
) 1 4 1 kz2 sev--
, c 13) I 

5NN

96-19 AUTHORIZATIONS FOR NBS LI

N,
GOVERNMENT

Storage

K
S
U
 L
I
B
R
A
R
I
E
S
 

HEARING
BEFORE THE

SUBCOMMITTEE ON
SCIENCE, TECHNOLOGY, AND SPACE

OF THE

COMMITTEE ON COMMERCE,
  -aE1 SCIENCE, AND TRANSPORTATION

E UNITED STATES SENATE
  Er
 rq NINETY-SIXTH CONGRESS   rg

SECOND SESSION

ON

S. 2320
TO AUTHORIZE APPROPRIATIONS TO THE SECRETARY OF COMMERCE
FOR THE PROGRAMS OF THE NATIONAL BUREAU OF STANDARDS,
INCLUDING CERTAIN SPECIAL STATUTORY PROGRAMS, AND

FOR OTHER PURPOSES

MARCH 12, 1980

Serial No. 96-79

Printed for the use of the
Committee on Commerce, Science, and Transportation

U.S. GOVERNMENT PRINTING OFFICE

60-6890 WASHINGTON: 1980



COMMITTEE ON COMMERCE, SCIENCE, AND TRANSPORTATION

HOWARD W. CANNON, Nevada, Chairman

WARREN G. MAGNUSON, Washington
RUSSELL B. LONG, Louisiana
ERNEST F. HOLLINGS, South Carolina
DANIEL K. INOUYE, Hawaii
ADLAI E. STEVENSON, Illinois
WENDELL H. FORD, Kentucky
DONALD W. RIEGLE, JR., Michigan
J. JAMES EXON, Nebraska
HOWELL HEFLIN, Alabama

BOB PACKWOOD, Oregon
BARRY GOLDWATER, Arizona
HARRISON H. SCHMITT, New Mexico
JOHN C. DANFORTH, Missouri
NANCY LANDON KASSEBAUM, Kansas
LARRY PRESSLER, South Dakota
JOHN W. WARNER, Virginia

AUBREY L. SARVIS, Staff Director and Chief Counsel
EDWIN K. HALL, General Counsel

STEVEN FLAJSER, Professional Staff Member
WILLIAM M. DIEFENDERFER, Minority Staff Director

GERALD J. KOVACH, Minority Staff Counsel

SUBCOMMITTEE ON SCIENCE, TECHNOLOGY, AND SPACE

ADLAI E. STEVENSON, Illinois, Chairman
WENDELL H. FORD, Kentucky HARRISON H. SCHMITT, New Mexico
RUSSELL B. LONG, Louisiana BARRY GOLDWATER, Arizona
ERNEST F. HOLLINGS, South Carolina NANCY LANDON KASSEBAUM, Kansas
DONALD W. RIEGLE, JR., Michigan
HOWELL HEFLIN, Alabama



CONTENTS

Page
Opening statement by Senator Schmitt  1
Text of S. 2320  2

LIST OF WITNESSES

Ambler, Dr. Ernest, Director, National Bureau of Standards, Department of
Commerce; accompanied by Dr. Thomas Dillon, Deputy Director  38
Attachment  43

Baruch, Dr. Jordan, Assistant Secretary for Science and Technology, Depart-
ment of Commerce  9
Prepared statement  32

Compton, Dr. W. Dale, vice president, research, Ford Motor Co.; and Dr 
Mildred S. Dresselhaus, director, Center for Materials Science and Engineer-
ing, Massachusetts Institute of Technology   51
Prepared statement of Dr. Dresselhaus   58





AUTHORIZATIONS FOR THE NATIONAL BUREAU
OF STANDARDS-FISCAL YEARS 1981 AND 1982

WEDNESDAY, MARCH 12, 1980

U.S. SENATE,
COMMITTEE ON COMMERCE, SCIENCE, AND TRANSPORTATION,

SUBCOMMITTEE ON SCIENCE, TECHNOLOGY, AND SPACE,
Washington, D.C.

The subcommittee met at 9:40 a.m., in room 235, Russell Senate
Office Building, Hon. Adlai E. Stevenson (chairman of the subcom-
mittee) presiding.

OPENING STATEMENT BY SENATOR SCHMITT

Senator ScHmirr [presiding]. The hearing will come to order.
Senator Stevenson will be here shortly. He asked me to begin this
morning. The subcommittee will examine the fiscal year 1981 au-
thorization request for the National Bureau of Standards.
Our witnesses are Dr. Jordan Baruch, Assistant Secretary for

Science and Technology, the Department of Commerce; Dr. Ernest
Ambler, Director, National Bureau of Standards, Department of
Commerce; Dr. W. Dale Compton, vice president, research, Ford
Motor Co.; and Dr. Mildred S. Dresselhaus, director, center for
materials science and engineering at MIT.
The National Bureau of Standards is the Nation's oldest national

laboratory, and it is always a privilege to review the health and
status of the Bureau and its contributions to our national scientific
and technological base.
I think there are concerns that we must have about the Bureau.

I have stated before my concerns in the past about reports of low
morale, for a variety of purposes in some areas, insufficient fund-
ing for the purposes for which it is chartered, possibly some declin-
ing capability in the scientific base of the Bureau, claims that the
scientific reputation is deteriorating in the Bureau, and insufficient
attention to long-term research. I might add to that list a concern
that the Department of Energy and possibly other agencies don't
pay any attention to the Bureau when they make recommenda-
tions on scientific or technical work of various proposals put before
them. I suspect that is more of a problem of the Department of
Energy than it is the Bureau of Standards, but nevertheless I think
it's something we need to address.
[The bill follows:]

(1)
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To authorize appropriations to the Secretary of Commerce for the programs of the
National Bureau of Standards, including certain special statutory programs,
and for other purposes.

IN THE SENATE OF TIEE UNITED STATES

FEBRUARY 20 (legislative day, JANUARY 3), 1980

Mr. CANNON (by request) introduced the following bill; which was read twice and
referred to the Committee on Commerce, Science, and Transportation

A BILL
To authorize appropriations to the Secretary of Commerce for

the programs of the National Bureau of Standards, including

certain special statutory programs, and for other purposes.

1 Be it enacted by the Senate and House of Representa-

2 tives of the United States of America in Congress assembled,

3 That this Act may be cited as the "National Bureau of

4 Standards Authorizations of Appropriations Act for Fiscal

5 Years 1981 and 1982".
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2

1 AUTHORIZATIONS FOR ACTIVITIES UNDER THE ACT OF

2 MARCH 3, 1901

3 SEC. 2. (a) There are hereby authorized to be appropri-

4 ated to the Secretary of Commerce to carry out activities

5 performed by the Bureau under the Act of March 3, 1901, as

6 amended (15 U.S.C. 271-278h), except section 16 thereof

7 (15 U.S.C. 2780, $87,733,000 together with such sums as

8 may be necessary for increases resulting from adjustments in

9 salary, pay, retirement, other employee benefits required by

10 law, and for other nondiscretionary costs for fiscal year 1981,

11 and such sums as may be necessary for fiscal year 1982.

12 (b) Section 16 of the Act of March 3, 1901, as amended

13 (15 U.S.C. 2780, is further amended by adding at the end

14 thereof a subsection (c) to read as follows: "(c) For the pur-

15 poses of this section, there are authorized to be appropriated

16 to the Secretary of Commerce $1,253,000 together with

17 such sums as may be necessary for increases resulting from

18 adjustments in salary, pay, retirement, other employee bene-

19 fits required by law, and for other nondiscretionary costs for

20 fiscal year 1981, and such sums as may be necessary for

21 fiscal year 1982.".

22 (c) Section 18 of the Act of March 3, 1901, as amended

23 (15 U.S.C. 278h), is further amended by: (1) repealing sub-

24 section (b); and (2) removing the designation "(a)" from the

25 remaining paragraph.
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1 AUTHORIZATIONS FOR ACTIVITIES UNDER OTHER

2 STATUTES

3 SEC. 3. (a) There are authorized to be appropriated to

4 the Secretary of Commerce $15,390,000 together with such

5 sums as may be necessary for increases resulting from adjust-

6 ments in salary, pay, retirement, other employee benefits re-

7 quired by law, and for other nondiscretionary costs for fiscal

8 year 1981, and such sums as may be necessary for fiscal year

9 1982 to carry out the activities specified for performance by

10 the Secretary or the Bureau in:

11 (1) section 111(f) of the Federal Property and Ad-

12 ministrative Services Act of 1949, as amended (40

13 U.S.C. 759(0);

14 (2) sections 5 (d) and (e), 8 and 9(a) of the Fair

15 Packaging and Labeling Act (15 U.S.C. 1454 (d) and

16 (e), 1457 and 1458(a));

17 (3) section 383(c) of the Energy Policy and Con-

18 servation Act, as amended (42 U.S.C. 6363(c));

19 (4) section 5002 of the Solid Waste Disposal Act,

20 as amended (42 U.S.C. 6952);

21 (5) section 5(d) of the Earthquake Hazards Re-

22 duction Act of 1977 (42 U.S.C. 7704(d)); and

23 (6) title IV of the Trade Agreements Act of 1979

24 (19 U.S.C. 2531-2573).
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1 (b) There are authorized to be appropriated to the Sec-

2 retary of Commerce to carry out research by the Bureau in

3 the area of environmental measurement sciences $245,000

4 together with such sums as may be necessary for increases

5 resulting from adjustments in salary, pay, retirement, other

6 employee benefits required by law, and for other nondiscre-

7 tionary costs for fiscal year 1981, and such sums as may be

8 necessary for fiscal year 1982.

9 (c) There are authorized to be appropriated to the Sec-

10 retary of Commerce to carry out the purposes of the Stand-

11 ard Reference Data Act (15 U.S.C. 290-2900 such sums as

12 may be necessary for fiscal year 1982.

13 FACILITIES IMPROVEMENT

14 SEC. 4. The Act of March 3, 1901, as amended (15

15 U.S.C. 271-278h),: is further amended by striking the figure

16 "$75,000" in section 14 of such Act (15 U.S.C. 278d) and

17 inserting in lieu thereof the figure "$250,000".

18 INTERNATIONAL ACTIVITIES

19 SEC. 5. In order to develop and strengthen the Depart-

20 ment of Commerce's expertise in science and engineering, to

21 enhance the Secretary's ability to maintain the Department's

22 programs at the forefront of worldwide developments in sci-

23 ence and engineering, and to cooperate in international scien-

24 tific activities, the Act of March 3, 1901, as amended (15

25 U.S.C. 271-278h), is further amended by adding immedi-

60-689 0 - 80 -- 2
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1 ately after section 16 (15 U.S.C. 2780 a new section 17 to

2 read as follows:

3 "Sec. 17. (a) The Secretary is authorized, notwith-

4 standing any other provision of law, to expend such sums,

5 within the limit of appropriated funds, as the Secretary may

6 deem desirable, through the grant of fellowships or any other

7 form of financial assistance, to defray the expenses of foreign

8 nationals not in service to the Government of the United

9 States while they are performing scientific or engineering

10 work at agencies of the Department of Commerce or partici-

11 pating in the exchange of scientific or technical information

12 at agencies of the Department of the Commerce.

13 "(b) The Congress consents to the acceptance by an

14 employee of the Department of Commerce of fellowships,

15 lectureships, or other positions for the performance of scien-

16 tific or engineering activities or for the exchange of scientific

17 or technical information, offered by a foreign government,

18 and to the acceptance and retention by an employee of the

19 Department of Commerce of any form of financial or other

20 assistance provided by a foreign government as compensation

21 for and/or to defray the expenses associated with performing

22 scientific or engineering activities or exchanging scientific or

23 technical information, when the acceptance of such fellow-

24 ship, lectureship, or position or the acceptance and retention

25 by an employee of such assistance is determined by the Sec-
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1 retary to be appropriate and consistent with the interests of

2 the United States. For the purposes of this subsection, the

3 definitions appearing in subsection 7342(a) of title 5 of the

4 United States Code apply. Civil actions may be brought and

5 penalties assessed against any employee who knowingly ac-

6 cepts and retains assistance from a foreign government not

7 consented to by this subsection in the same manner as pre-

8 scribed by subsection 7342(h) of title 5 of the United States

9 Code.

10 "(c) Provisions of law prohibiting the use of any part of

11 any appropriation for the payment of compensation to any

12 employee or officer of the Government of the United States

13 who is not a citizen of the United States, shall not apply to

14 the payment of compensation to scientific or engineering per-

15 sonnel of the Department of Commerce.".

16 ACTIVITIES PERFORMED FOR OTHER AGENCIES

17 SEC. 6. The Secretary of Commerce shall charge for

18 any service performed by the Bureau, at the request of an-

19 other Government agency, in compliance with any statute,

20 enacted before, on, or after the date of enactment of this Act,

21 which names the Secretary or the Bureau as a consultant to

22 another Government agency, or calls upon the Secretary or

23 the Bureau to support or perform any activity for or on behalf

24 of another Government agency, or to cooperate with any

25 Government agency in the performance by that agency of
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1 any activity, regardless of whether the statute specifically

2 requires reimbursement to the Secretary or the Bureau by

3 such other Government agency for such service, unless funds

4 are specifically appropriated to the Secretary or the Bureau

5 to perform such service. The Secretary may, however, waive

6 any charge where the service rendered by the Bureau is such

7 that the Bureau will incur only nominal costs in performing

8 it. Costs shall be determined in accordance with section 12(e)

9 of the Act of March 3, 1901, as amended (15 U.S.C.

10 278b(e)).
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Senator ScHmirr. From my review of the statements submitted
by today's witnesses, I am encouraged by the optimism in those
statements. Hopefully it is well based, and, Dr. Baruch, if you
would like to convince me that it's well based, I would like to hear
from you. Please proceed. You may summarize, as you desire, and
your complete statement will be part of the record.

STATEMENT OF DR. JORDAN BARUCH, ASSISTANT SECRETARY
FOR SCIENCE AND TECHNOLOGY, DEPARTMENT OF COM-
MERCE

Dr. BARUCH. Thank you, Senator Schmitt. I would like to submit
my statement for the record, and indeed summarize it.
You mentioned optimism, and this year I am pleased to testify

before you in a spirit of optimism. That is rare in this period of
budget restraint. I am particularly pleased to speak on behalf of
the Bureau. It has applied its expertise in science and engineering
to the pursuit of innovation, productivity, equitable regulatory deci-
sionmaking, equity in commerce, and accuracy and compatibility in
science and science measurement.

I would like to start my testimony by expressing my support for
S. 2320 as introduced by Senator Cannon, a bill which would
reauthorize the Bureau's programs for fiscal years 1981 and 1982.
The Department of Commerce, as you know, is concerned with

the overall industrial health of the country, and in one of my
earliest appearances before this committee, Senator Stevenson
asked me how I would feel about periodic reauthorization hearings
for the Bureau. He was surprised when I said I would welcome
them.

I welcomed them then, I welcome them now. The reason for that
welcome is the fact that the role of the National Bureau of Stand-
ards is changing because of our economic situation and because of
the rate of development of technology in the United States.
Mr. Chairman, if you will permit me, I would like to let Dr.

Ambler address the details of the bill, and I would like to try to
establish the context in the Department of Commerce in which the
Bureau will be functioning over the coming years.
The Secretary of Commerce, with the approval and the encour-

agement of the President, is in the process of establishing an Office
of Productivity, Technology, and Innovation (OPTI). It is a less
comfortable name than was the Office of Science and Technology,
but there is a reason for the name change that is far more than
cosmetic.
The principal purpose of OPTI will be to enhance the productiv-

ity and development of U.S. industry through the strategic applica-
tion of science and technology. The name OPTI reflects that our
efforts will concentrate on the task we are intending to accomplish,
rather than the tools, science and technology, that we use to attack
that task.
The primary market for our services is the U.S. private sector

where and when it lacks either the ability or incentives to do the
job itself.
Our secondary market is those foreign nations whose industrial-

ization is important to U.S. foreign policy.
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Senator SCHMITT. Doctor, excuse me for interrupting. Is this new
office going to be located within the Bureau of Standards?
Dr. BARUCH. No, sir. It's an office that will be adjacent to the

Bureau of Standards. The Assistant Secretary of Science and Tech-
nology will be renamed the Assistant Secretary for Productivity,
Technology, and Innovation, and the Bureau of Standards will
report to that Assistant Secretary. Currently I will be that Assist-
ant Secretary if Congress approves.
Senator ScHmirr. And what will be the relationship between this

new office and the Bureau of Standards?
Dr. BARUCH. The same relationship that the Bureau has had

with the Office of Science and Technology. Technically, it will not
be part of the new office, it will remain part of the Office of the
Assistant Secretary, and its relationship to the Assistant Secretary
will not change.
Senator ScHmirr. OK. Please proceed.
Dr. BARUCH. In my definition of the role of OPTI to enhance the

productivity and development of U.S. industry through the strate-
gic application of science and technology, I used the word "strat-
egy." The development of these strategies and the analysis on
which we will base the priorities for our programs will be the
responsibility of a new Office of Strategy and Evaluation.
The last page of my written testimony, Senator, has a chart

which I prefer to call a functional organization rather than an
operating organization, and it shows, incidentally, the relationship
of the National Bureau of Standards to the material enclosed in
the dashed line, which is the Office of Productivity, Technology and
Innovation.
In the upper left corner, we find the Office of Strategy and

Evaluation which will be responsible for the development of strate-
gies for our programs. Two other blocks up there, the Commerce
Technical Advisory Board and the Office of Product Standards
Policy help the Assistant Secretary to develop policies for recom-
mendation to the Secretary and to the President for the removal of
disincentives or the establishment of new incentives for the en-
hancement of industrial development.
The program activities lie below that, and deal with the commod-

ity that we are concerned with, science and technology.
Senator ScHmirr. Please continue, doctor.
We welcome Senator Stevenson.
Senator STEVENSON [presiding]. Thank you.
Dr. BARUCH. We recognize that modern U.S. industry is based on

and paced by knowledge. Our programmatic task is to improve
availability of that knowledge and its utility to U.S. industry.
There are three tasks we have to do and do well in order to

increase the availability and utility of knowledge to industry:
First, where that knowledge already exists, our job is to collect it,

evaluate it, organize it, and make it readily accessible to industry.
If you look at the organizational chart, you will see that the
National Technical Information Service, the second column from
the left, is the central organization for gathering, organizing and
making existing information available. It has been primarily a
document distribution system. Its Federal information until recent-
ly has been concerned only with completed reports of Federal
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agencies. It will, with the incorporation of the Smithsonian Science
Information Exchange, be dealing also with reports of research in
progress.

It has several other functions. Under Federal information, you
will see the Center for the Utilization of Federal Technology,
CUFT, which is modeled on the technology utilization program of
NASA, but which has a broader mandate. Its task is to help match
technologies that develop in the Federal laboratories to the needs
of industry.

