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NOMINATION
WED NES DAY, NO VE MB ER  2, 197 7

U.S. Senate,
Committee on Human Resources,

W ashing ton, D.C.

The committee met, purs uant  to notice, at 9 :45 p.m. in room 4232, 
Dirksen Senate Office Buildin g, Sen ator Jen nings  Randolph, presidi ng 
pro tempore.

Prese nt: Senators Rando lph, Pell, Stafford, and  Chafee.
Senator Randolph. A p leasant morning to our  guests and those who 

will testify.
The nomination the committee considers this morning is the nominee 

of the President, J ames  Krumhansl.  I believe t ha t the Director of the  
National Science Foun dation is with us here today and I think it is 
very ap propriate t ha t he have the oppor tunity to introduce you.

We will have th at introdu ction as we continue with your  nomination 
hearing. Thank you very much, Richard, for coming along.

INTRODUCTORY STATEMENT OF RICHARD C. ATKINSON, DIRECTOR, 
NATIONAL SCIENCE FOUNDATION

Dr. Atkinson. Tha nk you, Mr. Chairman and members of the 
committee.

I  have a formal statem ent here tha t I would like introduced into 
the record.

Let me simply say th at  Dr. Krumhansl is the President ’s nominee 
for  a senior management position a t th e National Science Foundation. 
He comes to the Foun datio n from Cornell University where he has 
been a longtime member of the faculty  as a professor of physics. He 
has had broad experience both in the academic community and in the 
industrial community, where he served as the direc tor of research for 
two larg e ind ustrial firms.

His  scientific expertise is not limited to physics. He is really a ren­
aissance man in terms of his range of scientific interests. Most of his 
work has been in electrical engineering, applied mathematics, mate­
rials  science and theoret ical physics, and he has a broa d range of o ther 
scientific interests.

Dr. Krumhansl has also received a number of honors. He has been 
a National Science Foundation senior fellow. He has been a Guggen­
heim fellow, a Fulbr igh t lecturer and a visitin g fellow at All Souls 
College a t Oxford. He has been the editor  o f the Journal of Applied 
Physics and Physical Review Letters, and he is now a fellow o f the 
American Physical Society and a member of the governing board of 
the American In stitute  of Physics.

(l )
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Mr. Chairman, Dr. Krumhansl comes to the Foundation at an excit ­
ing time. I  look fo rward to working with him. I  am confident of his 
ability to manage effectively NSF programs, both in terms of good 
scientific judgment and in terms of good manageria l judgment.

Thank  you, Mr. Chairman.
Senator Randolph. Thank you very much. Dr. Atkinson.
I think it is not inappropriate  to say tha t our Committee on En ­

vironment and Public Works had many contacts with the National 
Science Foundation and  we look upon your presenta tion—in fac t it  is 
an endorsement, as I understand it, of the nominee designate, is that  
correct?

Dr. Atkinson. A very strong endorsement, Mr. Chairman. And let 
me add, the Foundation is very proud of its record in the environ­
mental area and we thank  you for your comment.

Senator Randolph. There is a letter  addressed to our chairman, 
Senator Williams, from the chairman of the Subcommittee on Health  
and Scientific Research of this Committee on Human Resources. 
Edward M. Kennedy in his letter of November 1 indicates tha t Senator 
Kennedy has every reason to believe tha t Dr. Krumhansl will work 
very closely with the subcommittee he chairs in this full committee 
and, without objection, I will place that  le tter along with Mr. Atk in­
son’s formal statement and the biographical  sketch of Dr. Krumhansl 
in the record at this point.

[The material refer red to follows:]
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STATEMENT BY
DR. RICKARD C. ATKINSON, DIRECTOR 

NATIONAL SCIENCE FOUNDATION 
BEFORE THE

COMMITTEE ON HUMAN RESOURCES 
UNITED STATES SENATE 

Novemb er 2 , 1977

Mr. Cha irm an  and  Members o f  th e  C om m itt ee :

I am p r iv i le g e d  to  in t r o d u c e  to  yo u th e  P re s id e n t 's  no minee  f o r  

a s e n io r  management p o s it io n  in  th e  N a ti o n a l S c ie nce  F o u n d a ti o n . He 

is  D r.  James A.  K ru m hans l, a p ro fe s s o r  o f  p h y s ic s  a t  C o rn e ll  U n iv e r s i t y ,  

nom in ate d to  be an A s s is ta n t  D ir e c to r  o f  NSF f o r  M a th e m a ti ca l and 

P h y s ic a l S c ie n ce s , and E n g in e e r in g . The d ir e c to r a te  o p e ra te s  more th an  

40 pr og ra ms in  th ese  f i e l d s ,  p r im a r i ly  th ro u g h  s u p p o rt  o f  in d iv id u a l  

p r o je c ts  in  b a s ic  re s e a rc h .

D r.  Krum hans l is  u n u s u a ll y  w e ll  q u a l i f ie d  to  se rv e  in  th e  le a d e rs h ip  

o f  th e  d ir e c to r a te .  He is  b o th  a p h y s ic is t  and an e n g in e e r , and h is  

e x p e ri e n ce  encomp asses b o th  ac ade m ic  and in d u s t r ia l  re s e a rc h . H is  

ovn re se a rc h  in te r e s ts  l i e  in  e le c t r i c a l  e n g in e e r in g , a p p li e d  m a th em a tics , 

m a te r ia ls  s c ie n c e , and th e o r e t ic a l  p h y s ic s . He has d ir e c te d  re se a rc h  a t 

tw o la rg e  in d u s t r ia l  f i r m s ,  and he has  been a c o n s u lt a n t  to  in d u s t r y .

In  a sense, D r.  Kru m ha ns l is  one  o f  th e  F o u n d a ti o n 's  ow n; he was 

an NSF S e n io r F e llo w  in  1 9 66 -6 7 . He a ls o  has been  a Gu gg en he im F e ll o w , 

a F u lb r ig h t  L e c tu re r ,  and a V is i t in g  F e llo w  a t  A l l  S ou ls  C o ll e g e , O x fo rd .

He has e d it e d  th e  J o u rn a l o f  A p p li e d  P hys ic s  and th e  P h y s ic a l Rev iew  L e t te r s .  

He is  now a F e llo w  o f  th e  A m erican P h y s ic a l S o c ie ty  an d a member o f  th e

G ove rn in g  Boa rd  o f  th e  A m erican  I n s t i t u t e  o f  P h y s ic s .
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Mr. Chairman, Dr. Krumhansl comes to the Foundation at  an exc iti ng  

time. The mature d is cip lin es in  physics,  chem istr y, mathematics, and 

eng ineering have developed a la rg e body of s c ie n ti fi c  knowledge that  

enables sc ie n tis ts  to ask more pe ne tra ting questions about the nature 

of  the universe.  I look forward  to  working with  Dr. Krumhansl, and I 

am co nf iden t of his  capab il it ie s  fo r the management of  NSF's programs 

in basic  rese?rch and engineering.
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NA TIO NA L SCIENCE FOUN DATIO N
W ASH IN GTON, D.C . 20550

JAMES ARTHUR KRUMHANSL

Dr. James Ar thur  Krumhansl has been a professor o f physics a t Corne ll 
Univer si ty  since 1959. He has been an act ive researche r in  academic 
and in dus tr ia l c ir c le s  sin ce  1943, with  emphasis in  the fi e ld s  o f 
th eore tica l so lid  s ta te  ph ys ics,  mater ia ls sc ien ce , ap pl ied mathematics , 
and e le c tr ic a l engin eering. In ad di tio n to  teaching ph ys ics,  he is  a 
profes so r o f applied physics and a member o f the Mater ia ls  Science 
Center and the Center fo r  Applied Mathematics at Cor ne ll.

Dr. Krumhansl's main s c ie n t if ic  in te re s t 1n rec ent years has been in  
th eore tica l physics , p a rti c u la r ly  it s  applic atio n to m at er ia ls  and 
s tr uc tu ra l pr op er tie s.  He also  has been in te re sted  in  macroscopic 
engineer ing prop er tie s of po ly c ry s ta ll in e  aggregates and scatte ring  
the ory  and ult ra son ic  no n-de st ruct ive te sting . E a rl ie r he had con­
centrated his  research in te re sts  in  network the ory  and sy nt hes is , 
ele ctromagnetic theory and microwave applic ation, in fo rm at ion theory  
and conmunications systems, and cata ly s is .

Dr. Krumhansl was born August  2, 1919, in  Cleveland,  Ohio . He earned 
a bache lor  o f science degree in  e le c tr ic a l engineer ing a t the Uni ve rs ity  
o f Dayton in  1939. The fo llo w in g yea r he was awarded a master o f science 
degree at Case In s ti tu te  o f Technology (now Case-Western Reserve 
Univers ity) in  Cleveland. He earned a docto r o f ph ilos ophy degree in  
physics at Cornell  in  1943.

He was appointed an in s tr u c to r a t Cornell  in  1943 and served u n ti l 1944 
when he took a po sit io n as se nior  s ta f f  s c ie n ti s t wi th  Stromberg Carlson 
Company in  Rochester, New York.  In 1946 he return ed to  the academic 
wo rld  to  become an assis ta nt pro fessor and then associa te profes so r a t 
Brown Unive rs ity  fo r two ye ar s.

Dr. Krumhansl returned to  Co rne ll in  1948 as an as si st ant  profes so r 
fo r  two years  before  he was promoted to  associa te profes so r in  1950.
In  1954 he jo ined  the Union Carbide Company Research Center in  Parma, 
Ohio, as as si stan t d ir e c to r and la te r associate  d ir ec to r o f  research 
u n t il  1959 when he was named f u l l  pro fes sor a t Cor ne ll.  From 1960 to  
1964 he was d ir ec to r o f Corn e ll' s  Labo ratory fo r  Atomic and Solid  Sta te 
Physics.

He was a Guggenheim Fellow a t Corne ll from 1959 to  1960. Dr.  Krumhansl 
was a Nation al Science Foundation Sen ior Postdoctora l Fe llow  a t Oxford 
Univers ity  from 1966 to  1967. He also was a Fellow o f the  American 
Physica l So cie ty, chairman o f it s  Div is ion of Sol id  State  Physics  in  
1968 and a counc il lo r from 1970 to  1974. He was a Fulb righ t Le cturer  
in  Yugoslavia in  1976. He has been a member o f the  govern ing board o f 
the  American In s ti tu te  of Physics since 1973.



6

-2 -

Dr. Krumhansl has published  wide ly in  his f ie ld  and has been ed ito r 
o f the Journa l o f Ap plied  Physics and the Phys ical Review Le tte rs  
and associa te ed it o r o f othe r jo ur nals.  He is  a member o f advisory  
boards of  severa l research labo ra to rie s and a co ns ul tant  fo r many 
o f the na tio n 's  lea din g co rporat ions . He also is  a member of many 
pro fes sio na l or ga ni za tio ns , inclu ding  the American As socia tion 
o f Unive rs ity  Professors, the American Associa tion fo r  the Advancement 
o f Science, the American Associa tion o f Physics Teachers , the American 
Associa tion o f Petro leum Geolo gis ts,  and Signa X i, the na tio na l 
s c ie n ti fi c  fr a te rn it y .

Dr. Krumhansl has in te re sts  in  outdoor sp or ts , mus ic, and wines 
and th e ir  making. He is  mar ried  and has three ch ild re n.
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Ju ly  1977

B io g r a p h ic a l Dat a ( P r o f e s s io n a l ) :

Ja m es  A. Kr um hansl

T l t l e ( s )  o f  P o s l t l o n s ( s )  a t  C o r n e l l :

P r o fe s s o r  o f  P h y s ic s , P r o f e s s o r  o f  A p p li ed  P h y s ic s , Member: M a te r ia ls  
S c ie n c e  C en te r  ( C o r n e l l ) ,  C en te r  f o r  A p p li ed  M ath em ati cs  ( C o r n e l l ) .

f i e l d s  o f  T ea ch in g and R e s e a r c h :

T h e o r e t ic a l S o l id  S t a t e  P h y s ic s ,  M a te r ia ls  S c ie n c e , A p p li ed  Ma the ­
m a t ic s , E l e c t r i c a l  E n g in e e r in g .

