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OFFICE OF THE DIRECTOR OF DEFENSE RESEARCH AND ENGINEERING
WASHINGTON, D. C. 20301

20 February 1968

TO: THE SECRETARY OF DEFENSE

THROUGH: THE DIRECTOR OF DEFENSE RESEARCH
AND ENGINEERING

The Defense Science Board has approved the enclosed report for your
consideration. It is the work of our Task Force on Basic Research
Policy, appointed early last year at the request of Dr. Foster. After
meeting with senior research administrators throughout the Federal
Government, the task force has arrived at the recommendations pre-
sented herein.

The task force emphasizes the needs of a sound, high-quality DoD
research program and recommends measures to improve the present
program. These measures would require a strong, sustained effort
to put them into effect. We recommend that this effort be made.

On behalf of the Defense Science Board and this task force of the Board,

I wish to express our appreciation to Dr. Foster and members of his
staff for their interest and assistance in the conduct of this study.

rédﬂ (]
Chairman
Defense Science Board

1id



OFFICE OF THE DIRECTOR OF DEFENSE RESEARCH AND ENGINEERING
WASHINGTON, D. C. 20301

31 January 1968

MEMORANDUM FOR CHAIRMAN, DEFENSE SCIENCE BOARD

SUBJECT: Report of Task Force on Basic Research Policy

The Task Force of the Defense Science Board, appointed at the
request of the Director of Defense Research and Engineering, has care-
fully studied the present posture of the Defense Department toward basic
research and has looked particularly at questions of relevance, coupling,
quality and funding. We are pleased to submit the attached report, which
represents the consensus of our findings modified by suggestions that
members of the Board have graciously tendered. We appreciate the sugges-
tions we have received from the Board members and from the many officials

of the Federal Government who met and talked with them.
We particularly commend the following recommendations:

(1) That the DoD maintain and continue its support of basic
research in a substantial way.

(4) That it is desirable to press research in fields which
have not received as much attention as others.

(6) That there be increased funding of approximately 10
percent for each of the next 5 years.

(9) That the military departments and the Defense agencies
develop and maintain a current list of projects where fundamental re-
search could be useful to the Department.

(11) That several specific steps be taken to encourage capable
young scientists and engineers to attack projects of interest to the DoD.

We feel that all members of the Task Force can accept the 14 recom-
mendations as a consensus of our findings.

We wish to thank particularly Dr. Robert E. Uhrig who served so ably
as our executive officer. This report could not have been prepared had
we not received splendid cooperation from the Assistant Secretaries and
Deputy Chiefs for Research and Development in the Military Departments.
We also appreciate the cooperation of the senior administrators of the

other government agencies with active programs in basic research.

v

S,

L A%



We ask that you review this report carefully and that, if it is
agreeable to you and the Board, it be forwarded to Dr. Foster.

If the Task Force can supply any additional information, we will be
pleased to develop it for you.

Cordially yours,

Chairman
Task Force on Basic Research Policy
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RECOMMENDATIONS

(1) We recommend that the DoD establish as policy the vigorous
support of a broad program of basic research that carries a proportionate
share of the nation's needs for basic research and embraces especially
new or rapidly changing topiecs.

The relevance of research to the DoD's needs must be broadly inter-
preted, and the level of effort must be commensurate with the effective
use of qualified manpower and support by other groups, both public and
private. An -annual increase in constant dollars of 8 to 10 percent each
year for 5 years appears reasonable.

(2) We recommend the support of the best, strongest and most timely
basic research programs without regard to type of performing organization.

Specifically, we recommend ueparting from the current practice of
securing more funds for one element at the expense of others when funding
is constant or increasing and of protecting certain programs for reasons
other than their merit or military necessity when a reduction in support
is required.

The Director of Defense Research and Engineering should take steps
to ensure that scientific merit and military necessity are the governing
criteria in allocating research funds. 1In selecting recipients of grants
or contracts, however, appropriate consideration must be given to the
DoD's continuing need for professionally trained personnel, both in-house
and on the part of its contractors. Accordingly, the support of research
important to Defense goals at universities of demonstrated technical
competence is doubly justified because, in addition to achieving its
technical objective, the DoD would contribute—at a suitable level and
in a manner beneficial to all parties—to the development of the essen-
tial pool of trained people.

(3) We recommend that the quality, competence and potential of
investigators and their institutions be the governing criteria in award-
ing research grants and contracts.

We feel that it is unsound to reduce the support of quality programs
in order to initiate new work.

We further recommend that Project THEMIS be considered a separate,
identifiable program for budgetary purposes, and that it not be allowed
to grow at the expense of other university programs.
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(4) We recommend that baeic research in areas that have not been
emphasized in the past, such as soctial and behavioral sciences, biologi-
cal science and chemistry, be reevaluated and their relative importance
in providing the fundamental knowledge needed to solve DoD problems be
reassessed.

If appropriate, new or increased support should be provided.

(5) We recommend that, in the support of research, a balance be
retained between programmatic research and individual projects.

We observe that the greatest return and the most efficient research
come from relatively small grants to individuals for 2- to 5-year
studies that are of vital interest to the investigators and are also
relevant to the Defense mission.

(6) We recommend that research (6.1) funds for each of the next 3
to § years be increased by 8 to 12 percent in current dollars.