It will work through seminars, conferences, and a program we
expect to initiate of cuvr fellows, who will actually come from
industry to the Federal laboratories to participate along with their
Federal peers.
Where a technology utilization group exists, as it does in NASA,

it will work very closely with that group, not to supplant its
activities, but to extend its reach to industries with which it is not
normally in communication.
The NTIS will also be taking over much of the patent informa-

tion activity of the U.S. Patent and Trademark Office. The Patent
and Trademark Office will continue to maintain its files for the use
of lawyers, patent searchers, examiners, and so forth, but to make
those files accessible and useful to engineers requires that they be
catalogued and organized somewhat differently, and that will be a
task undertaken by NTIS.
Information knowledge that industry needs frequently does not

exist, however. Where it doesn't, our next job is to create it. That
brings us to the National Bureau of Standards. The National
Bureau of Standards has some 200 programs engaged in developing
the basic infrastructural knowledge for industry on which industry
can base and reference its technical activities.
The Bureau has been in existence for some 79 years. It has had

an exemplary record in the past. As you mentioned, Senator
Schmitt, it has had some difficulties in the more recent past,
difficulties to which the administration is paying hard and detailed
attention to.
The National Bureau of Standards will continue to function as

the Nation's central reference laboratory and as the laboratory on
which much of industry depends for the traceability of its measure-
ments, for the ability to check out standard reference materials
from which to gather standard data, and to get the very basic
knowledge of which they build their technology.
Within the dashed lines defining OPTI is a new group—the

Office of Productivity and Product Technology. The President has
proposed in his budget the formation of a cooperative generic tech-
nology program to establish centers to work in close liaison with
the industry on the developments of process technologies that are
applicable to a wide range of our industries, particularly those
industries on whom we depend for our exports and for our lead
position in world commerce.
The cooperative generic technology program will be part of that

Office of Productivity and Product Technology, as will our work in
the positive adjustment programs where we guide the expenditure
of funds from the Economic Development Administration that are
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used to help industries develop and adapt technologies that will
restore their competitive position.
Exploratory technology is meant to manage those programs gen-

erally mandated by Congress to explore new areas that they see as
important to the country, such as resource recovery and the recov-
ery of native latex from guayale.
The Patent and Trademark Office which I have already men-

tioned, provides the asset value that gives the incentive to inves-
tors to engage in the expensive development programs necessary to
bring new inventions to fruition.
Within the dashed lines which define OPTI, is another new

group—the Productivity Reference Service. It is there because
there needs to be an outreach agency to keep the public informed
of productivity and an agency where industry can come in order to
get the kinds of productivity data and productivity impact analyses
that they need in management.
The last column on the right, the last box on the right, is the

Office of Reimbursable Foreign Programs. It will manage the kinds
of programs that we now have underway with China, Israel, Egypt
and potential programs with South and Central America.
Senator ScHmirr. Doctor, you snuck the guayale plant by me. I

thought that was a Department of Agriculture program.
Dr. BARUCH. It's a joint program, sir. The Department of Agricul-

ture is concerned with how you grow guayale, and the Department
of Commerce is concerned with what you do with it after you grow
it. Postharvest processing--
Senator ScHmirr. The specific funding has been coming through

the Department of Agriculture.
Dr. BARUCH. The Native Latex Commercialization and Economic

Development Act authorizes money for both the Department of
Agriculture and the Department of Commerce.
Senator ScHmirr. Thank you. That's all.
Dr. BARUCH. I'd like to return now, if I may, to the National

Bureau of Standards, because that's what we're really here for
today, and I merely wanted to give a context for it.
I don't need to convince this committee that the National Bureau

of Standards is a major national resource. For 79 years, NBS has
played a key role in the maturation of U.S. industry and has
learned how to work effectively at the interface between industry
and government. Would that the relationship between industry and
government were as comfortable every place else as it is at the
Bureau of Standards.
The Bureau has a unique role. Knowledge is best disseminated

on a person-to-person basis. During the Bureau's life, more than
1,000 engineers and scientists have been formally supported by
some 450 industrial organizations to do extended research at the
National Bureau of Standards labs.
Currently there are 99 research associates from 31 industrial

organizations in the NBS labs gaining expertise and extending
their organizations' research horizons. This year, 150 university
professors and students will collaborate on NBS work. Over 16,000
engineers and scientists will participate in NBS specialized work
shops and conferences.
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NBS' 22 standard reference data centers for technical data ex-
change have provided 50,000 replies each year to requests from the
public for information.
I should mention that those are not freedom of information

requests, but requests for technical assistance.
We have 37,000 standard reference materials distributed each

year to 10,000 users, and participate in the calibration of 3,000
instruments for some 1,000 organizations to insure that our Na-
tion's measurements are traceable to the standards of the National
Bureau of Standards.
Almost every Government agency concerned with science or

technology from the Department of Agriculture to the Department
of Defense works with the National Bureau of Standards, coming
to them for the kind of specialized knowledge and competence
available no place else.
In my new role, I shall continue to use NBS both as a reference

for assessing the status of science and technology, for institutional
guidance, and for its contacts with universities and industry, but
also as a working model for how a government agency can develop
programs and operate them in collaboration with industry in pur-
suit of national goals.
When I made the presentation on the new organization to the

Secretary, I got a little difficulty because of the acronym OPTI.
Secretary Klutznick, who has a wit that I appreciate, said, "I like
it. It's the first two syllables of optimism." And we are taking an
optimistic view of the role that Government can play in working
with industry to advance our economic development.
But if we don't take an optimistic view, there is almost no other

view we can take at the present time.
Gentlemen, thank you for your interest. I would be pleased to

answer any questions about the new office or about the Bureau of
Standards that I am competent to answer.
Senator STEVENSON. Thank you, sir. I think you have done a very

good job in your difficult and important position. That goes for Dr.
Ambler, too.
Well, I do have some questions, and if they reflect some skepti-

cism, it's not for any lack of confidence in you.
The Bureau requested $18 million for research in industrial pro-

ductivity and innovation. That was not approved at the department
level, I understand. This is for the fiscal 1981 budget. Why not?
Dr. BARUCH. I need a moment to get the details of that.
Senator STEVENSON. Well, all right.
Dr. BARUCH. Unless you have them there.
Senator STEVENSON. Well, that's all I have. I'd like to get the

details, but I'm not looking so much at the detail as why, with all
the rhetoric and the reorganization intended to support productiv-
ity—I wish I saw more references to innovation—a budget request
by a competent agency for the purpose of improving productivity
and innovation wasn't approved.

It looks like we're getting a lot of organization and a lot of words,
but not so much action.
Dr. BARUCH. In the $18 million that you mentioned, two parts

were present:

60-689 0 - 80 -- 3
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One was a proposal on automation, and one was a proposal on
automated testing. We did get a significant portion of the request
we made, but I ought to mention some of the reasons why we have
problems.
Senator STEVENSON. I'm not talking about your request. This is a

request from NBS, as I understand it. It was turned down within
the Department. It is not an OMB denial.
Dr. BARUCH. That's what I'm referring to, Senator. For example,

in the very large scale integrated circuit work, we did get approval
from OMB for $3.3 million. In the automation activities, however,
as you may know, the visiting committee has scheduled its review
of the NBS' role in automation for its next meeting, and NBS
didn't—we in the Department did not feel it was appropriate to go
ahead with a major expansion in that area until the visiting com-
mittee had had a chance to report.
Senator STEVENSON. Is that because such activities are now in-

tended for the Department outside of the Bureau in one of these
many boxes?
Dr. BARUCH. One of the suggested areas for work, Senator, in

automation is in the cooperative generic technology center, where
there has been a great deal of interest in the area of flexible
manufacturing.
Senator STEVENSON. Well, I think that's a prime candidate for a

generic technology center. The Japanese are way ahead of us.
They've got about 15,000 robots on line. The Datsun assembly plant
has 67 employees producing—I think it's 1,300 cars a day. But how
much money have we got for cooperative generic technology?
Dr. BARUCH. The President's request was for $5.2 million.
Senator STEVENSON. And what's going to happen to that in this

current round of budget slashing?
Dr. BARUCH. I don't know for sure, naturally, but the indications

that I have gotten so far are that the productivity and innovation
efforts are not going to suffer in the budget cuts; but nobody can
guarantee that.
Senator STEVENSON. Well, I hope that's so, because it would be

ironic, to say the least, if these feeble efforts to control inflation
were the victims of the conventional wisdom which suggests that
you can control it by indiscriminately cutting the budget except, of
course, for the military.

Positive adjustment programs. That sounds like Chrysler. Is this
for managing bailouts? I mean Chrysler is our big adjustment
program at the moment, isn't it?
Senator ScHmirr. It sounds like an afterwork discussion at a

local bar.
Dr. BARUCH. Senator, there are two ways that the Government

can help industry. The addition of money, as in the case of
Chrysler, was one. It's not the kind of program in which we are
Involved. We will be involved in those programs where we see some
technological opportunity to restore the competitive position of an
American industry, and we think that's a very productive use of
Government talent.
Senator STEVENSON. How much is budgeted for those activities,

that box?
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Dr. BARUCH. That budget comes out of the Economic Develop-
ment Administration funds, and their technical assistance program
is the order of $30 million—I'm not quite sure--
Senator STEVENSON. $30 million?
Dr. BARUCH. I'm not quite sure what size it is.
Senator STEVENSON. EDA already has a positive adjustment man-

date in its authorization. I don't know about the appropriations
this year. It's going up to a—it's a very large figure. It's about $1.3
billion, as I recall.
Dr. BARUCH. One small part of that is the technical assistance

program, and that's the part that they have called on us to help
them manage so that we can get technology applied to those indus-
tries.
Senator STEVENSON. It sounds like a very tiny part for positive

adjustment, and the rest for negative adjustment. That's what EDA
has historically done, it's been income maintenance. It hasn't been
positive adjustment.
You said $30 million for the positive part?
Well, I'm going to turn to Senator Schmitt in one second, and I

will have a few more questions, but I heard from somebody at a
rather high level in the Department the other day, not in your part
of the Department, that the Department was literally collapsing
under the weight of this overhead, and all of these new boxes.
He said that to get the simplest decision, the clearance process

now required some 26 different checkoffs in boxes that the deci-
sions had to go through.
How do you respond to that complaint from within your own

Department?
Dr. BARUCH. Well, it hasn't been a complaint within our office,

for the simple reason that this is not an organizational chart in the
sense of how clearance must take place. This is a chart that shows
the functions that we do. We have put them in boxes. Perhaps we
would have been smarter to put them just as a list, but we wanted
to clarify for this committee the kind of functions in which we are
engaged.
We do not have a high overhead in our office. You should be

aware that the total overhead section of our office is 11 people,
including me and the secretaries and my Deputy.
Senator STEVENSON. How will the Office for Productivity, Tech-

nology, and Innovation r'Mate to the Office of Industrial Technology
proposed in S. 1250? Now we plan to get that bill out. It's very
consistent, I think, with your own ideas of what needs to be done.
Dr. BARUCH. It's certainly consistent with the functional organi-

zation I have given here. It would provide a structural organization
that's somewhat different than I use, but the tasks we are address-
ing are very, very similar.
Senator STEVENSON. Well, we'd better figure out how to relate

that Office of Industrial Technology to this chart, or your chart, to
here.
Dr. BARUCH. I would be glad to work with your staff to do just

that.
Senator STEVENSON. Thank you.
Senator Schmitt?
Senator ScHmirr. Thank you, Mr. Chairman.
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Dr. Baruch, I have a great interest in the structural organization
of bureaucracy, and at various times I have traded philosophy with
members of the bureaucracy.
For example, in discussing the 2 to the nth factor, are you

familiar with that?
Dr. BARUCH. Yes, sir.
Senator ScHmirr. The number of interactions that one must have

to make a decision a function of 2 to the nth. N is the number of
people at the level that have to interact. What is N in your case?
Dr. BARUCH. One.
Senator Scmum You interact with no one in your staff on a

daily basis for each decision?
Dr. BARUCH. No. It's just that much of the decisionmaking has

been delegated to the competent members of the staff.
For example, the Director of the National Bureau of Standards

makes a wide range of decisions without ever referring to me, as
does the Director of--
Senator ScHmirr. Then you're not very busy during the day; is

that correct?
Dr. BARUCH. No, I'm busy as hell during the day.
Senator ScHmiTT. Well, who are you interacting with?
Dr. BARUCH. I interact with all of them, in part to make deci-

sions, although those are rare. They are decisions where the lead-
ers of these groups come and ask me for help. Much of my work,
however, is working with people like the Director of the Bureau to
establish the basic policies under which the Bureau will run.
Senator Scmum Well, Doctor, I suspect that many of your

decisions impact on everything on the major boxes on this chart,
which means that there probably are a large number of decisions
that require from 5 to 10 interactions for you to' finally come up
with the Department level or the Assistant Secretary level of rec-
ommendation to the Secretary.
Dr. BARUCH. I can't think of many, and the main reason is that 2

to the Nth--
Senator ScHmirr. Well, I don't know what you're doing. You're

at the top of the pyramid.
Dr. BARUCH. And the 2 to the nth paradigm is related to a star

organization where each member communicates with all other
members.
Senator ScHmirr. Don't you do that with these 10 boxes that are

here at the top of the chart?
Dr. BARUCH. But an easy way to do that is to bring the interested

group of people together with me, talk it out, and reach a decision.
That's not quite the same as requiring 2 to the Nth sequential
decisions. We can work in parallel frequently, and do.
Senator Sctimrrr. But it still takes time for each of those interac-

tions, even working in parallel.
Dr. BARUCH. Yes.
Senator Scmuff. Ten is a pretty large number; 2 to the 10th is a

pretty large number.
Dr. BARUCH. The operational activities here, I am very sensitive

to maintaining a moderate span of control, Senator, and if you will
look at the operational activities other than the staff ones, which
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are not the decisionmaking, they are policy advisory primarily, you
find that there are six.
Senator ScHmirr. Well, but they're all interrelated, or should be.

Most of the technology innovation decisions you make could fruit-
fully gain from interaction with each one of those boxes.
Dr. BARUCH. Oh, yes. And frequently the interactions take place

at very low levels. For example, when we work with the Chinese on
their work in manufacturing, the people in that office will go
directly to the people at the Bureau of Standards, not to reach a
decision, but for consultative assistance.
This is a very close-knit group, and these people work together

very comfortably.
Senator Scmum Then couldn't it all be done under the National

Bureau of Standards? Why do you need all these other offices?
Dr. BARUCH. There are various kinds of activities that would

dilute the efforts of the National Bureau of Standards. Take the
policy area, for example. We have in the upper right-hand corner
the Office of Product Standards Policy.
Senator Scmum I'm not arguing you shouldn't have some staff

for those boxes, but these others below that, it seems to me, would
fit very logically within the National Bureau of Standards' history,
tradition and capability.
Dr. BARUCH. Many of them would. If you look at something like

cooperative generic technology, which is probably the closest to the
activity in the National Bureau of Standards, that's where we
started it, and the reason for separating it out is that it gets a feel
for the main scientific and technical thrust of the Bureau, and that
was not a decision that was imposed on the Bureau, but rather one
that the Bureau participated in fully.
Senator ScHmirr. Well, I can't help but believe that part of it is

just the realization that you're not going to be able to talk the
administration in to many more bucks, and so you can say you're
doing something because you created a new office.
Dr. BARUCH. Sir, we have talked them into more dollars, as you

put it, but we feel it is important that the various activities have a
home and have an idea of their mission and know what they are
intended to do.
Senator Scmum I think that can happen with less overhead.

That's all I'm getting at.
Well, obviously we will take a while to agree on that. I still have

the strong impression that there is a tendency to reorganize and
create new offices to help business and industry, rather than look-
ing at some of the generic problems of why isn't it being done
naturally? Such as tax law and regulatory law. But I don't think
that we are going to solve that disagreement this morning.
Dr. BARUCH. But, Senator, I will mention that part of my new

policy responsibilities are to advise the Secretary on the impact of
various tax laws on technology, on innovation, and on industrial
development.
Senator ScHmirr. Well, your advice, if it's what I hope it would

be, is not being heeded; at least it hasn't worked its way to the
White House.
You mentioned that you look at the National Bureau of Stand-

ards as a model of a way. Government and industry can work
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together. Why do you pick that model and not one like the NACA
and its derivatives within NASA? There is certainly a much
stronger cooperative relationship there.
Dr. BARUCH. The generic technology program is modeled as close-

ly as humanly possible on the old NACA to which I was consultant
for many years. There you had the research strategy developed
primarily by industry. You had a distribution of responsibilities
that was agreed to between Government and industry. You had
work that was clearly focused on the capability needs—the capabil-
ity requirements of the aircraft industry, and it was probably the
most successful joint Government-industrial activity that ever took
place.
Senator ScHmirr. One of the reasons it was successful is it was

bounded and focused.
Dr. BARUCH. That's right.
Senator ScHmirr. It was the National Advisory Committee on

Aeronautics.
Dr. BARUCH. Yes, sir.
Senator ScHmirr. Not a generic technology office.
Dr. BARUCH. Right. But the question is if you want several of

those, and if you want them to learn from each other, it seems
appropriate to put them into one place where they have easy
communication with the people who are developing their roles who
have to argue with the Justice Department, for example, whether
there would be an antitrust violation.
We are not going to have a generic technology program that has

got a characteristic. We are going to have a program that estab -
lishes several generic technology activities.
For example, if we went into flexible manufacturing, we would

have a flexible manufacturing activity that would look very much
like NACA. It would have a somewhat smaller budget, but it would
look in its intent and in its activities very much like NACA.
Senator ScHmITT. Except that it is not perceived as a bounded,

independent problem, as NACA was.
Dr. BARUCH. If we do our job properly, I think it will be per-

ceived that way.
Senator ScHmrrr. Well, not if it's lost in this maze. Why don't we

just establish a small independent agency, a National Advisory
Committee on Flexible Manufacturing, or National Advisory Com-
mittee on—whatever is appropriate, and bound that problem and
go to work on it, and beat the Japanese and others at their own
game? That's what we did in aeronautics. Why do we keep ignoring
that lesson?
Dr. BARUCH. There is a policy question of whether you want to

have a proliferation of independent committees and agencies.
Senator ScHmirr. If you can bound them so their charter andpurpose is clear, there is absolutely no reason not to have those

kinds of agencies. The problem is what we have come up with arethese massive bureaucracies, and you are adding to the complexityof the Department of Commerce by this organization which cannever get anything done. They are too big. It is beyond the capacityof an individual, I don't care who he is, to manage too manyvariables, too many people, to keep his eye on all those balls thatare down below him.
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That's why you need problems bounded within the realm that
they can be solved, and we are not doing that any more. The whole
tendency of this administration is to aggregate things, make it
tougher on the guy at the top rather than easier. And that's what
you're doing to yourself here by this proliferation of boxes.
Dr. Baruch, it's my understanding that within the Bureau, there

is an Office of Energy-Related Inventions, which continuously re-
views inventions with potential energy applications. Could you de-
scribe briefly the function and operation of that office?
Dr. BARUCH. Yes, sir. The Department of Energy has requested of

the Bureau that we review those energy inventions that are sub-
mitted largely by small inventors, to determine whether they are
feasible, to do a small amount of economic analysis of them, where
that's possible, and the Department of Energy provides $21/2 mil-
lion to the Bureau of Standards to do that kind of review.
Senator ScHmirr. Do you make specific recommendations?
Dr. BARUCH. Yes; we do.
Senator ScHmirr. Could you supply the committee with a record

of projects evaluated over a reasonable period of time and the
recommendations you have made, and what the Energy Depart-
ment has decided to do with those projects?
Dr. BARUCH. We can supply you with the some 100 projects that

we have recommended to DOE for further financing, and 50 of
those have already been funded by the DOE. I will be happy to
provide a list.
Senator ScHmirr. Do you know why the other 50 are not?
Dr. BARUCH. Presumably because it takes time for the Depart-

ment of Energy to review them for funding purposes.
Senator ScHmirr. It is my understanding that in at least one case

related to us in the Small Business Committee, that office's recom-
mendation was overruled by the Department of Energy, and there
was no funding.
Dr. BARUCH. It's highly possible.
Senator SCHMITT. It had to do with a lift translator.
Dr. BARUCH. It's highly possible. The Department of Energy, of

course, has final say on what it funds and what it does not fund.
We are advisers to the Department of Energy on the projects
submitted to us.
Senator ScHmirr. Well, if you would provide us with some infor-

mation so we can evaluate how that interrelationship is working
between the two groups.
Dr. BARUCH. I will do that.
[The following information was subsequently received for the

record:]
The most recent semi-annual status reporting on the Energy-Related Inventions

Program (copy attached) contains the information requested by the Committee. The
report shows that as of December 31, 1979, 13,215 inventions had been submitted to
the National Bureau of Standards (NBS) for evaluation; review had been completed
on 12,431; and 128 had been recommended to DOE. The attachments to the report
include brief descriptions of those recommended inventions and the actions taken by
DOE. As of the date of the report, the DOE had awarded 61 grants or contracts
totaling $4,114,134.
The attachments also explain the current status of the other recommended inven-

tions. The expectation on recommendations is that support will be provided. Howev-
er, the recommendations are understood by both NBS and DOE not to be binding on
DOE.
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While support was not provided on ten recommendations, we are unaware of any
conflict between a recommendation by NBS and a decision by DOE. The working
relationship between NBS and DOE on the Inventions Program is considered ex-
tremely good.
As evidenced by the joint status report there is very close cooperation and mutual

support between DOE and NBS at the policy level, but the evaluation process is
managed and implemented solely by NBS. The separation of the evaluation pro-
gram (NBS) from the support program (DOE) seems to be working well. The objec-
tives and policies of other DOE programs are not a factor in NBS' decision on
evaluation. The existence of DOE sponsored research and development is taken into
account in reviewing the state-of-the-art in various technologies to see if the inven-
tion is new. Most of the recommendations from NBS under the Inventions Program
do not fall within the specific approaches and funding priorities being supported by
DOE technical programs.

