


Organization

The Computer Science & Engineering Board was created in June, 1968 by the National
Academy of Sciences in recognition of the need for a special body within the Academy to study
the role of the computer in the economy and culture of the nation. The latest in a long line

of distinguished groups organized by the Academy since its establishment by President Lincoln
in 1863 to “foster the orderly development of science and its use for human welfare,” the

new Board takes its place among such effective academy organizations as the Materials

Advisory Board, the Space Science Board, and the Committee on Science and Public Policy—
to name just a few.




The Board is composed of outstanding experts in computer and information science drawn
from both the academic and industrial communities.
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Financial Support

Funds for the operation of the Board are provided by both Federal Government and private
sources. An initial grant of $100,000 has been made by the Advanced Research Projects Agency
of the Department of Defense. It is anticipated that at least an equal amount will be
contributed annually by industry, trade associations, professional societies and other
organizations directly interested in computer science and engineering.
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Activities

The overall assignment of the Board is to study the present and potential application of
information-processing technology to various areas of government, commerce, industry and
education and to assess the impact of this technology on the individual. To carry out its task,
the Board set up four panels to make an initial exploration of areas of high priority.

These are the:

Education Panel—to investigate the training of computer science and engineering personnel
with the aim of avoiding future shortages, and to evaluate the role of computers in the
actual process of instruction.

Research & Development Panel—to explore the practical and theoretical aspects of the design of
hardware, software and hardware-software systems.

National Programs Panel—to inquire into the interrelations of people and information that
make up our national management systems.

Data Base Panel—to compile facts on the present and predictable future of computer research and
development, manufacture and usage.



Procedure

The Board reports directly to the Council of the National Academy of Sciences, which is the
governing body of the National Academy of Sciences. Through committees organized by the
National Research Council, some 7,000 scientists and engineers from all parts of the country
now serve as advisors to both the National Academy of Sciences and the National Academy of
Engineering in their official function of providing guidance to the Federal Government on
matters pertaining to science and technology. As part of this close-knit structural organization,
the Computer Science and Engineering Board is able to maintain liaison with all groups in
both the National Academy of Sciences and the National Academy of Engineering whose
work has bearing on its own.

Headquarters of the Board are located in the National Academy of Sciences building at
2101 Constitution Avenue, N.W,, Washington, D. C. 20418.
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FOREWORD

During its first half century, the commitments of the
National Research Council have multiplied and be-
come increasingly complex; the number of scientists
and engineers serving on its boards, committees, and
panels has likewise increased manyfold. We shall
outline briefly here the scope of the Council's cur-
rent activities and describe some of the most important
elements of its establishment and development.

One is immediately struck by the diversity of
the Council’'s concerns extending across the entire
spectrum from undirected scientific research to im-
mediately practical applications. Its extraordinary
versatility is made possible by its unique organiza-
tional structure. In its ability to expand or contract
—to adapt—through the acceptance of new tasks
and the completion of old ones, it is remarkably
flexible, its flexibility made possible by procedures
that are as much a matter of sound tradition as of
formal rules.

Stemming from its special concern for the is-
sues in which science and the public welfare are
closely interrelated, the Council is responsive to the
needs and problems of both public and private agen-
cies. But in the conduct of its affairs, it is inde-
pendent of partisan external pressures and thus
enjoys an objectivity that is crucial to the successful
fulfillment of its role in service to science, tech-
nology, and the national interest.



The respect and prestige that the National Re-
search Council has earned enable it to draw upon
the talents and resources of the entire scientific and
engineering community in the performance of its
tasks. At the same time, it can and must operate
selectively, undertaking only those endeavors for
which its special capabilities are uniquely appropri-
ate and which are clearly relevant to significant
issues of the times.

I hope the following summary statement of the
aims and operations of the National Research Coun-
cil will serve not only to introduce those unfamiliar
with it to the complexities, the challenges, and the
special attributes of this unique institution, but also
to refocus the interests of those who have known
these facts for some time.