It is gratifying that the Director of Defense Research and Engineering
has made such a recommendation for Fiscal Year 1969. Moreover, we feel
that support from emergency funds during the current year can be justi-
fied—and, indeed, is indicated. This recommendation is made with full
knowledge of current and predicted budget restrictions.

(7) We recommend that the Director of Defense Research and Engineer-
ing establish and conduct a technical audit program for in-house labora-
tory programs similar to the one relating to industrial and academic
regearch.

Problems of the in-house laboratories have been repeatedly investi-
gated by many groups in the ODDR&E; the seriousness of these problems is
evidenced by the fact that these institutions are continually reevaluated
and restudied. The difficulty experienced in implementing changes shows
a need for stronger management. We would be remiss if we did not also
recommend that the reorganization of in-house laboratory management be
considered.

(8) We recommend that the Director of Defense Research and E‘r.zgi-
neering establieh as DoD policy that program managers and supporting
personnel in the military departments be aseigned the responsibility for
coupling the work of research scientists with Defense needs.

Each program manager must be given facilities and time to acquaint
himself with both the state of the art in his area of cognizance and the
requirements of his department. It would be unwise as well as unrealistic
to place the responsibility for coupling on scientists and engineers who
are conducting research; but they should be encouraged to learn about
the DoD's needs in their respective research fields.



(9) We recommend that the DoD issue detailed, up-to-date descrip-
tions of apparent military needs for new scientific knowledge as a guide
to scientists interested in submitting research proposals.

An example of such a description is Military Themes of High Scien-
tific Merit for Oriented Basic Research, issued by the Army Research
Office in April 1966.

(10) We recommend that the Director of Defense Research and
Engineering designate his Deputy for Research and Technology to conduct
an aggressive program directed toward improving the DoD's relations with
the scientific community and professional societies.

It 1s evident that these relations need improving. We suggest that
learned societies be invited to conduct symposia on topics of mutual
interest at Defense installations. We recommend that personnel of the
DoD and its contractors be encouraged to participate (within the bounds
of security) in the activities of scientific organizations, especially
by publishing papers and attending scientific meetings. We are impressed
by the good rapport between the scientific community and the National
Institutes of Health and also the Atomic Energy Commission. It is im-
portant to prevent the pressure of administrative duties from ''decoup-
ling" the scientists and engineers in the ODDR&E from their professional
affiliations.

(11) We recommend that a particular effort be made to attract
extremely competent, imaginative young people to basic research relating
to Defense problems.

Specifically, we recommend that 15 to 25 percent of THEMIS funds be
reprogramed appropriately to support these individuals' projects; the
funds should be assigned on a project basis to investigators and should
not be incorporated in institutional grants.

As a means of attracting young scientists and engineers, the follow-
ing activities should be considered:

Special seminars on specific topics, lasting from 1 day to
2 weeks;

Special fellowship assignments in R&D laboratory and admin-
istrative units (analagous to Presidential or congressional fellowships);

Summer employment at in-house Defense laboratories and at
laboratories of DoD contractors;

. Employment on a "no-loss' basis for a significant period—
6 months to 2 years—by a military department, an in-house laboratory or
another DoD agency involved in research.
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(12) We recommend that the Director of Defense Research and
Engineering inaugurate a program specifically to use graduates of the
Defense Science Seminar in an organized, productive way in the interest
of the Department of Defense.

We further recommend that a special effort be made to place at least
one of them, as a junior member, on each DSB task force.

(13) We recommend that the research programs of the three military
departments and the Defense agencies be more fully coordinated at the
program level.

While duplication of research in itself 1is not necessarily unde-
sirable, there should be a logical reason for undertaking deliberately
duplicative work.

(14) We recommend that the Director of Defense Research and
Engineering carefully review the management and plamming of DoD programs
in basic research and eritically consider—in addition to strengthening
and more strongly supporting the OXRs—establiehing a central basic
research group that reports directly to someone in his office.

This central group could be established as a major branch of the
Advanced Research Projects Agency, or it could be developed as an inde-
pendent agency, such as the Defense Communications Agency or the Defense
Intelligence Agency. Not only could it serve as a responsive unit to
pursue work in interesting new fields, but it could also assume some
responsibility for conducting basic studies of common interest to the
military departments. It is suggested that a senior scientist highly
regarded in his profession be chosen as the director of the program.

xii



INTRODCCTION

The Defense Science Board Task Force on Basic Research Policy was
established to study the most effective way the Department of Defense
(DoD) can use its basic research resources. In his memorandum of 15
February 1967 (Appendix A), the Director of Defense Research and Engi-
neering asked that the Task Force examine:

(1) the relevance of DoD basic research to long-term Defense
goals;

(2) the coupling between DoD research organizations and the
scientific community, emphasizing the coupling among DoD groups;

(3) methods to measure and improve the quality of the work;
and

(4) the general rationale for the amount, balance and distri-
bution of fundirg.