U.S. DEPARTMENT OF ENERGY,
Washington, D.C.

STATUS REPORT ON THE ENERGY-RELATED INVENTIONS PROGRAM AS OF
DECEMBER 31, 1979

The Energy-Related Inventions Program was established by Congress in the Fed-
eral Nonnuclear Energy Research and Development Act of 1974 (P.L. 93-577). The
Committee on Appropriations, in the report concerning the Department of Interior
and Related Agencies Appropriation Bill for 1978, directed that the status of this
program be reported to their Committee every six months beginning with the six-
month period ending December 31, 1977. This is the fifth such report.
The Inventions Program provides first, for evaluation of inventions by the Office

of Energy-Related Inventions (OERI) in the National Bureau of Standards (NBS)
and then, support of promising inventions by the Department of Energy (DOE). It
gives particular attention to small businessmen and individual inventors, and pro-
vides one-time assistance, usually in the form of grants to assist selected inventors
in developing their inventions for eventual commercialization.
The Inventions Program is another way of discovering and developing new tech-

nologies; a method that supplements the traditional Federal way of much larger,
more objective oriented R&D programs in specific technical areas. The program is
flexible enough to respond to the unique needs of individual inventors.
Through the end of December 1979, OERI had received a total of 13,275 evalua-

tion requests. They made decisions on 12,431 of these, and recommended 128 inven-
tions to the DOE. As of that date, the DOE had awarded 61 grants or contracts
totaling $4,114,134. Fourteen of these grants are now complete. Seven other inven-
tors have received support other than direct financial assistance, and in 11 cases
there was no feasible way for DOE to help the inventor. Negotiations are in
progress with the remaining 49 inventors to determine the activities to be supported
with DOE assistance.
The two attachments statistically summarize the NBS work to date, and briefly

describe and list the status of the inventions which have been recommended to the
DOE.
There are some facets of the program which need to be highlighted, because they

affect program operations and planning:
For planning purposes on an annual basis we are continuing to use an expected

rate of 3,000 requests to NBS for evaluation, and an expected yield (recommenda-
tions to the DOE) of 1.3 per cent or 39 inventions per year. The short term input
rate ranged from between 2,500 and 5,000 in the past six months and is currently
level at the rate of about 3,000 annually. The yield in terms of recommendations to
DOE is fairly constant at about 3 or 4 per month.
The time which has been required to evaluate inventions and ultimately to

provide support by DOE has been of considerable concern to the program managers.
To expedite the evaluation, the NBS has modified its procedures to identify the
more promising inventions earlier in the evaluation process. As a result, average
response time, for inventions evaluated during the period, decreased significantlyfrom 33.4 to 22.3 weeks.
The total amount appropriated for the Program in Fiscal Year 1980 was $6.42million, as compared to $4.0 million in Fiscal Year 1979. The increase of more than50 per cent will help reduce the backlog of inventors negotiating for assistance withthe DOE and also provides funding for other initiatives of direct and more generalassistance to inventors.
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Reduction in this backlog (some 25 inventions) and future timely and effective
DOE support is critically dependant on sufficient staff to process and monitor
grants, particularly experienced people who can help the inventors to determine
how best to use their grant money and suggest ways of proceeding after DOE
support is complete.
With few exceptions, inventors recommended to the DOE have never dealt previ-

ously with the Federal Government in a procurement or an assistance relationship.
Forty-six per cent of these inventors are individuals. Another 34 per cent are
associated with companies employing fewer than ten people. In the small business
community we deal with those who are at the bottom end of the size spectrum. We
are dealing with high-risk, potential start-up situations, where the inventor's capa-
bilities, even to fulfill the grant, must usually be augmented with people more
experienced in technology development, management, or marketing. In addition,
there is invariably a need for venture capital to move to commercialization.
Program experience to date indicates that inventors need to make better use of

available technical and other data, and to increase their knowledge of elements in
the innovative process. Response to these needs could not only enhance the inven-
tors' capabilities but could also lead to improved Program effectiveness. According-
ly, a conference series, to be called National Innovation Workshops is being inaugu-
rated on a regional basis to provide practical guidance and information to inventors
and innovative small businesses throughout the Nation.
These conferences will feature workshops on topics such as: turning ideas into

inventions, patenting and protection, licensing and selling ideas, and new business
start-up. The attendees will be informed as to sources of consultation and financial
assistance, and sources of technical and socio-economic information. The general
theme of these conferences will be to encourage innovation in energy technologies.

Responsibility for the management of the Invention Program within the DOE was
transferred to the Assistant Secretary for Conservation and Solar Energy on Octo-
ber 1, 1979. This new management arrangement will provide the consideration and
resource support the Program requires to operate more effectively.

GEORGE P. LEWETT,
Chief Office of Energy-Related Inventions,

Department of Commerce.
PATRICK J. DONOHOE,

Director, Inventions Support Division,
Department of Energy.
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UNITED STATES DEPARTMENT OF COMMERCE
National Bureau of Standards
Washington, D.C. 20234

ATTACHMENT NO. I to: Status Report on the NBS/DOE Inventions Program
As of December 31, 1979

EVALUATION PROGRAM STATUS 

Operation Description 

There are three principal steps in the evaluation process operated by OERI.
In the first step, Disclosure Review and Analysis, invention disclosures
received are either accepted for evaluation, or not, dependent on whether
the invention is within program scope and sufficiently well prepared to
enable evaluation. If accepted, a two-stage evaluation is initiated.

First-Stage Evaluation is a technical screening in which brief technical
opinions are obtained, usually independently, from OERI staff evaluators,
other Government scientists or engineers, or from consultants or contrac-
tors. If the invention is rated as "promising" in this first-stage,
Second-Stage Evaluation is initiated; "promising" means the invention
seems to be technically feasible, to have significant energy conservation
or supply potential, and to be economically and commercially practical.

In second-stage evaluation a more in-depth analysis is conducted,
resulting in a formal report. If second-stage evaluation confirms the
finding of "promising," the disclosure and evaluation results are forward-
ed with a recommendation of Government support to the Department of Energy,
Division of Business Programs.

Throughout the process the inventor is kept informed of the status of the
evaluation. When evaluation is complete after either first- or second
stage, a letter is sent to the inventor explaining the results of the
evaluation. If second-stage evaluation had been conducted, a copy of the
formal evaluation report is sent to the inventor.

Status 

Figure 1 shows in experience to date, that 47% of received disclosures are
acceptable for evaluation; 8% of these are found sufficiently promising in
first-stage to warrant second-stage evaluation; and 32% of the inventions
in second-stage are recommended. The product of these three percentages,
1.3%, is the "expected yield" of the evaluation program. We can assume
therefore that when all 13,215 evaluation requests received as of
December 31, 1979, are processed, approximately 1.3% or 172 will have been
recommended; of these, 128 have been identified and forwarded to date.

Figure 2 presents the performance statistics for the three process steps
for the 6-month period from July through December 1979. Figures 3 and 4
show results for groupings of technology subject areas, and for each of the
fifty states.
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NBS INVENTION EVALUATION PROCESS STATISTICS
1979 THRU DECEMBER 31, 1979JULY 1,
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28 
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17 

I 40 96)
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* +10 

IN AWAITING
EVALUATION: EVALUATION:
* -23 * +183 

IN AWAITING
EVALUATION: EVALUATION:
*_15 *0

*Change from July to
December

EXPECTED TIELD:49% x 4% x 17% =0 7zOF TOTAL
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FIGURE 2. Period Flow Statistics

( 3 )



soTasTlyls saw loacqns ';‘
•

E
V
A
L
U
A
T
I
O
N
 
P
R
O
G
R
E
S
S
 
R
E
P
O
R
T
 
B
Y
 
I
N
V
E
N
T
I
O
N
 
C
L
A
S
S
 
A
S
 
O
F
 
D
E
C
 
3
1
,
 1
9
7
9

C
l
a
s
s
 
E
i
c
a
t
i
o
n

E
v
a
l
u
a
t
i
o
n

R
e
q
u
e
s
t
s

R
e
c
e
i
v
e
d

A
c
c
e
p
t
e
d

f
o
r

F
i
r
s
t

S
t
a
g
e

C
o
m
p
l
e
t
e
d

F
i
r
s
t

S
t
a
g
e

A
c
c
e
p
t
e
d

f
o
r

S
e
c
o
n
d

S
t
a
g
e

C
o
m
p
l
e
t
e
d

S
e
c
o
n
d

S
t
a
g
e

R
e
c
o
m
m
e
n
d
e
d

%
 
o
f

T
o
t
a
l

R
e
c
e
i
v
e
d

%
 
o
f
 
T
o
t
a
l

E
x
p
e
c
t
e
d
 
t
o
 
b
e

R
e
c
o
m
m
e
n
d
e
d
*
*

F
o
s
s
i
:
 
F
u
e
l
 P
r
o
d
u
c
-

t
i
o
n

2
7
9

2
0
0

1
5
6

4
2

4
0

1
1

2
.
1

5
.
3

D
i
r
e
c
t
 
S
o
l
a
r

1
5
3
9

8
1
4

7
2
9

4
6

3
9

9
1
1
.
7

0
.
8

O
t
h
e
r
 
N
a
t
u
r
a
l

S
o
u
r
c
e
s

1
9
2
7

7
1
2

6
4
8

3
7

3
3

1
0

1
4
.
6

0
.
6

C
o
m
b
u
s
t
i
o
n
 
E
n
g
i
n
e
s

&
 
C
o
m
p
o
n
e
n
t
s

1
5
2
4

9
2
5

8
1
2

6
0

5
4

1
1

1
1
.
6

0
.
9

LN
D

T
r
a
n
s
p
o
r
t
a
t
i
o
n
 
S
y
s
t
e
m
s
,

V
e
h
i
c
l
e
s
 
&
 
C
o
m
p
o
n
e
n
t
s

1
1
1
3

6
0
2

5
3
0

3
5

3
1

6
8
.
4

0
.
7

C7
1

B
u
i
l
d
i
n
g
s
,
 
S
t
r
u
c
t
u
r
e
s

&
 
C
o
m
p
o
n
e
n
t
s

2
1
4
0

1
5
0
2

1
3
3
3

8
6

7
1

2
6

1
6
.
2

1
.
6

I
n
d
u
s
t
r
i
a
l
 P
r
o
c
e
s
s
e
s

7
2
1

5
4
4

4
8
7

1
0
7

9
3

3
8

5
.
5

6
.
8

M
i
s
c
e
l
l
a
n
e
o
u
s

1
6
2
6

8
6
6

7
9
5

5
2

4
0

1
7

1
2
.
3

1
.
5

O
u
t
 
o
f
 
S
c
o
p
e
 
&

U
n
c
l
a
s
s
i
f
i
a
b
l
e

2
3
0
4

7
0

6
7

0
0

0
1
7
.
5

0
.
0

T
o
t
a
l
s

1
3
1
7
3
*

6
2
3
5

5
5
5
7

4
6
5

4
0
1

1
2
8

1
0
0
.
0

1
.
3

*
E
x
c
l
u
d
e
s
 
4
2
 
n
o
t
 
y
e
t
 
c
l
a
s
s
i
f
i
e
d
.
 
(
D
i
s
c
l
o
s
u
r
e
 
R
e
v
i
e
w
 
N
o
t
 
C
o
m
p
l
e
t
e
d
)
.

*
*
 F
o
r
 
E
x
a
m
p
l
e
:
 
F
o
s
s
i
l
 F
u
e
l
 P
r
o
d
u
c
t
i
o
n
 
2
0
0 

x
 

4
2
 

1
1

2
7
9
 

1
5
6
 

4
0
 
x
 
1
0
0
 =
 
5
.
3
%



83I1STlelS alelS 

P
a
g
e
 

1

E
V
A
L
U
A
T
I
O
N
 
P
R
O
G
R
E
S
S
 
R
E
P
O
R
T
 
B
Y
 
S
T
A
T
E
 
A
S
 
O
F
 
D
E
C
 
3
1
,
 
1
9
7
9

E
v
a
l
u
a
t
i
o
n

R
e
q
u
e
s
t
s

R
e
c
e
i
v
e
d

C
o
m
p
l
e
t
e
d

D
i
s
c
l
o
s
u
r
e

R
e
v
i
e
w

A
c
c
e
p
t
e
d

F
o
r

F
i
r
s
t

S
t
a
g
e

C
o
m
p
l
e
t
e
d

F
i
r
s
t

S
t
a
g
e

A
c
c
e
p
t
e
d

F
o
r

S
e
c
o
n
d

S
t
a
g
e

C
o
m
p
l
e
t
e
d

S
e
c
o
n
d

S
t
a
g
e

R
e
c
o
m
m
e
n
d
e
d

A
l
a
b
a
m
a

1
2
9

1
2
9

5
7

4
8

0
0

0
A
l
a
s
k
a

3
2

3
2

2
0

1
7

0
0

0
A
r
i
z
o
n
a

1
9
9

1
9
9

1
1
8

1
0
4

1
3

9
1

A
r
k
a
n
s
a
s

7
2

7
2

2
6

2
5

5
5

2

C
a
l
i
f
o
r
n
i
a

1
8
3
2

1
8
2
8

8
7
7

7
8
2

7
1

5
8

1
4

C
o
l
o
r
a
d
o

2
7
3

2
7
1

1
8
4

1
6
6

2
7

2
5

1
C
o
n
n
e
c
t
i
c
u
t

2
6
9

2
6
9

1
5
1

1
3
5

1
6

1
2

6

D
e
l
a
w
a
r
e

3
5

3
5

2
1

1
8

2
2

2
D
i
s
t
r
i
c
t
 
o
f

C
o
l
u
m
b
i
a

6
5
.

6
5

3
2

2
6

5
5

0

F
l
o
r
i
d
a

7
5
7

7
5
7

3
5
0

3
0
8

1
4

1
1

5

G
e
o
r
g
i
a

1
6
6

1
6
6

7
3

6
9

6
5

1

H
a
w
a
i
i

5
5

5
5

2
1

1
8

1
0

0

I
d
a
h
o

4
9

4
9

3
1

2
9

1
1

1
I
l
l
i
n
o
i
s

4
5
3

4
5
3

2
1
0

1
8
7

1
1

1
0

3
I
n
d
i
a
n
a

1
9
9

1
9
9

9
1

8
1

5
4

1
I
o
w
a

9
3

9
3

5
1

4
7

2
2

2

K
a
n
s
a
s

1
4
4

1
4
4

5
6

5
2

1
0

0
K
e
n
t
u
c
k
y

1
1
8

1
1
8

4
5

4
0

4
4

3

L
o
u
i
s
i
a
n
a

1
5
3

1
5
3

6
9

6
1

5
5

2



State Statistics (continued) 

P
a
g
e
 
2

E
v
a
l
u
a
t
i
o
n

R
e
q
u
e
s
t
s

R
e
c
e
i
v
e
d

C
o
m
p
l
e
t
e
d

D
i
s
c
l
o
s
u
r
e

R
e
v
i
e
w

A
c
c
e
p
t
e
d

f
o
r

F
i
r
s
t

S
t
a
g
e

C
o
m
p
l
e
t
e
d

F
i
r
s
t

S
t
a
g
e

A
c
c
e
p
t
e
d

f
o
r

S
e
c
o
n
d

S
t
a
g
e

C
o
m
p
l
e
t
e
d

S
e
c
o
n
d

S
t
a
g
e

R
e
c
o
m
m
e
n
d
e
d

M
a
i
n
e

6
8

6
8

2
9

2
7

1
1

1

M
a
r
y
l
a
n
d

3
4
3

3
4
2

2
0
0

1
7
8

1
4

1
3

2

M
a
s
s
a
c
h
u
s
e
t
t
s

5
3
0

5
2
9

2
3
1

2
0
3

2
2

1
8

7

M
i
c
h
i
g
a
n

4
7
2

4
7
1

2
1
6

1
8
2

1
6

1
4

5

M
i
n
n
e
s
o
t
a

2
3
1

2
2
8

1
0
5

9
8

5
3

1

M
i
s
s
i
s
s
i
p
p
i

8
2

8
2

2
4

2
2

2
2

0

M
i
s
s
o
u
r
i

2
5
8

2
5
6

1
2
8

1
1
5

5
3

1

M
o
n
t
a
n
a

4
1

4
1

1
9

1
7

1
1

0

N
e
b
r
a
s
k
a

7
6

7
6

3
5

3
3

3
3

1

N
e
v
a
d
a

6
9

6
9

2
9

2
8

3
2

0

N
e
w
 
H
a
m
p
s
h
i
r
e

7
0

7
0

4
5

3
9

9
9

4

N
e
w
 
J
e
r
s
e
y

4
8
2

4
8
0

2
4
4

2
2
0

2
0

1
8

4

N
e
w
 
M
e
x
i
c
o

1
1
2

1
1
2

4
9

4
2

1
1

1

N
e
w
 
Y
o
r
k

9
8
4

9
8
0

4
9
5

4
5
0

4
0

3
7

1
5

N
o
r
t
h
 
C
a
r
o
l
i
n
a

2
0
9

2
0
8

9
4

8
5

2
2

1

N
o
r
t
h
 
D
a
k
o
t
a

2
1

2
1

7
7

0
0

0

O
h
i
o

4
1
7

4
1
6

1
8
9

1
7
1

1
5

1
3

6

O
k
l
a
h
o
m
a

1
8
1

1
8
1

8
0

7
4

8
8

1

O
r
e
g
o
n

2
7
7

2
7
6

1
1
7

1
0
9

1
1

1
0

3

P
e
n
n
s
y
l
v
a
n
i
a

6
0
0

5
9
7

2
6
8

2
2
9

2
6

2
2

9

R
h
o
d
e
 
I
s
l
a
n
d

4
3

4
3

1
4

1
4

3
3

0

S
o
u
t
h
 
C
a
r
o
l
i
n
a

7
1

7
1

2
6

2
2

0
0

0

S
o
u
t
h
 
D
a
k
o
t
a

2
6

2
6

1
3

1
1

1
1

1

T
e
n
n
e
s
s
e
e

2
0
3

2
0
3

8
2

7
1

1
1

0

T
e
x
a
s

5
6
1

5
5
7

2
6
5

2
4
0

1
3

1
3

5

U
t
a
h

1
2
7

1
2
7

4
2

4
0

6
5

4



State Statistics (continued) —
,
—

P
a
g
e
 
3

E
v
a
l
u
a
t
i
o
n

R
e
q
u
e
s
t
s

R
e
c
e
i
v
e
d

C
o
m
p
l
e
t
e
d

D
i
s
c
l
o
s
u
r
e

R
e
v
i
e
w

A
c
c
e
p
t
e
d

f
o
r

F
i
r
s
t

S
t
a
g
e

C
o
m
p
l
e
t
e
d

F
i
r
s
t

S
t
a
g
e

A
c
c
e
p
t
e
d

f
o
r

S
e
c
o
n
d

S
t
a
g
e

C
o
m
p
l
e
t
e
d

S
e
c
o
n
d

S
t
a
g
e

R
e
c
o
m
m
e
n
d
e
d

V
e
r
m
o
n
t

4
6

4
6

3
2

2
6

3
1

0
V
i
r
g
i
n
i
a

2
8
7

2
8
6

1
3
4

1
2
3

1
5

1
3

5

W
a
s
h
i
n
g
t
o
n

3
0
9

3
0
7

1
3
9

1
1
6

6
6

1
W
e
s
t
 
V
i
r
g
i
n
i
a

3
4

3
3

1
1

1
1

0
0

0
W
i
s
c
o
n
s
i
n

2
4
7

2
4
5

1
0
8

9
7

7
6

3
W
y
o
m
i
n
g

2
1

2
0

7
6

0
0

0

T
e
r
r
i
t
o
r
i
e
s

2
7

2
7

1
2

1
0

0
0

0

F
o
r
e
i
g
n

IN
D

C
o
u
n
t
r
i
e
s

5
9
7

5
9
2

2
6
3

2
2
8

1
7

1
4

3
0
0

T
o
t
a
l
s

1
3
2
1
5

1
3
1
7
3

6
2
3
5

5
5
5
7

4
6
5

4
0
1

1
2
8



29

Time to respond to an evaluation request is also a significant measure of
performance. This is defined as the length of time elapsed between OERI's
receipt of an evaluation request and OERI's mailing a letter to the
inventor notifying him of the results of the evaluation. Current
calculated response times are as follows:

Average Response Time in weeks for
Letters Mailed in Period:

Not accepted for evaluation

Accepted and evaluated

Comments 

July 1977 Jan. 1978 July 1978 Jan. 1979 July 1979
thru thru thru thru thru

Dec. 1977 June 1978 Dec. 1978 June 1979 Dec. 1979 

5.9 5.4 2.7 3.3 6.0

39.3 35.9 35.3 33.4 22.3

The variations in input in the 6-month period were unusual, ranging between
annual rates of 2,500 and 5,000 with two sharp 1-2 month rises and returns
to a steady 3,000-level. In the period, the level of disclosures accepted
for evaluation decreased from 52% to 49%. It is felt that the fluctuations
were largely due to general public response to national crisis, usually
suggesting well-known ideas or use of available technology, and the effect
on yield is not expected to be significant.