P r e s e n t  A d d it io n a l R e s p o n s i b i l i t i e s :

E d it o r :  P h y s ic a l R ev ie w  L e t t e r s ,  19 74  -  p r e s e n t .
America n P h y s ic a l S o c l t e y :  F in an ce  C om m it te e,  A d v is o r  t o  C o u n c il .
America n I n s t i t u t e  o f  P h y s ic s :  G ov er nin g B oa rd , 19 75  -  p r e s e n t ,

Cha irman , P u b li s h in g  P o l ic y  C o m r it te e . 
N a ti o n a l S c ie n c e  F o u n d a ti o n : P h y s ic s  A d vis ory  P a n e l,  197 5 -  p r e s e n t .

P r e v io u s  P r o f e s s io n a l A pppoin tm en ts  :

( a )  a t  C o r n e ll :  I n s t r u c t o r ,  1 943 -4 4 ; A s s t . P r o f e s s o r , 1 9 4 8 -5 0 ;
A ss o c . P r o f e s s o r , 1 9 5 0 -5 4 ;  P r o fe s s o r , 1 9 5 9 - p r e s e n t . D ir e c t o r ,  
L ab ora to ry  o f  A to m ic  and S o li d  S t a t e  P h y s ic s , 1 9 6 0 -6 4 .

(b )  in  govern n en t or I n d u s tr y :  S en io r  S t a f f  S c i e n t i s t ,  St ro ra be rg  
C a r ls o n , 1944—46 ; A s s i s t a n t - A s s o c ia t e  D ir e c to r  o f  R esea rch , Uni on  
C arb id e (P ar ma)  R esea rch  C en te r , 1 9 5 4 -5 9 .

( c )  in  o th e r  e d u c a t io n a l I n s t i t u t i o n s :  Brown U n iv e r s i t y , A s s i s t a n t -  
A s s o c ia te  P r o f e s s o r ,  1946—4 8 .

C o ll e g e  and U n iv e r s it y  F a c u lt y  C om m itt ee  R e s p o n s ib i l i t i e s  a t  C o r n e l l :

M is c e ll a n e o u s  s e r v i c e  on  G ra duat e F ie ld  C om m it te es , M a te r ia ls  S c ie n c e  C en te r 
E x e c u tiv e  C om m it te e,  F a c u lt y  C o u n cil  o f  R e p r e s e n t a t iv e s , P la n n in g  -  
Rev iew Com m itt ee  ( S e n a t e ) ,  v a r io u s  ad ho c co m m it te e s .

P r e v io u s  P r o f e s s io n a l A c t i v i t i e s  or  Awar ds :

Gu ggenhe im F e ll o w , 1 9 5 9 -6 0  ( C o r n e l l ) .
N a tio n a l S c ie n c e  F ou n d ati on  S r . P o s td o c to r a l F e ll o w , 1 9 6 6 -6 7  (O xfo rd)
A l l  S o u ls  C o ll e g e  (O x fo r d ) , V is i t in g  F e ll o w , 1 9 7 7 -7 8 .
( = i / v r t i  G W-T L f i r U A v t L ,  In  F t

E d it o r ia l :  >
Jou rn a l o f  A p p li ed  P h y s ic s ,  E d it o r , 1 9 5 7 -6 1 ; R av ie w s o f  Modern 
P h y s ic s , A s s o c . E d it o r  ( S o l id  S t a t e ) ,  1 9 6 8 -7 3 ; S o l id  S t a t e  Communi­
c a t io n s ,  E d i t o r ia l  and B oa rd , 1 9 6 4 - p r e s e n t .

Am er ican  P h y s ic a l S o c ie t y :
F e ll o w ; Cha ir m an , D iv i s io n  o f  S o li d  S t a t e  P h y s ic s ,  1 9 6 8 -6 9 ; APS 
C o u n c i ll o r , 1 9 7 0 -7 4 ;  Ch air ma n; Long Range  P la n n in g  S tu d y , Am eri ­
ca n P h y s ic a l S o c i e t y ,  1 9 7 2 -7 3 ; Member,  v a r io u s  APS co m m it te e s .

99-390 0 -  78 -2



Ja m es  A . Krumhansi

C o n tin u a tio n  o f  P rev io u s P r o f e s s io n a l  A c t i v i t i e s  or  Awar ds :

Amer ican  A s s o c ia t io n  lo r  Adv an ce m en t o f  S c ie n c e , F e ll o w .
Member: M a te r ia ls  R esearch  C o u n c il  (ARPA) (A ls o , CoF ou nd er )

M a te r ia ls  A d v is o r y  Bo ard (NAS) C om m it te es .
V is i t in g  C om m it te es , Oak Rid ge  N a ti o n a l Lab .
V is i t in g  C om m it te e;  S o l id  S t a t e , Ar go nn e Lab .

C o n s u lt in g :  Un ion C a rb id e , G en era l A to m ic , X er ox , IBM, G en era l E le c t r i c ,  
For d, Los  Alamos ..

Main S c i e n t i f i c  I n s t e r e s t s

1940  -  19 43  

1940  -  19 43  

1942 -  19 46

19 46  -  19 48

19 48  -

19 54  -  I9 60  

1956  -  I960  

19 56  -  19 60  

19 60 -  19 63

1960  -  19 67

1963 -  19 67

1960  -  19 63  

19 66  -  1974  

19 65  -  19 75

19 73 -

1972 _

19 74  -  

19 74  -

Netw ork The or y and  S y n th e s is

E le c tr o m a g n e tic  The or y and Micr ow av e A p p li c a t io n s

In fo rm ati on  T heo ry  and P u ls e  Com mun icat ion S y ste m s. (I n c lu d in g  
C ir c u i t  D ev e lo p m en t) .

A ppli ed  M ath em ati cs ( S t a t i s t i c s ,  N um er ic al A n a ly s is  fo r  Comp ute r 
D evelo p m en t) .

S o li d  S t a t e  T h eo ry .

C hem ic al  P h y s ic s ,  p a r t ic u la r ly  ca rb on p h y s ic s  and c h e m is tr y . 
C a t a ly s is

G rap h it e  M anufa ct ure  and E n g in eer in g  A p p l ic a t io n s .

C o n tr ib u t io n s  t o  p o in t  d e f e c t  s c a t t e r in g  in  th e o r y  o f  th er m al  
c o n d u c t iv i t y .

Se co nd  so un d in  s o l i d s ;  f i r s t  d e f i n i t e  s ta te m e n t o f  o b se r v a t io n a l 
c o n d it io n s ;  m et hod s f o r  s o lv in g  Bo ltz man n e q u a t io n .

C o n tr ib u tio n s  t o  co ntinuum  m ec h an ic s;  m ic r o s c o p ic  b a s i s  o f  
c o u p le - s t r e s s  e l a s t i c i t y .

G enera l th eo ry  o f  th e r m o e le c tr ic  en erg y  c o n v e r s io n .
The ory o f  d is o r d e r e d  sy ste m s.

M ole cu la r  hydrogen  as a quantum  c r y s t a l ;  h ig h  p r e s s u r e  
e q u a tio n  o f  s t a t e  and m e t a l l i c  hyd ro ge n t r a n s i t i o n .

S tr u c tu r a l p h ase  t r a n s i t i o n s ,  s t a t i s t i c a l  m ech an ic s o f  non­
l i n e a r  d l s p la c lv e  s y ste m s, s o l i t o n s .

M acro sc op ic  e n g in e e r in g  p r o p e r t ie s  o f  p o ly c r y s t a l l in e  a g g r e g a te s . 

S c a t t e r in g  th e o r y  and u l t r a s o n ic  n o n - d e s t r u c t iv e  t e s t i n g .  

N o n -L in e a r it y  in  G enera l (M ath em ati cs,  E n g in e e r in g , F ie ld  The or y)
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PUBLICATIONS

J .  A. Kr um hans l

"B ar kh au se n N oi se  and M ag net ic  A m p li f ie rs . I .  The or y o f M ag ne tic 
A m p li f ie r s ,”  J .  App l. P hys.  2 0 , 432  (1 9 4 9 ),  w it h  R. T. B ey er .

’’B ar kh au se n N oi se  and M ag net ic  A m p li f ie rs . I I .  A n a ly s is  o f  th e  
N o is e ,”  J . App l. Phy s.  20 . 582 (1 9 4 9 ),  w it h  R. T. Bey er .

’’The  E v a lu a ti o n  o f  L a t t i c e  Sums f o r  Cu bic C r y s t a l s , "  Ph ys . Rev . 
92 , 569 (1 953),  w it h  J .  Ho ve.

”Th e C a lc u la ti o n  o f  F C e n te r En ergy  L e v e ls ,"  Phys.  Rev . 89 , 1154 
(1 9 5 3 ),  w it h  N. S chw art z .

" L a t t ic e  V ib ra ti o n  S p e c i f i c  Hea t o f G ra p h it e ,"  J .  Chem, Phy s.
2 1 , 1663  (1 953),  w it h  H. Bro ok s.

"Band  S tr u c tu r e  o f G r a p h i te ,"  J . Chem. Ph ys . 2 1 , 2238 (1 9 5 3 ),  
w it h  J . C a r te r .

" T h e o re ti c a l C a lc u la ti o n s  o f F -C en te r Ene rg y L e v e ls ,"  Ph ys .
Re v.  93 , 245  (1 954).

" I n te r p r e t a t i o n  o f  th e  S t r a in  B ro ad en in g Comp onent s in  X -r ay  
D i f f r a c t io n  P a t t e r n s ,"  J .  App l. Ph ys . 2 6 , 1057 (1 9 5 5 ),  w it h  
J .  C. Bowman and J .  R. S to ck .

" L a t t ic e  V ib ra ti o n  S p e c i f i c  Hea t o f  G ra p h it e ,"  T en th  An nual 
C a lo ri m e tr y  C onfe re nce, U n iv e r s it y  o f  M in neso ta , Se pt em be r 
1 6 -1 7 , 1955.

'Weak  T em pe ra tu re  D ep en de nc e o f ’Van V le c k ’ P ara m agneti c  S us­
c e p t i b i l i t y  in  S e m ic o n d u c to rs ,"  B u ll . Am. Phy s.  Soc  ( I I )  1,
117 (1 9 5 6 ),  w it h  H. B ro oks.

" E x c it a ti o n  T ra n s fe r  in  C r y s ta l s , "  Symposium  on C olo r C e n te rs , 
Ar go nn e N a ti o n a l L a b o ra to ry , O ct ob er  31 - November 2 , 1956.

" P h o to e x c it a ti o n  in  Io n ic  C r y s ta l s , "  E d it o r  R. G. B re ck en ri d g e , 
e t  a l . , "P h o to c o n d u c ti v it y  C o n fe re n ce ,"  J . W il ey  an d Son s,  I n c . ,  
New Y or k,  19 56 , p.  45 0.

" I n t r i n s i c  M ag ne tic  S u s c e p t ib i l i ty  o f  S o li d s  - Van V leck  P a ra ­
m agneti c  S u s c e p t i b i l i t y , "  Symposium on th e  P h y sic s  o f Se mi co n­
d u c to r s ,  N a ti o n a l Bur ea u o f  S ta n d a rd s , W ash in gto n , D .C .,
O ct . 2 4 -2 6 , 1956.
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PUBLICATIONS
J .  A. K ru m han sl  -  2 -

’’Te m p e ra tu re  In d e p e n d e n t P a ra m a g n e ti c  S u s c e p t i b i l i t y  i n  Sem i­
c o n d u c to r s , ”  Brown U n iv e r s i t y ,  Nov. 5 , 19 56 .

