ ati on : inc rea sin g pa rti cipa tio n by wom en, minoriti es,  
an d phy sically  h an dica pp ed  in div idu als ; and  im pro vin g the a bil ity  of th e p ublic to de al 
wi th sc ien ce-ba sed  ins tru cti on . By b uildin g a com mu nity  of sc ho lars,  res ea rch  c an be 
co or dina ted  and  focuse d on frui tful  lin es  of work . By he lpi ng  to agg regate  a  c oh ere nt 
kno wl edge  b ase , this pro gra m fa ci lit at es  the de ve lop men t of inn ov ati ve  and  pra cti cal 

so lut ion s to pro ble ms  in sc ien ce  an d ma the ma tic s educati on .

FY1981 Budget Highlights and Exp lanation of Increases and Decreases 

Major  Research Emphasis:
• Scien ce education  for the early  a dolescen t: For many  st udent s the last o ppor tunity  

to lea rn  s cie nce  in sch ool occurs durin g the  p eri od  of ea rly  a do les ce nc e. This is 
also a key period  in which to stim ula te co ntinuing interes t in sci ence . Ho wever , early  
adole sc en ce  is also  a pe rio d ch ar ac te riz ed  by rap id  changes in att itu de  a s w ell 
as in biological, social, and  inte llec tual developm ent. Researc h is enco urage d that 
elab or ate s biolo gical , so cia l, in tel lec tual,  m otiv atio nal , a nd  in str uc tio na l fact ors  
tha t may spe cif ica lly  in flue nc e the  l ea rn ing of sci ence  and ma the ma tic s during 

ad ole sce nce.

• Scie nce for women, minoriti es, and  the physically han dica ppe d: No group should 
be ex em pte d from  the  op po rtu ni ty  to lea rn  sci ence  and mathe ma tic s and  to 
par tici pate in sc ien ce-r elated car eer s. T he RISE program  has  a part icu lar  interest  in 
the  de velop me nt of new  k no wl ed ge  tha t will ass ist ed uc at or s in un de rst an din g
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those psyc hological , socia l, e conomic, in tel lec tual,  an d i ns tru ct iona l f actor s that  
faci litate greate r part icipation in science-re late d activ ities by women, minori ties, 
and the  physi cal ly ha nd icap pe d.

• Techn ology in s cie nce educ at ion:  Costs of technolog ies  are  d ropp ing so r apidly 
that the ir general  use in the servic e of sc ience  educat ion  is becoming increasingly  
feas ib le . Th ere  is a n eed for  d ev elop men t of  theory and re se ar ch  to gu ide  us in 
makin g eff ect ive  appli ca tio ns  o f the se  techno log ies  to p roblem s of s cie nce and 
mathema tic s educa tion, suc h as tho se in continu ing  e du ca tio n of scie nti sts  an d 
en gin ee rs.

• Sc ien ce  li teracy : We live in  a w or ld  buil t on the  findin gs  of scie nc e a nd  the fru its 
of technology . It is a w orld in w hich  the n atu re  and q ua lity of li fe may  res t in pa rt 
on the ability of people to main tain  useful, cur ren t levels  of science enlightenment. 
RISE see ks research  t ha t h as im pl ica tio ns  for scie nce lite racy . Re searc h covers 
lear ning  in and  out of school  an d amon g adult s as well as you ng stu dents .

• Cogni tive  Pro cesses and the  St ru ctur e of Kno wledge : Re search  focuse s on the 
re la tio ns hip be tw ee n lear ning  process es and the  st ru ctur e of kno wle dge in a 
sc ien tif ic and  math em ati ca l dis cip lin e. Th ere is need  for  this  rese arch  for a 
ran ge  of scienc e dis cip lin es .

With in the above area s of em ph as is,  the continu ing  ed uc ati on  of sc ien tis ts and  
en gine er s emp loyed in ind us try  is a special  concern . Re sea rch  on conditio ns tha t 
faci lit ate con tinuou s lea rn ing by spec ia lis ts is encoura ged.

In EY 1981, continued em ph as is wil l be give n to basic  re se ar ch  emerg ing  from 
earli er projects and dire cted  tow ard  answ ering quest ions  about  sc ience learn ing, the use 
of ide as , motiva tion  to lear n sc ienc e,  and  ca reer  cho ices. Co nt inue d effort s will be 
directed toward underst and ing the  conditions  that fac ilita te the lea rning of new science 
and tech nology  by s cie nti sts  and  e ng ine ers. Efforts  to e va luate an d syn thes ize  existing 
re se ar ch  will be continue d.

The  Curren t Plan EY 1980 budget  of $5,985,000 will perm it funding abou t 60 projects. 
Th e $6,500,000 reques t for  FY 1981 will  pe rm it fun din g a s lightly higher numb er.  T his 
budget requ es t w ill a llow  con tin ue d att ention to the ma jor  em ph as is ide nt ifi ed  above .
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QUANTITATIVE PROGRAM DATA 
RESEARCH IN SCIENCE EDUCATION PROGRAM ELEMENT

Proposals and Awards

A ctu a l
FY 1979

Es tim ate
FY 1980

Est im at e
EY1981

Pro po sa ls :
N u m b e r o f P ro p o sa ls .................................................................................... 167 270 280

T o ta l A m oun t P ro posed................................................................................ $19,620,000 $32,500,000 $33,500,000

A ve ra ge A m ount Pe r P ro posa l......................................................... ........... 117.485 120.000 120.000

A w ard s :
N u m b e r o f A w a rd s ........................................................................................ 40 60 62

T o ta l A m ount A w a rd e d ................................................................................ $3,829,682 $5,985,000 $6,500,000

Ave ra ge A m ount Pe r A w ard  ...................................................................... 95.742 99.750 104.8(H)

A ve ra ge A n n u a l A m ount ............................................................................. 76.594 59.800 57.200

A ve ra ge A w a rd  D ura tion  (M on th s)  .......................................................... 15 20 22

Perc entage  Distribution ol Funds Awarded by Pertormer

A ctu a l Est im at e Est im at e

FY 1979 FY 1980 FY1981

U n iv e rs it ie s  A C o ll e g e s .................................................................................... 89 85 82

O th e r N o n p ro fi t O rg a n iz a ti o n s ...................................................................... 7 9 9

In d t is lr v .................................................................................................................. 3 4 5

O th e r ...................................................................................................................... 1 2 4

Psrsonnsl and Other Award Factors

A ctu a l
FY  1979

Est im at e
F Y I 980

Est im ate
FY1981

Pro fe ssio nal S ta ff  C o s ts ................................................................ ....................... $962,715 $1,606,000 $1,658,000

O th e r S ta ff  C o s ts .................................. ....................... 1.158.311 1.711,000 1.995.000

S ubto ta l.  S ta ff  C o s ts .................................................................. ....................... 2.121.026 3.317.000 3.653.000

E xpendable  S upp lie s fc E q u ip m e n t.............. ......................... 84.141 107.000 111.000

Per m an en t E q u ip m en t ................................................................ ....................... 59.145 82.000 85.000

O th e r P ro je ct D irec t Costs ......................................................... ....................... 335.797 461.000 578.000

S ubto ta l.  N o n s ti if f P ro ject  C o s ts ........................................... ....................... 479.083 650.000 774.000

T ota l.  D ir e c t C o s ts ...................................................................... .......................  2.600.109 3.967.000 4.427.000

In d irec t C o s ts ..................................... .......................  1.229.573 2.618.000 2.073.000

G ra nd  To tal ..................................................................................... .......................  $3,829,682 $5,985,000 $6,500,000
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SCIENCE AND SOCIETY SUBACTIVITY $8,800,000