The number of recommendations in this (17) and the prior (19) period was
about the same, averaging close to 3 per month. These numbers could well
reflect the input of inventions from a population of serious innovators,
which is less liable to short-term fluctuations.

The sharp decrease in response time (from 33.4 to 22.3) is largely due to
modifications in procedure which enabled "old" technology to be identified
more quickly at the first-stage evaluation level. We expect the time
required to reach second-stage evaluation (and recommendation) to be also
reduced as a result of the modified procedures over the next 6-month
period.

Further reductions in the average are not likely to be significantly large
however because of one major factor--characteristically, the inventor does
not present his case effectively; he frequently does not describe his
invention well and does not provide substantiation (calculation or data)
for claims of superior performance. The additional information required is
submitted usually only after dialogue between evaluator and inventor, and
sometimes after a considerable waiting period. This process can consider-
ably lengthen response time in individual cases, as can be seen by the fact
that while response times for accepted inventions in the 6-month period
averaged 22.3 weeks as noted, individual times ranged from 5 to 204 weeks;
cases of response time greater than 40 weeks accounted for about 10% of the
total.

(8)

60-689 0 - 80 -- 5
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The most frequent reason for rejection after evaluation is basically that
the invention does not represent new technology. Frequently it has been
noted that the inventor in such cases did not make use of available sources
of information on the technological state-of-the-art.

Various activities are being carried out to improve inventor capabilities
to present his case, to inform him on the state-of-the-art, and to increase
program awareness by the professional "serious" inventor. Those include
regional outreach programs in the Northwest and New England states, and
development of state-of-the-art review papers for dissemination to
participants in the Inventions Program.

We are initiating another effort, a series of regional conferences to
provide practical guidance and information to independent inventors and
very small technology-based business firms. Some 10 or 11 conferences
referred to as National Innovation Workshops, will be held in major urban
areas over the next two years; the first will be in the San Francisco area
in May 1980 and the second in Boston in June.

The conferences will feature a workshop format to provide instruction and
answer inventor questions on such subjects as technical researching;
process documentation; self-evaluation; doing market surveys; patenting
and protection; presenting an idea for evaluation; licensing; and begin-
ning and operating a small business to market an invention. Exhibits will
provide detailed information and literature on the identity and use of
technical and business data, and on sources of assistance of various types
that can be of value to an inventor or innovative small firm.

February 12, 1980
Date

(9)

y
eor P. Le ett, Chief

Office of Energy-Related Inventions
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Senator ScHmirr. What is the fiscal year 1981 funding level for
that office?
Dr. BARUCH. $2.5 million.
Senator Sc'num And that's all DOE funds?
Dr. BARUCH. That's all DOE funds.
Senator ScHmirr. Do you get any manpower relief as a conse-

quence of taking those funds off?
Dr. BARUCH. We have a group of people that are in the Bureau

that function on other agency funds, but we cannot get additional
manpower slots.
Senator ScHmrrr. But your slot allocation does not reflect that

reimbursable funding; is that correct?
Dr. BARUCH. No, there are 18 people involved.
Senator ScHmirr. How much of that are you capable of absorb-

ing? Does the $2.5 million represent your maximum capacity?
Dr. BARUCH. That's limited primarily by the personnel we have

and the work we must do for the many, many other agencies.
Senator ScHmrrr. Have you evaluated within the Department

how much reimbursable money in that area you could absorb and
not significantly impact other programs?
Dr. BARUCH. I think we are at that limit now with the people

available. It requires roughly 18 to 20 weeks to clear a submitted
invention now, and only by the addition of additional personnel
could you increase that.
Senator ScHmrrr. Do you know how many invention evaluations

are undertaken each year?
Dr. BARUCH. It seems to me about 4,000 inventions. It's in the

order of 4,000 to 5,000 inventions.
Senator ScHmrrr. The Department of Energy sends you that

number for evaluation?
Dr. BARUCH. Yes. The inventors submit their inventions directly

to us.
Senator ScHmrrr. Eighteen people sort those through?
Dr. BARUCH. Eighteen people sort those. We do use outside per-

sonnel for some of this review by contracting some of that money
out to universities for their review, in order to reduce the dwell-
time necessary for doing the review.
Senator ScHmrrr. But that's roughly 30 to 35 people that can be

funded to do that?
Dr. BARUCH. That order of magnitude, yes, sir. About half of

those are in-house and about half of them are outside.
Senator ScHmmr. There must be a tremendous backlog.
Dr. BARUCH. It takes about 18 to 20 weeks to clear an invention

because of the queueing problem.
Senator ScHmrrr. But if you get a continual influx at that level,

you're running farther and farther behind all the time.
Dr. BARUCH. At the present time the backlog is remaining fairly

stable because of our increased use of outside help on the effort. If
that number goes up significantly, the dwelltime will go up.
Senator ScHmirr. Is there any appeal process by the inventor

within your department if the invention gets an unfavorable rec-
ommendation?
Dr. BARUCH. Yes, there are three levels of review that take place,

and there is an appeal for reexamination and, of course, there is an
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appeal to the Department of Energy who is not, as you pointed out,
compelled to take either our positive or negative reactions.
I might mention that our increased use of university help in this

area has shortened the dwelltime, which used to be 9 months,
when we were trying to do almost all of it in-house.
Senator Scmum Mr. Chairman, I must run over and stick my

head in the Public Works Subcommittee for a few moments. I am
particularly interested in the Department's justification for the
basic research initiatives that are contained in the original fiscal
year 1981 budget.
We expect the real 1981 budget to stand up any time.
Thank you, Doctor.
Dr. BARUCH. Thank you, Senator.
Senator STEVENSON. Well, we have some difficulties this morn-

ing. I am supposed to stick my head in, or do more than that, in
those ongoing meetings between the Congress and the executive
branch on the budget. So you stick your head in first.
Senator ScHmirr. I'll get back as soon as I can.
Senator STEVENSON. I may have to duck out momentarily after

Senator Schmitt has returned. I think in view of these difficulties,
we'd better keep moving. Thank you, sir.
[The statement follows:]

STATEMENT OF DR. JORDAN J. BARUCH, ASSISTANT SECRETARY FOR PRODUCTIVITY,
TECHNOLOGY, AND INNOVATION

Mr. Chairman and Members of the Subcommittee, I am pleased to be invited heretoday to testify at this first Senate Authorization Hearing on the National Bureauof Standards (NBS). I am proud to speak on behalf of a Bureau which has so longapplied its core of expertise in science and engineering to the pursuit of suchnational goals as the enhancement of innovation and productivity, reasonable andequitable regulatory decision making, equity in Commerce, and accuracy and com-patibility in scientific communication and technology.
Today, I would like to begin by expressing my support for the proposals containedin the Administration's Bill submitted to the Congress by the Secretary of Com-merce, which has now been introduced by Mr. Cannon as S. 2320, for re-authoriza-tion of the Bureau's programs for fiscal years 1981 and 1982.The health of the U.S. economy is a primary concern of the Department ofCommerce. In the Department's pursuit of its mission, the NBS functions as centralreference laboratory and lead agency for measurements, as an expert in the applica-tion of the physical, chemical, mathematical and engineering sciences to the solu-tion of some of our nation's problems and as a significant contributor to thetechnological and scientific base of our nation's productive sectors. The Departmentof Commerce, indeed the administration, strongly urges your continued support forNBS and its programs.
Mr. Chairman, at one of my earliest appearances before this Subcommittee, youasked how I would feel about periodic authorization hearings for the Bureau. I saidat the time that I would welcome them. My welcome now, as it was then, is basedon my perception that the role of the NBS in our nation's economic well being ischanging. To highlight that changing role, I would like, with your permission, toleave the discussion of the Bureau's programs, plans, and budgetary needs to Dr.Ambler and Dr. Dillon who will follow me in this hearing.The Secretary of Commerce, with both the approval and the encouragement ofthe President, is now engaged in establishing the Office of Productivity, Technologyand Innovation (OPTI). The name, while less concise than Science and Technology,and while subsuming our earlier activities, presages an important change in empha-sis—an emphasis on what we are intended to accomplish rather than on the toolswe use.
The organization of this new office is shown in the accompanying chart. Theprincipal purpose of OPTI is to enhance the productivity and development of U.S.industry through the strategic application of science and technology.
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OPT! MARKETS

As an integral part of the DoC mission to promote the health of commerce, OPTI
will be the prime focal point within the DoC for cooperative efforts between govern-
ment and the private sector to enhance productivity and innovation in U.S. indus-
try. Our primary market is the U.S. private sector where and when it lacks either
the ability or incentives to do the job itself. The secondary market is those foreign
nations whose industrial development is important to U.S. commerce and foreign
policy.

OPT! MOD! OPERAND!

Modern U.S. industry is based on and paced by knowledge; our task is to improve
the availability and utility of that critical commodity to U.S. industry. Much of the
knowledge that could advance our industry and maintain its leadership already
exists. Where it does our job is to collect it, evaluate it, organize it and make it
readily accessible to industry. Under existing knowledge, I include not only that
embodied in final reports of the U.S. government, but knowledge embodied in
people; nor do we restrict ourselves to "domestic" knowledge. Two thirds of the R&D
is now done abroad and we must tap that store as well. Second, we will, jointly with
the private sector, create new knowledge which is needed by U.S. industry but not
being developed because of market structures or other limiting factors. Lastly, we
will help industry adapt or modify knowledge to suit their needs. Such adaptation is
essential to the transfer of knowledge across industrial boundaries. Let me now
match the organization of OPTI to these tasks.

POLICY AND PRIORITY DEVELOPMENT

Overall policy and priority guidance to the office will be provided by the Com-
merce Technical Advisory Board, an arrangement that my predecessors and I have
found most beneficial.
The development of strategies and the analysis on which we will base our prior-

ities will be centralized in the Office of Strategy and Evaluation. They will also be
responsible for assessing our programs and the degree of our success to ensure that
we learn from our experience. This Office will also have the responsibility for
tracking other Agency programs which contribute to the Federal Government's
industrial innovation support program.

I have had and will continue to have an Office of Product Standards Policy to
encourage U.S. products standards in ways which promote domestic and interna-
tional trade. In all this endeavor to develop policies, practices, and priorities, close
collaboration with U.S. industry will be a basic tenet.

THE NATIONAL TECHNICAL INFORMATION SERVICE

The collection of technical knowledge; organizing it and making it readily availa-
ble in useful form to U.S. industry, is the primary function of the National Techni-
cal Information Service (NTIS). Traditionally NTIS has been thought of as only a
document-dissemination operation. If it were to operate in the future with such a
narrow focus, it could not play its full role. The opportunities for enhancing the
dissemination of knowledge through NTIS are many. NTIS has remotely accessible
data files which could be accessed through commercial and governmental computer
network. That information will be used by industry and by our internal activities;
Centers for Cooperative Generic Technology, COGENT Centers, for example, which
are newly established in the Office of Productivity and Product Technology, will
access these files as will all U.S. industry, particularly small and medium-sized
businesses.
To date, the dissemination of Federal technical information by NTIS has been

limited to printed material from completed projects, a marginally effective mode of
dissemination in the case of rapidly developing technologies. With the fiscal year
1981 transfer of responsibility for the Smithsonian Science Information Exchange,
NTIS will be responsible for disseminating knowledge about Federal projects in
process as well as those that have been completed. Here again, remotely accessible
computer data bases are to be used.
As a part of the President's package of innovation initiatives, I am establishing a

Center for the Utilization of Federal Technology (CUFT) in the NTIS to carry out
an aggressive marketing operation for Federally developed technical information.
CUFT will gather information from industry about its needs and opportunities, and
will gather information from Federal laboratories about available technologies, not
only those which have been successfully developed for the laboratory's mission
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objectives but also those which, although rejected for mission objectives, still may
have commercial application. Available technology will be matched to industry's
needs and opportunities through published information, conferences, forums, and
services we will tailor to the operation of industry.
Patent Licensing and Patent Information will be improved through CUFT's assist-

ance to industry in the negotiation of licenses for Federally-owned patents and by
development of cataloguing systems for the patent files which may be then more
readily accessed by industry.

Lastly, NTIS, as a part of the President's commitment to industrial innovation
information, will collect and disseminate printed technical knowledge obtained from
foreign sources. In addition, OPTI is developing a program plan to implement the
President's initiative with regard to the collection of unpublished information con-
cerning foreign technological activities.
In summary, NTIS will become the central repository and access point for knowl-

edge and information about completed Federal technical programs, Federal pro-
grams in process, patents and foreign technical information, A common data base
has been developed and will be expanded and improved so that industry can access
any available knowledge it needs without knowing a priori whether or where the
knowledge exists.

THE OFFICE OF PRODUCTIVITY AND PRODUCT TECHNOLOGY

I mentioned earlier that our second approach was to create critically needed
knowledge when it is not otherwise available. To this end, we are establishing the
Office of Productivity and Product Technology in parallel with NTIS. A key part of
this new office is the Cooperative Generic Technology Center Program which is
responsive to the President's innovation initiatives and for which we have coined
the acronym, COGENT. This Center will work with, and under the guidance of,
industry in developing new generic and cross-cutting technologies of industrial
import.
The Office of Productivity and Product Technology will also manage an EDA

funded Positive Adjustment Program which will aid ailing or threatened U.S. indus-
tries. Assistance will be given in those cases where improved technology shows
promise of improving the competitiveness of firms in the distressed industries or
disadvantaged geographic regions. Under that program, we try to identify why an
industry is suffering, where its competition comes from, and technological opportu-
nities to develop comparative advantages for U.S. industry and economic benefit to
various geographic regions of the country.
Under our Exploratory Technology Program we are concerned with new technol-

ogies, not yet based in an existing industry. Such programs may be mandated by
Congress or we may see the need for exploring the potential intersection of technol-
ogy and market. Resource recovery from urban waste and the development of
guayule as a source of native American latex are examples of such programs.
In recognition of the potential benefit from an extension service for industry

similar to that which has been so effective for agriculture, we are establishing a
Field Services Division which will promote the adoption of the best industrial
practices by industries which lack such capabilities. Initially we will use the field
offices of the DoC and the Regional Commissions. This Division will manage the
Corporations for innovation Development (CID) Program to be initiated during fiscal
year 1981 under the President's innovation program.

THE PRODUCTIVITY REFERENCE SERVICE

The Productivity Reference Service (PRS) will develop and implement a public
information program to inform the public of the meaning and importance of produc-
tivity to the economy. This Service will disseminate widely the best available
national and international information on productivity improvement stressing prac-
tical and tested systems, methods and problem-solving techniques for improvement.
The reference service will maintain a collection of the best current materials in the
field and make them readily available to the public.
PRS will encourage other Federal agencies and Departments to initiate, stimulate

and support research and demonstration to increase the rate of productivity growth
and develop, refine and apply reliable measurement techniques to assess changes in
productivity.
PRS will maintain liaison with the private sector and with organizations, both

domestic and foreign, involved in enhancing productivity including the growing
network of state, local and non-profit organizations as well as the European and
Asian Productivity Associations.
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Within the Department, PRS will serve as staff to the Commerce Productivity
group and coordinate Departmental activities for the National Productivity Council.

THE PATENT AND TRADEMARK OFFICE

Converting new ideas to marketable assets, to solid assets on which development
investment can depend, is the function of the Patent and Trademark Office. It is
included under the Assistant Secretary for PTI because its policies form an integral
part of the policies affecting industry's development through science and technology.
To increase its effectiveness in an era of rapidly changing technology and to ensure
the maximum use of the knowledge embodied in its files, much of the dissemination
task will be intgegrated into the NTIS. We look forward to a revitalized PTO over
the coming years and applaud the effort it has made in this past year to bring its
management and its resources into line with its important function.

THE OFFICE OF REIMBURSABLE FOREIGN PROGRAMS

The Office of Reimbursable Foreign Programs will negotiate and manage reim-
bursable foreign programs on Science and Technology and on its management. It
will also prepare cross-cutting budgets for the PTO, NTIS, NBS, etc. to assist the
administration in the management of its international technology programs.

THE NATIONAL BUREAU OF STANDARDS' ROLE

Now to address your principal concern today, the role of the National Bureau of
Standards in the context of the Office of Productivity, Technology and Innovation. I
don't need to convince this Subcommittee that the National Bureau of Standards is
a major national resource and critical asset to the OPT! mission. Any organization
which seeks "to enhance the productivity and development of U.S. industry through
the strategic application of science and technology" must look to the NBS for
historical perspective, know-how, proven methods, insight, advice, consulting, and
outright help. Congress wisely established NBS 79 years ago at the early stages of
our industrial revolution. NBS has played a key role in the maturation of U.S.
industry and has learned how to work effectively at the interface of U.S. industry,
government, and the universities for the mutual benefit of all participants. NBS
scientists and engineers continually collaborate with their counterpart peers in
industry as a way of life and a means of implementing the Bureau's mission. U.S.
industrial executives continually bring to my attention their praise for the quality
of research at NBS and the effectiveness of their services.

If the best way "to enhance the productivity and development of U.S. industry" in
the competitive U.S. economic system is to provide a creative environment for
research, remove the technical barriers to innovation, and to help industry collabo-
rate in doing those things which can be done better and less expensively collective-
ly, then NBS is on target and has been for 79 years.