In eight one-day sessions, the Task Force has investigated the
present status of basic research policy in the Department of Defense,
and has conferred with the following officials:

Honorable Robert A. Frosch, Assistant Secretary of the
Navy (Research and Development)

Honorable Alexander H. Flax, Assistant Secretary of the Alr
Force (Research and Development)

Dr. Charles L. Poor, Deputy Assistant Secretary of the
Army (Research and Development)

Lt. General A. W. Betts, Chief of Research and Devslopment,
Pepartment of the Army

Dr. J. T. Thomas, Deputy for Research and Laboratories,
Army Materiel Command

Rear Admiral Thomas B. Owen, Chief of Naval Research

Mr. Edward M. Glass, Assistant Director (Laboratory
Management), Office of the Director of Defense Research
and Engineering (ODDR&E)

Dr. James Shannon, Director, National Institutes of Health

Dr. Leland Haworth, Director, National Science Foundation

Dr. Randal Robertson, Associate Director for Research,
National Science Foundation

Dr. Robert C. Seamans, Jr., Deputy Administrator, National
Asronautics and Space Administration (NASA)

Dr. Gerald Tape, Commissioner, Atomic Energy Commission (AEC)

Dr. Spoffard English, Assistant General Manager for Research
and Development, Atomic Energy Commission



In addition, the Chairman and the Executive Officer of the Task
Force have visited with the President's Science Advisor, Dr. Donald F.
Hornig. The Chairman also has talked with Dr. C. H. Townes, Dr. Edward
Teller, Dr. Henry Eyring and Dr. Paul Weiss, incorporating many of their
valuable suggestions into this report.

In the course of our meetings and these conferences, we developed a
rather deep appreciation of the special problems the various organiza-
tions have in dealing with their research and the relationship of their
programs with the DoD's research program. There is unanimous agreement
that the Department of Defense must remain active in conducting basic
research, for the specialized research needs of the DoD cannot be filled
by other organizations. The Defense agencies and the military depart-
ments nust pursue basic research and, in the process, maintain close
liaison with outstanding scholars who are doing basic research in fields
that are important to the Department of Defense.

Both Dr. Hornig and Dr. Haworth feel strongly that the DoD must
remain active in basic research—that a strong research program is not
only justifiable but essential to the well-being of the Defense estab-~
lishment and is consistent with the orderly development of research in
the United States. This is consistent with the recommendation of an
earlier Defense Science Board Subcommittee on DoD Research Policyl.
Dr. Haworth feels that the basic research supported by the DoD should
increase at the rate of 12 to 15 percent per year for the next decade,
at least in the universities; even with such an increase, rising costs
will absorb a substantial fraction of this growth. He pointed out that
there 18 no assurance that the National Science Foundation will grow
fast enough that the DoD could significantly reduce its commitment to
basic research without harming the total national effort.

On 14 July 1967, after this Task Force had been established, the
Panel on Research and Exploratory Development, of the Defense Science
Board—National Academy of Sciences Berkshire Summer Study, issued its
report. It addresses such questions as the impact of limited DoD re-
search and development funds, the determiuation of optimum basic research
(6.1) and exploratory development (6.2) funding levels and interactions
with the Congress.

Generally, in this report we avoided repeating the Summer Study
Panel's conclusions, but some cogent remarks on research continuity and
funding are included. We agree with, and enthusiastically support, the
findings expressed in the Panel's report.

1Report of the Defense Science Board Subcommittee on Department of
Defense Research Policy, Part I, "Policy on Support of Basic Research"
(Washington, D. C.: Office of the Director of Defense Research and
Engineering, 31 December 1963).



1. RELEVANCE

Since the mission of the DoD is defense and not science, the primary
justification for the Department's involvement in research is the unde-
niable importance of such activities to the nation's security. Further-
more, while the DoD can readily justify research in those areas that are
relevant to its mission, a broad effort is warranted by that mission's
diversity. .

The matter of relevance is very elusive. In 1935, who would have
predicted that nuclear physics would soon be relevant to the needs of the
Department of Defense and that, 10 years later, the applications of nu-
clear physics would materially affect many aspects of strategy? The real
problem is not to establish the relevance of research, since it is pos-
sible to show it clearly in numerous (if not all) cases, but rather to
show that a given field or a given project is 7ot relevant.

There is little disagreement or misunderstanding about research and
its relevance to a particular system or mission. Problems arise only
when "secular' considerationc are introduced, presenting this key ques-
tion: What work that we do now is relevant to the rate-limiting steps
in the future to yet uninvented systems or unconceived missions? Stated
this way, the problem becomes more difficult. There are, however, two
approaches that can be offered as axioms:

(1) If it's worth doing at all, it's worth doing better.
Thus, research projects associated with materials for higher speed flight,
information-storage elements for higher density computer memory, and
techniques for more effective use of human ability are assuredly ''rele-
vant" to DoD needs.

(2) If there's a lot of room between the state of the art and
fundamental limitations, there is ample room for improvement. Thus,
since even the most spectacular microminiaturization of computer storage
elements now results in a volume per bit stored that is millions of
times greater than the fundamental limit, we can be sure that research
will bring forth much smaller storage elements.

A common difficulty is to confuse the relevance of research with
its immediate applicability. Let us look at two examples that show how
literally we must construe research relevance to serve the national in-
terest. First, consider the tree of science whose fruit was the laser.
Its roots are:

. the investigation of the electron,
. the study of vacuum technique,

. the development of quantum theory, and
. 1investigations of other fundamental, '"pure,' but

nontheless prodigious subjects.