Frederick Seitz
Chairman

July 1, 1967

NATIONAL RESEARCH COUNCIL

NATIONAL ACADEMY OF SCIENCES
NATIONAL ACADEMY OF ENGINEERING

THE NATIONAL ACADEMY OF SCIENCES

The National Academy of Sciences is a private hon-
orary organization of more than 750 scientists and
engineers elected to lifetime membership on the basis
of outstanding contributions to knowledge. Estab-
lished by a congressional act of incorporation signed
by Abraham Lincoln on March 3, 1863, and sup-
ported by private and public funds, the Academy
works to further science and its use for the general
welfare by bringing together notably qualified indi-
viduals to deal with scientific and technological prob-
lems of broad significance.

Under the terms of its congressional charter,
the Academy is also called upon to act as an official
—yet independent—adviser to the federal govern-
ment in matters of science and technology. This
provision accounts for the close ties that have
always existed between the Academy and the gov-
ernment, although the Academy is not a govern-
mental agency and its activities are not limited to
those on behalf of the government.



THE NATIONAL ACADEMY
OF ENGINEERING

The National Academy of Engineering is a private,
honorary organization of about 200 engineers,
elected to lifetime membership on the basis of out-
standing contributions to engineering theory and
practice or unusual accomplishments in pioneering
new and developing fields of technology. It was
established on December 5, 1964, when the Coun-
cil of the National Academy of Sciences, under its
act of incorporation, adopted articles of organiza-
tion to bring the National Academy of Engineering
into being. The National Academy of Engineering
is independent and autonomous in its organization
and the election of its members, and is closely co-
ordinated with the National Academy of Sciences
in its advisory activities. The two academies join in
the furtherance of science and engineering and share
the responsibility of advising the federal govern-
ment, upon request, on any subject of science or
technology.

THE NATIONAL RESEARCH COUNCIL

The National Research Council is an agency or-
ganized in 1916 by the National Academy of Sci-
ences, at the request of President Wilson, to enable
the broad community of United States scientists and
engineers to associate their efforts with those of the
more limited membership of the Academy in service
to science and the nation. It now serves both the
National Academy of Sciences and the National
Academy of Engineering in the discharge of their
responsibilities. The members of the National Re-
search Council and the members of its committees,
boards, and panels are drawn from governmental,
academic, industrial, and other private organiza-
tions and institutions throughout the country.

Supported by private and public contributions,
grants, and contracts, and with voluntary contribu-
tions of time and effort by several thousand of the
nation’s leading scientists and engineers, the Acad-
emies and the National Research Council work to
serve the national interest, to foster the sound de-
velopment of science and engineering, and to pro-
mote their effective application for the benefit of
society.

History of the National Research Council

In 1916, as the nation moved to face the crises of
the first World War, the officers of the National
Academy of Sciences and President Wilson agreed
that the Academy might advantageously organize
the scientific resources of educational and research
institutions in the interest of national security and
welfare.

As a first step, the Academy appointed an or-
ganizing committee under the chairmanship of the
noted American astronomer, George Ellery Hale.
Within two months, the Academy had received and
approved a plan of procedure, calling for the for-
mation of a “National Research Council, whose
purpose shall be to bring into cooperation existing
governmental, educational, industrial, and other re-
search organizations with the object of encouraging
the investigation of natural phenomena, the in-
creased use of scientific methods in strengthening
the national defense, and such other applications of
science as will promote the national security and
welfare.”

In leading the work of the organizing commit-
tee, however, Hale adhered to a larger objective. As
he said in a later report, “It was recognized from
the outset that the activities of the committee should
not be confined to the promotion of researches bear-
ing directly on military problems, but that true pre-
paredness would best result from the encourage-
ment of every form of investigation, whether for
military or industrial application, or for the ad-
vancement of knowledge without regard to its im-
mediate practical bearing.”

So prompt was the response from other insti-
tutions (the Engineering Foundation, for example,
placed its entire income for a year at the disposal
of the Council as well as the services of its secre-
tary, Cary T. Hutchinson), that on July 26, 1916,




three months after the meeting with President Wil-
son, four committees were already at work: on Nitric
Acid and on Organic Chemicals, in cooperation with
the American Chemical Society; on Preventive Med-
icine, with the Committee on Physicians and Sur-
geons; and on Communications, with the American
Physical Society and the American Institute of Elec-
trical Engineers.