If knowledge is best disseminated by person-to-person interaction, then NBS has
proven mechanisms already in being. When NBS was established in 1901, Alexander
Graham Bell drafted a resolution accepted by Congress extending Federal legisla-
tion of 1892 (which made government S&T facilities available for use by scientific
investigators and students) specifically to include NBS. During the ensuing years,
more than 1,000 engineers and scientists have been formally supported by more
than 400 industrial organizations for extended research collaboration in NBS labo-
ratories. There are currently 99 Research Associates supported by 31 industrial
organizations in the NBS laboratories gaining expertise and extending their organi-
zation's research horizons in a most efficient manner. Well over 150 university
professors and students will collaborate this year on various research tasks within
NBS under the Guest-Worker Program. There are an additional 40 Post Doctorals
in the laboratories. Over 16,000 engineers and scientists will confront problems and
exchange knowledge in NBS specialized topic workshops and conferences during the
year. These activities coupled with the extensive writing and speaking of NBS staff,
the 22 Standard Reference Data Centers for technical data exchange, the more than
50,000 replies each year to requests from the public for information, the 37,000
certified standard reference materials distributed each year to 10,000 users, and the
3,000 instruments calibrated annually for 1,000 organizations amount to a prodi-
gious flow of high-content knowledge and technical support from a laboratory of less
than 1,400 professional engineers and scientists.
In addition, the NBS works with almost every other government agency that has

technology intensive problems; here again, working both with the government agen-
cies and the industrial representatives in the transfer and application of knowledge
for problem solving.
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I could go on pointing out their other activities for encouraging U.S. innovation
and commerce by discussing their joint efforts with state and local governments,
standardizing bodies and international technology; however, the point has been
made that NBS has a long-established record in the United States of programs for

the environment and technology for industrial innovation and productiv-
ity growth. It suffices to say that NBS does early technological development long
before it is appropriate to move the technology into a Cooperative Generic Technol-
ogy Center or before it is practical in industry and then guides the technology into
the S&T communities, standardizing bodies, national programs, government policy
making, and industrial innovation. The scientific, engineering, standardizing bodies,
and other agencies of government take NBS expert assistance and guidance for
granted.
As in the past, I shall use NBS as a reference source for assessing the status of

science and technology, for institutional guidance, for contacts with industry and
universities, for historical perspective to prevent re-inventing the wheel, for expert
staff assistance in critical circumstances, and for personal inspiration. Bureau pro-
grams will be continually evaluated for their potential impact on industry and on
the nation's economic health. That evaluation process will ensure its continued
relevance and excellence. To that I am committed.
I think it is clear, then, that the Bureau, the productivity and product technology

activities, the NTIS and the PTO all fit together into a coherent whole. As I said
earlier in my statement, the Office of the Assistant Secretary for Productivity,
Technology, and Innovation will be "organized to enhance the productivity and
development of industry through the strategic application of S&T,' and in so doing
will greatly enhance the opportunities and effectiveness of NBS.
In closing, Mr. Chairman, I would like to relate a comment made to me by

Secretary Klutznick. When I outlined the changes to him, the new name and its
acronym, he said "I like it. It's the first two syllables of "optimism" and it's where
our country's real optimism lies."
Thank you for your interest today. I would be happy to answer any questions you

may have.
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Senator STEVENSON. Our next witnesses are Dr. Ernest Ambler,
Director of the National Bureau of Standards, and Dr. Thomas
Dillon, the Deputy Director.
As I mentioned earlier, Dr. Ambler, we are very pleased with the

job that you and your associates are doing, and immodestly claim
some credit ourselves for having put you on periodic reauthoriza-
tions and subjected you to this process.

I hope it's been of help. That is certainly our intention, and we
look forward to hearing from you.

STATEMENT OF DR. ERNEST AMBLER, DIRECTOR, NATIONAL
BUREAU OF STANDARDS, DEPARTMENT OF COMMERCE; AC-
COMPANIED BY DR. THOMAS DILLON, DEPUTY DIRECTOR

Dr. AMBLER. Thank you very much, Mr. Chairman.
Senator STEVENSON. Excuse me, but let me say to you and to all

our witnesses, that if you can summarize the statements, the full
statements will be entered in the record.
Dr. AMBLER. It was 2 years ago at your hearings on the National

Bureau of Standards that you expressed the intent to hold regular
authorization hearings. Today that intention has become a reality,
and I am very pleased to be able to appear before you to testify on
the subject of authorizations for the National Bureau of Standards
for fiscal year 1981.
Dr. Dillon, with me at the table, was appointed subsequent to our

last appearance. In his testimony he will discuss the specifics of
our fiscal year 1981 budget as proposed by the President.
At our last hearings you expressed interest in the proposed NBS

reorganization. I am very pleased to tell you that the reorganiza-
tion took place smoothly in April of 1978, and it is working out
very well. The major functions and responsibilities of the National
Measurement Laboratory, the National Engineering Laboratory,
and the Institute for Computer Sciences and Technology are clearly
defined, and the staff skills and programs have been well consoli-
dated by dividing the Bureau into centers which focus on impor-
tant areas of scientific and technological need.

Particularly appropriate in the light of increasing concern for
the support of our industry and manufacturing was the formation
of focused programs in electronics and electrical engineering, me-
chanical engineering and process technology, and materials sci-
ence. These programs are focused in three separate centers.

Electronics is one of the most important, most pervasive industri-
al technologies. The trend toward faster operation of smaller, more
complex devices gives rise to the need for very demanding meas-
urements. The NBS Center for Electronics and Electrical Engineer-
ing will build upon its successful program in electronic reliability
to meet the measurement needs as industry moves to very large-
scale integration.
In mechanical engineering and process technology, we will be

concentrating on two areas of great importance to industry. One of
these involves automation of the manufacture of discrete parts, a
process that will reduce the unit costs of products.
NBS will support industry with research, data and standards.

This will allow for the interchangeability of software in automated
manufacturing, will facilitate quality assurance through in-process
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inspection and control, and will support the development of im-
proved machines for all systems.
The other area of importance to industry is that of continuous

processing technology. We will provide new fluid and solid proper-
ties data for improved process equipment design and to facilitate
the changeover to feedstocks produced from coal and shale.
We will provide new measurement principles and standards for

online control and automation. We will provide engineering re-
search in areas such as heat and mass transfer, separation and
mixing for more efficient plant design.
And, finally, we will provide new combustion engineering data

for better operating efficiency and scale-up of industrial combus-
tion processes.
These new data, measurements and standards will help reduce

capital costs, save raw materials, conserve energy, and reduce envi-
ronmental pollution.
In the materials area, there is a growing trend toward the substi-

tution of plentiful materials for those that are becoming scarce and
therefore expensive. There is also the requirement to create mate-
rials having better performance characteristics.
NBS will provide industry with generic information on the per-

formance characteristics of materials, such as durability, and on
the actual chemistry and physics that take place as materials are
processed.
This work will support the optimization of industrial processes

for increased productivity, and the design and application of new
materials and processes.
These three areas—electronics, automation, and materials—un-

derlie most industrial developments, and can be expected to contin-
ue to make a big contribution to manufacturing productivity in the
future. We have been building these programs since the time of the
last hearings, Mr. Chairman, and I expect we will continue to
develop these programs further.
In addition to these areas, we shall continue to work to the full

accomplishment of our assignments under the "Brooks Act" to
provide all needed standards and guidelines for efficient and effec-
tive acquisition and use of automatic data processing equipment by
the Federal Government.
We shall strive, as a matter of top priority, to fulfill our role as

the Nation's central reference laboratory. Thus we will continue
our research in precision, physical, chemical and engineering meas-
urement, and in doing so, we shall take advantage of the latest
scientific developments and meet the measurement needs created
by advancing technology.
In meeting national objectives in energy conversion and conser-

vation, NBS will continue to provide support, on a reimbursable
basis, to lead agencies, such as the Department of Energy, Housing
and Urban Development, General Services Administration, and the
Nuclear Regulatory Commission.
In the area of regulation, NBS will be increasingly called upon in

the coming decade to provide measurement science, mathematical
modeling and statistical analyses as a basis for rational and equita-
ble regulation.
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We are already involved in providing assistance to regulators
and the regulated in areas of buildings, fire protection, consumer
product safety, nuclear safeguards, and coal mine safety.
There will be special emphasis on many aspects of environmental

protection, particularly with regard to radiation and toxic sub-
stances.
You also expressed concern at the previous hearings about the

level of our technical competence. I am very pleased to be able to
report that we have taken a number of steps to develop and sup-
port outstanding groups in world-competitive research. Such groups
are expected to make fundamental contributions to scientific
knowledge and to serve as resources for responding to future de-
mands that are placed upon NBS.
To facilitate this competence buildup, we have received incre-

ments of $2 million for competence building in 1979 and 1980, and
we have also requested another $2 million increment in the 1981
budget.
These funds are being used effectively and have had a greater

impact on improving staff morale than anything I have seen in my
years at the National Bureau of Standards. People are excited by
this commitment and have responded with very creative scientific
and engineering proposals.
I will now turn to the authorization bill. We are requesting an

authorization for $104.621 million in direct appropriations for fiscal
year 1981, and such sums as may be necessary for fiscal year 1982.
Our total request for fiscal year 1981 includes an authorization of
$87.733 million for our Organic Act activities, plus $1.253 million
for authorization of direct appropriations for our activities under
the Federal Fire Prevention and Control Act.
In addition, we are requesting authorizations of appropriations

for our activities under three other pieces of legislation whose
authorizations will expire in fiscal year 1980 and which must there-
fore be reauthorized if we are to continue our work.
We already have an authorization for our Standard Reference

Data Act activities in fiscal year 1981, but not for fiscal year 1982.
Therefore, we are seeking an SRD authorization of such sums as

will be necessary for fiscal year 1982.
Activities under an additional four acts—including, for example,

the Brooks Act, for which we are seeking an appropriation of
$11.603 million in the fiscal year 1981 budget—are presently under
a continuing authorization. We have included them in our authori-
zation bill so that the totality of direct appropriations to the Na-
tional Bureau of Standards can be reviewed by Congress on the
same time schedule.
Since the line items in our budget request are not easily identi-

fied with the statutorily mandated line items in this bill, I would
like to submit for the record a crosswalk between these classifica-
tions, together with detailed levels of funding.
Senator STEVENSON. It will be entered in the record.
Dr. AMBLER. Finally, with regard to the other three items cov-

ered in the bill, two seek expanded authority, and the third seeks
to statutorily embody our existing policy with respect to our work
for other Federal agencies.
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The first of the two items involving expanded authority concerns
a need related to our ability to maintain and improve our facilities.
Our proposal would increase to a $250,000 the amount of appropri-
ated funds which may be obligated by the Bureau for construction
and improvement of existing NBS buildings.
At present, the Organic Act limits the funds which NBS may

spend for such improvements to $75,000 unless specific provision
allowing NBS to exceed the limit is made by the Congress.
Since the purchasing power of the dollar has been reduced sig-

nificantly since 1972 when this limit was increased to its present
figure of $75,000, we are proposing a new limit of a quarter of a
million dollars, which is projected to be approximately the 1982
equivalent of $75,000 in 1972 dollars. As you can see, our proposal
essentially makes up for the effects of inflation.
The other item involving expanded authority proposes the addi-

tion of a new section to the Organic Act for the purpose of increas-
ing the Bureau's present authority with regard to its international
activities. Specifically, the section has three parts, the first would
provide the Secretary with authority similar to that enjoyed by the
National Science Foundation to assist foreign scientists and engi-
neers who are performing scientific work of mutual interest to this
country and theirs with some financial support beyond that pro-
vided by their foreign sponsor.
From past experience, we believe that this expanded authority

would be highly beneficial to the Bureau and other scientific agen-
cies of the Department in that it would increase our ability to
attract and benefit from the collaborative research of visiting for-
eign scientists and engineers, and that it would prevent premature
termination of research activities by such foreign scientists who
come to work at NBS and at other scientific agencies at the De-
partment, but find that they are faced with severe financial hard-
ships due to the high cost of living here.
The second part would provide constitutionally required congres-

sional consent for the scientific and technical employees of the
Department to receive financial assistance, fellowships, lecture-
ships, or other similar assistance from foreign governments for
their collaborative scientific research in a foreign laboratory.
The third part would allow the Secretary of Commerce, when it

is deemed in our national interest, to compensate aliens from neu-
tral countries such as Sweden or Switzerland. It would provide the
Department of Commerce authority similar to that presently en-
joyed by the Department of Defense, NASA, the National Science
Foundation, and the Department of Energy.
The third and final item in our bill would statutorily embody

existing Departmental policy by specifying that the Secretary shall
charge for any service performed by NBS at the request of another
Government agency to comply with any statute containing a provi-
sion which specifically names the Secretary or NBS as a consultant
on calls upon the Secretary or NBS to perform or cooperate in the
performance of certain activities with, for, or on behalf of another
Government agency, regardless of whether the statute specifically
requires the Secretary or NBS to be reimbursed. Such charges, of
course, will not be made when the costs are nominal.
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That concludes my statement, Mr. Chairman. I certainly appreci-
ate the interest your subcommittee continues to show in NBS, and
I am gratified at the introduction in the Senate of S. 2320. Both of
these will certainly assist in maintaining a strong Bureau.
[The attachment referred to follows:]



SC
IE
NT
IF
IC
 A
ND
 T
EC
HN
IC
AL
 R
ES

EA
RC

H 
AN
D 
SE
RV
IC
ES
-N
AT
IO
NA
L 
BU

RE
AU

 O
F 
ST
AN
DA
RD
S 
CR
OS
SW
AL
K-
PR

OG
RA

MS
 A
ND
 A
UT
HO
RI
ZA
TI
ON
S,
 F
IS

CA
L 
YE

AR
 1
98
1

In
 t

ho
us
an
ds
 o

f 
do

ll
ar

s]

NB
S

Or
ga

ni
c

Ac
t

Fe
de
ra
l

Pr
op
er
ty
 a
nd

Ad
mi

ni
st

ra
ti

ve
Se
rv
ic
es
 A
ct

(4
0 

U.
S.

C.
75

91
)

Fa
ir
 P
ac
ka
gi
ng

an
d 

La
be
li
ng

Ac
t 
(1
5

U.
S.

C.
 1
45

4,
14

57
, 
14
58
)

En
er

gy
 P

ol
ic
y

an
d

Co
ns
er
va
ti
on

Ac
t 
(4
2

U.
S.

C.
 6
36
3)

So
li

d 
Wa
st
e

Di
sp
os
al
 A
ct

(4
2 

U.
S.

C.
69
52
)

En
vi
ro
nm
en
ta
l

Re
se
ar
ch
, 

Ea
rt

hq
ua

ke
De
ve
lo
pm
en
t 

Ha
za
rd
s

an
d 

Re
du
ct
io
n 

Ac
t

De
mo

ns
tr

at
io

n 
(4
2 

U.
S.

C.
Au
th
or
iz
at
io
n 

77
04

)
Ac

t

St
an

da
rd

Re
fe
re
nc
e

Da
ta
 A

ct
To

ta
l

Ph
ys

ic
al

 a
nd

 c
he

mi
ca

l 
me

as
ur

em
en

ts
 a
nd

 s
ta
nd
ar
ds
 

Ma
te

ri
al

s 
an

d 
th

er
mo

dy
na

mi
c 
me

as
ur

em
en

ts
 a
nd

 s
ta
nd
ar
ds
 

Me
as
ur
em
en
t 

as
su

ra
nc

e 
pr

og
ra

m 

19
,0

05
20
,0
95

2,
68

4 
 

'
 

19
,0
05

20
,0
95

2,
68

4

Ap
pl

ie
d 
me

as
ur

em
en

t 
pr

og
ra

m 
2,

95
7 
 

1,
35
7

1,
91
8

24
5

3,
24

8
9,

72
5

En
gi
ne
er
in
g 
st
an
da
rd
s  

1,
60
9 
 

1,
60
9

Sa
fe

ty
 a
nd

 e
ng
in
ee
ri
ng
 r

es
ea

rc
h 
 

4,
57
9 
 

87
42

5
5,

09
1

Te
ch

ni
ca

l 
su

pp
or

t 
to
 i

nd
us

tr
ia

l 
pr
od
uc
ti
vi
ty
 

17
,5

05
  

17
,5
05

Ma
th
em
at
ic
al
 s

ci
en

ce
 

3,
01

1 
 

3,
01
1

Fi
re
 s

ci
en

ce
 a
nd

 e
ng
in
ee
ri
ng
 

11
,2

53
  

1,
25

3
14

=.
Co
mp
ut
er
 s
ci

en
ce

s 
an

d 
te
ch
no
lo
gy
 

11
,6
03
  

11
,6

03
cA
D

Ce
nt
ra
l 

te
ch

ni
ca

l 
su

pp
or

t 
(C

om
pe

te
nc

e,
 c

en
tr

al
 
pl

an
ni

ng
, 

po
st

 d
oc
's
, 

fac
ili

tie
s, 

WC
F

tr
an
sf
er
s)
  

16
,2
88
  

16
,2
88

To
ta
l 
NB

S 
88

,9
86

11
,6
03

87
1,
35
7

1,
91
8

24
5

42
5

3,
24
8

10
7,
86
9

] 
In

 f
is
ca
l 

ye
ar

 1
98

0 
ap
pr
op
ri
at
io
n 

of
 f
un
ds
 a

ut
ho

ri
ze

d 
by
 t

he
 F

ed
er
al
 F

ir
e 

Pr
ev
en
ti
on
 a

nd
 C

on
tr
ol
 A

ct
 a

s 
am
en
de
d.



44

Dr. DILLoN. Thank you, Mr. Chairman. I appreciate this opportu-
nity to discuss the new programs proposed in the fiscal year 1981
NBS budget.
The proposed appropriation of $107.9 million includes program

increases of $11.7 million, which reflect a continued improvement
in the balance between near-term and long-term strategies for
meeting our users' needs.
There is also a strong focus on contributions toward improving

industrial productivity and competitiveness, particularly in the per-
vasive technology of electronics.
I shall now turn to a brief description of each increase.
First is competence. Two years ago, a program to enhance the

scientific competence of NBS was initiated. Each year an incre-
ment of $2 million has been added to the NBS appropriation base.
In addition to these directly appropriated funds, we have identi-

fied $2.4 million within our base programs as work which is of the
same character and which is considered part of the NBS research
base.
The competence increases are putting us in a much stronger

position to meet the Nation's future needs for NBS services. It
allows some of our most creative researchers an opportunity to
explore the fundamental questions which we anticipate will have
great practical significance in the coming decades.

It also helps us to attract top technical talent to build a strong
staff in the future.
The Director and I both feel that this program already has had

an enormously positive effect on the creativity and overall tone of
the Bureau.
The general trend in science towards multidisciplinary research

is reflected in the 16 new competence projects initiated during the
past 2 years. Recent advances in computers, data acquisition equip-
ment, measurement technology and basic scientific knowledge
make it possible to attack problems previously considered too com-
plex for systematic analysis.
This has led to a natural convergence of scientific opportunity

with the long-term technology needs of both Government and in-
dustry.
Thus, the long-term strategies being pursued by NBS are tied

very closely to the planning thrusts described earlier by Dr.
Ambler. The majority of our efforts relate to support for increasing
industrial productivity, with efforts in electronics, high perform-
ance materials, and technology for continuous processing, such as
chemical processing.
These technologies have been emphasized not only because of the

projected economic significance of their primary markets, but also
because of their secondary impact on productivity in virtually
every major industrial sector.
In the general area of regulatory support, we have research

related to low-level ionizing radiation and chemical toxicity. These
efforts and the first-rate scientists we have attracted to work on
them will provide the basis for some of the Bureau's most impor-
tant contributions in the decade to come.
The second area is an increase for computing services. Our 14-

year-old computer is outdated and cannot meet all the computation
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demands of our scientific programs. We have surveyed our profes-
sional staff to assess their long- and short-term computing needs.
All senior managers and a good cross-section of knowledgeable
scientists are participating in developing a requirements study
which we plan to submit to the Department of Commerce this
spring.
In this budget, we are requesting $1 million to meet the most

urgent current computing requirements of our programs by procur-
ing services from private sector vendors and other Federal agen-
cies.
The third increase is for very large scale integrated circuits. NBS

will develop test procedures and measurement techniques needed
by our semiconductor industry to meet the precision measurement
and quality control demands associated with the manufacture of
very large scale integrated circuits, or VLSI circuits.
A VLSI circuit is a complex blend of ultrapure materials in a

microscopic, but very precise, geometrical pattern. The hallmark of
today's semiconductor industry has been extremely precise control
of materials purity and process variables.
However, evolving VLSI technology is going to require a whole

new generation of measurement techniques for the control of di-
mensions, materials purity, dopant introduction, impurity and
defect distributions, and overall circuit performance. The semicon-
ductor industry is looking to NBS for the development of these
techniques.
The objective of VLSI technology is, in simplest terms, to etch

ever narrower lines on silicon in order to pack a greatly increased
number of circuit elements on a chip. Best current production
technologies use line widths from 2 to 3 microns.
By comparison, a human hair is about 80 microns in diameter.