Molecular-beam experiments such as that of Stern-Gerlach repre-
sented a vital step. Later, the development and support of a molecular-
beam and microwave spectroscopy laboratory at Columbia University were
additional key elements. The maser itself, invented in that laboratory,
was at one time a contender as an excellent low-noise amplifier, but it
was later surpassed by the development of cooled parametric amplifiers.

At this stage, a critical study of relevance would have labeled the
maser and all its intellectual ancestors as irrelevant, But, as Profes~-
sor Nicolaas Blombergen points out, the maser also introduced the concept
of pumping; soon the laser emerged from a different application of
pumping, and doubtless additional devices will appear later. Again, all
this research appears to be relevant to Defense needs.

The second example of research that we must consider relevant is
high-purity crystals. The development of pure materials seemed rather
remote from pressing reality in the austere period before World War II.
Then the spectacular improvement of noise figure in microwave radar re=-
ceivers, achieved by purifying and controlling the composition of silicon
and germanium used in diode mixers, focused attention on the importance
of purity. It is now accepted that the availability of purer germanium
led to the discovery of the transistor in 1948.

During the next dozen years, improved methods of manufacturing
transistors and other solid-state devices and the development of epitax-
ial growth and thin-film devices made it seem that further work in high
purity was irrelevant. Within the last few months, however, the sensa-
tional reports concerning the LSA solid-state microwave oscillator
(progeny of the Gunn effect) have justified renewed attention to purity,
since variations in '"doping" of even a few parts in 10 million substan=

tially reduce efficiency.

To have taken a narrow, short-sighted view of relevance at crucial
times in either of these examples would have seriocusly hampersd—maybe
even prevented—their development. In neither case was it clear at en
early stage how the results of the research would be eventually used by
the DoD. Anyone calling the Stern-Gerlach expsriment relevant at the
time would have been ridiculed. On the other hand, many scientists and
engineers understood the potentiality of electronic processes in gases
or solids with respect to control devices. It should have been clear
that developments would be highly useful,

The whole problem of the rslevance of basic research has been faced
by industry in the course of selecting and supporting its long~range
research programs. In some competitive industries, the conduct of high-
quality basic research judged by a research director to be relevant to
his compuny's interests is regarded as essential to the survival, health
and growth of that company. Whether one studies industrial or military
research, the application of relevance as a guide for ressarch support
entails a high degree not only of practical, scientific sophistication,
but also of imagination and intuition, because the results of good sci~
entific studies are frequently unpredictable. One must avoid the pitfall
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of following too narrow paths and forcing scientists to seek only obvious,
short-range objectives.

The primary danger we see is the tendency to devote exclusive or
excessive attention to projects that will result in almost certain, but
small improvements, at the same time ignoring or neglecting work in other,
sometimes remotely related fields whose results could be either improve-
ments by several orders of magnitude or new technology that would render
all the "directly applicable" work obsolete.

Specific statements may be made about broad scientific areas that
clearly relate to the technology of weapon systems. Without running too
much risk of scientific myopia, a detailed description of military needs
for new scientific knowledge can be produced. An example of this is the
brochure, Military Themes of High Scientific Merit for Oriented Basic
Research, issued by the Army Research Office in April 1966. A forerunner
was a report of the Panel on General Sciences? 10 years earlier which ad-
dressed the needs of all three services. Such DoD-wide publications
should be issued on a regular basis, say, annually.

Several of our distinguished visitors emphasized that the primary
responsibility for determining relevance should rest with the program
manager in the Department of Defense. Dr. Hornig was most disturbed by
some indications of recent attempts in the DoD to place the burden of
proving relevance on the investigators. Dr. Tape stressed that, in the
AEC's evaluation of a program's relevance, both short- and long-term
aspects are carefully considered.

We strongly recommend that the relevance of a basic research program
to the DoD's mission must be evaluated by the program monitor. The in-
dividual research scientist, whether at a university, an industrial or
an in-house laboratory, judges the relevance of a particular activity to
his goal—the efficient accomplishment of a certain research task. He
should be expected to keep in mind the matter of overall relevance to
the DoD's requirements, but the ultimate responsibility for making a
relevance judgment must lie with the DoD monitor who selects, evaluates
and compares this research program with other complementary or coupling
programs.

In the THEMIS and Joint Services Electronics Programs, much of the
responsibility for maintaining relevance has been delegated to the on-
campus project manager, but relevance can be assured in a general way by
the review committee or DoD monitor who is responsible for the program.

The DoD has a continuing responsibility to see that relative priori-
ties within various research fields are retained. Research in certain
fields is clearly the responsibility of other agencies. For instance,

2In the Office of the Assistant Secretary of Defense (Research and
Development), the predecessor organization of the ODDR&E.



research in many medical fields is the responsibility of the National
Institutes of Health, and the Atomic Energy Commission is primarily re-
sponsible for research in many areas of nuclear science and technology,
e.g., high-energy physics. In those cases, the DoD research manager's
primary responsibility requires him to be well acquainted with the en-
tire program so that he may initiate work in peculiar areas of special
interest and importance to the DoD. (This is discussed extensively later
in this report.) In other areas where only the DoD has great interest,
Defense must assume the primary—possibly the complete—responsibility
for the necessary research effort.