By the end of the war, research groups organ-
ized by the Council had developed effective listen-
ing devices for determining the bearing of attacking
submarines and aircraft, fire-control systems for anti-
aircraft guns, and radio-telephone communication
between airplanes. The Committee on Psychology
had prepared a vast program for the selection of
officers and the classification of draftees through the
introduction of the first intelligence test to be used
by the military; and the Committee on Optical Glass
had succeeded in raising the U. S. production of
that valuable commodity from zero to 20,000 tons
a month. Other Council activities in the military
field included the development of an accurate bomb-
sight, the first production of helium from natural
gas, the investigation of the phenomena of trau-
matic shock, and the development of effective in-
secticides.

The extent and quality of the services of the
National Research Council during the war led Pres-
ident Wilson, on May 11, 1918, to request the
Academy to perpetuate the institution.

The work of the National Research Council
continued beyond the armistice. Among significant
developments was the creation of the National Re-
search Council Postdoctoral Fellowships, which
were clearly forerunners of the present-day pattern
of fellowship awards and which, by permitting a
new generation to become involved in creative re-
search at home and abroad, contributed significantly
to placing the United States among the world lead-
ers in scientific research. It was in this period, too,
that the involvement of the United States in inter-
national science affairs was underscored by the for-
mation of an organization that was to become the
International Council of Scientific Unions, to which
the U. S. scientific community now adheres through
at least two dozen National Research Council di-
visional committees. In another move, the Council

recognized the oncoming revolution in transporta-
tion occasioned by the private automobile and es-
tablished, in 1921, the Highway Research Board,
which has played a central national advisory role
for nearly 50 years. To these few examples should
be added a major collaborative effort of the Divi-
sion of Physical Sciences and the Division of Chem-
istry and Chemical Technology—the monumental
International Critical Tables of Numerical Data of
Physics, Chemistry, and Technology.

The term “Institute” is variously used in the
National Research Council, but this label is applied
to several bodies specifically designed to encourage
voluntary participation by groups of interested in-
dustrial concerns and others in the work of an es-
tablished Council board or committee. The first of
these, the Industrial Research Institute, was formed
in 1938. In later years the Building Research Insti-
tute, Agricultural Research Institute, and others were
established.

The role of the Division of Engineering and
Industrial Research in promoting research by in-
dustry was so successful that by 1939 its chairman,
Vannevar Bush, was able to point out that current
expenditures by industry for this purpose nearly
equaled those of scientific institutions, universities,
and the federal government combined.

World War II brought new dimensions of re-
sponsibility to the National Research Council. All
divisions were affected, but especially the Division
of Medical Sciences. In anticipation of military re-
quirements, the division chairman had established
between May 1940 and July 1941, with private
funds, 41 advisory committees on military medicine
and surgery. The Division played an instrumental
role in the development of the new field of aviation
medicine, provided for the clinical evaluation and
testing of penicillin and quinine substitutes, rec-
ommended the battlefield use of sulfadiazine and
sulfanilamide and the use of blood plasma as a
substitute material for transfusion.

The Division of Physical Sciences played a key
role in encouraging the government to proceed with
the development of an atomic weapon. The Office
of Scientific Personnel was organized and gave ma-
jor assistance to the government in the location and
recruitment of technical personnel needed to design,



build, and operate the highly sophisticated weapons
of modern warfare. The Division of Engineering
and Industrial Research organized and operated ad-
visory groups concerned with the supply and util-
ization of minerals and metals to meet war-time
problems of both the military and industry, an ac-
tivity that continues in the work of the Materials
Advisory Board.

The cessation of hostilities at the end of World
War II did not lead to a reduction in the activities
of the Council. The new needs of the federal gov-
ernment for scientific and technological advice con-
tinued after the war and altered the character of
both the National Research Council and the Acad-
emy. As the Council took on assignments of a kind
that brought it close to the heart of public policy
considerations, the Academy proceeded to strengthen
its administrative organization. In 1950, a Govern-
ing Board was created to bring the Council of the
Academy and the chairmen of the National Re-
search Council divisions into joint session for the
consideration of policy and of proposed activities.
In 1953, an executive officer was added to the staff
to add further strength and effectiveness to the ad-
ministrative function of the executive office.