Obligations by Program Element

Program Element Actual 
F Y I 979

Budgel
Requesi
FY1980

Current
Plan

FY 1980
Estimate

FY1981
Di ffe rence 
FY 1981/80

Public Understanding of Science...............
Ethics and Values In Science and

........ $3,435,088 $4,000,000 $3,900,000 $5,000,000 $1,100,000

Techno log y............................................... ........ 1,259,144 1,300,000 1,693,000 1,700,000 7,000
Science tor Citizen s...................................... ........ 1,593,223 2,100,000 2,057,000 2,100,000 43,000

Total ........................................................... ........ $6,287,455 $7,400,000 $7,650,000 $8,800,000 $1,150,000

Objectives and Descript ion

The Science and Society sub activity  is inten ded to bring abou t gre ate r und er­
standing of science and technology and their  role in mod ern life, to improve the 
relationship between the scientific and technological community and the larger society, and 
to help  in solving impo rtant ethical and social issues assoc iated  with scienc e and 
technology. The specific  objec tives of the subacti vity are to:

• Improve the content and p rocesse s of commun ication  bet wee n the  scientific and 
the n onscientific com munities;

• Ident ify, analyze , and help  to resolve  the ethical and social  dilem mas that 
aris e in the work of scie ntis ts and engin eers and in their inte ract ion with 
citize ns affecte d by thei r work;

• Encourage and faci litate the parti cipa tion  of scie ntist s and engineers in ac tivi­
ties aimed at increasing  the pub lic understa ndin g of scien ce and  the resolut ion 
of policy issues with significa nt scient ific and technolo gical aspects; and

• Encourage new and imp roved ways of providing sc ienti fic and techn ical exp er­
tise to citi zens and thei r organ izations and rep resent ativ es,  so they can better 
und erst and  and par tic ipa te in decisions on pol icy issues  involving sc ience and 
technology.

In pu rsuing these o bject ives the Foundation attem pts to respo nd to such quest ions 
as:

• How can the work of sc ient ists and engineers, and the imp lications and conse­
quen ces of the ir work, be  cla rified for the public?

• How can citizen s who are  not themse lves scien tists  par tic ipa te effectively in 
deciding science-re late d i ssues of public po licy?

• How can scientists and eng ineers par ticipate most effective ly in sharing their  
expertis e with the p ubli c a nd in contribut ing to the re solu tion  of issues  of public  
policy?
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• How and by whom are decisions made about the conduct of scientific activitie s, 

and how should thes e decisions be made in a democrat ic society? Against 

what ethical  and social  stan dard s can and should such decisions be judge d?

All Science and Society programs address a central goal of the Science Ed ucation 

Program Activity as a whole: to deve lop e ffectiv e m eans, both formal( and informal, of 

prov iding scientifi c info rma tion  and experienc e to all citizens, of all ages an d at all 

leve ls of educa tion and inte res t. The Science and Society subactivity will also play 

an important part in achieving o ther current Science Education priority thrusts, namely:

• Specia l emphasis will b e placed in all Science and Society progra ms on meeting 

the needs of women, mino rities , and other groups that have lacked access to 

scien tific and technica l und ersta ndin g and experience: and

• Specia l emphasis will be placed on the support  of infor mal education in science 

add ress ed to pre-adolescent and early  adole scent  youth, as part of a gener al 

thrus t directed  toward  this impo rtant age group.

Significant Recent Achievements

• The Public Und ersta ndin g of Science  program has cont inued  as the primary 

sour ce of funding for fur the r planning and deve lopm ent of “3-2-1 Contact", a 

major new chi ldren’s television  serie s about science . The seri es began daily 

half-hour broadcasts over public  television stations in January, 1980 and is expected 

to rea ch a signific ant portio n of 8- 12-year old U.S. children. The serie s is bas ed 

on rese arch  into the pre fer enc es,  knowledge  and und erst and ing  of some 7,000 

pupils throughout  the U.S. The program seeks to hel p chil dren experie nce  the 

joy of scient ific explorati on as well as motivate them to pursue  an interest in 

scienc e.

• Science museums attract a l arge  and motivated audi ence  that is ea ger to learn  

more about science  and technology. To br oaden this audienc e still further  and 

reac h persons who might not othe rwis e attend  science museum s, the Public 

Und erst anding of Science  prog ram is supporting the deve lopm ent of a mini­

muse um in a large inner-c ity ur ban sho pping mall in Phil adel phia . This Franklin 

Inst itut e projec t will combine exhib its, workshops and demonstr ation s in an 

environ men t w here the a udi enc e h as a high pro porti on of te en-ag ers an d adults 

who have  had little contact with the programs and activi ties of scien ce centers , 

and will serve  as a proto type for oth er museum outreach  activitie s.

• Sup port of scienc e programming on radio  has been incre ased  by the Public 

Und erst and ing  of S cience program. This medium has proved to be espec ially 

effec tive in reaching new aud iences . A notable example is STAR-DATE, a 

new ser ies  of nightly radio  v ignet tes about astronomy, which is being aired by 

306 radio  stations  and (in Spa nish ) as ASTROFECHA by another  26 stations. 

Tran s World Airline s has recently begu n including STAR-DATE as part of its in-
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flight program for p assengers, rea ching another  est imated 1.5 million  l isten ers. 
The prog ram is produced by the McDonald Observatory of the Univ ersity of 
Texas, and  i ncludes suggestions for sky-watching, history of astronomy, skylore 
and news  abou t astronom y rese arch.

• To enc oura ge more and bet ter cove rage  of scienc e by the daily and weekly 
press,  t he P ublic  U nderstanding  of Sc ience program has s upporte d a numb er of 
projects  desig ned to provi de scie ntif ic backgro und inform ation to jour nalists 
and editors.  For example, the Americ an Psychia tric Association conducted a 
brie fing  on new developm ents in men tal health rese arch  for new spa per  and 
magazine perso nnel. The brief ings  res ult ed in cover storie s in both TIME and 
NEWSWEEK, as well as many new spa per  articles throughout the country.

• The Ethics and Values in Science and Technology progra m sup por ted several 
projects  to analyze the ethical and  value content  and implicatio ns of tech­
niqu es and proc edures that are now widely used in attem pting  to deal with 
policy i ssues that involve scien tific  uncert aint y and problems of estim ating risk. 
For exam ple , an in te rd isc ip lin ar y grou p at Clark Un ive rsi ty stu dies  how 
equi ty issues  ente r into public decision s about technolo gical deve lopme nts, 
focusin g on radioactiv e waste  mana geme nt. Inter im and final resu lts of this 
study  hav e been  shar ed with s tate  an d Feder al agencies,  leg islativ e comm ittees, 
and concern ed citizen organ izations, in additio n to publ ication in the profes­
sional literatu re.

• Sev eral  projects to explore ethi cal issues in rese arch  on hum an subje cts are 
being  s upporte d by the  E thics and  V alues in Science and Technology program. 
A gro up at Washington Un iversity  (St. Louis) is conduct ing a study  of the ethical 
problem s enco unte red in the course of fieldwork in the social scienc es, par­
ticu larl y anthropology. In a re lat ed  context, Georgetown University  sponsored  
a con fere nce  to exam ine app roa che s for  resolving the eth ical d ilem mas  found in 
biom edic al rese arch  proje cts involving human  subjec ts. The Federat ion of 
Orga niza tions  for Professio nal Women condu cted a worksh op to explore the 
ethical issues associated with the dete rmin ation of prio rities for rese arch  on 
hum an reproduc tion and to w omen  in that determin ation.