’’T e m p e ra tu re  In d e p e n d e n t P a ra m a g n e ti c  S u s c e p t i b i l i t y  i n  Sem i­
c o n d u c t o r s , ” A lf r e d  U n iv e r s i t y ,  A l f r e d ,  N. Y. , Nov . 13 , 19 56 .

’’T e m p e ra tu re  In d e p e n d e n t P a ra m a g n e ti c  S u s c e p t i b i l i t y  i n  Se m i­
c o n d u c t o r s , ” S c i e n t i f i c  L a b o ra to ry , F ord  M oto r C o .,  D e a rb o rn , 
M ic h ig a n , Dec . 10 , 195 6.

" E l e c t r o n i c  S p e c i f ic  H ea t o f  G r a p h i t e ,"  B u l l . Am. P h y s . S o c .,
( I I )  1̂ , 28 9 (1 9 5 6 ) , w i th  W. DeS or bo  an d J .  C. Bowman.

" N a t io n a l  Car bo n R e se a rc h  and  S o li d  S ta t e  P h y s i c s , "  P re s s  P r e ­
v ie w  D ay , N a ti o n a l C ar bon  R e se a rc h  L a b o r a to r i e s ,  C le v e la n d ,
O h io , S e p t . 17 , 195 6.

" S o l id  S t a t e  P h y s ic s  an d C a t a l y s i s , "  U ni on  C a rb id e  C o rp o ra ti o n  
C a t a l y s i s  C o n fe re n c e , S o u th  C h a r le s to n , W. Va.  , A p r i l  2 3 -4 ,
1957 .

"T he  S o l id  S t a t e , "  E d i t o r  H. E y r in g , e t  a l . , "A nnual Rev iew  
o f  P h y s i c a l  C h e m is tr y ,"  A nnual R evie w s,  I n c . ,  P a lo  A l to ,
C a l i f . ,  1957 , V o l.  8 , p ag e  77.

"A R ev ie w  o f  Compound S e m ic o n d u c to r s ,"  U n iv e r s i ty  o f  M in n e so ta , 
May 1 7 , 19 57 .

" L a t t i c e  V ib r a t io n s  an d Low T em p era tu re  T herm al P r o p e r t i e s  o f  
G r a p h i t e , "  T h ir d  B ie n n ia l  C ar bon  C o n fe re n c e , U n iv e r s i ty  o f  
B u f f a l o ,  Ju n e  1 7 -2 1 , 1957 .

"X -ra y  and Low T e m p e ra tu re  T her m al C o n d u c ti v it y  S tu d y  o f D e fe c ts  
i n  G r a p h i t e , "  C o n fe re n ce  on  I n d u s t r i a l  C ar bo n an d G r a p h i t e ,  
L ondon , E n g la n d , S e p t.  2 4 -2 6 , 1957, w i th  J .  C. Bowman an d 
J .  T . M eers .

"E n e rg y  Band  S t r u c tu r e  o f  L it h iu m  by  a M o d if ie d  P la n e  Wave 
M e th o d ,"  P hys.  Rev . 1 0 9 , 30  (1 9 5 8 ) , w it h  E.  Brow n.

" C r i t e r i a  f o r  M ix in g an d th e  M ix in g P r o c e s s , "  1 4 th  A nn ua l T ec h. 
C o n f,  o f  S o c ie ty  o f  P l a s t i c  E n g in e e r s , D e t r o i t ,  M ic h .,  J a n . 2 8 -3 1 ,
1 9 5 8 , w i th  J .  T. B erg en  an d G. W. C a r r i e r .
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PUBLICATIONS
J .  A. Kr um hansl -  3 -

”The  Low T em per at ure  S p e c i f i c  Hea t o f G r a p h i te ,” su bm it te d  to  
P h y s ic s  and C hem is tr y o f  S o li d s  on Fe b.  25 , 19 58 , w it h  J . C. 
Bowman. J .  Ph ys . Chem. S o li d s  6 , 367 (1 958).

”H igh T em per at ure  The rm al  C o n d u c ti v it y  In  S o l id s ,” T h e rm o e le c tr ic  
P ro c e s se s  in  S o li d s  Sy mp osium , C hi ca go , I l l . ,  March  26, 1958.

" L a t t i c e  V ib ra ti o n s  o f L ay er L a t t ic e s  and E la s t i c  C o n s ta n ts ,"  
B u l l.  Am. Ph ys . S o c .,  ( I I )  3 , 123 (1 958).

" E la s t i c  C onst an t an d S p e c i f ic  Hea t o f  G ra p h it e ,"  H ar var d U ni ­
v e r s i t y ,  May 16 , 19 58 .

"Th e Use o f Che mical  P o te n t i a l s  in  P h o to c o n d u c ti v it y ,"  I n t e r ­
n a t i o n a l  C onf er en ce  on S o li d  S ta te  P h y sic s  in  E le c tr o n ic s  and 
T ele com m unic ati ons,  B r u s s e ls , Be lg ium, Ju ne  2 -7 , 19 58 , w it h  
H. D. M es se r.

"T he rm al  C o n d u c ti v it y  o f  S em ic o n d u c to rs ,"  1958  I n te r n a t io n a l  
C onfe re nce  on S em ic o n d u c to rs , R o c h este r,  N.Y. , Aug. 18 -2 2,  19 58 .

'W eak T em per at ure  D ep en de nc e o f  'Van V le c k ' P ar am agnet ic  
S u s c e p t ib i l i t y  in  S em ic o n d u c to rs ,"  E le c tr o n ic  P ro p e r t ie s  o f 
M e ta ls  a t  Low T em p era tu re s , H obar t C o ll e g e , G en ev a,  N. Y. ,
Aug. 2 5 -2 9 , 1958.

"T her m al  C o n d u c ti v it y  in  S em ic o n d u c to rs ,"  C onfe re nce  on Therm o­
e l e c t r i c i t y ,  W ash in g to n , D .C ., S ep t.  3 -4 , 19 58 , w it h  M. Be ttm an  
an d W. S.  W il li am s.

"T he rm al  and  E le c t r i c  P r o p e r t i e s  o f  S em ic o n d u c to rs ,"  E ri e  S e c ti o n  
o f I .R .E . ,  E r ie , P e n n sy lv a n ia , O ct , 21 , 1958 .

"M ag net ic  S u s c e p t ib i l i ty  o f  S o l id s ,"  J .  A pp l. Phys . 30 , 1183 
(1 9 5 9 ).

" D is p e rs io n  R e la ti o n  f o r  Se co nd  Sound  in  S o l id s , "  Phy s.  Rev .
133,  A1411 (1 964),  w it h  R. A. Gu yer.

"B ol tz m an n E quat io n  in  a Ph on on  S yst em ,"  Ph ys . Re v. 13 6, A1397 
(1 9 6 4 ) , w it h  C. H o ri e .
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PUBLICATIONS
J .  A. Kr um hansl -  4 -

”D15. The S c a t te r in g  o f L a t t i c e  V ib ra ti o n s  by  Vac an cy  Type 
D e f e c ts ,"  L a t t ic e  Dyn am ics,  P ro c ee d in g s , o f th e  I n te r n a t io n a l  
C onfe re nce  h e ld  a t  Cop en ha ge n,  Den mark, A ug us t 5 -9 , 1963.
Pe rgam on  P re s s , 1964 .

"G l.  C on fe re nc e Summ ary: M ai nl y E x p eri m en ta l,  " L a t t ic e  Dy nami cs , 
P ro c ee d in g s  o f th e  I n te r n a t io n a l  Con fe re nc e h e ld  a t  Co pe nh agen , 
De nm ark,  Au gu st 5 -9 , 19 63 . Per gam on P re s s , 1964.

"T he rm al  C o n d u c ti v it y  o f I n s u la t in g  C ry s ta ls  in  th e  P re se nce 
o f No rm al P ro c e s s e s ,"  P ro c ee d in g s  o f th e  P h y s ic a l S o c ie ty ,
G re a t B r i t a in ,  85 , 921 (1 9 6 5 ).

" S c a t te r in g  o f Lon g- W av el en gt h Phonons by  P o in t Im p e rfe c ti o n s  
in  C r y s ta ls ,  "P hy s.  Re v. 1 4 0 , A1812 , (1 965),  w it h  J .  A. D. Matthe w.

" S o lu ti o n  o f th e  L in e a r iz e d  Pho non  Bo ltz man n E q u a ti o n , "P hy s.
R e v .,  V ol.  148, No. 2 , 766-7 78 , 12 A ug us t 19 66 , w it h  R. A.
G uy er .

"T he ory  o f  D is p la c e a b le  P o in t D efe c ts  in  C r y s ta ls , "P hy s.  Rev. 
L e t t e r s  16 , 1105 (1 9 6 6 ),  w it h  M. Gomez, S. P. Bowen, and  
J .  M at th ew .

"T he rm al  C o n d u c ti v it y , Se co nd  Sound, and Phonon  Hy dro dynami c 
Ph eno me na in  N onm eta ll ic  C r y s ta l s , "  Ph ys . R ev .,  V o l.  148, No. 2 , 
778-7 88 , 12 Aug us t 19 66 , w it h  R. A. Guy er .

"Pho no n P h y s ic s ,"  R e p ri n te d  fro m "P e rsp e c ti v e s  in  Modem  P h y s ic s ,'  
E ss ays in  Honor o f  H. A. B e th e , E d it ed  by R. E. M ar sh ak . I n t e r ­
s c ie n c e  P u b li s h e rs .

" S o lu ti o n  o f th e  L in e a r iz e d  Phonon Bo ltz man n E q u a ti o n ,"  Ph ys .
Re v. 148 , 766 (1 966),  w it h  R. A. Guy er .

"T he rm od yn am ics  o f  En ergy  C on ver si on S y st em s, "  Nuov o Ci me nto .

" L a t t ic e  V ib ra ti o n s  in  S o l id s , "  Jo u r.  A pp l. Ph ys .

" P h y s ic a l P ro p e r ti e s  o f  an  O ff -C en te r Im p u ri ty  in  th e  T unne ling 
A ppro xim at io n . I .  S t a t i c s ,  "P hy s.  Rev . 153 , 1009 (1 967),  w it h  
M. Gomez and  S. P. Bowen.

" S o l id  M ole cu la r Hy drog en  as  a Quantum C ry s ta l" , Phy s.  L e t t .  28A,  263 (1 96 8)  
w it h  S. Y. Wu.



PUBLICATIONS
J .  A. K ru m ha ns l -  5 -

’’E l a s t i c  S t r a in s  in  Im p e r f e c t  C r y s t a l s , "  L o c a l iz e d  E x c i t a t io n  
i n  S o l id s  (P le nu m  P r e s s ,  1 9 6 8 ),  w i th  T.  H. M e r r e t t  an d R. J .  
E l l i o t t .

"A sy m p to ti c  D e s c r i p t io n s  o f  D e fe c t E x c i t a t i o n s , "  L o c a li z e d  
E x c i t a t i o n s  in  S o l id s  (P le num  P r e s s ,  1 9 6 8 ).

"A sy m p to ti c  D e s c r ip t io n  o f  L o c a li z e d  L a t t i c e  Mo des an d Low- 
F re q u e n c y  R e s o n a n c e s ,"  P h y s . Re v.  1 6 6 , 85 6 (1 9 6 8 ) , w it h  
J .  A. D. M at th ew .

" E f f e c t  o f  F o rc e - C o n s ta n t Cha ng es  on th e  I n c o h e r e n t  N eutr on  
S c a t t e r i n g  from  C ub ic  C r y s t a l s  w it h  P o in t D e f e c t s , "  Phys.  
R ev . 17 5 , 841  (1 9 6 8 ) , w i th  K a tj a  L a k a to s .