The matter of assigning priorities between fields is one of the
most difficult tasks faced by any mission-oriented sponsor, but it is
crucial to the accomplishment of the mission. A reasonable, rational
and (it is hoped) experienced approach to this problem, even though it
may be less than perfect, is essential. In a sense, the requirement for
relevance tends to hamper and often defeat basic research.

For example, suppose a basic investigator studying the theory of
information systems conceives a unique new idea and requests support
from one of the OXRs3. If the OXR manager is interested, he must justify
this project through six to ten administrative levels before it is final-
ly approved. As the proposal advances through this review process, the
justification tends to become more and more applied. Usually it has to
compete with some strongly mission-oriented programs that appear respon-
sive to the immediate needs of those who make the final reviews. Thus,
what started out as a basic research project may be deformed into a high-
ly organized effort that eliminates much of the potential envisioned by
the original investigator. More often it is ranked below projects of a
more applied nature and, consequently, left unfunded.

This sequence of events points up the need to separate the DoD's
basic research program from development work. It is clear that many of
the needs of individual services for basic research are substantially the
same; the differznce comes in the application of results. Very often it
is tradition, racher than some proprietary need, that determines which
military service supports a particular area of basic research.

One of the dangers this country faces is the possibility that a
potential enemy will make a scientific breakthrough and be able to carry
the work to an operational stage before we know about it. Our develop-
ment of the atomic bomb during World War II is an example of a technolog-
ical discovery that was translated into an operational weapon before
being disclosed to the enemy. The Japanese got their only knowledge of
the weapons used against them from information supplied by U.S. news
releases. They were thus left with the conventional and relatively use-
less defense of trying to shoot down the planes or evacuating their

cities.

5In this report, the departmental offices of scientific research,
e.g., Office of Naval Research, are referred to collectively as the
"oxn. " "



Certain basic research fields that are of interest to all the
military services should be emphasized through a centrally operated DoD
research program. The program might be initiated within the ODDR&E, or
it could be an expansion of the present work carried on by the Advanced
Research Projects Agency (ARPA). It might, for example, include materi-
als science, information processing, and social and behavioral sciences
—all now part of ARPA's program—as well as fundamental chemistry,
earth sciences, basic mathematics, and atomic and molecular physics.

We urge that serious consideration be given to establishing a cen-
trally operated basic research office under the auspices of the ODDR&E.
The Defense Atomic Support Agency, the Defense Intelligence Agency and
the Defense Communications Agency are organizations that should be
gtudied as possible models.

The new office would be responsible for maintaining a well-balanced
program of relevant basic research, properly weighted to Defense needs.
It would address only research, leaving development to the several mili-
tary departments. Major emphasis should be placed on areas that are im-
portant to the Defense mission or for which other agencies-—National
Science Foundation, National Institutes of Health, NASA, etc.—are not
now responsible. Some work, however, should be done in all relevant
fields to enable the DoD to evaluate the state of the art.

To facilitate management and ensure complete coverage, a substantial
fraction (perhaps half) of this work should be programmatic in nature,
e.g., Project THEMIS, ARPA's interdisciplinary laboratories, and the
Joint Services Electronics Program; but individual research projects
should be strengthened also.

A central DoD research laboratory for basic research, analogous to
the Bell Telephone Laboratories, should be considered. Such a facility
could serve to develop young scientists and engineers in the research
specialties of relevant fields and eventually could provide high-quality
staff for other in-house laboratories. This laboratory should be closely
associated with nearby universities and should offer research opportuni-
ties to their students. An existing facility, such as the Naval Research
Laboratory or the Air Force Cambridge Research Laboratories, might be
designated as the DoD research laboratory under the auspices of the cen-
tral DoD research agency.

The relationship between Project THEMIS and the portion of the
current DoD research program that is carried out by universities should
be subject to continuing scrutiny. While we support the concept of
Project THEMIS to develop new academic centers of research interested in
solving Defense problems, we do not believe that it should be conducted
at the expense of the existing university research program, which has
served the DoD effectively. For many years, the Department of Defense
has supported a number of excellent academic research groups that have
been extraordinarily productive and have made important contributions



to our nation's security. Those centers are, in mose cases, models of
fine graduate education and superior research; they benefit students and
faculty and contribute to scientific progress and the satisfaction of
Defense needs. These groups must be continued to provide the range of
scientific talent necessary to attain Defense objectives. Should this
national resource be allowed to erode, our country's security a decade
from now could be in serious jeopardy.

We recommend that Project THEMIS be considered a separate, identi-
fiable program for budgetary purposes. Probably several years will pass
before the programs initiated under THEMIS will reach the quality or
status of research performed at recognized centers of excellence. Every
effort must be made to see that THEMIS funds are used as effectively as
possible in attaining research excellence. Low-quality programs must be
phased out regardless of geographic or political considerations. The
universities must not come to regard THEMIS as a permanent source of
funds or as an institutional development program.,

THEMIS must be clearly identified as a program directed toward
meeting the research needs of the Department of Defense. It must be
emphasized that the purpose of Project THEMIS is to provide an oppor-
tunity for small groups of talented investigators at developing institu-
tions to work on basic unclassified Defense research. The DoD should
not make a long-term commitment of funds under THEMIS or regard this new
program as different from any other.