• Publ ic Service Science Res iden ts supp orted by grants from the Science for 
Citizens program contrib uted  the ir scienti fic an d t echnical exp erti se to projects 
involving a w ide d ivers ity of host organiza tions, target  au dien ces,  an d local and 
regional policy issues. Thes e incl ude d a study of residen tial  heat ing  and energy 
cons erva tion in New Ham psh ire,  a mineral resource s inve ntory of the Ft. 
Belknap Indian Reservatio n, res ear ch on urban izati on and storm runoff d rain ­
age in San Antonio, and an ana lysi s of Washington State tax policies.

• Forum s, con ferences, w orksh ops, and p lanning stud ies su ppo rted  by the Science 
for Citizens program have  res ult ed  in the contr ibuti on of scie ntifi c and tech­
nical understa ndin g to the cons truct ive analysi s and discussion  of impor tant 
local and regional policy issu es in a similarly wide range  of c ommu nities and
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on a diversity of topics. The se include, for example, fore stry  management in 
Indiana,  North Dakota, and Oregon; wate r and sewage mana geme nt in Illinois 
and Washington; land use planning  in N ew York; a nd a lter nat ive  energy de vel­
opment in Califor nia, Hawaii, Maine and New Hamp shire . Many of these 
activi ties also resu lted  in handbook s and other publ icat ions designe d to assist 
citizens facing sim ilar problem s in othe r communities; for exam ple, the Founda­
tion for Urban and Neigh borhood Development in Colorad o prep are d a booklet 
on Citizen Partic ipation in M ineral Development, and the Univ ersity  of Illinois 
at U rbana p ublis hed A Ha ndbo ok for Planning Community E ducation Programs 
that is being used as a reso urce by com parab le projects  elsewhere.

Changes Between FY1960 Budget Request and F Y1980 Current Plan

The NSF Authoriz ation Act for 1980 (P.L. 96-44) earm arke d an amount, for the 
Ethics and Values in Science and Technology program, which was in excess of the 
budget requ est.  Since a dditi onal  fu nds  over the bud get re que st we re not  app ropr iated , 
adju stme nts were made to be resp ons ive  to Congressional inten t. An additio nal 
$400,000 was allocated  to this program with corres pond ing reductions made in the 
Science  Education Develop ment and  Rese arch subact ivity ($300,000) and the Science 
and Society subactiv ity ($100,000).

FY 1981 Budget  Highlights: Explanation of Increases and Decre ase s

Obligation *

FY 1979 Actual ................................................................................................................ S6.287.455
FY 1980 Program............................................. .......................................................... .  $7,650,000
FY 1981 R eq ue st ..............................................................................................................  $8,800,000

■ Differen ce —FY 1981/FY 1980 ........................................................................................ $1,150,000

Perc enta ge changes betw een FY 1980 and FY 1981 for the Scien ce an d Society sub­
activity as a whole and for its constitu ent program elem ents  are as follows.

Science and Socie ty .......................................................................................................
Public  Understanding of Sc ience..................................................................................
Eth ics & Values in  Science and Techno logy ...............................................................
Science fo rC itiz en s .......................................................................................................

Almost all of the inc rease  ($1,100,000) is requ este d for the Pub lic Un ders tand ing of 
Science Program . This amount will be used prim arily  to augm ent support  for scien ce 
museums, and in par ticular for projects  designe d to stren gthen outr each activities 
add ress ed to youth, minorities , amateur scientists , and  other groups pre sen tly outside 
the regu lar flow of scient ific and tech nica l informa tion. These activities  will play an 
impo rtant  par t in the general thrus t of the Science  Education Directora te toward pro-
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viding richer and more diverse experiences of science and technology for all citizens. 
The remainder of the requested increase ($50,000) will be used to maintain the

other two program activities at their FY 1980 levels.

Coordination and Relation to Other Federal Efforts

All three of the Science and Society programs use long-standing and increasingly 
successful mechanisms for relating their activities to those of other Federal agencies.

• The NSF’s Ethics and Values in Science and Technology program and the 
Science, Technology and Human Values program of the National Endowment 
for the Humanities work in close collaboration on projects of interest to both 
agencies. This cooperation, which includes joint peer re view and joint support 
for many projects, has been extended to the new individual awards suggested 
by the FY 1980 Senate Authorization Report No. 96-106.

• The Public Understanding of Science (PUOS) program works closely with com­
parable public education programs in such agencies as the Department of 
Energy, the Office of Education, the Smithsonian Institution, and the Corpora­
tion for Public Broadcasting. On the initiative of PUOS, an Important Notice 
was recently issued by the NSF and the National Endowments for the Arts and 
the Humanities announcing the inauguration of joint review arrangements and 
possible joint funding of projects of interest to all three agencies.

• The Science for Citizens program seeks to avoid duplication and to achieve 
reinforcement of its efforts by maintaining close liaison with a variety of other 
agencies also interested in community-based activities. These include, for ex­
ample, the Department of Energy, the Department of Housing and Urban 
Development, the Departme nt of Agriculture, the Environmental Protection 
Agency, and the Community Services Agency.
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Q UANTITATIVE PRO GR AM  DAT A 
OFF IC E OF SC IENCE AN D SOCIETY  SU BA CTIVITY

Proposal and Award Summary

Actua l Es timat e E st im at e
FY 1979 FY1980  FY1981

Pre lim in ar y P ro po sa ls:
Num be r of  P ro p o s a ls ..................................................................................... 783 865 965
To tal  Amou nt  P ro p o se d ................................................................................ S69.000.000 $93,000,000 $113 ,000,000
Av erag e A mou nt  Per  P ro p o s a l.................................................................... 88.123 108.000 117.000

Fo rm al  P ropo sa ls:
N um ber  of Pro p o s a ls ..................................................................................... 453 550 661
To tal  Amount P ro p o se d ................................................................................. $27,544,480 $37,650,000 $48,250,000
Av erag e A mou nt  Pe r P ro p o sa l.................................................................... 60.805 68,000 73.000

Aw ards:
N um be r of A w a rd s ......................................................................................... 105 139 136

To tal  A mou nt  A w a rd e d .................................................................................... $6,287 ,455 $7,650,000 $8,800,000
Av erag e A mou nt  Per  A w ar d ...................................................................... 59.883 55.000 65.000
Av erag e A nn ua l A mou nt  ............................................................................ 55.000 39.000 46.000
Av erag e A ward D ura tio n (M on th s)  ......................................................... 13 17 17

To ta l N um be r of P ar ti ci pan ts  Support ed  ................................................... 26 55 52

Percentage Distribution of Funds Awarded by Performer

Act ua l Es tim ate E st im at e
FY 1979 FY1980 FY1981

U niv er si ti es  an d C o ll eg es ................................................................................ 40 36 36
O th er  No n- Prof it O rg a n iz a ti o n s .................................................................... 42 47 47
O th er ..................................................................................................................... 18 17 17

Paraonnal and Othar Award Factors

Ac luol
FY 1979

Es tim ate
FY 1980

Est im at e 
FY 1981

Pro fe ss io nal  S ta ff C o sts ...................................................................... ................  $947,980 $1.018,200 $1,137,000
O th er S ta ff  C o s ts .................................................................................. ................  1.113.980 1.204.200 1,412.000

Subto ta l.  Sta ff  C o s ts ........................................................................ ................  2.061.960 2.222.400 2.549.000

E xpen dab le  S upp lie s and  E q u ip m e n t........................................... ................  467.294 568.000 669.000
O th er P ro je ct  Dire ct  Cos ts ................................................................ ................  2.270.311 2.855.900 3.432.000