"A to m ic  T u n n e li n g  in  S o l i d s , "  T u n n e li n g  Ph en om en a in  S o l i d s , 
P le nu m  P r e s s ,  1969 , p . 551 .

"Som e C o n s id e r a t io n s  o f  th e  R e la t io n  B et w ee n S o l id  S ta t e  
P h y s ic s  and G e n e ra li z e d  C on tinu um  M e c h a n ic s" , Iu ta m  
Sy mp os ium  F r e u d e n s ta d t , S t u t t g a r t  1967 , M ech an ic s o f  
G e n e ra li z e d  C o n ti n u a .

" E f f e c t  o f  F o rc e -C o n s ta n t Cha ng es  on  th e  C o h e re n t N eu tr on  
S c a t t e r i n g  from  F a c e -C e n te re d  C ubic  C r y s t a l s  w i th  P o in t 
D e f e c t s , "  P hys.  R ev . 1 3 0 , 72 9 (1 9 6 9 ) , w it h  K a t ja  L a k a to s .

" P a i r  E f f e c t s  an d S e l f - C o n s i s t e n t  C o r r e c t io n s  i n  D is o rd e re d  
A l lo y s , "  P hys.  R ev . 1 8 1 , 100 6 (1 9 6 9 ) , w it h  R. N. A iy e r , R. J .  
E l l i o t t ,  an d P.  L.  L e a th .

"H e a t P u ls e s  in  Na F:  O n se t o f Sec ond  S o u n d ,"  P hys.  Re v. 
L e t t e r s  2 4 , 100  (1 9 7 0 ) , w it h  T.  F.  M cN ell y , S.  J .  R o g ers ,
D. J .  C hann in , R. J . R o l l e f s o n ,  W. M. G ou ba u,  G. E. S ch m id t,  
a n d  R. 0 . P oh l.

" P a i r  E f fe c ts  in  Random L a t t i c e s ;  A G e n e ra li z e d  C .P .A . amd I t s  E quiv a­
le n c e  to  D iagr am m at ic  E x p an sio n s" ,P h y s . L e t t .  36A, 111 (1 97 1)  w it h  B. G. 
N ic k e l.

" S e l f - C o n s i s t e n t  A v era g e  G re e n ’ s F u n c ti o n  in  Random L a t t i c e s :  
A G e n e ra li z e d  C o h e r e n t - P o te n t ia l  A p p ro x im a ti o n  (n ) an d i t s  
D ia gra m m ati c  E q u iv a l e n t s " ,  P hys.  Rev . B 4 , 43 54 (1 971) w it h  
B. G. N ic k e l.
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PUBLICATIONS
J.'  A . Krum hansl  -  6 -

" T r ip le t  C o r r e la t io n  in  L iq u id  Argon  by Monte C arl o  M etho d:  Low D e n s i t ie s " ,
J .  Chera. P h ys.  5 6 , 2034 (1 9 7 2 )  w it h  S. S . Wang.

" S u p e r p o s it io n  A ss u m p ti on . I .  Low D e n s it y  F lu id  A rg on ", J .  Chera. P h y s.  5 6 ,
2179  (1 9 7 2 ) w it h  S . S . Wang.

" H ig h -P r e ss u r e  B eh a v io r  o f  S o l id  H , D , H e \  H e \  and Ne 2 ®", P h y s.  Rev . B 5 , 

4180  (1 9 7 2 ) w it h  E. L.  P o l lo c k ,  T . A.  Bru ce  and  G. V. C h e s te r .

"Qu antu m T he or y o f  th e  E q u a ti o n  o f  S t a te  fo r  S o li d  H yd ro ge n" , P h ys.  Re v. B 5 , 
4 1 5 5  (1 9 7 2 ) w it h  S. Y. Wu.

" S u p e r p o s it io n  A ss u m p ti on . I I .  H igh D e n s it y  F lu id  A rg on ",  J .  Chera P h y s.  5 6 ,
4287  (1 9 7 2 ) w it h  S . S . Wang.

"P oi r PoterJia l in Liquids from the Fynct Born-Creer< Equation. I.  Model  Tes ting ,"
J . Chem. Phys. 57, 4202 (1972), w ith  S. S. Wang.

" It 's  a Random W or ld," repr inted from AMORPHOUS MA GNETISM , ed ited by Henry O . 
Hooper & Adrian M . deGraa f, Plenum Publish ing Corporation, 227 West 17th S treet ,
Ne w Yo rk, N . Y . 10011

"The Short-Range In teract ion Between Hydrogen Mo lecules,"  Phys. Rev. A9, 1852 (1974) 
w ith  H . Beck and A . K. McM ah an .

"The Theory and Properties o f Randomly Disordered Crystals and Related Physical Systems," 
Reviews o f Modern Physics, V o l.  46, No.  3, Ju ly (1974) wi th  R. J . E ll io tt  and P. L. Leath

" M acro sc op ic  e n g in e e r in g  p r o p e r t ie s  o f  p o ly c r y s t a l l in e  m a t e r ia ls :  E la s t i c  
p r o p e r t ie s ,"  J .  Ap p.  P h y s. 4 6 , 18 75  (1 9 7 5 ) w it h  J . E. G u b e r n a t is .

"D yn am ics and  S t a t i s t i c a l  M ec han ic s o f a O ne-D im en si on al m od el  H am il to n ia n  
f o r  S tr u c tu r a l Phase  T r a n s i t io n s ,"  P h ys.  Rev . B 1 1 , 3535 (1 9 7 5 ) w it h  J .  R. 
S c h r i e f f e r .

"S to c h a s ti c  T h e o ry  o f  'S p in -P h o n o n  R e la x a ti o n ,"  w it h  R . P ir c ,  P hys . R e v . B 
11 , 44 70  (197 5) .

"Mean F ie ld  and E xact R e s u l t s  f o r  S tr u c tu r a l Ph as e T r a n s it io n s  in  1- D and Ve ry  
A n is o tr o p ic  2 -D , 3- D S y s te m s ,"  w it h  A. R. B is h o p , P h ys.  R ev . B 12  28 24  (1 9 7 5 ) .

" P o te n t ia l Ene rg y and For ce  C o n sta n ts  o f  a P ota ss iu m  C h lo r id e  M ole cu le  fro m 
E xt en ded  Huc ke l C a lc u la t io n s " , w it h  K r is t i  B. Ha th aw ay , J o u r n a l o f Che m ical  
P h y s ic s ,  6 3 , 4 3 1 3 , 1 9 75 .

"E xt en de d Huc ke l C a lc u la t io n  o f  R e p u ls iv e  I n te r a c t io n s  in  N oble  G as es " w it h  
K r i s t i  B.  Ha thaw ay , J o u rn a l o f  Che m ic al  P h y s ic s , 6 3 , 4 3 0 8 , 1 9 75 .

"The E l a s t i c i t y  o f P o ly c r y s t a l s  and Roc ks ",  w it h  E . Dom any,  J .  E.  G u b ern a ti s,  
J o u r n a l o f G eop h ysi ca l R ese arch  8 0 , 4 8 51 , 1975 .
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" H o le c u la r  Dyn am ic s S im u la ti o n  o f  M od el  F or (o n e - d im e n s io n a l )  s t r u c t u r a l  
P h ase  T r a n s i t i o n s , "  S o l id  S t a t e  C o m m u n ic a ti o n s , 1 7 , 19 75  w it h  T . R. K o e h le r ,
A.  R . B is h o p , an d J .  R. S c h r i e f f e r .

"T h e o ry  o f  th e  S c a t t e r i n g  o f  U l t r a s o u n d  By F la w s ,"  U l t r a s o n i c s  Sy mpo siu m 
P r o c e e d in g s , 19 75  U l t r a s o n i c s  Sy mpo sium  P r o c e e d in g s , IEEE C a t .  #75 CH) 99 4- 4S U 

w i th  J .  E . G u b e m a t is , E . Dom any, an d M. H uber m an .

" M ic ro s c o p ic  D e r iv a t io n  o f  Dom ain W a l ls " ,  p r e s e n t e d  a t  th e  P u e r to  R ic o  c o n fe re n c e  
an d s u b m it te d  t o  th e  J o u r n a l  o f  F e r r o e l e c t r i c s , w it h  E . Domany an d A.  R. B is h o p .

"W e ak ly -P in n ed  F ro h li c h -C h a rg e -D e n s it y -W a v e  C o n d e n s a te s : A New , N o n li n e a r , C u rre n
C a r r y in g  E le m e n ta ry  E x c i t a t i o n " ;  P h y s ic a l  R ev . L e t t e r s  3G,  43 2  (1 9 7 6 )  w it h  
M. J .  R ic e , A. R. B is h o p  an d S . E . T r u l l i n g e r .

" C l a s s i c a l  P a r t i c l e - l i k e  B e h a v io r  o f  S in e -C o rd o n  S o l i t o n s  i n  S c a t t e r i n g  P o t e n t i a l s  
an d A p p li e d  F i e l d s " ,  P h y s . R ev . L e t t .  36 , 1411  (1 97 Q , w it h  M. B.  F o g e l,  S . E . 
T r u l l i n g e r ,  A.  R. B is h o p .

"D ynam ic s o f  S ln e-G o rd o n  S o l i t o n s  in  th e  P re s e n c e  o f  P e r t u r b a t i o n s " ,  P h y s. R ev . B 
1 5 , 15 78  (1 9 7 7 ) w i th  M. B. F e j e l , S . E . T r u l l i n g e r ,  A.  R. B is h o p  an d J .  A. Kru mhan

" S o l i t o n s  i n  a C oup le d  L in e a r  C h a in  S y ste m " , P h y s . R ev . L e t t .  3 8 , 77 8 (1 9 7 7 ) 
w i th  B.  H o ro v it z  and E . Do ma ny .

" S e l f - C o n s i s t e n t  C a l c u l a t i o n s  o f  E l a s t i c  C o n s ta n t s  o f  P o l y c r y s t a l l i n e  G r a p h i t e " ,  
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QlCni tcb C ia le s  z Se uc de
C O M M IT T E E  O N H U M A N  R ESO URCES

W A S H IN G T O N . D  C . 20510

November 1, 1977

Honorable Harrison A. Williams 
Chairman
Committee on Human Resources 
U. S. Senate 
Washington, D.C. 20510 

Dear Mr. Chairman:
I am pleased to have this opportunity to

comment on the nomination by the President of 
Dr. James Krumhansl to be Assistant Director 
for Mathematics, Physics and Engineering at the 
National Science Foundation.

Dr. Krumhansl has had a distinguished
career in physics during which he has had the oppor­
tunity to serve in both academic and industrial 
research efforts. He brings to the leadership 
team at the N.S.F. an outstanding perspective on 
the resources and talents which exist in the 
disciplines for which he will be responsible.

I am confident that Dr. Krumhansl will
work closely with our Committee and the Subcommittee 
on Health and Scientific Research as we continue 
our efforts to assure that the national receives 
a full return on the funds it invests in basic 
research.

With every good wish

Edward M. Kennedy, Chairman 
Subcommittee on Health and 

Scientific Research



17

Senato r Randolph. I thin k there is continuing in the committee, 
Dr. Krumhansl, the review of your financial holdings. I am advised 
tha t the review is incomplete, but that because we were having this 
hearin g in reference to Mr. Biddle’s nomination, th at  we could move 
forwa rd on your nomination hea ring as well. We will, perhaps throu gh 
the committee staff, be contacting  you fur the r in reference to your 
financial statement. I just mention tha t so as to indicate tha t today’s 
hearing process will suffice, but tha t you may be hearing from the 
committee staff members in reference to your financial statement, if 

necessary.
Would you proceed now, sir ?