Activities and accomplishments of the National
Research Council have been both expanded and
diversified since the war. In 1946, President Truman
requested the creation of a group of medical scien-
tists to investigate the consequences to the human
population of the dropping of atomic bombs on
Hiroshima and Nagasaki. The work of that group
continues under the direction of the Atomic Bomb
Casualty Commission, whose laboratories in Japan
are the only laboratories currently operated directly
by the National Academy of Sciences or the Coun-
cil. With support from the Rockefeller Foundation
and at the request of the Atomic Energy Commis-
sion, the Committees on the Biological Effects of
Atomic Radiation were established; summary re-
ports issued by these committees have served as
basic documents in the field.

In 1948, the American Institute of Biological
Sciences was created within the Division of Biology
and Agriculture, and the American Geological In-
stitute within the Division of Earth Sciences. The
AIBS became independent in 1955, as did the AGI

a few years later. These and other scientific organ-
izations have been fostered in their beginnings by
the National Research Council.

The Navy, made conscious of the potentials of
science for its purposes during the war, asked the
Academy to create a Committee on Undersea War-
fare. Through this group, important contributions
were made in the development of the nuclear sub-
marine, the Polaris program, and deep-diving vehi-
cles. A five-year study of operations of cargo ships
in the San Francisco Bay Area was completed for
the government by the Maritime Cargo Transporta-
tion Conference (now the Maritime Transportation
Research Board) of the National Research Council.

The Food and Nutrition Board began develop-
ment in 1960 of a program of biological and clin-
ical research on means to meet protein needs of in-
fants and pre-school children in protein-deficient
areas—a program now receiving major international
emphasis. The National Academy of Sciences and
the National Research Council were instrumental in
the development of two of the great international
scientific programs of our time—the International
Geophysical Year and the International Years of
the Quiet Sun. Council committees are now engaged
in developing the U. S. components of the Interna-
tional Biological Program and the International Hy-
drological Decade.

Major national problems receiving impressive
attention from Council divisional committees in-
clude, currently, weather modification, desalination
of sea water, water resources, pollution, the sonic
boom, and drug efficacy. With the exception of the
last, major reports have been produced and for-
warded to the relevant government agencies.

Under the general aegis of the Committee on
Science and Public Policy of the National Academy
of Sciences, with cooperation from the relevant di-
visions of the National Research Council, major re-
ports are being prepared on the status, the outlook,
and the needs of the principal scientific disciplines.
Comprehensive reports have already been published
in astronomy, chemistry, physics, and the plant sci-
ences, and reports are in progress in mathematics,
the life sciences, and the behavioral and social sci-
ences. These reports constitute the principal state-
ments from their respective disciplines on the state




of science and its potentials for progress and pro-
ductivity in the years immediately ahead.

Since 1950, the combined budget of the Na-
tional Research Council and the National Academy
of Sciences—joined by the National Academy of
Engineering in 1964—has increased from $6 mil-
lion to more than $20 million. The full-time com-
bined staff has grown from 350 to 660. As the well-
being of the nation comes increasingly to depend
on its scientific and technological strength and de-
velopment, the work of the National Research Coun-
cil will continue to grow in size and in its signifi-
cance to human welfare.

General Functions and Responsibilities of
the National Research Council

The general functions and responsibilities of the
National Research Council are evolving in response
to the needs of society. Thus, during its history the
Council has focused special attention on problems
relating to stimulation of research, to national de-
fense, to industrial progress, to international coop-
eration, to communication in science and technology.
The following list of major functions and responsi-
bilities will embrace most of its current activities:

1 To stimulate research in science and engineer-
ing, including the agricultural, medical, behavioral,
and social sciences.

2 To provide advice and assistance, on request, to
agencies of the federal government and to private
organizations on matters of science and technology.

3 To identify scientific and engineering problems im-
portant to the national welfare and to aid in their
solution; these include, but are not limited to, issues
relating to national defense, public health and wel-
fare, industrial research and development, the con-
servation and use of natural resources, and the qual-
ity of our environment.

4 To examine problems relating to the collection,
collation, and dissemination of scientific and tech-
nical information and to aid in their solution.

5 To support and conduct studies and analyses on
manpower for science, engineering, and other pro-
fessions, including training, education, supply, re-
quirements, and utilization.
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6 To support and conduct programs providing op-
portunities for fellowships, research associateships,
and similar programs for training and research in
the fields of interest in the National Research Coun-
cil.