Subto ta l.  N on -S taff  Proj ec t C os ts ................................................ ................  2.737.605 3.423.900 $4,101,000

Tot al . D irec t C o s ts ........................................................................ ................  4.799.565 5.646.300 6.650.000

In d ir ect  C o s ts ........................................................................................ ................  936.580 1,123.700 1,314.000

Par ti c ip an t S upport  Costs:
S ti pends a nd  O th er  Pe rs on al  A ll o w an c es................................. ................  551.310 880.000 836.000
Tota l.  P ar ti ci pan t S up po rt  C o s ts .................................................. ................  551.310 880.000 836.000

G ra ndT ota l .......................................................................................... ................  $6,287,455 $7,650,000 $8,800,000

J—IV—6



901

Public Understanding of Science Program Elem ent............... $5,000,000

Obligations by Program Element

Actuo l
F Y I 979

Budget
Bequest
FY3980

Current
Pion

FY1980
Est im at e
FY 1981

Differen ce
FY 1981/80

$3,435,088 $4,000,000 $3 ,900 ,000 $5,000,000 $1,100,000

Objectives and Descript ion

The o bjectives of the Public U ndersta ndin g of Science p rogram  are:

• To improve the scope a nd qua lity  of public inform ation  about the sc ientific  and 

technological  con tent of m ajor issues of public policy;

• To improve the qual ity and  extent of the informal scie ntifi c experie nce  of citi­
zens (includ ing chi ldre n and  adul ts), in o rder  to pro vide  g rea ter  p ublic under ­
stand ing of the prin cip les  and processes of sci ence  and technology and the ways 
in which they affect contem pora ry life;

• To improve the tec hni que s of distributio n and dissemin ation  of information 
about  science and techno logy to citizens; and

• To develop a b etter bas e of knowledge about publ ic aud ien ces  and their needs  
for scientif ic info rmation , and about the proce sses of pub lic communication 

of science.

FY 1981 Budget Highlights and Explanation of Increases and Decre ase s

The Public Understan ding of Science p rogram s uppo rts projects  that make use of 
the most cost-effective m eans  of communication , p arti cularly  tele vision  and radio,  the 
daily and weekly press,  and  museums of scien ce and technology. Special emph asis is 
plac ed on reaching aud ien ces  that do not ordinar ily have  access to scient ific and 
techn ical informa tion, incl udin g m inority gr oups, the rura l p opulation , se nior citize ns 
and  the urban and rura l poor.

The propos ed increas e of $1,100,000 (28.2 %) over the c urr en t p lan of $3,900,000 for 
the Public Und ersta ndin g of Science program will perm it greatly incre ased supp ort 
for the activities of scien ce museum s. These insti tution s h ave  grown r apidl y in r ecent 
years in numbe r, atte ndance,  and importance in achiev ing the goals of the Science 
Educa tion Direc torate in the field of informal science educa tion.  However, their  
resources  have not grown  to a comp arable extent, and the Foundation is the only 

agency with specific resp ons ibil ity for assisting them to deve lop new programmatic 
activities. The proposed inc rea se will be used in par ticula r to support museum out­
reach projects  focused on the needs and inte rests of ear ly adolesc ents, minor ities, 
women and other groups outside  the normal flow of scientific and technical information.
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QUANTITATIVE PROGRAM DATA 
PUBLIC UNDERSTANDING OF SCIENCE PROGRAM ELEM ENT

Proposal and Award Summary

A ctu a l
FY  1979

Es tim ate
FY  1980

Est im at e
FY1981

P re lim in a ry  Proposals :
N um bers  of P ro p o sa ls .................................................................................... 231 265 340

Tota l Am ount P ro posed................................................................................ $41,897,000 $50,350,000 $68,000,000

Ave ra ge  A m ou nt  Per P ro p o sa l......................................................... ........... 181.372 190.000 200.000

Form al P roposa ls:
N um ber o f P ro p o sa ls .................................................................................... 79 90 116

Tota l A m ount P ro posed................................................................................ $9,320,000 $11,250,000 $17,400,000

A vera ge Am ount P e rP ro p o sa l......................................................... ........... 117.974 125.000 150.000

A w ard s:
N um b e r o f A w a rd s ........................................................................................ 30 30 35

T o ta l A m ount A w a rd e d .................................................................................... $3,435,088 $3,900,000 $5,000,000

Ave ra ge A m ou nt  Pe r A w ard  ...................................................................... 114.503 130.000 142.857

Ave ra ge A nnua l A m ount ............................................................................ 114.503 130.000 142.857

Ave ra ge A w ard  D ura tion  (M on th s)  .......................................................... 12 12 12

T o ta l N um ber o f P ar tic ip ants  Supp or te d ................................................... —0— —0— —0—

Percentage Distribution of Funds Awarded by Performer

Actu a l Es tim ate Estimate
FY 1979 FY 1980 FY1981

U n iv e rs it ie s  an d C o lle g e s ................................................................................ 10 10 10

O th e r N on -P ro fi t O rg aniz ations .................................................................... 90 90 90

Personnel and Other Award Factors

A ctu al Est im at e Est im ate
FY 1979 F Y I  980 FY 1981

Pro fe ssio nal S ta ff  Cos ts .................................................................................... $298,000 $340,000 $433,000

O th e r S ta ff  C o s ts ................................................................................................ 613.000 699.000 892.000

S ubto ta l.  S ta ff  Co s ts ...................................................................................... 911.000 1.039.000 1.325.000

Exp endab le  Supplie s and E q u ip m e n t.............. ............................................ 285.000 325.000 414.000

O th e r P ro je ct D irec t Costs  .............................................................................. 1.740.000 1.985.000 2.533.000

S ubto ta l.  N on-S ta ff  Projec t Costs .............................................................. 2.025.000 2.310.000 2.947.000

T o ta l.  D irec t C osts ...................................................................................... 2.936.000 3.349.000 4,272.000

In d ir e c t C o s ts ...................................................................................................... 499.088 551.000 728.000

G ra nd To ta l ......................................................................................................... *$3,435,088 $3,900,000 $5,000,000

• In  FY 1979 the O ff ic e  o f Edu ca tion  tr a n s fe rr e d  an  a d d it io n a l $1,500,000 an d th e N a tiona l L ib ra ry  In fo rm a ti o n  Ser vi ce  an 
a d d it io n a l $50,000 to su pp le m en t NS F aw ar ds . T h e  to ta l am ount aw ard ed, in c lu d in g  these tr ansfe rs , was  $4,985,088. an d the 

av erag e annua l am ou nt  pe r awar d wa s $166,000.
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Ethics and Values in Science and Technology
Program Element ..................................................................... $1,700,000

Obligations by Program Elem ent

Actual
FY 1979

Budget
Request
FY 1980

Current
Plan

FY1980
Estimate
FY1981

Difference
FY 1981/80

$1,259,144 $1,300,000 $1,693,000 $1,700,000 $7,000

Objectives and Description

The central objectiv e of th e Ethics and Values in Science  and Technology program 

is to e xplo re and analyze the eth ica l rules  and social value s that go vern the con duct of 

science and technology, includi ng the ethics and values that gover n the selec tion of 

res ear ch priorities and the util izat ion  of r esearch  results. Speci fic area s of concern  

to the program include ethi cal issues and value  assum ptions  assoc iated  with:

• The education and  pro fess ional con duct of scient ists an d engineers;

• The obligations a nd c ons trai nts imposed upon scien tists  and  en gineers and th eir 

organiza tions an d inst itutions:

• New de velopmen ts in scie nce and technology and their utilization  and  a ppl ica­

tions; and

• Public and institutional decisionmaking processes involving science and technology.