Finally, on the subject of relevance, it should be pointed out that
basic scientific research definitely 78 relevant to the mission of the
nation's universities. Federal support of graduate research does not
detract from the proper functions of universities and is, in fact, the
major source of support for graduate scientific and engineering education
in the United States today. As the largest employer of technical people
in the nation, the DcD necessarily has a strong interest in the vitality
and quality of scientific research and graduate education in universities.



2. COUPLING

For purposes of this report, coupling is defined as the establish-
ment of effective two-way communication channels on a professional level
between people doing basic research and people working on developmental
and operational problems associested with the Defense mission. Coupling
can be achieved in many ways, and it makes little difference what mech-
anism is used as long as it leads to good communications.

There are two promising approaches to coupling fundamental science
and technology to the application of findings. We shall call them low-
entropy and high-entropy coupling—'entropy" being used here in the
sense of a measure of efficiency in transmitting information. Coupling
in science and invention, as part of the creative process, is subject to
fluctuations resulting from the successes and failures that characterize
all such activity.

Low-entropy coupling is orderly and carefully planned. It is
the desired process—even in some instances when it unintenticnally be-
comes high-entropy coupling. The large, successful industrial labora-
tories are excellent examples. Incentives of salary, responsibility and
promotion are designed to stimulate the scientist's attention to applied
problems and the applications engineer's attention to s¢ience and funda-
mental technology. Colloquia, conferences, and task forces are commonly
used techniques. A very important element is the orderly, strategic
transfer of "pure'" scientists or research engineers to work elsewhere in
the company on problem-oriented projects. Also, as they grow older,
many sclentists move from pure science to more applied activities.

The DoD has serious problems with this kind of coupling. The basic
work may be done by a contractor at a university, whereas the problems
arise in the field or in the fleet. The OXR program manager and the in-
house Defense laboratory director are responsible for coupling, but there
are substantial limitations in both routes. The OXR manager has many
other things to do; the worker in an in-house or university laboratory
is frequently much more interested in his own science or technology and
is rarely transferred.

High-entropy coupling is casual, even accidental. Unplanned
but stimulating contacts of people from the different ''worlds'" of basic
work, problems or needs are characteristic of this route. Mechanisms
are the close association of scientists and engineers in other than
professional activities in which conversation is encouraged (car pools,
lunchrooms, etc.); browsing in libraries; and, especially, the transfer
of people from one "world" to another, even between different parts of
an organization.

In this kind of coupling, a major difficulty of the DoD is the
isolation of contractors, OXRs and laboratories. Other problems relate



to the laboratories' lack of amenities, restrictions on travel, and
failure to establish a tradition that the returning traveler spreads the
word on his experiences and contacts.

Coupling is not just one or the other of these two; it often com-
prises both. For example, in the enlightening Tanenbaum report“,
Tanenbaum's own case history, though clearly in the low-entropy category,
reveals much high-entropy coupling. In fact, a case could be made from
this example (high-field superconductors) that (1) contacts between in-
dividuals are the key events; (2) these contacts are either productive
or neutral, and only very rarely counterproductive; and, therefore,

(3) the essence of coupling is to maximize the frequency of contacts.

In the pursuit of excellence—Project THEMIS, for example—every
effort should be made to bring out the research potential of young,
highly talented but relatively unknown scientists and engineers. The
development of new talent within a new university setting is an integral
and essential objective. Thus, consideration should be given to repro-
gramming a significant fraction (perhaps 15 to 25 percent) of THEMIS
funds to individual scientists and engineers who show a high potential.
As a group, young scientists and engineers face great difficulties in
getting support for their own research programs. Project THEMIS can
offer a convenient palliative for this situation and, at the same time,
cultivate a potentially life-long friendly association between the DoD
and the capable scientists. Many key advisers to the DoD today began
their careers under Defense-supported projects 10, 15 or 20 years ago.

The involvement of young scientists and engineers in the research
and development activities of the Dapartment of Defense is considered
absolutely essential to its mission. The Defense Science Seminars held
in the summers of 1964 through 1966 by Dr. William McMillan, of the Uni-
versity of California at Los Angeles, were highly successful. But other
mechanisms that will bring into DoD activities a substantial number of
bright young scientists and engineers, particularly those from universi-
ties, should be initiated. There are various ways of doing this, of
which some are already being sexploited on a small scale as follows:

« B8Special seminars on timely topics, lasting from 1 day to
2 weeks}

. Fellowship assignments (analogous to Presidential or
congressional fellowships) in R&D laboratory and administrative units;

. Summer employment by in-house and defense-oriented
laboratories; and

I;I?apam*. of the Ad Hoo Committee on Prinaiples of Researoh -

Engineering Interaotion (Washington, D.C.: Materials Advisory Board,
National Academy of Sciences, ''Tanenbaum Report,' MAB-222-M, 1966).
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. Employment on a 'no-loss" basis for a significant period of
time (6 months to 2 years) by the DoD—one of the military departments
or an in-house laboratory. Streamlined appointment procedures for tem-
porary employees (less than 2 years) are urgently needed.

It is highly recommended that the Department of Defense, at an
early date, initiate new programs or expand present ones in all these
areas.