7 To examine current and future needs for research
support in the various scientific and engineering
disciplines.

8 To promote cooperation in research at home and
abroad, including the application of science and en-
gineering to the needs of developing countries.

9 To promote international cooperation in science
and engineering and to serve as a medium through
which the scientific and engineering communities
may speak effectively to their foreign counterparts
on matters of research, education, and information
exchange.

10 To examine urgent social problems involving
science and technology.

11 To provide a forum for the development and ex-
change of new and possibly controversial ideas in
science, engineering, and technology and their ap-
plication to the social welfare.

A primary objective of the National Research
Council is to bring together scientists and engineers
of exceptional competence to deal with scientific and
engineering problems and to exchange information
in furtherance of research. Because of the breadth
of its interests, the Council enjoys a unique oppor-
tunity to organize broad attacks on problems of
national importance that may benefit from the at-
tention of investigators in diverse fields of science
and technology. The tasks vary widely in nature
and in the duration and type of effort required; pat-
terns of organization must be flexible so that par-
ticular problems can be approached in the most
effective manner.

The scientists and engineers who carry out
much of the work of the National Research Council
are appointed to committees administered by one
of the Divisions or Offices of the Council: Behav-
ioral Sciences, Biology and Agriculture, Chemistry
and Chemical Technology, Earth Sciences, Engineer-
ing, Mathematical Sciences, Medical Sciences, Phys-
ical Sciences, Office of Scientific Personnel, Office
of the Foreign Secretary. The work of each division
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is under the direction of a chairman, appointed by
the Council of the National Academy of Sciences
(in the Division of Engineering, upon nomination
by the Council of the National Academy of Engi-
neering). The Office of the Foreign Secretary serves
the two academies and the National Research
Council, providing a focal point for all institutional
relationships in international scientific and technical
affairs.

The National Research Council currently has
about 400 committees, boards, and panels whose
members are drawn principally from the academic
community, government, and industry. Although the
lines of definition and distinction cannot always be
sharply drawn, each of these types of grouping is
engaged in activities for which it is especially well
adapted. Committees may be ad hoc or standing,
depending upon the character of their tasks. Boards
are generally organized to deal with large, inter-
disciplinary problems of relatively long duration—
such as materials, food and nutrition, highway re-
search. Panels typically tend to be ad hoc, and often
subordinate to larger groups—committees or boards.
Special offices and centers have been organized to
provide continuing services to science and the gov-
ernment. Typical of these are the Office of Scien-
tific Personnel, the Office of Critical Tables, and the
Advisory Center on Toxicology.

All appointments of members of committees,
boards, and panels are made by or on behalf of the
president of the National Academy of Sciences, the
president of the National Academy of Engineering,
or both, as appropriate. Appointments are generally
made on the basis of nominations submitted by a
division or office after preliminary analysis of the
task to be performed.

The advisory groups of the Council are gener-
ally self-limiting, both in duration and in extent of
activity. In order to maintain maximum flexibility
in dealing with problems identified by its own mem-
bers or brought to its consideration by others, the
Council seeks to avoid long-term or open-ended op-
erational responsibilities. Since it is not an agency of
the government, the Council recommends rather than
establishes programs, budgets, and standards.

Actual expenses incurred in providing advice
and other services are reimbursed by the requesting
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agency, public or private, but in no case does the
National Academy of Sciences receive compensation
for such services. The injunction against compensa-
tion applies to all who serve under the charter of the
National Academy of Sciences, and thus to the mem-
bers of the National Research Council and the mem-
bers of its boards, committees, and panels as well as
the members of both the National Academy of Sci-
ences and the National Academy of Engineering.
Such individuals are, of course, reimbursed for trans-
portation, subsistence, and out-of-pocket expenses in-
curred when undertaking assignments for the Coun-
cil or either of the two academies.

Guidelines for Division Officers,
Council Members, Members of
Committees, and Staff Members

Certain precepts and procedures have been formu-
lated for the information and guidance of division
officers, Council members, members of committees
(boards, panels, and working groups), and staff
members. These are outlined in some detail in a
separate publication but are noted here in an abbre-
viated form.