FY 1981 Budget High lights and Explana tion  of Increases and D ecreas es

The program supports: (a) rese arch  on ethic al and  value issues assoc iated  with 

cur ren t deve lopme nts in scien ce and technology; (b) projects  to elucidate  social 

processes that infl uen ce the conduct of science and technology; (c) natio nal and 

internati onal  workshops and  symposia, par ticu larl y those organized by p rofes siona l 

scient ific and engi neer ing societies; and (d) activities to integrate ethica l and valu e 

issues into the prof essi ona l education of scient ists and engin eers.
As suggested in the FY 1980 Senat e Authorization  R eport No. 96-106, a new activi ty 

was initiat ed in wh ich the National Science  Fo undation and  the National  Endowment 

for the Humanities will give a numb er of awar ds to in divi dual rese archer s for cross- 

disciplinar y a ctivit ies in these ar eas  and to estab lish new  bases for susta ined  ac tivit ies 

in this field. The $400,000 increase  in the Ethics and Valu es in Science and Technolog y 

budget for FY 1980 w as alloc ated  to these awards, which  will  be contin ued at the s ame 

level in FY 1981.
No signific ant chan ge is re que sted  in the Ethics and Values in Science and  Tech ­

nology budget estimat es for FY 1981.
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QUANTITATIVE PROGRAM DATA
ETHICS AND VALUES IN SCIENCE AND TECHNOLOGY PROGRAM ELEMENT 

Proposal and Award Summary

Actual
FY 1979

Estim ate
FYI 980

Est ima te 
FY 1981

Pre liminary Pro posals.
Num ber of P ro posa ls .................................................................................. 200 250 275

Total Amount Pro po se d.............................................................................. $15,000,000 $20,000,000 $22, 000,0 00

Average Amount P er P ro po sa l.................................................................. 75.000 80.000 80.000

Formal Proposals:
Num ber  of sta nd ard p rop osa ls ................................................................. 87 90 100

Nu mb ero f proposal s for  In ter disc iplin ary Ince ntiv e Aw ards
and S ustained D eve lop me nt A w ard s................................................... —0— 75 125

Total Num ber  of Pro po sa ls ......................................................................... 87 165 225

Total Amount P ro po se d.............................................................................. $6,986 ,000 $10,100,000 $13 ,800 ,000

Average Am ount Pe r P ro po sa l................................................................... 80.299 61.000 61,000

Awards:
Num ber  of Aw ar ds...................................................................................... 23 53 53

Total Amount A w ar de d.................................................................................. •$1,2 59,144 •$1,693,000 *$1,7 00,000

Avera ge Amount Pe r Aw ard .................................................................... 54.744 32.000 32.000

Aver age An nual Amount .......................................................................... 44.000 15,000 15.000

Avera ge Aw ard Dura tion  (Months ) ......................................................... 15 26 26

Total Nu mb ero f Pa rtic ipa nts  Su pp or ted  ................................................... —0 — 30 30

Percentage Distribution ol Funds Awarded by Performer

Actual
FY 1979

Estimate
FY 1980

Est imate
FY19 81

Unive rsit ies  and C ol le ge s............................... 96 78 78
4 3

19 19O th e r ................................................................. —0—

Personnel end Other Award Factors

Actu al
FY 1979

Estim ate
FYI 980

Est ima te
FY 1981

Prof essi ona l Sta ff Cos ts ..................................
Ot he r Staff  Co st s..............................................

$324,9 80 $249,980 $250,0 00
324.98 0 249.980 250.00 0

Sub tota l. Sta ff C os ts ...................................... 649.960 499.960 499.96 0

Expendable S upplies  and  Eq uip m ent............
Ot he r Pro ject Direct Cos ts ...............................

42.294
264.16 9

40.000
446.040

40.000
452.000

Sub tota l. Non-Sta ff Project C o s ts ................ 306.46 3 486.040 492.000

Tota l. D ire ctC os ts...................................... 956.423 986.000 992.000

Ind ire ct C os ts ..................................................... 302.721 377.000 378.000

Parti cip an t Sup por t C ost s.................................
Sti pe nd s and  Ot he r Persona l Al low anc es 330.000

—0—
330.000

330.000 330.000

*$1,2 59,144 *$1.693.000 •$1,700,000

• In FY 1979 th e N ation al E ndow me nt for the Hu ma nit ies  tra ns ferre d app rox imate ly $460 ,000  to suppl em ent  NSF a wa rds an d
it is exp ect ed tha t NEH will tra ns fer  ap prox im ate ly $800,000 dur ing Fiscal Years 1980 and  1981 The total amoun t aw ard ed , 
inc lud ing  these  transfers , was ap prox im ate ly $1,719 ,000 in FY 1979 and  is ex pec ted  Io b e appro xim ate ly $2,493,000 in FY 1980 a nd 
FY 1981; the ave rage an nual amoun t p er  a war d was  $75,000 in FY 1979 a nd  is exp ected to be a pp rox im ate ly $47,000 in FY 198 0 and 

FY 1981
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Science for Citizens Program Element $2,100,000

Obligations by Program Element

Actua l
FY 1979

Budget 
Request 
FYI 980

Cu rre nt
Plan

FY1980
Estimate
FY1981

Di ffe rence
FY 1981/80

$1,593,223 $2,100,000 $2,057 ,000 $2,100,000 $43,000

Objectives and Description

The Science for Citizens program (SFC) provides support for activities which

• encourage scientists to partic ipate  in public activities aimed at the resolution of 
local or regional policy issues with significant scientific and technological 
aspects, and

• provide scientific and technical expertise to citizens and citizen groups so they 
can better  understand and partic ipate in decisions on local or regional policy 
issues involving science and technology.

To develop these activities, SFC supports two kinds of efforts: those directed at 
considering specific problems and those directed at encouraging long-term, self- 
sustaining programs of activity. Support for the first kind of effort provides useful 
background and impetus for groups to go on to develop long-term programs. SFC 
currently supports four types of activities designed to achieve these goals:

• Public Service Science Residencies enable scientists and engineers to undertake 
applied research and public  education projects in association with citizens 
groups, units of state and local government, and other non-profit community 
organizations.

• Forums, Conferences, and Workshops support community-based efforts to 
improve the scientific  content and level of community discussion about p ar­
ticular issues of policy that involve science and technology.

• Planning Studies support community-based efforts to devise public service 
science centers, where on-going programs can be responsive to community 
needs for scientific information and advice on policy issues.