STATEMENT OF JAMES A. KRUMHANSL, OF N EW YORK, NOMINEE
TO BE AN ASSISTANT DIRECTOR OF THE  NATIONAL SCIENCE
FOUNDATION

Dr. Krumhansl. I would be happy to supply any d ata in discussion 
or in writi ng which your committee requires. Thank you very much.

Senat or Randolph. If  you wish to comment on your statement— 
it is not  a long statement. Whatev er you desire. I f you choose to sum­
marize, the entire statement will be made a pa rt of this  record.

Dr. Krumhansl. I would first like to say how honored I am to  be 
here, how enthusiastic I am to become acquainted with your committee 
and with any of the agencies in Washington with which I  will be asso­
ciated in my new responsibilities if  confirmed.

I would like to read my statement.
Senator Randolph. I t is certainl y appr opriate.
Dr. Krumhansl. I  am honored to app ear before you as a presiden­

tial nominee to an assistant  d irectorship of the National Science Foun ­
dation. This is a tremendous opportun ity for service, both to my fellow 
citizens a t large and to those who are colleagues in science, in the com­
mon purpose of best achieving our national and professional goals.

The National Science Founda tion has a justly deserved reputation 
for success in fostering  scientific investigation and in strengthening 
science education. I aspire to join the ranks of those whose efforts and 
dedication have achieved this distinction in the administration  of 
public funds for these purposes and to assist in whatever way I  can to 
promote the progress of science through the Foun datio n’s programs.

Not all branches of  science stand in the same relation to the world 
in which we live. Before we reap we must sow and regularly  seek new 
strains. The areas within my proposed purview, the mathematical  and 
physical sciences, and en gineering, reach to widely separated horizons. 
They extend from the fascinatin g and elusive mysteries of elementary 
particle  physics on the one extreme, a true frontier, to the challenge 
on the other hand of sensitively selecting and supportin g research 
studies which especially help technology to make practica l use of the 

science resource which has been developed.
I see my responsibilities as to assure tha t the Found ation continues 

getting the very best unde rstan ding of fundamen tal science possible 
from its investment and at the same time, main tainin g an awareness 
of the o pportunit ies for use of scientific knowledge by technology and 

by society generally.
I have always found science and technology and the ir uses to be 

stimula ting. My early tra ini ng  and industrial employment were in
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electr ica l eng ineerin g, an d I  witnessed the  com municatio ns revolu tion 
as it  developed th ro ug h ra dar  resea rch  in W or ld  W ar  I I.

As a unive rsi ty tea ch er  in phys ics, ap pli ed  ma the ma tics, and mate ­
ria ls science, I have pa rti cipa ted in the  evo lut ion  of  the  scien tific 
research resource in colleges and  unive rsi ties an d I believe th is is a 
very  im porta nt na tio na l as set.

As  an indu str ia l res earch  ad min ist ra to r in the chemical indu str y 
an d forme r consult an t to  o ther  ind ust rie s, I have witnessed in terp lay 
between tech nica l, com mercia l, and societal pr ior ities . An d, fina lly,  as 
an  ed ito r of pro fes sional jou rna ls,  I have rea lized the  importance  of 
com munica tion  in science and to the  wor ld arou nd  us. Those  ex pe ri­
ences have been pe rso na lly  exc iting . I hope  now th at  they will  serve 
to make me c on tin ua lly  aw are  of the issues and need s in the  na tio na l 
supp ort of mathematics , phy sical sciences, and eng ineering.

I  will be fu lly  comm itte d to using my backgro und in the  sc ientif ic, 
educa tional , and  in du st ria l commun ities  to achieve  the  common aim s 
of  the Founda tio n and my  colleagues in  science. Th ro ug h fu rthe r se rv ­
ice to science I  wa nt to  br in g a ric he r life  to those about me.

T hat ’s my forma l sta temen t and , if  I can sum marize , I am deeply 
com mit ted  to my pro fes sion and  to its  use by those aro und us.

Se na tor  Randolph . Tha nk  you , D r. Kr um hans l.
We ju st checked th ro ug h the  number of publicat ion s. There  are  89 

th at  you have h ad pu bli shed  to yo ur cr edi t.
Dr . Krumhansl. I have lived awh ile in th is business . I f  one keeps 

busy an d one comm unicates th en it co unts  up.
Se na tor  Randolph . Thes e go  back to 1949.
Dr . K rumhansl. T ha t’s correc t.
Se na tor  Randolph . I t  seems to me you ge t more prolif ic as the  

ye ars move on.
Dr . K rumhansl. I  d on ’t know th at  I  sh ould co mment on age, ret ire­

ment,  an d such questions.
Se na tor Randolph. You have  one here , “Theore tical Calcu lations 

of  F -C en te r E nergy’ Lev els .’’ Because we have bee n working on energy 
in the  Senate could you tak e a moment to give  us ju st  a few words 
about w hat  you were d oing  in tha t pub lication ?

Dr . Krumhansl. I  am ha pp y to have  the  o pp or tuni ty  because here  
is a very techn ical  t itl e. I  should tell you about t he  or igi n o f F -C en ters . 
Th e F  comes fro m the  German word “farb en ,” color . I t was fou nd 
in some of the sa lt mines of  Germany  t hat  some time s the  s al t cry sta ls 
wou ld be tra ns pa rent  an d somet imes the y wou ld be colored.

The cur ios ity  of  sci en tis ts 40 or 50 yea rs ago  dir ected  itself  to the  
or igin  of th at  colora tion. Nex t ac t: 30 y ears la te r. The sub jec t: solid  
sta te  p hys ics tak es sha pe an d the  t heory  develops. Th at  theory  allow s 
us to  underst and th at  electrons at specific posit ion s in the cry sta l 
lat tic e may  produce a colora tion.

I f  I  can go di rectl y to  the  ques tion you asked, what relation  may  
th is  have to  the  energ y pro blem? The  poi nt is th at  the  or igi ns  of 
the mo dem  dev elopment of  photo voltai c cells fo r solar  ene rgy con- 
ve rtion  can be tra ced di rect ly  to an un de rs tand ing of solid sta te 
physics, inv olv ing  the  theo ry  of  F- Ce nters. Th us  one of  the  majo r 
con tender s fo r so lar  energ y devices,  the  photo volta ic cell, can tra ce  
its  paren tag e to  ea rly  fundam ental  rese arch on the  subject  of F -  
Centers.
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Senator  Randolph. Thank you very much.
You have been a very busy man, is that righ t?
Dr. Krumhansl. Th at’s righ t.
Senator  Randolph. You liked your work ?
Dr. Krumhansl. I like work.
Senator Randolph. I sometimes think as I meet different types 

of people how some are maybe overenthusiastic, some are very en­
thusiastic, some are perhaps less enthusiastic but I knew the moment 
you spoke today that you have had a very genuine input in the science 
field and you want to continue. This position would give you a grea t 
opp ortu nity ; is that rig ht ?

Dr. Krumhansl. That is certainly  correct. Tha t is the challenge.
Senator Randolph. Doctor, how do you think  the research pro­

posals that come from industria l scientists should be reviewed? How 
should these be evaluated by you? Should the criteria be different 
from the industrial  scientists  than from the researcher, let’s say, 
within the academic world ? Ju st comment, would you ?

Dr. Krumhansl. I believe—in par t these are my personal opin­
ions—I understand the importance of the concept of  providing sup­
port for good science wherever it may be. Your question concerns a 
mechanical but subtle mechanical question; that  is, how proposals 
shall be evaluated.

I thin k there should be a balance between some questions of ur ­
gency or relevance and quality ; I don’t think that  one should ever 
compromise the quality of the science in the review process.

Senator R andolph. I think tha t leads into the  next question. There 
is perhaps  a curren t emphasis within the Founda tion on what we 
would call a joint or mutual indust ry and university venture or ven­
tures in basic research. Would you happen to have a little  fur ther  
comment ?

Dr. Krumhansl. Yes; I believe this is a very exciting concept. 
I may be prejudiced. Tn part, my reason for that  answer is tha t 
I have been imbedded in one of those experiments myself and it has 
been a very successful experiment. In fact, with the committee’s 
permission, may I digress into some think ing tha t I was doing last 
night as to how I might  illus trate  some aspects of science as a re­
source. May I have a minute or so ?

We see the advertisement, “ Diamonds Are Forever.” My feeling is 
tha t good science is forever and for everywhere. Again, an anecdote: 
About 100 years ago Lord Rayleigh wondered why the sky was blue. 
He thought about this and conjectured that  it was due to scattering 
of light  by inhomogeneities, fluctuations in the atmosphere. From 
that , there  developed th rough mathematics, throug h a generation of 
nuclear phvsics. through the u nders tanding of the scattering of radio 
waves in World War II  in rad ar a whole set of applications which 
today employs scattering concepts as the method or strategy  for 
experiments. It  is part  of the theoretical unde rpinn ing of modem 
medical diagnosis in scattering  of u ltrasound and ultrasound imaging 
(so we now can replace X-r ay diagnosis by ultrasound diagnosis). 
We can apply the scattering of sound to oceanography in the detec­
tion of structure  and determination of the properties of  our undersea 
environment and so on.



20

My point is th at  good sc ience las ts a very  long t im e and  good science 
can be used eve ryw here if  one is sensitive  to  how science does couple 
with  app lica tions.  A he al th y in ter pla y betw een indu str y and bas ic 
science is som eth ing  to  whi ch I th ink we can po in t as ha vin g ha d 
ma ny  success stories  an d as som eth ing  which we sho uld  con tinu e’ to 
cul tivate .

Se na tor  Randolph. Jo hn  ?
Sena tor  Chafee. Mr. C ha irm an , than k you.
I am del igh ted  to be here and  have  th is op po rtu ni ty  to  meet  Dr . 

Kr um hans l. Fir st , I  wa nt  to sta te th at  I  have a  ti lt  bias in his  di rec ­
tio n—I  guess a bias me ans a til t, so t hat  is redu nd an t. I have a bias 
in his  d irec tion  because he taug ht  at Bro wn Un iversit y in the  for ties . 
So I  sta rt  out wi th a pr esu mp tio n in  your  dire ctio n.

Second, I  would  l ike to  convey the  r eg re ts of yo ur  S ena tor , Se na tor  
Ja v it s who—if  you were  here du rin g the pre vio us test imo ny you will 
hav e heard the sta tem ent o f S enato r S taf ford t hat  S en ator  Ja vi ts  could 
no t be here  due to  a very im po rta nt  engagement in New York Ci ty— 
sends his  reg ret s an d wishes th at  he could be here to supp ort th is 
nominat ion .

Thi rd , I have ha d the privilege  of si tti ng  on the board  of a major  
un ivers ity  where  comp lai nts of all kinds come fo rw ard bu t we have 
never heard  any  comp lai nts  abou t the  Na tional Science Founda tio n. 
T hat  is unusua l fo r an organiz ati on  t ha t is so widespread . You would 
th in k you would he ar  g ripin g t hat  there ha d been unfai rne ss,  o r the y 
are  a fa ilu re  in one place or anoth er undeservedly .

Tha t hasn’t proven  true , so it seems to  me, loo kin g at  it fro m the  
out side, and the  ins ide  now to some degree, th at the Science Fo un da ­
tio n is doing a sup erb  job.  I  th ink , Dr . Atkin son , you deserve a lot  o f 
cred it,  and  have a big job  to  ca rry  on what ap pe ars to have been a 
supe rb tra di tio n fo r th is  cou ntry .

I  must confess, I  am no t awa re th at  the  Science Founda tio n did  
su pp or t indu str ial  resear ch.  Could you expla in,  between the  two of  
you, just how th at  would  work out ? For  ex ample , le t’s sav th at  R CA  
is do ing  a sign ificant  piece of  r esea rch and if  the  Science Foun da tio n 
contr ibu ted  how would  they  contr ibu te and wh at would hap pen , fo r 
ins tance,  with  the  en su ing  pa ten ts tha t migh t resu lt ?