At this time industry efforts are directed at reducing line widths to
about 1 micron, but many scientists believe that fundamental phys-
ical limits to miniaturization might permit circuit patterns defined
with lines one-third of a micron wide.
The NBS program is directed toward overcoming measurement

problems associated with manufacturing circuit lines with such
extremely narrow widths. Simple geometrical and dimensional con-
trol becomes extremely complex as the lines become comparable to
the wavelength of visible light used in industrial microscopes.

Also, when line widths narrow by a factor of four or five, the
volume of actual circuit devices decreases by a factor of up to a
hundred. For these very small volumes, the precise control of impu-
rities, dopants and crystal microstructures is very much more diffi-
cult than is the case for current devices.

Finally, many of the basic approximations used to interpret
today's measurements are not valid for such small structures, and
a more fundamental understanding of semiconductors will be
needed.
In summary, VLSI technology will require substantially ex-

panded measurement and control capability in the face of in-
creased intrinsic difficulties associated with small widths and vol-
umes.

Specifically, the proposed NBS effort has six components:
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One, measurement techniques for characterizing semiconductor
materials, particularly surface distortions of silicon wafers that can
adversely affect subsequent processing steps;
Two, procedures for evaluating the interfaces between different

materials in the circuit structure;
Three, measurements for the on-line monitoring and control of

fabrication processes for VLSI, with emphasis on circuit patterning
and dopant control;
Four, special circuits called test structures which are electrical

diagnostic tools for VLSI circuit processing and performance;
Five, circuits that can be used to characterize reliability and the

probability of faults in VLSI circuits after manufacturing is com-
pleted; and
Six, procedures for evaluating VLSI packaging technology in

terms of mechanical integrity and heat transfer characteristics.
The work will require the efforts of scientists with indepth

knowledge in a number of different areas such as electronic proper-
ties of solids, submicroscopic flaws, trace chemical analysis, solid
state theoretical physics, surface defects, and the precise measure-
ment of very small dimensions. NBS has this broad range of scien-
tific and measurement expertise.
The fourth increase is for our facilities modification. With this

funding, we will begin modifications to improve the accessibility for
the handicapped to our major facilities at both Boulder and Gaith-
ersburg.

Barriers at main entrances of buildings, corridors, doors, eleva-
tors, restrooms, drinking fountains, and public telephones will be
eliminated.
In addition, we will begin the replacement of aging plant equip-

ment. We are completing a study now that predicts the life expec-
tancies for various types of plant equipment, establishes a time
table for replacement, and determines the most appropriate means
to finance the costs.

Priority attention is being given to the repair or replacement of
any equipment which represents a potential health or safety
hazard such as laboratory exhaust hoods and ducts.

Finally, the fifth area, we have a proposed increase of $5 million
for a number of basic research projects that are discussed in consid-
erable detail in the NBS budget document.
Mr. Chairman, this concludes my statement. I will be happy to

respond to any questions you might have.
Senator STEVENSON. Thank you, Dr. Dillon.
Gentlemen, how do you respond to the suggestions in the GAO

report on NBS? I assume you are familiar with that report. It dealt
with three items, implementation of the lead agency concept; it
contained a survey of users' opinion of the Bureau's services; and
an assessment of whether the various statutes affecting NBS con-
flicted with the Organic Act.

It suggested that the way to improve the implementation of the
lead agency concept was to have Congress make clear the areas in
which NBS was to have lead agency responsibility.
How do you react to that report and that suggestion, in particu-

lar? Should we be doing more up here?
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Dr. AMBLER. I have always regarded the Organic Act of the
National Bureau of Standards as defining the Bureau of Standards
to be the lead agency in measurement science. Certainly it applies
in those basic and generic measurements that underlie all of sci-
ence and technology that are used broadly.
In recent times we have had difficulties with the lead agency

concept, in sorting this out particularly with EPA. However, we
have been negotiating at great length with EPA, and I think we
have successfully negotiated a way to deal with that situation.
I have given some thought to what it would mean if the Bureau

of Standards were mandated to do all measurements in the Federal
Government, and I think that that would be a little sweeping and
impractical, and perhaps one should think carefully about that.
For example, there are many measurements conducted by other

agencies that are very specific to the kinds of programs that they
are conducting.
Let me just mention, for instance the laser fusion program. By

the very nature of this program, the machine, all the equipment
and the measurements must be done in situ.
On the other hand, there are certain aspects to this laser fusion

program such as fundamental power and energy measurements of
radiation, temperature, and particle density that the Bureau
should do.
So that in responding to the GAO report, I can well realize that

this matter needs some thought, but I don't think it is just as
simple as saying that the Bureau of Standards can be responsible
for all measurements, however detailed and specific, throughout
the whole of the Federal Government.
Senator STEVENSON. Well, beyond the Organic Act, there are a

lot of other missions which have been assigned to NBS in recent
years. What's the best way to proceed? With the Congress doing
nothing more? Leaving it to the agencies involved, ad hoc, to sort
out the NBS role?
Dr. AMBLER. Are you referring now not specifically to the basic

measurements area, but assignments that we get through other
pieces of legislation?
Senator STEVENSON. Well, both, but I wanted to bring those in.
Dr. AMBLER. Yes. Well, with regard to the latter, it was certainly

true, as we had testified in our last appearance that pieces of
legislation had given additional assignments to NBS without pro-
viding any funding to NBS to carry out the mandates in the
legislation. Section 6 of our bill would act to statutorily embody our
existing policy with respect to such cases where another agency
has the lead. If we are requested to do work for another agency
that Congress has not provided us with funds to perform, we will
only do the work if we are reimbursed.

Statutorily embodying our policy would make it easier to deal
with the problem, I think.
Senator STEVENSON. You say the problems with EPA have been

worked out?
Dr. AMBLER. Yes, sir.
Senator STEVENSON. As Dr. Dillon was mentioning, the 1981

budget request shows a net increase of $11.1 million—it is $11.1? I
understood you to say $11.7.
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Dr. DILLON. It's $11.7 million of increases offset by about $600,000
worth of decreases in the program.
Senator STEVENSON. Oh.
Dr. DILLON. So the net is $11.1 million.
Senator STEVENSON. Dr. Ambler, what was the next item on your

list of priorities that was not funded?
Dr. AMBLER. It was automation technology, it was the program to

strengthen the automation program for discrete parts manufactur-
ing.
Senator STEVENSON. This reorganization, I guess, won't affect

NBS much, or will it?
Dr. AMBLER. This is the one that was described by Dr. Baruch?
Senator STEVENSON. Yes.
Dr. AMBLER. No, I don't expect that it will affect our own inter-

nal management operations. No, sir.
Senator STEVENSON. You requested $3 million for research under

the Earthquake Hazards Reduction Act, and 31/2 million for re-
search under the National Climate Program Act. Those are pro-
grams of special interest to this committee. We originated the
legislation.
Those items were not approved. Why not? And what is the effect

going to be for those programs of those denials?
Dr. AMBLER. I am not sure why they weren't approved. Under

the Earthquake Hazards Reduction Act, we do have in our budget
approximately $425,000. Our first and most important assignment
under that act is to incorporate existing technology and do stand-
ards for building codes for Federal buildings. We expect to have
that completed by the end of this calendar year.
The act then calls upon us to do research, and essentially to

update those standards, incorporating new technology. That will go
more slowly than what it would have done had the request been
granted.
With regard to the climate program, we have been working

closely with the interagency committee in designing a plan to
respond to the National Climate Program Act. We, in particular,
have laid out a program for conducting or providing those measure-
ments that would be necessary.

It is my understanding that the authorizations for the National
Climate Program Act will come under the NOAA legislation, so
that we would pursue that as another agency program.
Senator STEVENSON. I understand that $5 million was added for

basic research at the suggestion of OSTP. What is that money
going for, and isn't more funding necessary for facilities, and equip-
ment, including computer facilities, in order to carry out these
missions, including the responsibilities for basic research?
Shouldn't some of that money go into facilities as opposed to basic
research?
Dr. AMBLER. In order to conduct the basic research?
Senator STEVENSON. Yes, on other missions. How about comput-

ers? You requested—let's see, an additional $5 million for comput-
ing services, I believe. $5.1 million for equipment modernization,
and $4.5 for facilities modernization, which were turned down, and
then got to the additional $5 million for basic research at the
instance of OSTP.
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Dr. DILLON. Well, Mr. Chairman, the approach we have taken,
both in competence and on the basic research funds is to use those
appropriations to support the scientists themselves.
In addition, we have a general equipment fund that gets ex-

tremely high priority attention, and the programs that get started
under the competence and the basic research programs, will get
equipment from a different source.
In addition, we are providing for the computing requirements

associated with these new program starts, both in technical compe-
tence and basic research in our requirements study, and are receiv-
ing very high priority in assessing our needs for computing re-
sources.

If we are not able to get expansions in those other items, we will
have to start considering using portions of these funds for that
purpose. But at this time it hasn't been necessary.
Senator STEVENSON. Well, I don't think you have the authority to

do that unless we give it to you.
Dr. DILLON. We will request the allocation of the money at the

time. For this budget, it will not be necessary.
Senator STEVENSON. Now you're implying that the $15 million

for computing services, equipment modernization, and facilities
wasn't needed. If not, why was it requested?
Dr. DILLON. Mr. Chairman, those are all long-term programs that

are very, very much needed at the Bureau of Standards, and we
are developing careful studies to insure that we take the most cost-
effective steps to meet those needs. Those preliminary studies have
been done, and are the basis for the requests. We are doing more
detailed studies now, and we will be submitting them to the De-
partment this spring.
Dr. AMBLER. Mr. Chairman, I don't think we could use that basic

research money for facilities, that's correct. However, if we deter-
mine that the programs that we were supporting under the basic
research program needed, in order to be conducted efficiently, com-
puting support, I'm sure we have that authority, because that's
another object of expenditure for that program.
Senator STEVENSON. You would have the authority, but you

might not have the money, it sounds like, unless you come back
with a supplemental.
Now, S. 2320 authorizes such sums as may be necessary for fiscal

1982. We rarely authorize or approve open-ended authorizations.
In fact, I can't think of any.
We need an estimate of what will be required for 1982. Can you

give it to us?
Dr. AMBLER. I don't have it now. I would have to consult with the

Department and it will have to obtain OMB approval for the
submission of any numbers.
Senator STEVENSON. Could you do that and give us an estimate? I

don't think we are going to put in "such sums as may be neces-
sary." We don't like open-ended authorizations.
Dr. AMBLER. As I said, we will have to consult with the Depart-

ment.
Senator STEVENSON. Well, if you would supply that for the

record, we would be grateful.
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[The following information was subsequently received for the
record:]
The Administration prefers not to include outyear projections in authorization

bills because such estimates normally undergo numerous revisions before the final
budget is formulated. Accordingly, we cannot supply the Committee with any esti-
mates for fiscal year 1982.

Senator STEVENSON. Is the Bureau considering any activities that
would develop the basic competence in biotechnology?
Dr. AMBLER. We do have programs that relate to that. For exam-

ple, some of our work in the materials area does relate to synthetic
implants which I think would fall in that area.
Are you asking whether we were considering it as a competence

project?
Senator STEVENSON. Yes.
Dr. AMBLER. Competence funding has not been proposed for any

project in that area yet, sir.
Senator STEVENSON. Well, I hope you will take a look at it.
We have developed some interest in the field. It looks explosive,

like an area in which the climate is pretty congenial in the United
States, and yet we are putting together some evidence which begins
to indicate that the Japanese are moving ahead of us here, too.

I don't know how your missions would relate to all of it, but it
strikes us as a subject that's deserving of some serious attention by
the NBS with respect to competence-building.
Dr. DILLON. Mr. Chairman, we are looking into the biotechnology

in the sense of gene-splicing in our central planning office, for
exactly this purpose, to try to assess what would be the scientific
and technological impacts in the future associated with those kinds
of developments.
Senator STEVENSON. Well, that's great.
As you indicated, the Bureau has undergone a significant repro-

graming. According to the visiting committee, this reprograming
was not without cost. Do you anticipate the need to conduct any
further reprograming in the next 2 fiscal years?
Dr. AMBLER. Nothing of the magnitude that was done in fiscal

1979 and 1980. I would expect some normal redirection of pro-
grams, but nothing on a grand scale.
Senator STEVENSON. Would you keep us informed about such

redirections?
Dr. AMBLER. Yes, sir.
Senator STEVENSON. OK; thank you. We may have a few addi-

tional questions. I would appreciate some—well, as precise an esti-
mate as you can give us of the 1982 authorization requirements.
But if there are questions, we will have to submit them to you in
writing and get back the answers for our record.
Thank you very much, gentlemen. We appreciate your help this

morning.
Dr. AMBLER. Thank you, sir.
Senator STEVENSON. The next witnesses are—I'll ask them both

to come forward and try to save some time—Dr. Dale Compton,
vice president for research of Ford Motor Co., and Dr. Mildred
Dresselhaus, director of the Center for Materials Science and Engi-
neering at MIT.
May we proceed with you, Dr. Compton?
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Dr. COMPTON. Glad to, Mr. Chairman.

STATEMENTS OF DR. W. DALE COMPTON, VICE PRESIDENT,
RESEARCH, FORD MOTOR CO., DEARBORN, MICH., AND DR.
MILDRED S. DRESSELHAUS, DIRECTOR, CENTER FOR MATE-
RIALS SCIENCE AND ENGINEERING, MASSACHUSETTS INSTI-
TUTE OF TECHNOLOGY, CAMBRIDGE, MASS.
Dr. COMPTON. I appear before you today as the current chairman

of the National Bureau of Standards Visiting Committee. The other
members of the committee are listed in the text of the testimony.
As you know, the visiting committee has a statutory obligation to

visit the Bureau at least once a year and report to the Secretary of
Commerce upon the efficiency of its scientific work and the condi-
tions of its equipment.
During my membership on the committee, we have met twice a

year and reported to the Secretary annually concerning our find-
ings and our recommendations.
Let me begin by noting that the visiting committee believes that

the Bureau of Standards is in good hands. Dr. Ambler and his staff
continue to offer the Bureau the strong creative leadership that is
needed as the Bureau strives to maintain its reputation as a center
of excellence.
The visiting committee strongly believes that the Bureau must

be recognized as the leading authority in its fields of expertise with
personnel and programs of unquestionable excellence. Only then
will the Bureau be capable of fulfilling its long-term responsibility
of enhancing productivity and innovation in the U.S. measurement
techniques, technology, standards, and data that are crucial to the
process in quality control for R. & D. and innovation with the
exchange of goods for equitable regulations.
The future needs for these services are particularly clear in some

pervasive technologies that are critical to many sectors of the U.S.
industry to which the NBS will be providing important support in
the 1980's.
The NBS policy of close collaboration with both industry and

academic counterparts will be particularly important in insuring
rapid transfer of technology to the actual users.
The past few years have not been easy for NBS. Events, many

beyond their immediate control, combined to create an atmosphere
that threatened to destroy the viability of the Bureau.
While I am pleased to report that the visiting committee recog-

nizes that the Bureau has made considerable progress in solving
these problems, we want to encourage this subcommittee to provide
the financial flexibility that is needed to sustain the revitalization
of the Bureau.

It is essential that the progress made during the past 3 years not
be lost.
In order to place in perspective the issues that we consider so

important, I would like to review some of the key events that have
taken place over the past 3 years. I believe this can best be illus-
trated by extracting selected sections of the past reports that were
made by the chairmen of the visiting committee to the Secretary of
Commerce.
In 1977, Mr. Peck stated the following:
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NBS is on the brink of serious trouble. The persistent retrenchment that has
taken place threatens to bring NBS to a mediocrity that is unacceptable * * *.
Shocking gaps exist in NBS' ability to carry out its basic assignments, even

without supplemental assignments. New assignments thrust on the Bureau without
funding or personnel have forced NBS leadership into defensive management,
whereby long-range programs are sacrificed to salvage short-term objectives. The
declining quality of work is reaching a critical state. One study indicates that basic
research in constant dollars may have dwindled to half the level of 10 years ago.
Fifteen new laws since 1965 have given NBS assignments, yet the NBS overall
budget in constant dollars has not increased * * *.
Perhaps the most important signal of trouble is the effect on the talented people

who make NBS a strong institution. Weakening morale and individual concerns for
lack of consistent direction and support are plain. * * * Effects are apparent also
in the difficulty NBS has in attracting the very best graduating scientists * * *.

You can see that the situation was far from good. But, fortunate-
ly, there were indications that it was about to improve. Late in
1978, Dr. Robert Dicke wrote to Secretary Kreps:
Recovery is underway and a positive attitude pervades NBS. While the Congress

has not yet completed its actions on the 1979 budget request, it appears quite
certain that the Bureau will receive a very substantial increase in its appropri-
ations. It is now possible for the Director of NBS to look forward and not backward.

In its continuing concern about the allocation of resources, the
visiting committee made four points in its 1978 report to the Secre-
tary:

First, the 1979 budget recommendations give NBS a good start on the road back
to excellence. But one budget cycle will not suffice for more than a start. If the
commitment to increased investment is not continued in 1980 and for at least five
succeeding years, the Bureau will fall short of the goals and objectives of the
Administration.
Second, the visiting committee places its highest priority upon the continuation of

"competence building" at the NBS as the single most strategic approach to public
investment in scientific excellence. We believe that "competence building" should be
at least a five-year program in the Bureau. Damage incurred in a large institution
over many years cannot be corrected in a shorter time than that.
Third, we strongly endorse the new directions represented by the proposed budget

increases for 1980, because they will position NBS to make a timely start in areas of
advancing technologies which will strengthen U.S. industry in the world mar-
kets. * * *
Fourth, the visiting committee is fully aware of the President's 1980 budget

policies. In scaling the Bureau's budget estimates for the 1980 budget, in terms of
realism, the managers of NBS have undertaken a bold initiative to reduce or
terminate a wide range of existing projects in order to accommodate higher priority
budget increases. * * *
On the matter of reprogramming, it is very doubtful, in our view, that the orderly

pursuit of scientific investigation can be achieved if reprogramming is attempted on
such a large scale repeatedly and especially at short intervals. The current repro-
gramming actions should be seen for what they are: an unusual and extraordinary
managerial effort to present a supportable budget increase within the policy con-
straints of the 1980 budget. * * *

And now briefly from last year's report.
The major reprogramming of the Bureau's activities is now 50 percent complete,

with the remainder planned for the coming year. It should be emphasized that good
and important programs were eliminated with this reprogramming to permit the
introduction of new programs. The cost to the Bureau of this reprogramming was
high, particularly to morale. The committee believes that another major reprogram-
ming of the Bureau in the next few years would represent a serious threat to the
continuation of the Bureau as a valuable laboratory.
The committee has examined the new competence building program with care

and believes it to be well managed. We have heard from the individual scientists
and have examined their plans. Rebuilding the scientific competence of the Bureau
will require an extended period of time, and both the committee and the Bureau
give the continuation of this program the highest priority.
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The competence of the scientific and technical staff of the Bureau is central to the
competence of the Bureau. But a good staff requires good equipment, and your
committee regrets to report two serious deficiencies: first, the computational support
system of the Bureau is obsolete and inadequate. Second, the rate of replacement of
obsolete experimental equipment is so slow that it falls steadily behind.

Reports from the 21 evaluation panels of the National Research Council empha-
size the need for a major initial effort in catching up, followed by a continuing
program of upgrading of computer facilities, necessitated by the rapid advances in
computer technology and concomitant rapid obsolescence of computer equip-
ment. * * *

From these excerpts, I am sure you can understand why we are
cautiously optimistic about the future. To remove our remaining
concern would require assurances that actions already taken would
not be reversed and that support for critical fundamental activities
would be continued.
And since most of the problems are related to budgets, we feel

that these authorization hearings occur at a key time. The contin-
ued health of the Bureau depends upon many factors, but we would
place top priorities on the following:

First, major shifts in program direction; that is major reprogram-
ing, should not be allowed to recur.
Second, the competence building program must receive continued

support.
Third, the equipment needs of the Bureau, including both the

replacement of obsolete equipment, and the acquisition of new
computers, must be addressed.
And fourth, any new legislation that assigns tasks to the Bureau

must include provisions for additional funds and positions for the
Bureau.