I Formulation of policy. Policy questions may
be brought to the attention of the presidents of the
two academies at any time. There is opportunity for
broad discussion of such questions at the regular
meetings of the Governing Board of the National
Research Council, which consists of members of the
Council of the National Academy of Sciences, mem-
bers of the Executive Committee of the National
Academy of Engineering, chairmen of the divisions
of the National Research Council, and the chair-
man of the advisory committee for the Office of
Scientific Personnel. The president of the National
Academy of Sciences serves also as chairman of the
National Research Council.

2 Privileged nature of committee deliberations.
Positions taken by any individual participating in
committee discussions are to be regarded as fully
privileged. The minutes, working papers, vote tal-
lies, transcripts, and other records of the delibera-
tions of a committee are to be considered privileged
documents not releasable outside the National Re-
search Council except by agreement of the responsi-
ble officers and with the consent of the committee.
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3 Reports, resolutions, publications. Reports
of an advisory committee to any government agency
or official in response to a duly accepted request,
or in compliance with an agreement for advisory
services, are to be considered the property of that
agency or official insofar as disclosure and distribu-
tion are concerned, unless a specific agreement to
the contrary has been made. Such reports should not
be transmitted to other agencies or officials without
the approval of the agency or official concerned.

Recommendations and judgments that deal with
agency policy or with matters of broad national pol-
icy should be reviewed by the executive office of the
National Research Council before they are formally
transmitted or otherwise promulgated outside the
Council in reports, resolutions, or publications.

4 Public release of information. Information
released by any member of a committee or its staff
with regard to matters before the committee is
likely to be construed as expressing the views of the
entire group. Where a statement is necessary, com-
mittees should agree on a spokesman, usually the
chairman, who will make any public statement or
carry on any appropriate external discussion of the
work of the committee.

The Office of Information is available for con-
sultation and assistance concerning public release of
information relating to the work of a committee
board or panel. In every case the Office of Infor-
mation should be given an opportunity to review
plans for the public release of information.

S Relationships with White House and Congress.
Formal communications with the White House and
members of Congress, committees of Congress, or
their staffs, with respect to any activity of the Na-
tional Research Council should be carried on through
the president of the National Academy of Sciences
unless alternative arrangements have been author-
ized by him.

Should it become necessary for any member of
a committee or of the staff to engage in informal
discussions of committee matters with the White
House or with members of Congress, committees
of Congress, or their staffs, he should keep his com-

mittee chairman and the responsible division chair-
man informed.
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6 Conflicts of interest. Individuals who ac-
cept Council membership, committee membership,
or service as officers or staff members are respons-
ible for considering the possibility of bias that may
derive from such factors as their institutional affilia-
tion, consulting agreements, grant responsibilities,
and previous employment. Both actual and apparent
conflicts of interest must be avoided wherever pos-
sible. Where conflicts cannot be avoided because of
the nature of the problem, they must be recognized
and stated explicitly.

The Role of Members in
National Research Council Activities

The activities of the National Research Council
cover a wide spectrum; they range from evaluating
the biological effects of ionizing radiation to stimu-
lating and correlating research on all aspects of the
building industry, from advising the Navy Depart-
ment on long-range scientific and technical prob-
lems in undersea warfare to reviewing and evaluat-
ing fellowship applications in all fields of science
and engineering. The 400 active boards, committees,
and panels of the Council now involve a member-
ship of about 5,000 scientists and engineers. Essen-
tial to the proper functioning of these advisory groups
is the full-time staff of 660 employees. It is in the
context of these activities that the role of the 300
members of the National Research Council must be
defined.

Nominations for membership in the National
Research Council are made by the affiliated scien-
tific and engineering societies, by the heads of de-
partments or agencies of the federal government, or
by the chairman of one of the divisions of the Coun-
cil. Appointments are made by the president of the
National Academy of Sciences in his capacity as
chairman of the National Research Council. Ap-
pointments are for an initial term of three years
and may be renewed, although periodic rotation in
membership is considered to be generally desirable.
Members of the National Research Council serve
in one of the eight divisions of the Council. The
specific functions that members may perform will
depend in part upon the policies and programs of
their respective divisions, upon their willingness to
devote time and energy to these programs. and upon
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the backgrounds and skills they bring to their divi-
sions.