Dr . Atkinso n. Se na tor, th is  is a com plic ated  area. In  our appli ed  
research effort we have had  a  tr ad iti on  of  su pp or tin g w ork  in indu str y 
and in univers ities. The  basic researc h effo rts have  been almost en ­
ti re ly  confined to the  su pp or t of  research  in univer siti es.  On the  o ther  
ha nd , the re is much concern abo ut the  str en gth of  ou r indu str ia l sci ­
ence base, and  with th is  concern in min d, the Fo un da tio n is now re­
viewing  the  whole issue of  wh at its  rel ation  sho uld  be to indu str y in 
th e su pp or t of  in du st ria lly  based  research . The  Na tional Science 
Bo ard has a rep or t now  in final dr af t form,  an d it  will  be rev iew ing  
th e d ra ft  at  its  next bo ard meeting.  The Bo ard will at tempt  to look 
fo rw ard to what the Fo un da tio n’s role  should  possibl y be in  an ex­
pand ed  pro gra m of  su pp or t fo r indu str ia lly  bas ed research.

Bu t, it  is a c om plic ated issue and  i t is one t hat  does n’t have a s imp le 
answer .
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Senator Chafee. I can easily see that. I know it is a thorny area 

but I would commend you for the effort you are t aking to resolve this, 

because we are all looking to the future  of the Nation and how the 

Nation can do best. I don’t think because science has primarily been 

in the universities, tha t we should overlook the efforts being made in 

more applied  science in the corporations.
Somehow, if we can be of assistance while protecting ourselves or 

seeing the  public is protected as far as any profits tha t ensue from 

such research, I think we ought to make tha t effort.
I know the chairman is involved in something else, so perhaps I 

can defer it—how do you work it now in your universities where, for 

instance, you are doing some research tha t is of interest to a private 

corporation? Wouldn’t they make direct subsidies to help that  re­

search in the  university laboratory  ?
Dr. Krumhansl. I think  there  are several parts  to the answer to 

that. Scientific communication is very fast, so one of the ways in which 

the information becomes available to the industr ial laboratories is just 

through the journals. As i t happens, I have been editor up until this 

time—and I will relinquish that  editorship—of a journal called the 

“Physical Review Letters.” It appears weekly.
In principle, we can publish a  manuscript within 3 weeks of its sub­

mission, and average perhaps  8 weeks. This means that work sup­

ported by the National Science Foundation, which is public property, 

can be pu t into  pr int and d istributed to any user in a very, very short 

time, and quite effectively. Tha t’s one answer.
The other  answer is tha t indeed, in the case of very, very well- 

focused interests some industries do make connection with a research 

project by providing supplementary funding, or by the ir staff, as sci­

entific colleagues, talking directly to those doing the work.
Senator Chafee. Air. Chairman, I have taken a little bit too much 

time, but I just want to say this—which has nothing to do with  this 

committee but has to do with a general area—that  I am ill at ease 

about the extent of financial disclosure by nominees for posts. We as 

Senators are subjected to it. Tha t is the trend of the time.
We have got to tell every thing  we own or owe. B ut there is some­

thin g th at makes me very ill a t ease about requiring people tha t come 

before us or any other committee to reveal all their  assets. I  th ink the 

result m ight  well be that  we discourage good people from taking jobs 

which have enough drawbacks to them in themselves, having to move 

thei r famlies, the temporary nature of it, the excessive, often, reduction 

in income and the subjecting themselves to a good deal of criticism of 

all types—by adding the burden of excessive financial disclosure.

I know we discussed this briefly the other day in the committee, 

but somehow I hoped tha t if there is financial disclosure th at it could 

be limited to the committee and not broadcast to the world at large 

I jus t wanted to get that off my chest, Mr. Chairman.
Senator Randolph. Thank you, John.
Off the record.
[Discussion off the record.]
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Th e heari ng  of Dr . Kr um ha ns l will  now be conc luded. There  are  
ce rta in  quest ions, seven in numb er pro vid ed by Se na tor  Kenne dy 
which  because  of  the t ime sit ua tio n I shal l no t ask. The se will be give'll 
to y ou to respond to  the m in wr iting . W ould t hat  be agreeable ?

[T he  ques tions  and resp ons es ref erred to ap pe ar  at  the  end of the  
he ari ng .]

Dr . K rumh ansl . Yes, qu ite  agreeable .
Se na tor R andolph . W e w ould be v ery h ap py  to  ha ve your responses.
We  than k you, Dr . A tkinson fo r com ing w ith  D r. Krum hansl. I  have 

lon g fe lt th at  bv an d la rg e the  expenditu res  of  fu nd s in scient ific re ­
sea rch  and  develop men t, the pu re and un pu re  as we call  it, gen era lly  
these have  been no t ju st  exp enditure s. They have been  inv estm ents . T he  
investment sometimes  is no t noted at  the  begin nin g, but  the  resu lt is 
no t ju st  the do lla r on th e do lla r spent—t he do lla r received—b ut  the  
inv est me nt very  oft en  ha s pa id grea t div idends fo r huma nit y as a 
whole . T th ink we can subscri be to the  hope th at  i n the fu ture  th is will 
con tinue  to be so.

[1 he  pre pared  sta tem en t of  Dr . Kr um hans l and ma ter ial  re ferre d 
to  fol low s:]



Statement by

Dr. James A. Krumhansl

Nominee for Assistant Director,

Mathematical and Physical Sciences, and Engineering

National Science Foundation

Mr. Chairman and Senators

I am honored to appear before you as a Presidential Nominee 

to an Assistant Directorship of the National Science Foundation. 

This is a tremendous opportunity for service, both to my fellow 

citizens at large and to those who are colleagues in science, in 

the common purpose of best achieving our national and

professional goals.

The National Science Foundation has a justly deserved reputation 

for success in fostering scientific investigation and in 

strengthening science education. I aspire to join the ranks 

of those whose efforts and dedication have achieved tiiis 

distinction in the administration of public funds for these 

purposes and to assist in whatever way I can to promote the 

progress of science through the Foundation's programs.
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Not all branches of science stand in the same relation to the 
world in which we live. Before we reap we must sow and 
regularly seek new seed strains. The areas within my proposed 
purview, the Mathematical and Physical Sciences, and Engineering 
reach to widely separated horizons. They extend from the 
fascinating and elusive mysteries of elementary particle physics 
on the one extreme to the challenge on the other hand of 
sensitively selecting and supporting research studies which 
especially help technology to make practical use of the science 
resource which has been developed. I see my responsibilities 
as to assure that the Foundation continues getting the very 
best understanding of fundamental science possible from its 
investment, at the same time maintaining an awareness of the 
opportunities for use of scientific knowledge by technology 
and by society generally.

I have always found science and technology and their uses to 
be stimulating. My early training and industrial employment 
were in electrical engineering, and I witnessed the communi­
cations revolution as it developed through radar research in 
World War II. As a university teacher in physics, applied 

mathematics, and materials science, I have participated in
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the evolution of the scientific research resource in colleges 

and universities; this is a very important national asset. As 

an. industrial research administrator in the chemical industry, 

and former consultant to other industries, 1 have witnessed 

interplay between technical, commercial, and societal prioritic 

Finally, as an editor of professional journals, I have realized 

the importance of communication in science and to the world 

around us. Those experiences have been personally exciting and 

I hope now that they will serve to make me continually aware of 

the issues and needs in the national support of Mathematics, 

Physical Sciences, and Engineering.

I will be fully committed to using my background in the 

scientific, educational, and industrial communities to achieve 

the common aims of the Foundation and my colleagues in science. 

Through further service to science I want to bring a richer lilt

to those about me.



NAT IONAL SCIENCE FOUNDATION 
W A S H I N G T O N . D .C . 20550 

October 31, 1977

The Honorable Harrison A. Williams, Jr.
Chairman
Committee on Human Resources 
United States Senate 
Washington, D. C. 20510 
Dear Mr. Chairman:

I should like to confirm for the record that, in 
accordance with standard National Science Foundation 
policy, while serving as Assistant Director of the 
Foundation I will disqualify myself from any participation 
in the consideration of proposals from Cornell University, 
my home institution.

Sincerely yours,

■
J. A. Krumhansl
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NATIONAL SCIENCE FOUNDATION 
W ASH IN GTON, D.C. 20550 

October 31, 1977

The Honorable Harrison A. Williams, Jr.
Chairman
Committee on Human Resources 
United States Senate 
Washington, D. C. 20510 

Dear Mr. Chairman:
The President recently transmitted my name to your Committee for 
confirmation as Assistant Director for Mathematical and Physical 
Sciences, and Engineering of the National Science Foundation.
If confirmed by the Senate, I will be willing to respond to any 
requests to appear and testify before any duly constituted 
committee of the United States Senate. I am honored that the 
President has considered me for this appointment and stand ready 
to contribute to any hearings where my testimony would be 
considered useful.

Sincerely yours,

, /  /  /Z. z.._ Z

J. A. Krumhansl
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N A T IO N A L  S C IE N C E  F O U N D A T IO N
W A S H IN G T O N . D C  2 0 5 5 0

O F F IC E  O F  T H E  
D IR E C T O R

November 1, 1977

The Honorable Harrison A. Williams, Jr.
Chairman
Committee on Human Resources 
United States Senate 
Washington, D. C. 20510 
Dear Mr. Chairman:
For those concerned with my proposed appointment to the 
National Science Foundation, the following describes my 
relation with my immediately previous employer, Cornell 
University. I am on leave for 2 years with extension 
allowed as deemed suitable at that time. I will receive 
no compensation or pension contributions from Cornell 
during the term of this appointment.

Respectfully

James Arthur Krumhansl
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COM MIT TEE  QU ES TI ON S FOR D R.  KRUMHANSL
1)  COULD YOU ID EN TIFY  WHAT YOU CON SIDE R TO BE THE MOST

EX CI TI NG NEW DEVELOPMENTS TO BE EXPLORED BY YOUR DIRECTORATE

IN THE NEXT FEW YEARS?

2)  WHAT CAN AND SHOULD THE NATIO NAL SCIEN CE  FOUNDATION  DO

TO ENCOURAGE IN TER-D IS C IP LIN A RY  APPROACHES TO S C IE N T IF IC

PROBLEMS?

3) WHAT BE NE FITS  AND OP. PROBLEMS DO YOU FORESEE  STEMMING 

FROM THE CURRENT EMPHA SIS W IT HI N THE FOUNDATION ON JO IN T

UN IV ER SIT Y- INDU ST RY  VENTURES IN  THE PERFORMANCE OF

BA SIC RESEARCH?

4) HOW DO YOU THIN K RESEARCH PROPO SALS FROM INDU STRIAL

SC IE N T IS T S SHOULD BE REVIEWED AND EVALUATED BY YOUR DIRECTORATE.

SHOULD THE CR IT ER IA  BE DI FF ER EN T FROM THOSE WHICH APPLY  TO

ACADEMIC RESEARCHERS? AND FOR WHAT REASON?

5) DO YOU THINK THE CURRENT BALANCE BETWEEN PROBLEM

ORIEN TED AND BA SIC  RESEARCH NEEDS TO BE RE VI SE D?  IN  WHAT WAY?

6) HOW DO YOU INTEND TO COORDINATE THE EFF ORTS OF

YOUR DIRECTORATE WITH THE OTHER BASIC  RESEARCH DIR ECTO RATES?

WITH THE SCIEN CE  AP PL IC AT IO NS  DIRE CORATE?