• Public Service Science Centers provide three years of support, on a continuing 
and matching basis, for community-based and community-wide mechanisms to 
initiate, expand, or co ordinate public service science activities.
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FY 1981 Budget High lights and Explanation of Increases  and Decre ase s

The budget req uest of $2,100,000, unchanged from FY 1980, will m ainta in the pro­
gram's  shift in emp hasis from support ing projects directed toward specific problem s 
and short-term objectives to encouraging long-term self-sustaining programs. This 
strategy has great er potent ial for long-term impact  and will provide models for o the r 
communities. To achieve this goal, SFC plans to support se veral new projects to es tab ­
lish Public Service Science Cente rs in FY 1981, as well the second year of activi ties 
of the Centers  to which awards were made in FY 1980. This plan will nece ssitate 
decreas ing the program’s budgetary  a llocation  to Public Service Science Residencies 
by about 17 percent, and  to Forums, Conferences,  Workshops and Planning Studies  
by about 11 percent, ap ar t from the effect of inflation.
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QUANTITATIVE PROGRAM DATA 
SCIENCE FOR CITIZ EN S PROGRAM ELEM ENT

Proposal and Award Summary

A ctu a l
FY  1979

Est im at e
FY1980

Es tim ate 
F Y I 981

P re lim in u ry  Pr op os als:
N um ber o f P ro p o s a ls ....................................................................................... 352 350 350
Tota l A m ount P ro p o se d .................................................................................. SI 2.500.000 $22,500,000 $22,500,000
Ave ra ge  A m oun t Pe r P ro posa l......................................................... .............. 35.511 64.000 64.000

Form al P ropo sa ls:
N um ber o f P ro po sa ls  fo r F orum s.  Con fe re nc es  W or ks ho ps .

an d P la nn in g  S tu d ie s .................................................................................. 94 70 70
N um ber o f p ro po sal s fo r P ub lic  Se rv ice S cien ce  C e n le rs ....................... 14 25 25
N um ber o f Pro po sa ls  fo r  Public  Ser vi ce  Sc ienc e R es id en cie s 179 200 225
Tota l N um b e r o f P ro p o sa ls .............................................................................. 287 295 320
Tota l A m oun t P ro p o se d .................................................................................... $11,238,480 $16,300,000 $17,050,000
Ave ra ge  A m oun l Pe r P ro posa l......................................................... ............... 39.158 55.000 53.000

Aw ard s:
N um ber o f A w a rd s ............................................................................................ 52 56 48

Tota l A m ount A w a rd e d ........................................................................................ $1,593,223 $2,057,000 $2,100,000
Ave ra ge  A m o u n l Pe r A w ard  .......................................................................... 30.639 37.000 44.000
Ave ra ge  A n n u a l A m ount ................................................................................ 34.000 32.000 38.000
Ave ra ge  A w a rd  D ura tion  (M onth s!  .............................................................. 11 14 14

Tota l N u m b e r o f P art ic ip ants  Sup po rted  ........................................................ 26 25 22

Percentage Dietrlbution of Funde Awerded by Performer

A ctu a l Est im ate Es tim ate
FY 1979 F Y l 980 FY1981

U n iv e rs it ie s  an d C o lle g e s .................................................................................... 14 21 21
O th e r N o n -P ro fi t O rg an izat io ns  ........................................................................ 34 49 49
O th e r ......................................................................................................................... 52 30 30

Pereonnel and Other Award Factore

A c tu a l Est im at e Est im at e
FY  1979 FY 1980 FY  1981

Pro fe ssi onal S ta ff  C o s ts ........................................................................................ $325,000 $428,250 $453,900
O th e r S ta ff  C o s ts ..................................................................................................... 176.000 255.200 270.500

S ubto ta l.  S ta ff  C o s ts .......................................................................................... 501.000 683.450 724.400

E xpendab le  Supp lie s and  E q u ip m e n t.............. ................................................ 140.000 203.000 215.200
O th e r P ro je ct  D ire ctC ost s .................................................................................. 286.142 424.900 446.900

S ubto ta l.  N on-S ta ff  Pr ojec t Co sts  .................................................................. 406.142 627.900 662.100

T o ta l.  D irect C osts .......................................................................................... 907.142 1.311.350 1.386.500

In d ir e c t C o s ts .......................................................................................................... 134.771 195.650 207.500

P a rt ic ip a n t S up po rt  Costs:
S tipends and O th er Pe rsonal A llow ances  ................................... , .......... 551.310 550.000 506.000

T o ta l S up po rt  Costs ....................................................................................... 551.310 550.000 506.000

G ra nd To tal ............................................................................................................. $1,593,223 $2,057,000 $2,190,000
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I

S P E CI A L F O R EI G N C U R R E N C Y

P R O G R A M A C TI VI T Y S U M M A R Y

F Y 1 9 8 1 P R O G R A M T O T A L ........................................................ $ 5, 5 0 0, 0 0 0

O bli g ati o n s b y S u b a cti vit y

I’ U g F S u b a ct i vit y A ct u a l

F Y 1 9 7 9

B u d g e t

R e q u e s t

F Y 1 9 8 0

C u rr e n t

Pl a n

F Y  1 9 8 0

E sti m a t e

F Y 1 9 8 1

D if f e r e n c e  

F Y 1 9 8 1 / Hit

K-l R e s e ar c h  & R el at e d  A cti viti e s   ............. $ 3, 8 3 6, 2 4 1 $ 4 , 9 0 0 , 0 0 0 $ 4 , 9 0 3 , 3 7 4 $ 4 , 4 0 0 , 0 0 0 $- 5 0 3, 3 7 4

K-ll S ci e n c e  I nf or m ati o n  ............................... 1 6 5, 0 0 0 1, 1 0 0, 0 0 0 6 0 0, 0 0 0 1, 1 0 0, 0 0 0 5 0 0, 0 0 0

T o t al  ................................................... $ 4 , 0 0 1 , 2 4 1 $ 6 , 0 0 0 , 0 0 0 $ 5 , 5 0 3 , 3 7 4 $ 5 , 5 0 0 , 0 0 0 $- 3, 3 7 4

G o al s a n d D e s cri pti o n

T h e N ati o n al S ci e n c e F o u n d at i o n s u p p orts s ci e n c e a cti v iti es i n E g y pt, I n di a a n d 
P a kist a n utili zi n g U. S.- o w n e d f or ei g n c urr e n ci es d esi g n at e d b y t h e D e p art m e nt of t h e 
Tr e as u r y as e x c ess t o t h e r e q uir e m e nt s of t h e U. S. G o v er n m e nt. I n t his w a y t h e N ati o n al 
S ci e n c e F o u n d ati o n is a bl e t o s u p p o rt s ci e n tifi c a cti viti es of b e n efit t o t h e U nit e d St at es 
a n d p arti c i p ati n g f or ei g n c o u ntri es wit h o ut e x p orti n g d oll a rs. T h e o bj e cti v es of t h e 
o v er all a cti vit y a r e p urs u e d c hi e fl y t hr o u g h gr a nts f or r es e ar c h a n d r el a t e d a cti viti es 
a n d c o ntr a cts f or t h e tr a n sl at i o n i nt o E n glis h of t e c h ni c al lit er a t ur e fr o m f o r ei g n l a n ­

g u a g es. T his a cti vit y s u p p orts:

• P arti c i p ati o n b y U. S. s ci e ntist s a n d i nstit uti o ns i n i nt e r n ati o n al c o o p e r ati v e 

s ci e n c e pr oj e cts.

• Tr a n sl ati o ns of s ci e ntifi c a n d t e c h ni c al lit er at ur e.