Experimentation in coupling under the special conditions of
DoD operation is clearly in order. Some experiments are already under
way, e.g., the materials programs of ARPA; but there are many other

possibilities. For example, one might try—
« colocating some OXRs at in-house DoD laboratories;

. 1ncreasing travel by professional staff members of
in-house laboratories, as more funds become available;

. transferring scientists to applied programs, and—on
the other side of the coin—

. granting sabbaticals to people in engineering depart-
ments and industrial laboratories;

. forming task groups in technological areas of interest,
but not the same kind of task group that is assigned to work on a par-
ticular system or device;

. establishing incentives, awards to individuals and to
whole departments when they achieve successful coupling;

creating incentives to the worker in basic research to
familiarize himself with more concrete problems; and

. developing the McMillan summer school, etc.

The Army attempts coupling in its in-house laboratories by inte-
grating research with developmental activities, not isolating it.

In the Navy, most of the in-house basic researci is done at the
Naval Research Laboratory, while development activities are concentrated
elsewhere. The Director of Navy Laboratories has taken steps to foster
coupling between the in-house laboratories and operating components by
such means as—

. including in laboratories' mission statements the responsi-
bility for introducing new systems to the fleet and providing subsequent
engineering support;

. arranging for rotational exchange of personnel between
laboratories and operations analysis activities; and
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assigning laboratory representatives to sea.

The main OXR offices of the military departments—Army Research
Office- Durham (ARO-D), Office of Naval Research (ONR), and Air Force
Office of Scientific Research (AFOSR)—now play important roles in coup-
ling. The report, AFOSR Coupling Activities, 1966, describes various
ways in which this agency attempted coupling during 1966; for example:

. Several principal investigators of AFOSR-sponsored projects
were closely associated with DoD technical development groups working in
the investigators' respective areas of expertise;

. The AFOSR sponsored or cosponsored 53 symposia in fields
relevant to the Air Force's mission; and

. There were various direct links between AFOSR program: and
related activities of the in-house laboratories.

Conferences can provide a useful background to military development
needs through scientific discussions in areas relevant to the DoD's
interests, but often they are too big and impersonal to be of much real
value. Smaller, more selective meetings similar to the Gordon Research
Conferences might be more productive. Another possibility is a very
broadly oriented study during the summer, when many scientists are avail-
able for a week or two. Military personnel and project managers could
be assembled to discuss with scientists from universities, government
laboratories and industry especially important scientific areas of great
relevance to the DoD. This procedure has been highly effective in re-
lations between academic and industrial scientists in fields of vital
interest to industry, so it should also help in the consideration of DoD
problems.

Closer communication between DoD staff and nongovernmental basic
and applied scientists could be profitably effected by providing, in
each major grant and contract, an invitation to visit and exchange ideas
with colleagues at an appropriate laboratory or station. New lines of
communication thus established should improve each party's understanding
of the othe :'s problems.

Deriving benefits even from good basic research is difficult. To
be useful, results of fundamental research must favorably influence the
course: of applied research and development. Most industrial research
laboratories avidly seize upon new scientific findings and put them to
practical use quickly and efficiently whether the user originated them
or not.

It is extremely important that information from research laborato-
ries be put into well-organized working form, such as a handbook, and
made available to the people who need it. Books presenting the state of
the art in specialized fields of research, written by a single author—
certainly by no more than several—have been effective in filling this
need.

12



3. QUALITY

There is universal agreement that DoD-supported research, like all
other phases of RDT&E (research, development, test and evaluation), must
be of the best quality; and it appears that the most useful ci1 terion for
Judging its worth is the opinion of the investigator's peers. Publica-
tion of results in scientific journals 1s highly desirable, although
professional magazines vary in quality and standing from field to field
and from journal to journal.

After extensively discussing methods of attracting able researchers
to the DoD, the Task Force concluded that unbiased scientific judgments,
supported by fair, firm and fast administrative action—i.e., termination
of poor work and constant, increasing support of quality research—repre-
sent the only practical way to do this. In the face of accusations of
favoritism, political pressures, requirements for a prescribed geographic
distribution, etc., the DoD must exercise the greatest care to avoid not
only the evils that cause deterioration in quality but even the appearance
of tolerating thenm.

We generally feel that the system of grants to individuals for
projects leads to higher quality research and somewhat greater produc-
tivity than programmatic research. This view, however, was found to
depend to a considerable degree upon the specific situation at the OXR
office and the research laboratory concerned. Given high-caliber per-
sonnel, either system of research can, and usually will, produce results
of high quality. The eiiphasis must be on securing and retaining that
class of personnel.
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4. FUNDING

The impact of limited DoD funding for basic research has already
been severe, particularly on the universities. The reduction in avail-
able Defense support for individual research projects at universities
came at a time when the research budgets of other interested Federal
agencies were, at best, holding their levels. Dr. Tape reported tb the
Task Force that the AEC has in hand university proposals totaling some
$50 million that have been rated as 'good' but cannot be funded. Simi-
lar patterns are found in the National Science Foundation, the National
Institutes of Health, NASA and other public and private organizations.

In 1967, the DSB's Berkshire Summer Study Panel on Research and
Exploratory Development examined levels of funding for basic research
and concluded that, simply to preserve the present DoD position in rela-
tion to that of major U.S. technical industry, some 0.7 percent of the
DoD's total FY 1968 budget (about $500 million) should be assigned to
the program category of research (6.1).