7) WHAT CAN AND SHOULD THE FOUNDATION DO TO ENHANCE THE

PO S S IB IL IT Y  OF IEEFUL "S P IN  O FFS" FROM THE BA SIC RESEARCH

IT  SPONSORS?
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RESPONSES TO QUESTIONS
SUBMITTED BY

• HONORABLE EDWARD M. KENNEDY 
CHAIRMAN, SUBCOMMITTEE ON HEALTH AND SCIENTIFIC RESEARCH 

COMMITTEE ON HUMAN RESOURCES

TO

JAMES A. KRUMHANSL 
NOMINEE FOR

ASSISTANT DIRECTOR FOR MATHEMATICAL AND 
PHYSICAL SCIENCES, AND ENGINEERING 

NATIONAL SCIENCE FOUNDATION

November 11, 1977
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Q ue st io n #1

Q. Co uld  you id e n t i f y  wh at you con s id e r to  be th e mos t e x c it in g  
new de ve lopm en ts  to  be e xp lo re d  by your d ir e c to r a te  in  th e 
next few  ye ar s?

A. The M at he m at ical and P hys ic a l S cie nces, and E ng in ee ri ng
D ir e c to ra te  p re s e n tl y  has re searc h pro gram s in  m ath em atics, 
co mpu te r sc ie nce , p h y s ic s , c h e m is tr y , m a te r ia ls  sc ie n c e , 
and e n g in e e ri n g . I t  is  my pers onal view th a t  in  a l l  o f th es e 
we are  in  a pe ri o d  o f burg eon in g ac co m pl ishm en t and oppor­
t u n i t y .  I may a ls o  em ph as ize  in  pass in g th a t  th ese scie nces 
no t o n ly  have su bstan ce  and d i r e c t  a p p li c a t io n s  in  th em se lv es, 
bu t a ls o  augment th e sc ie nce  base in  o th e r d ir e c to ra te s  a t 
NSF o r th e m is s io n  agencie s by sup p o rt in g  bas ic  re sea rc h  and 
p ro v id in g  new te chn iq ues o r f a c i l i t i e s .

Among th e pro m is in g  de ve lo pm ent s be ing exp lo re d  by s c ie n t is ts  
w it h  MPE support  ar e th e  fo ll o w in g :

° M ath em atic ia ns are  beg in n in g  to  f in d  th a t  th ey  can 
use th e modern co m put er  not s im p ly  as a com p u ta tio na l 
de v ic e , but a ls o  as an a id  to  th e  de ve lopm en t o f 
co nc ep ts  in  a n a ly s is .  This  de ve lopm en t w i l l  p ro ­
fo u n d ly  in fl u e n c e  th e  c la sses o f prob lems th e y  are 
able  to  a t ta c k .  They w i l l  be ab le  to  use th e 
compu ter as a to o l f o r  te s t in g  c o n je c tu re s  and even 
fo r  suggesting  m ath em atica l pro bl em s.

° The idea  o f C om puta tiona l C om ple xity  has de ve lope d 
in to  a pro fo und concep t w it h  im p o rt a n t p r a c t ic a l 
co ns eq ue nces . Fo r ex am ple,  ve ry  re ce n t s tu d ie s  in  
the th e o ry  o f c o m p le x it y  have le d to  th e des ig n o f 
e n c ry p ti n g  te ch n iq ue s  which  g iv e  e xp e rt s  th e  a b i l i t y  
to  a u th e n ti c a te  e le c t r o n ic  messages as th ey  wo uld  
s ig n a tu re s  and le g a l do cumen ts.  In  a d d it io n ,  
e n c ry p ti n g  te ch n iq ue s  pre ven t ta m pering and ar e easy 
to  us e.  T h is  c r i t i c a l  de ve lopm en t w i l l  a s s is t  in  
the w ides pr ea d a d o p ti o n  o f e le c t ro n ic  co mpu te r 
co mmun icat ions  in  com merce, go ve rnmen t and o th e r^  
as pec ts  o f c i v i l i a n  l i f e .  Th ere ar e broa d im p li c a -  
ti o n s  w it h  th e  in tro d u c t io n  o f new s c ie n t i f i c  
co nc ep ts  such as co m pu te r c o m p le x it y . In  t h is  
in s ta n c e , fo r  ex am pl e,  n a ti o n a l s e c u r it y  co nce rn s 
have been ra is e d  be cause compu ter c o m p le x it y  opens 
the p o s s ib i l i t y  o f deve lo p in g  new codes th a t  ca nno t 
be brok en  by in te ll ig e n c e  s e rv ic e s .
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Q uestion #1 2.

° In High En er gy  P hys ic s , we have been ex pa nd ing 
ra p id ly  our unders ta nd in g  o f e le m enta ry  p a r t ic le s .  
In ju s t  a few years  ou r in t u i t i v e  fe e li n g s  th a t 
qu arks  are  re a l e n t it ie s  have been c la r i f i e d  
s ig n i f ic a n t ly .  As a t r u ly  v i t a l  en de av or  a t the 
f r o n t ie r s  o f  sc ie nce , p a r t ic le  p h ys ic s  con tinues  
to  j u s t i f y  s ig n i f ic a n t  a t te n t io n .  In  th e  in t e r ­
med ia te  ph ys ic s  ran ge  r e la t iv e ly  in exp ens iv e  new 
te chn iq ues f o r  a c c e le ra ti n g  heavy n u c le i to  hi gh  
energ ie s are  d is c lo s in g  im p o rt a n t new fe a tu re s  in  
the in te r a c t io n  o f compound n u c le i.  In  th e low  
en ergy  rang e no t on ly  do we co n ti n u e  to  f in d  new 
in s ig h ts  in to  at om ic  and m o le cu la r ph ys ic s  fo r  use 
in  c h e m is tr y , atm ospheric s c ie n ce , and plasma 
physic s - -  bu t a ls o  th e re  ar e e x c it in g  idea s 
d ir e c te d  to w ard  te s t in g  e le m enta ry  p a r t i c le  in t e r ­
a c ti o n s  which com plement th e  high  energ y s tu d ie s .

° Chem ica l c a ta ly s ts  are an e x c it in g  area  o f re searc h . 
They no t o n ly  p la y  a c ru c ia l econom ic ro le  in  the 
ch em ical  in d u s t r y ,  bu t a ls o , and pe rhap s more 
s ig n i f i c a n t ly ,  in v o lv e  n e a rl y  a l l  o f  th e  proc es se s 
o f l i f e .  New experim enta l te chn iq ues co n tinu e  to  
improve ou r in s ig h t  in to  th e m o le c u la r mechanisms  
in vo lv e d  in  ch em ica l c a ta ly s ts ;  m ajo r ste ps towa rd 
co mpreh en ding  th e  he te roge ne ou s c a t a ly t ic  proc es s 
are be in g made. Relat ed  work be ars on us in g c a ta ly s ts  
to  re p la ce  th e  ex pen sive  m eta ls  o f th e p la ti n um  grou p 
in  exh au st  gas p o ll u t io n  c o n t ro l.  The e v o lu ti o n  o f 
th e la s e r  as a re searc h to o l w i l l  be pu rsue d w it h  
keen in te r e s t  by chem is ts . P u re ly  in tr a m o le c u la r  
proc es se s can  be s tu d ie d  in  a c o l l is io n le s s  gas or a 
m o le cu la r beam. F u r th e r,  la s e r  s tu d ie s  o f th e 
conde nse d phases  o f m a tt e r have been in fo rm a t iv e  
ab ou t o rd in a ry  ch em ical  proc es se s in  li q u id s .  In  view  
o f th e s ig n i f ic a n t  pr ogre ss  made in  th e  s t a t is t i c a l  
mecha nics  o f  l iq u id  s tru c tu re  and dynam ic s, co mpa rable  
pro gre ss in  th e  unders ta nd in g o f photo chem ic a l pr oc es s 
in  li q u id s  is  fo re s e e a b le , and o f p o te n t ia l in te r e s t  
in  s o la r  en er gy s tu d ie s .

° In m a te r ia ls  s c ie n c e , bas ic  s tu d ie s  o f  th e  p ro p e r ti e s  
o f s u p e r f lu id  syste ms  ( p a r t i c u la r ly  Hel ium 3) w i l l  
con tinu e  to  prod uc e new id ea s on th e s t ru c tu re  o f 
m a tt e r.  New m a te r ia ls  o f che m ic a l,  e le c t r o n ic ,  and 
te c h n o lo g ic a l im portance ar e be in g de ve lope d - -  
n o ta b ly  te rn a ry  compound superc onducto rs  and " lo w ­
d im en s io n a l"  m a te r ia ls .
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Q uestion #1

0 E ng in eering  is  a bro ad  to p ic ,  h e a v il y  supported
and p ra c ti c e d  in  in d u s tr y .  Ye t th e re  are  im p o rt a n t 
basic  q u e s ti o n s  o f a ge ne ri c  n a tu re . Fo r ex am ple,  
how do s o lu t io n s  o f en g in ee ri n g  pr ob lems sca le  between 
la rg e  and sm all syste ms ? New id eas f o r  re searc h  on 
th is  to p ic  are  be in g su pported by NSF. A p p li c a ti o n s  
in c lu d e  th e  des ig n  o f la rg e  e a rth  dams o r concre te  
s tr u c tu re s  from  experim ents  w it h  sca le  m od el s,  
in v e s t ig a t io n  o f  je t s  and plumes such as th ose  forme d 
in  th e o u t f a l l  from  sewage d is p o s a l p la n ts ,  and the 
v e r i f i c a t io n  o f  m ath em atic a l s c a li n g  r e la t io n s  which  
can be a ff o rd e d  by use o f a la rg e  c e n tr if u g e  fo r  
th e dynamic te s t in g  o f sca le  mo de ls in  ge om ec ha nics . 
Ano th er  p ro m is in g  area  in  e n g in e e ri n g  is  re searc h 
on advanced  au to m ation  which  dea ls  w it h  th e  behav io r 
o f a d a p ti v e , d i g i t a l  c o n t ro l,  and se nsor sy stem s.
The o b je c ti v e  is  im it a t io n  and enhancem ent o f some o f 
man's c a p a b i l i t ie s  such  as th ose in h e re n t ,  fo r  ex am ple,  
in  an e y e -a rm -w r is t- h a n d - fi n g e r  syste m d ir e c te d  by 
ru d im en ta ry  b ra in  c a p a c it y . C lo s e ly  re la te d  is  
au to m atic  e x t ra c t io n  o f in fo rm a ti o n  from  ima ges  and 
o th e r sen so ry  in p u ts ,  which  r e la te s ,  f o r  ex am ple,  to  
the desig n o f p ro s th e t ic  d e v ic e s .

0 One o ld  to p ic  w hich is  s u r fa c in g  anew to  cha lle ng e  
a l l  o f th e d iv is io n s  o f th e d ir e c to r a te  is  th a t  o f 
tu rb u le n c e . New m ath em atics, co mpu te r s im u la t io n ,  
la s e r d ia g n o s t ic s ,  en g in ee ri n g  hy dro dyn am ic  s tu d ie s , 
in fo rm a ti o n  from  bloo d c i r c u la to r y  exp e ri m e n ts , and 
o th e r deve lo pm ent s ar e s t im u la t in g  some o f  th e best  
s c ie n t is ts  to  new e f f o r t s  on t h is  o ld  and u b iq u it o u s  
prob lem o f tu rb u le n c e .

I hope th a t  th ese  s e le c te d  to p ic s  co nv ey  some sense o f what I 
f i r m ly  b e li e v e  to  be tr u e  - -  th a t  m ath em atics, th e p h y s ic a l sc ie n ce s , 
and e n g in e e ri n g  are in  a f e r t i l e  and e x c it in g  p e r io d .
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Q ue st io n # 2

Q. What can and should  th e N a tiona l Sc ienc e Foundation do to  
encourage in te r d is c ip l in a r y  ap proa ch es  to  s c ie n t i f i c  pro ble ms ?