C h a n g e s B et w e e n F Y 1 9 8 0 B u d g et R e q u e st a n d F Y 1 9 8 0 C urr e nt Pl a n

T h e diff e r e n c e b et w e e n t h e F Y 1 9 80 B u d g et R e q u est a n d t h e F Y 1 9 80 C urr e nt Pl a n 
r efl e cts a r e d u cti o n of $ 5 00, 00 0 m a d e b y t h e C o n gr ess i n t h e F Y 1 98 0 N S F A p pr o­
pri a ti o n A ct. T his r e d u c ti o n will b e t a k e n i n t h e S ci e n c e I nf or m ati o n s u b a cti vit y t o 
p h as e o ut c o ntr a ct tr a nsl ati o n a cti viti es i n E g ypt w h er e S F C r es er v e s a r e b ei n g d e pl et e d. 
B y F Y 1 9 81, it is e x p e ct e d t h at t r a n sl ati o n r es o ur c es ( c urr e nt a n d n e w c o ntr a ct c a p a b il­
iti es) i n I n di a a n d P a kist a n will h a v e b e e n d e v el o p e d t o h a n dl e t h e v ol u m e n or m all y 
a c c o m m o d at e d b y t h e E g y pti a n c o nt r a ct o rs. I n a d diti o n t o t h e $ 5,5 0 0, 0 0 0 a p pr o pri at e d 
i n F Y 1 98 0 t h er e is a c arr y o v er fr o m F Y 1 9 79 i n t h e a m o u nt of $ 3, 37 4 t o b e us e d i n t h e 

R es e ar c h a n d R el at e d A cti viti es s u b a cti vit y.
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FY1981 Budget  Highlights and Explanation of Increases and Decreases

Obligations
EY 1979 Actual ................................................................................................................  $4,001,241
EY 1980 Prog ram ...................   $5,503,374
EY 1981 R equest ............................................................................................................... $5,500,000
Di ffe rence—FY 1981/FY1980 ........................................................................................ $-3,374

The $5,500,000 requested  for the Special Foreign Currency Program Activ ities is 
slightly less than the FY 1980 program of $5,503,374.

Perc entage  Changes in Subactivities
Resea rch  and Re lated  Activ ities  ..................................................................................  -10‘/.
Sc ien ce In fo rm at io n....................................................................................................... 83'/*

In FY 1981, the Special Foreign  C urrenc y Program activities  will provide excess 
currenc ies in the following dollar equ ivalents:

• Research and related activites in I ndia and Pakistan  ($4,200,000). This total will 
provide support for new and continuing cooperative research activities and travel 
for U.S. sc ientis ts to atten d imp ortant  scient ific meetings abroad.

• Support of cooperative re search activities in Egypt ($200,000). This amount repre ­
sent ing a reduc tion of $500,000 from the FY 1980 level, is due to the deple tion 
of SFC reserves  in Egypt. Funds will  be used to complete exist ing projects.

• Transla tion s into English from foreign language scien tific publica tions by con­
tractors in India and Pakistan ($1,100,000); an increase of $500,000 to resto re the 
overall program to the ann ual  level of previous years. This is con sistent with the 
recent  White House init iatives  on innova tion highlighting enh anc ement  of the 
tran sfe r of informat ion from othe r countries.

Coordination and Relationship to Other Efforts

NSF participates  in an inte ragency working group on spec ial foreign currency 
(SFC) matters and in the activitie s of Joint Commissions for Economic Cooperation, 
both coordina ted by the Dep artm ent of State.  NSF has been  assigned by Executive 
Orde r the responsibility for coordination and for meeting SFC translat ion requirements 
of all U.S. Government agencies and making those  t rans latio ns ava ilab le through the 
National Technical Information Service of the Department of Commerce .

Evaluation and Oversight

The Research and Related  Activities  subactivity support s basic  and appl ied re ­
search projec ts. Through pe er  review,  joint meetings and  edi tor ial referees in the open 
lite ratu re,  the mutua lity of ben efi ts and the qual ity of r ese arc h are addressed on a 
continuing basis. Under the Science Inform ation subactivi ty user scienti sts are  sa m­
pled on a regular basis to assess the quali ty of the translations.
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QUANTITATIVE PROGRAM DATA 
SPECIAL FOREIGN CURRENCY ACTIVITY

Proposals and Awards

A c tu a l
F Y I  979

Es tim ate
FY 1980

Est im ate
FY1981

Propo sa ls:
N u m b e r—T o ta l ................................................................................ ................  42 55 50
Tota l Dolla rs  Proposed  .................................................................. ................  $4,745,583 $6,225,000 $5,675,000

In te rn a tio n a l T ra ve l S upport  A p p lica ti o n s:
N um ber- To ta l .................................................................................. ................  274 425 425
T o ta l D o lla r S up port  Req ue sted  ................................................. ................  $568,885 $900,000 $900,000

A w a rd s :1

N u m b e r—T o ta l ................................................................................ ................  39 50 45
D o lla rs  Award ed:

Tota l A m o u n t................................................................................ ................  $3,737,432 $5,023,374 $5020.0 00
A vera ges pe r A w a r d .................................................................. ................  95,832 $100,467 $111,556
Ave ra ge  Aw ard  D ura tion  (m on ths)  ....................................... ................  18 18 18

In te rn a tio n a l T ra ve l S up po rt:
T o ta l N um ber o f Suc ce ss fu l A p p li c a ti o n s ................................. ................  122 213 208
D o ll a r  Su pp or t P ro vide d:

Tota l A m o u n t.............. .................................................................. ................  $263,809 $480,000 $480,000
A v e ra g e !p e r Succes sful  A p p li c a t io n ................................... ................  $2,162 $2,254 $2,308

Distribution of Funds Awarded by Performer

A ctu al
FY 1979

Es tim ate
F Y I 980

Est im at e 
FY 1981

U n iv e rs it ie s  and C o lle g e s .............................................................................. $1,591,492 $1,828,374 $2,600,000
N on-P ro fi t In s ti tu ti o n s ..................................................................................... 224.263 1.275.000 750.000
I 'o r -P ro fi l B us ine ss and In d u s tr y .................................................................. —0 — - 0 — —0 —
Federa l La bora to ries A O th e r IJSG A g e n c ie s ........................................... 1.513.774 550.000 150.000
N a tio n a l Aca de m y o f Sc ien ces A P ro fe ssi onal S o c ie ti e s ...................... 37.250 850.000 500.000
O th e r-  ................................................................................................................. 634.462 1.000.000 1.500.000

T o ta l ............................................................................................................ $4,001,241 $5,503,374 $5,500,000

Personnel and Other Factors

A ctu al
FY 1979

Est im ate
FY1980

Est im ate
FY1981

Scien tist s:
N u m b e r S upp or te d ..................................................... ................................... 41 55 45
A m ount o f S u p p o r t ........................................................ ................................... $199,155 $275,000 $225,000

O th e r P ro fe ss iona ls:
N um b e r S upp or te d ..................................................... ................................... 21 26 21
A m ount o f S u p p o r t ........................................................ $81,624 $105,000 $85,000

G ra duate  Stud en ts:
N u m b e rS upport ed  ..................................................... ................................... 37 48 43
A m ount o f S u p p o r t ....................................................... $61,145 $83,000 $75,000

( ) lh o r Per sonnel C o s ts ..................................................... ..............................  87.690 115.000 95.0t»0
O ll ie r  (l u s t s '.. ........................................................................................................... 3.554,215 4.903.374 5.000.000
In d ir e c t C o s ts ..................................................................... ..................................... 17.412 22.000 20.000

T i i h i l ............................................................................ ..................................... $4,001,241 $5,503,374 $5,500,000

1 In c lu des  pur ch as e ord ers  and  in te ra gency  agre em ents  fo r p ro gra m m atic work .
S ta le  and Lo ca l ('. ov er nm en ts . in d iv id u a ls . I'E R D C ’s ma naged by  any pe rf o rm e r lis te d. 
E xpendab le  equip m ent.  pub lica tio n , co m pu te r an d o th er d ir ect costs.
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RESEARCH AND RELATED ACTIVITIE S
PROGRAM S UBACTIVITY ............................................................. $4,400,000

Obligations by Program Subactivity

Ac tua l
FY 1979

Budget
Request
FYI 980

Cu rre nt
Plan

FY1980
Estimate
FY1981

Diffe rence
FY 1981/80

$3,836,241 $4,900,000 $4,903,374 $4,400,000 $-503,374

Objectives and Description

By using U.S.-owned excess foreign cu rren cy,  the Research and Re lated Activities 
program supp orts  perfo rmance of high qua lity  scient ific rese arch  and assists U.S. 
scien tists  and insti tutions in obtaining the ben efi ts of part icipa tion in joint projects 
with sc ientis ts in Egypt, India, and Pakis tan. In additio n, the program su pports foreign 
policy initia tives  of the U.S. Government by financ ing activitie s conducted under the 
Joint Economic Commissions (for Egypt and  India). Recent grants have supp orte d 
collaborative scientifi c activities in chemist ry, atmosph eric sciences, remote sensing, 
engineering, physics, the social sciences, oceanography , and the life sciences. Several 
bina tional workshops have also been sup ported to examine specific areas of mutual 
research  interest.