The rationale of the Summer Study Panel 1is, in essence, as follows:

The direct methods of management and decision-making charac-
teristic of Advanced Development and Engineering phases are
not generally applicable to the Research and Exploratory
Development (RXD) phases. . .

It would be good to have a management method whereby one
could weigh the outcome of selective research support in
terms of need, cost and payoff. In the absence of such a
method, the extent and depth of basic research support must
be judged by experienced research managers who can bridge
the tii« span intuitively and imaginatively. Otherwise the
Judgments may be too shortsighted and miss the biggest
payoffs in the long runm.

In arriving at a rationale for research planning, one may
obtain helpful guidance from industrial research. There
are manv analogies between military R&D and industrial R&D,
Both “.nction in a compatitive situation., . . . in highly
competi“ive lines such as chemicals and communication
equipmen ' there is the greatest attention to R&D planning
and perfo.mance. In these fields we see the greatest
support of basic vesearch. . . .

Iu spite of the long-range nature of the payoffs, nighly
competitive industry will devote up to 10 percent or more
of its R&D total expenditure to basic research. (According
to NSF 66-28, the chemical industry spent 13 percant of its
research and development dollar in 1964 for basic research,
less than 25 percent of which was derived from Federal
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sources.) If industry can voluntarily sacrifice present
profits to stave off the long-range threat of business
obsolescence, how much can we spend against the threat of
failure in our defense systems? . .

The only threat to our military security that we cannot fend
off by careful military, political and economic planning is
the chance of an unanticipated scientific breakthrough by the
Chinese or Russians in an area of potential military tactical
or strategic significance. . . .

Research cannot be turned on and off to suit the convenience
of budget plann:rs, without endangering its quality. . . .
Some of the best results have come only after a decade or
more of incubation of top scientists in the optimum surround-
ings of excellent research centers. Good growth must be slow,
and based primarily on long-range considerations.

In terms of available skills and facilities, it has been
determined (see Pake and Westheimer reportsé. « . ) that an
overall growth in basic research performance in academic
institutions of 15 to 20 percent per year is currently feas-
ible. This figure is conservative and takes account of the
parallel educational needs of the same academic institutions.

With proper attention to relevance and utilization of basic
research advances, it appears both feasible and desirable to
increase the 6.1 funding level up to at least 10 percent of
the total R&D program over a period of 5 to 10 years. . . .

Every kind of effort is being made to improve our fighting
effectiveness today in Vietnam. To a significant extent, we
have found ttat our weapons, . . . were not adequate for the
peculiar conditicns in Southeast Asia. Quick-fixes are the
order of the day, when what is needed is the flexibility in
design of weapons systems which only a rich supply of research
information can provide.

To continue along the Panel's line of thought: 1In 1940, we did not
neglect basic research on nuclear physics and aerodynamics, even under

SPhysics: Survey and Outlook (Washington, D.C.: National Academy of
Sciences, ''Pake Report," 1966). Chemistry: Opportunities and Needs
(Washington, D.C.: National Academy of Sciences, "Westheimer Report,"
1965).

report of the Panel on Research and Exploratory Development

(Williamstown, Massachusetts: Defense Science Board—National Academy of
Sciences Berkshire Summer Study, 5-14 July 1967).
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a much greater military threat and with much less sophisticated weapons
in our arsenal. Today it appears even more unwise to sacrifice our
scientific effort because, in the previous 10 to 15 years, we failed to
develop the necessary hardware. Such policies will, if continued, only
compound the present serious problem.

Further reduction of basic research would leave the nation vulner-
able to a greater variety of attacks. With a relevant, well-coupled
research program, we predict that we can develop systems to meet the
multiplicity of threats we will face from 1975 to 2000. The alternative
of seeking individual "fixes'" to meet each threat seems impractically
expensive. While the necessary science is costly, it i3 much cheaper
than developing specific hardware to answer each potential defense need.
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APPENDIX A

DIRECTOR OF DEFENSE RESEARCH AND ENGINEERING
WASHINGTON, D. C. 2030t

15 February 1967
MEMORANDUM FOR THE CHAIRMAN, DEFENSE SCIENCE BOARD

SUBJECT: Defense Science Board Task - Basic Research

I request that the Board establish a task force to study the most effec-
tive use of basic research resources. This project should examine in
reasonable depth, to the extent practicable, (1) the relevance of DoD
basic research to long term Defense goals; (2) coupling between DoD re-
search organizations and the scientific community, emphasizing the coup-
ling among DoD groups; (3) methods to measure and improve the quality of
the work; and (4) the general :ationale for the amount, balance, and
distribution of funding.

I suggest that the study be initiated in an exploratory way to get a
better feel for what can be done and what can't be done before a full
articulated plan is developed. The first report of the task force would
he a preliminary one on the results of this exploration.

It is particularly important that the task force work closely with appro-
priate offices in ODDR&E and ARPA and coordinate its studies with on-
goilng programs.

I suggest that the task force make its preliminary report at the May
meeting of the Board and its final report by 1 October 1967. I am

pleased that Dr. A. D. Suttle has agreed to serve as chairman of this
task force. Dr. Donald M. MacArthur will act as the cogaizant Deputy.

drﬂm Lot 9

S. Foster, Jr.
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