A. I would  li k e  to  make two gene ra l p o in ts .  F i r s t ,  in  my
t h i r t y - f i v e  years  o f  p ro fe s s io n a l experi ence  in  sc ie nce ,
I do no t r e c a ll  a p e ri o d  when th e re  has been such  a 
spon taneous e ru p ti o n  o f in te r d is c ip l in a r y  aw are ness in  th e 
s c ie n t i f ic  and e n g in e e ri n g  co mmun ities  th ro ugh  c u r io s i t y ,  
re c o g n it io n  o f  m u tu a ll y  common co nceptu al pro b le m s, and new 
te chniq ues as now. This  is  t r u ly  fo r tu n a te .  Second, th e 
N a tiona l Scien ce  Fou nda tio n can p la y  an im p o rt a n t ro le  in  
en co ura ging  th is  in te r d is c ip l in a r y  w ork , w h il e  a t th e same 
tim e ensuring  th a t  q u a l it y  is  m a in ta in ed .

The N a tiona l Scie nce Fou nd at ion a lr e a d y  does many th in g s  to  
encourage in te r d is c ip l in a r y  ap proa ch es  to  s c ie n t i f i c  
prob lems.  P ro je c ts  are  j o i n t l y  fund ed  w it h in  th e s tru c tu re  
o f th e Founda tion . Our M a te r ia ls  Researc h L a b o ra to ri e s  
program is  a m ajo r e f f o r t  to  p ro v id e  a re sea rc h  en vi ro nm ent 
which  fo s te rs  an in te r d is c ip l in a r y  ap proa ch  to  se le c te d  
pr ob lem s.  Many o f  our sponso red f a c i l i t i e s ,  which  are 
de sign ed  to  se rv e a m u l t i p l i c i t y  o f u se rs , such as synch ro tr on  
ra d ia ti o n  so ur ce s o r th e new su bm icron e le c t ro n ic s  m a te r ia ls  
f a c i l i t y  a ls o  p ro v id e  such encou ra gi ng  env ironm en ts .
P e rs o n a ll y , I wo uld  say  th a t  th e Foun da tio n sh ould en courage 
in te r d is c ip l in a r y  a c t iv i t i e s  when a pro posal makes i t  c le a r  
th a t  the ap proa ch  is  w e ll  matched to  th e pro b le m , and o f 
cou rs e , th a t th e pr ob lem  is  an im p o rt a n t on e.

Scien ce  i t s e l f ,  as a body o f kn ow ledg e,  is  no t r e a ll y  
d is c ip l in a r y  pe r se but ra th e r ,  i t  s t r iv e s  f o r  g e n e ra li ty  
and co m ple te ne ss . D is c ip li n e s  em erged, in  p a r t ,  because the 
prob lem o f co m ple te  know led ge is  so la rg e  th a t  in d iv id u a ls  
tend  to  s e le c t manageable  prob lems and to  develo p s p e c ia li z e d  
te chniq ues fo r  t h e i r  p u rs u it .  As a r e s u l t ,  th e re  emerged 
no t on ly  an in c re a s in g  body o f kn ow ledg e,  bu t a ls o  a body 
o f p ro fe s s io n a l,  s k i l le d  p r a c t it io n e r s  who can make a 
c o l le c t iv e  ju dg m en t as to  th e q u a l it y  and v a l id i t y  o f a new 
re s u lt  th ro ugh p u b li c a t io n ,  c r i t ic i s m ,  and d is c u s s io n . NSF 
has a ro le  to  p la y  by enco ura gi ng  co m m un icat ions  and under­
sta nd in g between th e  p r a c t it io n e r s  o f the v a r io u s  d is c ip l in e s .  
W ith  open ch annels  o f co m m unicatio n, in te r d is c ip l in a r y  s tu d ie s  
are a n a tu ra l de ve lopm en t fo r  c re a ti v e  re sea rc h  s c ie n t is t s .
We would  no t w ish to  e n te r in to  an era o f in te r d is c ip i in a r ia n is m  
fo r  th e sake o f i n t e r d i s c ip l in a r i t y  a t th e  r is k  o f lo s in g  th e 
va lu e o f such d is c u s s io n , c r i t ic is m ,  and v a l id a t io n .
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Q uestion #3

Q. What b e n e fi ts  an d /o r prob lems do you fo re se e  stemm ing  fro m 
th e  c u rre n t em phas is w it h in  th e Foundatio n on j o in t  
u n iv e r s it y - in d u s t r y  ve n tu re s  in  th e pe rform an ce  o f bas ic  
re searc h?

A. The Fou nd at ion has supported p ro d u c ti v e  j o i n t  u n iv e r s it y -  
in d u s tr y  pro gra ms  w it h in  bo th  th e bas ic  re searc h  pro gra ms  
and the fo rm er RANN pr og ra m . This  c e r ta in ly  is  a good 
th in g  to  do when a p a r t ic u la r  to p ic  is  r ip e  f o r  j o in t  
e x p lo it a t io n ;  c le a r ly  t h is  ca nn ot  be an a c ro s s -t h e -b o a rd  
a c t i v i t y ,  but th e  NSF s im p ly  mus t p ro v id e  a mechan ism to  
resp on d to  th os e who id e n t i f y  ti m e ly  to p ic s .  C u rre n tl y  
th e re  is  d is c u s s io n  w i th in  th e Foundatio n as to  how best  
to  a tt a c k  c o m p li c a ti o n s  such as pa te n ts  and p ro p r ie ta ry  
i n fo rm a ti o n .

I p e rs o n a ll y  fe e l th a t  th e  lo ng -r ange  h e a lt h  o f scie nce 
makes i t  a p p ro p r ia te  to  p ro te c t a la rg e  b lo ck  o f re sourc es 
f o r  u n iv e r s it ie s  because o f t h e ir  e d u ca ti o n a l in vo lv e m en t.
A progra m lo o k in g  to  th e  h e a lt h  o f bas ic  re sea rc h  in  indu  s t r y  
cou ld  be sep a ra te , and s e p a ra te ly  fu nded , as I now see i t .
A mechanism  which  p ro v id e s  fo r  th e easy  exchange o f pe op le  
betwe en in d u s tr y  and academe is  appea ling  fo r  th a t  is  a 
prov en  method fo r  t r a n s fe r  o f id e a s , p e rs p e c ti v e , and 
te ch n iq ue .

Q uest io n #4

Q. How do you th in k  re se a rc h  p ro posa ls  from  in d u s t r ia l 
s c ie n t is ts  sh ou ld  be re v ie w ed and eva lu a te d  by you r 
d ir e c to ra te ?  Sh ou ld th e  c r i t e r i a  be d i f f e r e n t  from  th os e 
which apply  to  acad em ic re searc hers ?  And fo r  wh at reas on ?

A. As s ta te d  above I th in k  any  la rg e  sca le  ba s ic  re searc h
prog ram in v o lv in g  in d u s try  sh ou ld  be a s e p a ra te ly  fund ed  
prog ra m. However, w i th in  th a t  c o n te x t,  I wo uld  fe e l th a t  
re searc h  p ro posa ls  shou ld  be eva lu a te d  in  much th e  same 
way th a t  p ro posa ls  ar e c u r r e n t ly  eva lu a te d  in  ou r bas ic  
re searc h  pr og ra ms. . S c ie n t i f ic  e xce lle n ce  sh ould  be the 
m ajo r c r i t e r io n  and peer re v ie w  sh oul d be th e  m ajo r to o l.  
The s e le c ti o n  o f re v ie w e rs  and a d v is o ry  pa ne l members 
m ig h t have to  be g iv en  s p e c ia l c o n s id e ra ti o n . Th ere sh ou ld  
be no spe c ia l " s h e lt e r in g "  in  such  a pr ogr am , ho we ve r.
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Q uestion #5

Q. Do you th in k  th e  c u r re n t  ba lanc e between p ro b le m -o ri e n te d  
and basic  re searc h  needs to  be re v is ed?  In  wh at way?

A. Because I have been a t th e  Fou nda tio n such a s h o rt tim e and 
ou r a p p lie d  re sea rc h  a c t i v i t y  is  underg oin g such a major  
re o rg a n iz a ti o n , I wou ld  li k e  to  w it h h o ld  ju dg m en t on th is  
is sue fo r  the p re se n t tim e . I t  is  my pers onal o p in io n  
th a t  th e g re a te s t n a ti o n a l good wo uld  come about i f  the 
m is s io n ag en cies  we re to  b u il d  up (o r r e b u il d )  s tr o n g e r 
bas ic  re se arc h prog rams in  th os e area s where  new know ledge 
w i l l  fo re se e a b ly  bear upon t h e ir  fu tu re  o p e ra ti o n a l pr obl em s.

Q uestion #6

Q. How do you in te n d  to  c o o rd in a te  th e e f f o r t s  o f  you r d ir e c to ra te  
w it h  the o th e r ba s ic  re searc h d ir e c to ra te s ?  W ith  th e Sc ienc e 
A p p li c a ti o n s  D ir e c to ra te ?

A. A s a t is fa c to ry  c o o rd in a ti o n  me chanism , e s p e c ia ll y  a t the 
program o f f ic e r  le v e l ,  is  a lr ea dy  in  p la ce among th e bas ic  
re searc h d ir e c to ra te s  a t NSF. Fo r ex am ple,  our synch ro tr on  
ra d ia t io n  so ur ce s are  fund ed  by th e D iv is io n  o f M a te r ia ls  
Res ea rch,  bu t th ey are  used by in v e s t ig a to rs  supported by 
che m is tr y  and b io lo g y  g ra n ts  as w e ll .  A s im i la r  s it u a t io n  
w i l l  apply  to  seve ra l o th e r f a c i l i t i e s  now bein g deve lo ped.

Our Scie nce A p p li c a t io n s  D ir e c to ra te  is  so new th a t  i t  is  
ha rd  fo r  me to  say now what would  be th e bes t method o f 
c o o rd in a ti n g  our pr ogr am s.  I t  seems e s s e n ti a l th a t  my pro gra m 
s t a f f  m a in ta in  co m m unica tio ns w it h  th is  D ir e c to ra te .  Per ha ps , 
a t th e b e g in n in g , each Resea rch  D ir e c to ra te  cou ld  ap po in t an 
in d iv id u a l to  se rv e as Scien ce  L ia is o n  member to  th e  Scien ce  
A p p li c a ti o n s  D ir e c to ra te  to  f a c i l i t a t e  co m m un icat ions  and 
p e rm it  D ir e c to ra te s  to  le a rn  fro m each o th e r .

Q uestion #7

Q. What can and sh ou ld  th e  Fou nda tio n do to  enhance  th e p o s s i­
b i l i t y  o f u s e fu l " s p in - o f f s "  fro m th e basic  re searc h  i t  
spon so rs?

A. I b e lie v e  th a t  n e a r ly  every  elem en t o f th e M ath em atica l and 
P hys ic a l Scien ce s and E ng in eering  D ir e c to ra te  has re searc h 
w it h  some " s p in - o f f "  p o te n t ia l.  I w i l l  en co ur ag e aware ness 
o f o p p o r tu n it ie s .

As to  me chanism s, f i r s t ,  a l l  wo rk supported w i th in  th e bas ic  
re searc h progra m is  pu b lishe d  so th a t  p o te n t ia l s p in -o f fs  
are  alwa ys  th e re  to  be cap tu re d by th ose who can use the 
re searc h r e s u lt s .  Se co nd , NS F-deve lop ed  o r -s ponsore d work ­
shops are among our in i t i a t i v e s  to  "s pre ad th e  wor d"  more 
r a p id ly ,  and in  a more  ti m e ly  fa s h io n . I be lieve  th a t  i t  
a ls o  happens th a t  an in d iv id u a l pro gram  o f f i c e r  re cogn iz es 
th e p o te n t ia l i t y  o f a s p in - o f f  and he s im p ly  pushe s i t  u n t i l  
someone ca tches  i t .
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Senator Randolph. Thank von very much. This hearing is ovei 
[Whereupon, at 1 1:30 a.m. the committee adjourned.]
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