If these actions were to be assured, we would be confident that
the management of the National Bureau of Standards could accom-
plish its objective of returning the Bureau to its previous position
of recognized excellence.
The NBS visiting committee recommends these factors to this

subcommittee for their consideration in formulating both the cur-
rent and future authorizations for the Bureau of Standards.
The question then is whether the proposed fiscal year 1981

budget for the Bureau and the funding levels indicated in the
authorization bill are adequate to accomplish these objectives.
At the February meeting of the visiting committee, the then

proposed fiscal year 1981 budget was reviewed by the visiting com-
mittee. We considered that proposed budget as being responsive to
the high priority needs enumerated a moment ago. We understand
that events since that time may force modifications to that budget
that could raise new problems for the Bureau.
So my next few comments will relate to what we understood the

situation to be in February.
As of February, major reprogramming of a magnitude that would

be detrimental to the health and well-being of the Bureau was not
anticipated. The competence building program continues with an
increase in the proposed fiscal year 1981 budget of $2 million over
that contained in the fiscal year 1980 appropriation.
While we view this as a very modest increase, we strongly sup-

port the allocation of an additional $5 million in basic research
funds for programs that will be developed within the National
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Engineering Laboratory and the National Measurement Labora-
tory. The combined effort of these two increases will be very posi-
tive and we strongly recommend your support of them.

If more recent budget constraints should lead to a reduction in
either of these items, the visiting committee would view this with a
very considerable alarm. This program is the core of the entire
effort to rebuild the scientific base of the Bureau.
To reduce it at this stage would doubtless cause serious delay

and damage to the rebuilding effort. I simply cannot overemphasize
this issue to you.

It appeared to us that the equipment needs of the Bureau are
only marginally met by the February proposed authorization. We
viewed this with serious concern. As you know, this is not a new
problem for the Bureau. The problem was most recently recognized
in the early 1970's.
In 1974, an equipment modernization program was initiated that

was intended to replace obsolete equipment. The plan was to add
about $2.1 million to the NBS budget each year, until a total of $15
million was reached.
This program was scheduled to terminate in fiscal year 1981,

with a final appropriation of $1.4 million to reach the total of $15
million.
I understand that the budget as proposed in February instead

includes $2.1 million for equipment modernization, and that this is
viewed as a 1-year extension of the equipment modernization pro-
gram.
While we endorse the inclusion of this item and its increase from

the originally planned $1.4 million, we are concerned that there is
apparently not a long-term commitment to solving this problem.
Any further reduction in this budget item would create a still

greater barrier to achieving the restoration of the Bureau to its
level of excellence.
Of a more serious nature is the lack of adequate budget to

address some of the computing needs of the Bureau. The inclusion
of a $1 million increase for computer services appears to the visit-
ing committee to be quite inadequate.
Not only does this amount appear inadequate for the purchase of

computer services, the proposed budget apparently includes no pro-
vision for computer acquisition.
Furthermore, since this authorization bill addresses both fiscal

year 1981 and fiscal year 1982, the visiting committee urges this
subcommittee to go on record as recognizing that the equipment
and computer needs of the Bureau are not accommodated in the
proposed fiscal year 1981 budget or the authorization bill.
I must also draw the attention of the subcommittee to the fact

that the 1980 pay raise supplemental for the National Bureau of
Standards is not fully funded in fiscal year 1981. This represents
an approximately $2 million decrease in the NBS budget.
This action would effectively wipe out a net $2 million program-

matic increase that was appropriated at the NBS for fiscal year
1980.
We recommend that serious consideration be given to authoriz-

ing the full amount of the fiscal year 1980 pay raise supplemental.
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The final issue was alluded to in an earlier portion of my re-
marks. On a number of occasions over the past several years, the
Congress has enacted legislation that assigned specific responsibili-
ty to the Bureau of Standards.
These assignments have not generally carried with them appro-

priations of additional funds and positions. Such legislation has the
impact of forcing a reprograming of Bureau efforts.
I am sure you will understand that the visiting committee con-

siders this to be a very undesirable action. We urge the subcommit-
tee and the full committee to do everything in its power to assure
that any new assignments for NBS be accompanied by sufficient
new resources to do the job.
As we understand it, the bill under consideration would author-

ize a sum that was exactly equivalent to the budget as proposed in
February. We would urge you to authorize an amount somewhat in
excess of the proposed budget. We believe that this action would
have two important benefits:

First, it would provide the flexibility to accommodate any addi-
tional directives of Congress.
Second, it would provide a knowledge that the proposed budget

for fiscal year 1981 does not adequately address the need for
modern equipment.
Mr. Chairman, on behalf of the visiting committee, I want to

express our appreciation to you for inviting us to express our
views.
Senator STEVENSON. Thank you, Dr. Compton.
Dr. Dresselhaus.
Dr. DRESSELHAUS. I'm very pleased to appear here today with

Dale Compton to discuss my views on the activities and priorities
of the NBS program.
I appear here in my capacity as chairman of the steering com-

mittee of the evaluation panels of the National Bureau of Stand-
ards.
In the testimony that I submitted, I had a description of what it

is that the evaluation panels do. For the sake of brevity, I might
skip over that description, unless you would like to hear about it
explicitly.
Senator STEVENSON. Your full statement will be entered in the

record, too, Dr. Dresselhaus.
Dr. DRESSELHAUS. I'd like then to move on to some general obser-

vations. Many of these are in concert with what you have just
heard from the Chairman of the Visiting Committee to the Bureau.
The Evaluation Panels and Visiting Committee in some sense

worked together, the Visiting Committee providing advice and the
Evaluation Panels providing evaluation and critique of the current
programs and suggestions for change.
The size of the NBS staff has remained constant for many years.

During the last decade, the frontiers of science have advanced
rapidly in many important fields and the areas of responsibility of
the Bureau have also been greatly expanded. As new technologies
develop, new science and understanding is needed to fully utilize
these technologies and to extend their exploitation to new areas of
opportunity.
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To develop the underpinnings of each technological advance, an
investment of resources and personnel at this basic level of under-
standing is needed in order to be able to carry out the application
effectively.
With the constraint of a constant-sized staff, some of the vital

needs of the Bureau program have not been met adequately in
recent years.
Pressures to meet short-term goals have often been satisfied at

the expense of long-term objectives. Standards work is exacting and
demanding, and it must be done by a highly experienced and
competent staff. It takes a long time to develop such scientists and
engineers.
Thus, the evaluation panels in recent years have consistently

emphasized the need for increased effort in the basic underpin-
nings of the science and technologies used to carry out the unique
NBS mission in metrology, standards and data.
The evaluation panels have further continued to emphasize the

importance of maintaining the technical excellence of the NBS
program which is so vital to the nation and is unrivaled interna-
tionally.
On the other hand, the evaluation panels strongly emphasize

that the vitally needed increase in effort in the basic sciences and
engineering sciences not be accomplished by another major repro-
gramming exercise.
In the opinion of the evaluation panels, the Bureau has in recent

years undergone more reprogramming than the fabric of the orga-
nization can withstand.
In my invitation to speak before the subcommittee, there was a

specific request for my views regarding activities and priorities of
the Bureau as reflected in the fiscal 1981 budget. I will speak to
some of these briefly.
Top priority should be given to the $2 million increase in the

competence building program, and in addition to the $5 million in
basic research funding. To maintain the technical viability of the
Bureau for carrying out its mandated mission, both programs to-gether are essential.
Attention to equipment modernization is vital, and must be ad-dressed by a long-term commitment. The present equipment mod-ernization program which currently provides a 5.9 percent equip-ment replacement is lower than the norm in industry and acade-mia by at least a factor of two.
Attention must also be given to the serious problem of inad-equate computation capabilities for carrying out the Bureau's mis-sion. The proposed $1 million increase for computer services repre-sents a step in the right direction, but is far below what is neededto provide even marginally adequate computation capabilities.Increased appropriations will be necessary in fiscal year 1982 toaddress these needs both for equipment and for computation.. I .will skip over some of my prepared statement on the newinitiatives. I discuss them in some detail in my written statement.I had expected to say more in support of the competence buildingprogram, but Dale Compton covered that so completely that I thinkI'll just leave it at that and answer questions that you may haveduring the forthcoming question period.



57

I would now like to make a few remarks concerning the labora-
tory equipment situation. I'd like to cover that topic more com-
pletely than Dr. Compton did, primarily because this is an area
which each of the 17 evaluation subpanels examine annually.
In 1973, the Evaluation Panels identified the lack of state-of-the-

art laboratory equipment as the most pressing Bureau need. The
Department of Commerce responded by starting an equipment
modernization program. This program has annually provided addi-
tional money to the working capital fund from which general
equipment purchases are made.
The working capital fund is then reimbursed from operating

funds over the expected lifetime of the equipment. Because of
economic inflation and because of the increasing sophistication and
cost of state-of-the-art equipment, reimbursements to the fund are
inadequate to provide replacement cost of equipment and to allow
purchase of newly developed equipment capability.
The Evaluation Panels have consistently stressed the importance

of providing increments to the fund each year for new equipment
purchases. The equipment modernization program has been abso-
lutely vital to the implementation of automatic measurement and
test procedures made possible by recent developments in the com-
puter industry, including microprocessors, and minicomputers.
The equipment modernization program is absolutely vital for

carrying out the Bureau's mission. It must be adopted as an on-
going program and at a somewhat accelerated rate to maintain
proper support to the overall Bureau program.
I will now make some comments on the Bureau's computing

needs. This year I have asked each of the Evaluation Panels to
consider the specific issue of the scientific computing needs of the
program under its purview.
When all Evaluation Panels have met, we plan to assemble an

overall picture of the scientific computing needs of the Bureau.
Based on the meetings to date, I can summarize succinctly the

major preliminary findings; namely, that the central computing
facility of the Bureau is inadequate for carrying out the present
NBS programs. This computation need is reflected in the fiscal
year 1981 budget, which contains a request for $1 million for the
purchase of external computing support.
The Evaluation Panels have stressed the need for updating cen-

tral computing facilities and computational capability by the lease
or purchase of additional computing equipment.
The Evaluation Panels further stress the need for development

of a long-range plan to provide adequate computation capabilities
to carry out the Bureau's mission.
To some extent, the computational needs of the Bureau can be

accommodated by the rapidly developing capabilities of minicom-
puters, and in this context, the Evaluation Panels have strongly
endorsed an increased use of minicomputers within the Bureau.

Nevertheless, there are many needs that cannot be met by mini-
computers, and to accommodate large and complex computations
that are necessary to carry out the basic Bureau mission, a new
central computing facility is desperately needed.

It is recommended that this need be given high priority in the
fiscal year 1982 budget.
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I have some comments on other agency funding in my prepared
statement. This has come up several times. Perhaps I could skip
over that since it is in my prepared statement.
Dr. Compton has also covered this quite well.
So, in closing, let me add that the Bureau is in good hands, as

Dr. Compton said. The present Bureau administration provides
stable, strong, and imaginative leadership. The Evaluation Panels
have provided an annual and systematic program review as well as
an abundance of constructive criticism.
These evaluations have provided the stimulus for systematic

planning and reprograming. Though the Evaluation Panels act
very independently of the groups under evaluation and of the NBS
management generally, an excellent rapport and working relation
has been established over the years.

It is the goal of both the Bureau management and of the Evalua-
tion Panels to insure that the National Bureau of Standards re-
mains an international center of excellence in areas of its responsi-
bility, and we work together in our separate ways to achieve this
goal of excellence.
I thank you for this opportunity to speak.
[The complete statement follows:]

STATEMENT OF MILDRED S. DRESSELHAUS, CHAIRMAN, EVALUATION PANELS FOR
THE NATIONAL BUREAU OF STANDARDS

INTRODUCTION

I am pleased to appear here today to discuss with you my views on the activities
and priorities of the National Bureau of Standards with particular relevance to the
fiscal year 1981 budget. I appear here in my capacity as the Chairman of the
Steering Committee of the Evaluation Panels for the National Bureau of Standards.
I have served in this capacity since July 1978, subsequent to the expiration of the
term of office of Dr. William 0. Baker, then president of the Bell Telephone
Laboratories. I speak to you today on behalf of the Evaluation Panels also as a
private citizen and an academic research scientist with a great personal interest in
the vital functions that the Bureau performs for the nation. I commend the Subccm-
mittee for its interest in this important national institution and express my appre-
ciation to you for inviting me to speak on behalf of the Evaluation Panels. Let me
now provide some background on the Evaluation Panels for the National Bureau of
Standards.
Since 1959, the Department of Commerce and the National Bureau of Standards

have invited the National Research Council, the operating arm of the National
Academy of Science, to provide, on an annual basis, an external evaluation of the
technical functions and operations of NBS. The evaluation program is supported by
a contract between the National Academy of Sciences and NBS.
In discharging its responsibility, the National Research Council selects and ap-

points experts in areas relevant to NBS operations to a series of Evaluation Panels.
The term of a Panel is usually 3 years and never more than 6 years. There are
currently about 230 Panel members participating in this evaluation process, each
giving freely of his or her time with reimbursement only for travel expenses. These
experts serve the Bureau and the nation out of sense of patriotism.
The detailed evaluation of specific program areas is accomplished by 17 Subpan-

els, which consider a variety of issues in their evaluation including: technical
functions and operatioons of each specific program area, the importance and rela-
tive priority of the specific projects, the quality of the programs and the staff, the
adequacy of equipment, computation facilities, funding and personnel for carrying
out each of the specific projects, and the relation of each project to the mission of
NBS. These Subpanels, composed of our nation's leading scientists and engineers
from the academic, industrial, and government communities, provide a continuing
and valuable resource for information transfer to the staff and management of the
National Bureau of Standards.
In addition to the 17 Subpanels, there are Panels responsible for the evaluation of

the three major technical units of NBS: the National Measurement Laboratory, the
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National Engineering Laboratory, and the Institute for Computer Sciences and
Technology. The membership of these three Panels includes the Chairmen of the
constituent Subpanels, several members at large, and a Panel chairman. These
three Panels are responsible for examining the broad programs and long-range
plans of each major technical unit, and for reviewing and coordinating the work of
the constituent Subpanels. The chairman of these three Panels make presentations
to the NBS Visiting Committee on an annual basis. Guidance and general oversight
to the entire evaluation program is the responsibility of the Steering Committee
consisting of the chairmen of the Panels for the three major technical units, some
at-large members, and a chairman, who is responsible for coordinating the whole
activity and making presentations to the NBS Visiting Committee, the Secretary of
Commerce, and the National Academy of Sciences.
Each Panel and Subpanel annually prepares a written report summarizing its

findings. After undergoing the review process of the National Academy of Sciences,
these reports are delivered to the Director of NBS. They are also available to the
public. Mr. Chairman, in order to provide you with the detailed findings of the
Evaluation Panels, we regularly submit to the staff of your Subcommittee these
Panel reports after they have passed through the review process of the National
Academy of Sciences.

GENERAL OBSERVATIONS

In the field of science and technology, the National Bureau of Standards has a
unique and essential national function. This function is in contrast to the roles
served by industry, universities, and other government agencies. The role of univer-
sity research is to extend the frontiers of science and technology. Many of the
important details are left undone, and the results are often not fully quantified or
validated. Industrial research is usually focused on research areas with potential for
significant practical application to the industrial product line. Research in other
government agencies is highly focused on accomplishing the goals of those agencies
more effectively, efficiently, and economically. Academic research, R&D in industry,
and R&D in other government labortatories all depend critically on the availability
of standard and validated methods of measurement, standard reference materials,
and evaluated data, all of which constitute the central focus of the National Bureau
of Standards. Thus, the program of the NBS is absolutely necessary for the entire
national R&D enterprise, and the excellence of the NBS program is of national
concern.
The size of the NBS staff has remained almost constant for many years. During

the last decade, the frontiers of science have advanced rapidly in many important
fields, and the areas of responsibility of the Bureau have also been greatly ex-
panded. As new technologies develop, new science and understanding is needed to
fully utilize these technologies and to extend their exploitation to new areas of
opportunity. To develop the underpinnings of each technological advance, an invest-
ment of resources and personnel at this level of basic understanding is needed in
order to be able to carry out the applications effectively. As technologies mature,
the need for research decreases, but attention must still be given to the applications
of new technologies (for example, computer control of measurements and computer-
ized data processing), and an effort must still be given to address the needs of the
nation for calibration, validation, and data acquisition. With the constraint of a
constant-size staff, some of the vital needs of the NBS program have not been
adequately in recent years. Standards work is exacting and demanding, and it must
be done by a highly experienced and competent staff. It takes a long time to develop
such scientists and engineers.
Thus, the Evaluation Panels in recent years- have consistently emphasized the

need for increased effort in the basic underpinnings of the science and technologies
used to carry out the unique NBS mission in metrology, standards, and data. The
Evaluation Panels have further continued to emphasize the importance of maintain-
ing the technical excellence of the NBS program, which is so vital to the nation and
is unrivaled internationally.

NBS FISCAL YEAR 1981 BUDGET

In my invitation to appear before this Subcommittee, there was a specific request
for my views and comments regarding the activities and priorities of NBS as
reflected in its fiscal year 1981 budget. Because the budget was released very
recently, the Evaluation Panels have not yet had an opportunity to study and
comment on it. Nevertheless, it is important for the Evaluation Panels to provide
you with specific input on this budget, and we are most pleased to have this
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opportunity to do so. I am basing the following remarks on recent findings and
recommendations made by the Evaluation Panels.
Top priority should be given to the $2 million increase in the competence-building

program and to the additional $5 million in basic research funds. To maintain
technical viability of NBS for carrying out its mandated mission, both programs
together are essential. Attention to equipment modernization is vital and must be
addressed by a long-term commitment. The present equipment modernization pro-
gram, which currently provides a 5.9% equipment replacement, is lower than the
norm in industry and academia by at least a factor of 2. Attention must also be
given to the serious problem of inadequate computation capabilities for carrying out
the Bureau's mission. The proposed $1 million increase for computer services repre-
sents a step in the right direction, but it is far below what is needed to provide even
marginally adequate computation capabilities. Increased appropriations will be nec-
essary in fiscal year 1982 to address these needs for equipment and computation.

COMPETENCE PROGRAM

I am especially pleased that the fiscal year 1981 budget for the Bureau contains
$2 million for the competence program. The Evaluation Panels originally recom-
mended the initiation of such a program," and they have subsequently given the
highest priority and enthusiastic endorsement to this effort. This vital program will
allow NBS not only to restore competences that have been eroded over the past few
years but also to build new competences in areas that are becoming of increasing
importance to NBS and to the nation. To carry out its mission, the Bureau depends
on the availability of teams of scientists and engineers working at the forefront of
research in various areas related to future technologies. It is vital to have such
highly skilled teams available to devote their efforts to specific new problems as
they arise. Building these competences is absolutely necessary to provide improved
measurement technologies in anticipation of future needs. During fiscal year 1979,
eight competence-building projects were initiated in the areas of surface science,
organic electrochemistry, advanced neutron methods, wave optics for metrology,
physics of defects in semiconductors, nonlinear modeling of convection and smoke
dynamics, fluid mixtures properties, and abstract data models; and in fiscal year
1980, nine such projects were initiated in the areas of physical and chemical effects
of ionizing radiation on matter, picosecond laser chemistry, synchrotron radiation
research for materials science, physics of compound semiconductors, soot formation
processes during hydrocarbon combusion, new techniques in mathematical optimiz-
ation, transient heat transfer, abstract data models, and measurement and control
of local area networks. These programs have had a very positive effect on overall
creativity, enthusiasm, and morale at NBS. The programs have also been vital to
the ability of NBS to attract first-rate people. The Evaluation Panels have strongly
and consistently recommended that the initiation of new competence programs be
continued until a balanced effort is achieved between applications programs with
short-range objectives and the basic science upon which the applications are based.