Significant Recent Achievements

• U.S. and Indian scient ists have met in a b ination al workshop on oceanography, 
and have iden tifie d areas of research of mutual interest to both countries . These 
include the inte ract ion between the monsoon and ocean circu lation , biological 
produc tivity,  mate rial resources, and geo-oceanography. A num ber of joint re­
search activitie s are being planned to broade n s ignificantly U.S.-Indo scien tific  
interaction in this important field.

• U.S. and Indian scientists participated in a major international study of the summer 
'-monsoon under  the MONEX experiment. The U.S. effort included data collection
from rese arch  aircraft, ocean vessels and a geostat ionary  sate llite  positioned 
over the Ind ian Ocean. The data will exte nd scient ific knowledge of the summ er 
monsoon which affects weather and clim ate  on a global scale. Several major  
repo rts are  now in progress.

• U.S. and Pakistani scientists a re co llaborat ing on a study of enzymes responsible 
for DNA repair in various types of cell damage. The work has resulted in identif i­
cation and isolation of two enzymes for such rep air  which may lead  to improved 
underst and ing  and control of the rep air  of damaged  cells.

K -I -l
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Changes Between FY 1980 Budget Request and FY1980 Current Plan

The Current Plan is $3,374  more than the FY 1980 Budget Request  of $4,900,000, due 

to a carryover  from FY 1979.

FY 1981 Budget Highlights and Explanation of Increases and Decreases

In FY 1981, the Res earch  and Related Activities include:

• Support for joint activities in India .($3,200,000) to include cooperative research 
activitie s in ocea nogr aphy , remote  sensing, and ear thq uak e engineering, and 
support for bina tion al workshops and rese arch  in the basic science areas of 
physical, biological, math ema tical  and socia l scie nces. Also included is suppo rt 
of atten dance of U.S. sci entis ts at s ignificant scien tific meeting s in that co untry. 
These activitie s will be support ed at essen tially the same level as in FY 1980.

• Suppo rt of coo pera tive res ear ch projects in Egypt ($2 00,000) . This is a redu ction  
of $500,000 from the FY 1980 level due to the de plet ion of SFC reser ves in Egypt. 
These minimal funds  will be used exclusiv ely to com plete  existing projects .

• Suppo rt for activities in Pakista n ($1,000,000) , no incr eas e over FY 1980 funds. 

This will p rovid e sup por t for new and continuing projects  in wate r resour ces, 
geology, and biological scien ces, and t ravel by U.S. scien tists to attend impor tant 

scient ific meetings.

Coordination and Relationship to Other Efforts

NSF parti cipat es in several  Joint Commission activities with Egypt and India to 
sup por t U.S. foreign policy obje ctives and to enh anc e U.S. scien tific  opportunities. 
Excess curr enci es are utilized in suppo rt of overseas  a ctivities. Other NSF programs 
often provide dollars for those components of the joint projects  which are to be 
perform ed in the United States. The Department of State coordin ates  overall U.S. 
Governm ent SFC-funded sci ence  activities  through an SFC inte rage ncy working group. 
NSF par ticip ates  actively in this group and maintains contac ts with other agencies  to 

sha re inform ation and avoid dup lication  of effort.
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SCIENCE INFORMATION PROGRAM SUBACTIVITY $1,100,000

Obligations by Program Subactivity

Ac tua l
FY 1979

Budget
Request
FY 1980

Cu rre nt
Plan

FY 1980
Estimate
FY1981

Di ffe rence
FY 1981/80

$185,000 $1,100,000 $600,000 $1,100,000 $500,000

Objectives and Description

This subact ivity  provides tran sla tion s of the r esul ts of foreign re sea rch  and devel­
opment which otherwise would not be available to the U.S. scien tific  and technica l 
community. By Execut ive O rder , the NSF has been assigned overal l U.S. Government 
responsibility for the translat ion of scientific information. These  translations are 
provided to some 30 part icipating U.S. Government agenc ies and the U.S. scientific  
community through the National Technic al Information Service . The translations are 
prim arily full-text  translations of foreign scientific books and  artic les and compilations 
of special ized  bibliographies and abstracts .

During FY 1979, a total of about 40,000 pages of orig inal language mate rial were 
tran slat ed,  mainly from publicatio ns and reports in the life and enginee ring  sciences. 
Almost hal f of the total was from Russian  language scientifi c and te chnical information 
sources. The remaining material was mainly from German, Fren ch, Polish, Dutch, 
Japanese , Arabic and Italian sources.

Significant Recent Achievements

In addi tion to producing a num ber  of works in physics, biology, chemis try and 
othe r basic sciences, a signi fican tly expa nded  and revised edi tion  of a major encyclo­
pedia of an tibiotics,  Antibioti cs: Origin, Nature, and Properties, was translated from 
Polish. This monumental work pre sen ts comprehensive information  and data on over  
1,300 groups of ant ibiotic  s ubs tances , including their pharmaco logical and biological 
activity and physical and chemical structure. The work is of practical utility to chemists, 
biochemists,  pharmacologists,  and others  engaged in re search  on antibiotics. The U.S. 
dis tributor of this work is the American Society for Microbiology.

Changes Between FY 1980 Budget Request and FY 1980 Current Plan

The Current Plan is $500,000 less than the FY 1980 Budget Request. Contract tr ansla tion 
activities are being phas ed out in Egypt w here  specia l foreign currency  reserves are  
being deple ted. By FY 1981, it is expec ted that translat ion reso urces (current and new 
contract capabilitie s) in Ind ia and Pakistan will have been developed to handle the 
U.S. demand normal ly accommo dated by the Egyptian contractors.
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FY 1981 Budget Highlights and Explanation of Increases and Decreases

In FY 1981 the Science Information subactivity  will incl ude $1,100,000 to sup port 
the translation into Engligh of foreign la nguage scientif ic pub lications. This increa se of 
$500,000 will restor e th e tr ans lati on program to the level of FY 1978, judged by NSF and 
othe r Federal agencies to prov ide a satisfactory level of tran slate d scientific and 

technical publications , prod ucin g about 50,000 pages of tran slati ons.

Coordination and Relationship to Other Efforts

By Executive Ord er, NSF is res pons ibe for co ordinating the use of specia l foreign 
currency for translation programs by all U.S. Government agencies. The funds requested 
supp ort transla tion req uir em ent s of NSF and other U.S. agencies whose translation 
costs are paid by NSF. In addi tion , a few U.S. Government  agencies trans fer specia l 

foreign curren cy funds to NSF to pay for their  own trans latio ns.
Suppor t u nder  this program complements tra nslat ing a ctivi ties conducte d by com­

merc ial organiz ations and prof essio nal societ ies in the Unite d States. Products of this 
program are made ava ilab le to all  U.S. agencies  and the gen era l public through the 

Nation al Technical Info rmation Service of the Depa rtmen t of Commerce.
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