NEW PROGRAMS IN BASIC RESEARCH

In_ addition to the competence programs, the Evaluation Panels have strongly
recommended the launching of research programs in new areas of opportunity and
national need. This appears in the 1981 budget in two ways: first, in terms of the
very-large-scale integrated circuits program and second, in terms of the President's
$5 million package for basic research. The largest of these programs in the Presi-
dent's package is in basic metallurgy and materials science research, which repre-
sents the scientific underpinning of the metals processing program.
In addition, several smaller basic research programs appear in the President's

request to Congress. These include programs in intrinsic transport standards, time-
resolved measurements of thermodynamic variables, quantitative compositional
mapping, real-time topography facilities and research, relativistic effects in atomic
and molecular interaction, testing strategies for complex electronic systems, and
metrology for electronic and optical gigabit signal processing. Proposals for research
in these basic areas have been developed in many cases under recommendations of
the Evaluation Panels. The implementation of these research programs would have
a major and beneficial impact on the total NBS program. Our ability to do short-
term applied work, so important to industry and to other agency needs, stems from
previous long-term fundamental research. I comment now on the two larger pro-
grams, and, for lack of space and time, on only one of the smaller programs.
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VERY LARGE SCALE INTEGRATED CIRCUITS

The fiscal year 1981 budget contains an initiative on very-large-scale integrated
(VLSI) circuits for $3.259 million. The Evaluation Panel for Electronics and Electri-
cal Engineering has carefully reviewed NBS plans in this area and has provided
extensive and valuable suggestions and comments. The Evaluation Panel gives this
initiative its strongest support and encouragement. The Panel, chaired by Dr.
Daniel Muss, Manager of the Solid State Research and Development Division of the
Westinghouse Research and Development Center, believes that a great revolution
based on VLSI has already begun in the electronics industry. New frontiers are
being created almost daily, and there is a great need for systematic and careful
research (which is the Bureau's strength) to study materials properties and charac-
terization on the micron and submicron level, interfacial effects at junctions, process
control and evaluation, diagnostics, testing of chips containing thousands of circuit
components, computer-aided design, lithography (e-beam, x-ray, and UV), packaging
technology, and bonding. The Panel believes that in this electronic revolution, NBS
should and must play a vital and essential role complementary to the efforts in
industry and academia.
The Evaluation Panels have stressed the importance to U.S. industry of retaining

its world leadership in high technology electronics, especially in view of the inten-
sive international competition in VLSI. To maintain this leadership position, the
industrial members of the Evaluation Panel in particular have stressed the urgent
need for the unique contributions of NBS. It should be recognized that equipment
costs in the VLSI area are extremely high and rapidly rising, and this is reflected in
the cost of this initiative relative to the number of new permanent positions.

INNOVATIVE METALS PROCESSING

The budget contains an initiative for $2 million on basic metallurgy and materials
science research. The NBS has long been in the business of supplying standard
reference materials to the metals industry in general and to the steel industry in
particular. New high performance alloys are needed to solve today's problems, such
as how to provide increased strength-to-weight ratio for the aircraft and automobile
industries and how to provide better performance at higher temperatures for appli-
cations to more-efficient energy production. Recent developments in the rapid solidi-
fication of molten metals provide great opportunity for the fabrication of light-
weight alloys resistant to cracks and corrosion. Better scientific underpinnings of
this technology are desperately needed for rapid progress in this area, which is
highly competitive internationally. It is essential that NBS participate in developing
new measurement methodologies necessary for the measurement and characteriza-
tion of these rapid quench rates (about eight orders of magnitude faster than what
is currently used in the metals industries) and for the development of standards for
the characterization of these materials. NBS has outstanding international leaders
in this field, who, with the requested funding, could lead a program that would have
an international impact.

AUTOMATIC TEST FQUIPMENT

The budget contains an initiative for $400 thousand on strategies for complex
electronic systems. The emphasis of this program will be directed to automatic test
equipment (ATE), allowing the automatic testing of the very large set of operating
states accessible to large complex electronic systems. This program addresses the
needs of the automobile, aircraft, medical equipment, and other industries for high-
speed, automatic testing of complex electronic systems. This initiative, which em-
phasizes the devlopment of testing strategies, built-in test and calibration features,
and standards for performance confidence levels, has the potential for a major
impact on the industrial and military sectors. In anticipation of the approval of this
initiative, the Evaluation Panel for Electronics and Electrical Engineering held a
workshop in February 5-6, 1980, to provide more definitive recommendations to
NBS on this subject.

LABORATORY EQUIPMENT

In 1973, the Evaluation Panels identified the lack of state-of-the-art laboratory
equipment as the most pressing NBS need. The Department of Commerce responded
by starting an equipment modernization program. This program has annually pro-
vided additional money to the Working Capital Fund, from which general-purpose
equipment purchases are made. The Working Capital Fund is then reimbursed from
operating funds over the expected lifetime of the equipment. Because of economic
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inflation and because of the increasing sophistication and cost of state-of-the-art
equipment, reimbursements to the Fund are inadequate to provide replacement
costs of equipment and to allow purchase of newly developed equipment capabilities.
The evaluation Panels have consistently stressed the importance of providing incre-
ments to the Fund each year for new equipment purchases. The equipment modern-
ization program has been absolutely vital to the implementation of automatic mea-
surement and test procedures made possible by recent developments in the comput-
er industry in microprocessors and minicomputers.

NBS SCIENTIFIC COMPUTING NEEDS

This year, I have asked each Evaluation Panel to consider the specific issue of the
scientific computing needs of the program under its purview. When all Evaluation
Panels have met, we plan to assemble an overall picture of the scientific computing
needs of the Bureau. Based on the meetings to date, I can summarize succinctly the
major preliminary findings, namely that the central computing facilities of NBS are
inadequate for carrying out the present NBS programs. This computation need is
reflected in the fiscal year 1981- budget, which contains a request for $1 million for
the purchase of external computing support. The Evaluation Panels have stressed
the need for updating central computing facilities and computational capabilities of
NBS by the lease or purchase of additional computing equipment. The Evaluation
Panels stress the need for the development of a long-range plan to provide adequate
computation capabilities to carry out the NBS mission. To some extent the computa-
tional needs of NBS can be accommodated by the rapidly developing capabilities of
minicomputers, and in this context the Evaluation Panels have strongly endorsed
an increased use of minicomputers within NBS. Nevertheless, there are many needs
that cannot be met by minicomputers, and to accommodate large and complex
computations that are necessary to carry out the basic NBS mission, a new central
computing facility is desperately needed.

OTHER AGENCY FUNDING

Other-agency funding for NBS programs has been a matter of concern to the
Evaluation Panels in recent years. A significant portion of NBS funds come from
other government agencies, for example, for fiscal year 1981, the anticipated other-
agency funds are $78.7 million as compared with nearly $108 million in direct NBS
appropriations. Other-agency funding results in problems as well as benefits. On the
beneficial side, collaborative ventures with other agencies result in intimate contact,
ensuring relevance of NBS programs to national problems, providing a mechanism
for the increased utilization of the Bureau's work. In fact, service to other agencies
was wisely prescribed as a Bureau function in the Organic Act of 1901.
On the other hand, the Evaluation Panels have also stressed the problems arisin

from other-agency funding, with particular concern expressed for the "lead agency'
concept, a government management principle according to which management in a
specific area of national importance is assigned to one agency, which is given
responsibility for priorities in that area. Although theoretically such management
could be carried out through coordination among agencies, the principle is currently
invoked by the Office of Mangement and Budget by assigning all funds to the lead
agency. The Evaluation Panels have stressed the importance for NBS to be the lead
agency for measurement methods and standards. Unfortunately, the OMB usually
views these metrology and standards functions as subordinate parts of large prob-
lems. Thus, the NBS is reluctant to identify portions of in-house-funded programs
directed to national problems because the funds might be withdrawn and trans-ferred to the lead agency. Such a withdrawal of funds actually happended in thecase of environmental measurements.
There is a need for reexamination of the "lead agency" concept as it impacts on

other-agency funding. The Evaluation Panels have observed that when anotheragency controls priorities, longer-term research of a generic nature is usually slight-ed in favor of short-term projects addressing immediate goals. Thus, short-term
work for other agencies should be balanced by longer-term, in-house-funded re-search on basic measurement principles. It is in the latter area that the compe-tence-building program has been of such great value. The Evaluation Panels havealso stressed the need for adequate reimbursement to NBS for services rendered toother agencies.
In closing, let me add that the bureau is in good hands. The present NBSadministration provides stable, strong, and imaginative leadership. The EvaluationPanels have provided an annual and systematic program review as well as anabundance of constructive criticism. These evaluations have provided the stimulus
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for systematic planning and reprogramming. Though the Evaluation Panels act very
independently of the groups under evaluation, and of the NBS management general-
ly, an excellent rapport and working relation has been established over the years. It
is the goal of both the bureau management and of the Evaluation Panels to ensure
that the National Bureau of Standards remains an international center of excel-
lence in areas of its responsibility. And we work together in our separate ways to
achieve this goal of excellence.

Senator STEVENSON. We thank you for the testimony and also for
the good work of your panels.
You both seem to agree that the fiscal 1981 budget as submitted

is adequate as far as it g6es, but that more needs to be done for
equipment modernization and computing services. How much more
for fiscal 1981?

Dr. DRESSELHAUS. I don't think we said that fiscal 1981 is in such
bad shape. I think that in my statement I was emphasizing the
inadequacies for the year ahead. This is an authorization hearing, I
understood, for 2 years.
Senator STEVENSON. Well, there are 2 years. I haven't come to

1982 yet. Fiscal 1981 starts next October 1.
Dr. DRESSELHAUS. Right. The plan for this coming year is to

continue on the equipment modernization program as it is now,
which is marginally doing the job. We would like to see some
increase in that amount for fiscal year 1981. However, the major
point requiring emphasis is the scheduled termination of the equip-
ment modernization program at the end of fiscal 1981, I was
making a very strong pitch that such a termination would have a
devastating effect on the Bureau.
Senator STEVENSON. Well, are you saying now that the amount

for fiscal 1981 is adequate?
Dr. DRESSELHAUS. No, I didn't say that. I said that it was margin-

ally adequate to keep things afloat as they are going now. I said,
that compared to university and industrial equipment support, it's
a factor of two less than what is commonly adopted in industry and
academia.
Senator STEVENSON. But how much would be adequate for equip-

ment modernization in fiscal 1981?
Dr. DRESSELHAUS. Well, I would say approximately an increase of

50 percent over what is in be present budget would be very much
appreciated.
Senator STEVENSON. And we have now a total of what, $2 mil-

lion?
Dr. COMPTON. $2.1 million.
Dr. DRESSELHAUS. $2.1 million.
Senator STEVENSON. $2.1 million.?
Dr. COMPTON. $2.1. million.
Senator STEVENSON. So another million? Would you agree with

that, Dr. Compton?
Dr. COMPTON. Well, I think there are several issues here, Senator

Stevenson. For the central computing facility--
Dr. DRESSELHAUS. We were talking about equipment.
Dr. COMPTON. For the central computing facility, the Bureau has

not yet come forward with a proposal so we can not give you a
figure. I will, though, just from my own experience, give you a
round-house number that I would suspect would be close to what
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they will need. I would expect it to be something on the order of
$25-30 million in fiscal year 1982, for a central computer facility.
Senator STEVENSON. Is that an equipment modernization or--
Dr. COMPTON. I don't know how you bill it, but it's needed for

new equipment.
Dr. DRESSELHAUS. That would comprise the purchase of a central

computer facility.
Dr. COMPTON. Funds would also be needed to provide continuing

support for the facility.
Now in terms of the smaller laboratory type of equipment, I

think I could agree very well with what Dr. Dresselhaus said. An
additional million dollars in fiscal year 1981 would be a very im-
portant contribution to the equipment modernization program. But
continuing on at $3 million a year with the current rate of infla-
tion would not be adequate for the future. An annual expenditure
of $3 million for an institution the size of the Bureau is simply
inadequate for equipment replacement.
Senator STEVENSON. Well, let's see. Let's finish up with 1981

first. I think the suggestion from both of you is that approximately
$1 million more is needed for equipment modernization. How much
more in fiscal 1981 for computing services?
Dr. COMPTON. The Bureau in fact asked in their original budget

proposal, for a total of $5 million. I would think that roughly the
number that could be viewed as appropriate.
Senator STEVENSON. And they got one?
Dr. COMPTON. Two.
Senator STEVENSON. For computing?
Dr. COMPTON. One. $1 million.
Dr. DRESSELHAUS. I think we should point out the discrepancy

between the $25 million figure and the $5 million figure, because
that is a rather large difference. The $5 million figure corresponds
to use charges, the payment for use of other facilities, that is
buying time and services at other computing facilities. The $5
million figure does not pay for bringing a new central computer
facility to the Bureau.
That latter operation, which would make the Bureau self-suffi-

cient in the computation area, and not dependent on the whims
and idiosyncracies of other agencies or suppliers, corresponds to
the $25 million figure.
Senator STEVENSON. That would ultimately reduce computing

service costs?
Dr. DRESSELHAUS. Yes.
Senator STEVENSON. They'd have their own facility. And the

computer--
Dr. DRESSELHAUS. The $25 million figure is a large one-time

investment. Then we must consider some additional maintenance
costs and personnel that go along with the computer. There is thus
also a long-term increased commitment in the maintainance per-
sonnel area in addition to the large initial expense.
Senator STEVENSON. Our staff tells me that the Bureau's main

computer is 14 years old. There have been some changes in com-
puter sciences during that--
Dr. DRESSELHAUS. There are changes every year, every month,

every day.
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Dr. COMPTON. There have not only been some changes in the
capability of computers, there have also been changes in the types
of problems that need to be done that require computers, and a
combination of those two factors just amplifies the deficiencies.
Senator STEVENSON. Senator Schmitt hasn't returned, so I am

not getting to that meeting. That meeting that I alluded to earlier
is part of this effort to slash the budget for everything except
military in order to control inflation.
Would you care on the record to express any opinions about this

conventional wisdom that suggests it doesn't matter what the
money is spent for or not spent for, just so long as you decrease
demand by decreasing the Federal budget, we will control infla-
tion?
Dr. COMPTON. I'll make one observation, Senator Stevenson: In

any period of a budget reduction, it's been my observation that
whether it's the Federal budget or an industrial budget, the areas
that suffer the quickest and the most are the longer range work.
The organization that is dependent upon that long-range effort
suffers far more than can be gained by the short-term cost cutting.

It's very hard to set priorities, I realize, but I would urge some
very considerable care in looking at the longer-range R. & D. areas
for which we are going to be dependent in the next decade.
Dr. DRESSELHAUS. I would like to answer your question in a

slightly different way. The Evaluation Panels have consistently
pointed out in recent years the inadequacy of the basic scientific
underpinnings of the Bureau program. This long-range program
has eroded over the last 10 years because of emphasis on short-
term applied activities, and increasing demands on the Bureau for
specific programs. The effort required to carry out the short-term
programs has come out of the hide of the longer term programs.
Effort is now headed to build the competence in the future re-
sources of the total organization.

It's the feeling of the Evaluation Panels that the Bureau has
gone far too far in this direction of cutting the basic underpinnings,
and it is high time now to try to recover lost time.
Sometimes you cut programs out to an extent that it becomes

counterproductive. When you've cut too much, you can't even do
the basic things that you have to do. The Bureau has gone in the
opinion of the Evaluation Panel gone too far in that direction, and
this has to be controlled.
Senator STEVENSON. Well, I don't think the Bureau has gone in

that direction voluntarily.
Dr. DRESSELHAUS. Well, we're here to testify and offer our consid-

ered advice. The competence program is certainly an extremely
important positive step in gaining ground, and this program must
be given the highest priority.
Senator STEVENSON. About 40 percent of the Bureau's budget is

received from other agencies. Do you have any opinions about the
effect of this dependence on other agencies on the NBS, whether
there is anything we should do about it? I address this to either of
you.
Dr. DRESSELHAUS. Well, the Evaluation Panels have discussed

this in their reports time and time again. There are two sides to
the coin:
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On one side, the contact with the other agencies is very impor-
tant to the Bureau's function. It brings the Bureau's function into
the realm of real national problems, and it provides a mechanism
for the utilization of the Bureau's work and expertise. Thus other-
agency work does have a very beneficial and important function for
the Bureau, and that shouldn't be overlooked.
But the other-agency work can get to be too much, and too large

a fraction of the total program. The evaluation panels have felt in
recent years that at least for some parts of the Bureau, the optimal
balance between in-house and out-of-house, other-agency work, has
exceeded this optimal balance with too much, too large a fraction
of the program being other-agency programs.
What this means is that the Bureau itself lacks control over its

programs to some extent. If the lead agency decides tomorrow that
they want to go in a new direction, they could pull out their
resources and programs from the Bureau, and the Bureau people
are just left holding the bag.
There is a balance above which you don't want to go with other-

agency programs, and I think that Dr. Compton will comment on
this issue as well, because the visiting committees have also dis-
cussed this problem. They too have felt, I believe, that the present
balance is about as high as you might care to go, and in some parts
of the Bureau, it has been exceeded.
Dr. COMPTON. I personally think it's too high. I'm not sure that's

shared by all of the members of the Visiting Committee.
One of the other problems that results from such a high percent-

age of funding coming from the fact that the other agencies are
generally not willing to support the fundamental long-term work
that is so needed to keep the Bureau vital. In fact, this long-term
work provides the expertise that the other agency is coming to the
Bureau to use.
As a result, when the percentage of other agency funding is this

high, the Bureau must spend a very large percentage of its own
funds to the longer range research. This causes particular concern
in a period of inflation and reduced budgets. Whether they can
sustain the long-range research that is essential, whether they
have the resources available to go into new fields, to develop new
areas of expertise, these are problems that are exacerbated by the
fact that there is such a large percentage of funding from other
agencies.
Senator STEVENSON. How can we right that balance?
Dr. COMPTON. There have been various ways suggested. I think

the best way is to try and develop as much flexibility as one can,
but one great asset would be if the Bureau could in fact charge to
the other agencies a portion of whatever the amount of monies
that come into their Bureau from that agency, a portion of that
being allocated to longer range basic--
Dr. DRESSELHAUS. It's like an overhead charge.
Dr. COMPTON. Well, it's not unlike what the Department of De-

fense does with the industrial groups in terms of their R. & D. It
would almost be an internal governmental I.R. & D. program.
Dr. DRESSELHAUS. The advantage of such an overhead charge,

rather than having the other agency directly supplying funds, is
that long-range programs would thus be built into the program
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automatically. It guarantees that there will be some basic under-
pinnings for every applied program that's undertaken.
The competence work does in part address this need for building

competence in these areas of the Bureau where there is large
other-agency funding. However, if you have a very small amount of
competence money, it doesn't extend to all the areas of needs. To
date the competence program has not yet covered the basic needs,
especially in the engineering area.
Dr. ComrroN. I might point out that in the 1981 budget as

submitted, there was a swing in the funding between other-agency
and the internal Bureau funding. The $5 million for basic research
was in fact being used to replace some other-agency funding, so
that there was some effort being made by the Bureau to accom-
plish that within a more or less fixed personnel ceiling.
Dr. DRESSELHAUS. The specific topics that were selected for this

$5 million program are to a large extent of technological interest,
like the metals program. The study of rapidly quenched alloys has
many applications in the metals industry, which are absolutely
dependent on the basic underpinnings of metals science. This
metals program represents $2 million of the total $5 million pro-
gram.
The LSI program is another example of an applications area

which depends heavily on basic research.
Senator STEVENSON. We've run out of time, I'm afraid. Thank

you.
The subcommittee is adjourned.
[Whereupon, at 11:50 a.m., the subcommittee was adjourned.]
[The following information was subsequently received for the

record:]
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