The role of members is primarily advisory.
Illustrative of the functions that a member may
be called upon to perform, usually at the discretion
and upon the request of his division chairman, are
the following:

1 Serving as an important channel of communica-
tion between his scientific or engineering society and
the Council. This will be facilitated if the member
is intimately acquainted with his society’s current
interests and activities and the manner in which it
operates.

2 Advising his division concerning problems as well
as needs and opportunities in his scientific or engi-
neering discipline. Distinction in his special field of
interest, and awareness of its interrelationships with
others, will be important assets in identifying policy
issues.

3 Advising his division on its programs and policies.
Members’ interests should include not only research
or teaching in the narrower sense of these words,
but also science and engineering activities within
the broad context of our national culture.

4 Serving on boards, committees, or panels of one
of the divisions when his talents and experience are
appropriate to the particular task at hand.

5 Assisting in the critical review of reports during
their preparation by boards, committees, and panels
of his division.

6 Rendering advice concerning nominations of po-
tential members of National Research Council
boards, committees, and panels.

7 Participating in the symposia and program reviews
of his division at the annual meetings of the Council.

Although members of the National Research
Council are nominated by scientific and technical
societies, by government agencies, or as members at
large, they are not to be considered as instructed
delegates of their societies or agencies; rather, they
are expected to contribute to the work of their re-
spective divisions in such ways as their individual
scientific, technical, or other competencies may sug-
gest.

In addition to the members of the National Re-
search Council as defined above, liaison representa-

tives may be nominated by government agencies on
the basis of mutual interests of the National Research
Council division and the agency or organization con-
cerned. Appointments of liaison representatives are
made by or on behalf of the president of the Na-
tional Academy of Sciences.

SOCIETIES AFFILIATED WITH
THE NATIONAL RESEARCH COUNCIL,
JULY 1, 1967

Division of Behavioral Sciences
American Anthropological Association
American Economic Association
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r HE COUNCIL OF THE NATIONAL ACADEMY OF
Sciences has formulated certain precepts and procedures
for the information and guidance of the divisional officers,
- members of committees, and staff acting under the authority
of the Academy and the National Research Council. In what follows,
the term committee is intended to include the wide range of commit-
tees, boards, panels, working groups, and similar bodies that are
appointed in the course of our activities.

There are several reasons for the Council’s action:

1.  The number of scientific and technical groups within the NAS-
NRC is now so large, and the responsibilities that have been accepted
under the Act of Incorporation of the Academy are so broad, that it
has become necessary to formalize certain channels and procedures.

2. Because reports or statements associated with any part of the
NAS-NRC are likely to be taken to represent the official views of the
institution as a whole, procedures for the transmittal or release of such
reports and statements must be established and understood.

3. As science comes more and more into the public eye, pervading
many questions of national policy, the timely issuance to the public of
reports and other pertinent information relating to our activities must
engage our careful attention.



4. The growing involvement of leading scientists and engineers in
undertakings receiving public support means that care must be taken
to avoid conflicts of interest that are such as to derogate from the
effort to provide objective advice to public agencies in response to
multiplying needs and requests.

The following paragraphs, then, contain information and guide-
lines to assist those who serve science and the nation through the
undertakings of the NAS-NRC.

FORMULATION OF POLICY

The formulation of policy for the Academy and Research Council is
the responsibility of the President and elected Council of the Academy.
Policy is determined by the President and Council after consultation
as appropriate with the chairmen and members of divisions, with
members of committees, and with members of the staff. Policy ques-
tions may be brought to the President’s attention at any time, and there
is opportunity for broad discussion of such questions at the regular
meetings of the Council of the Academy and the Governing Board
of the Research Council. The President, division chairmen, and
staff undertake to keep the members of the Research Council and of
committees informed of policy matters affecting their responsibilities.

PRIVILEGED NATURE OF
COMMITTEE DELIBERATIONS

The effectiveness of the Academy and Research Council in dealing
with scientific issues and with issues in the relationship of science to
the national interest requires an atmosphere for deliberations that en-
courages full and free discussion of all relevant matters. To safeguard
this atmosphere the principle must be observed that the positions taken
by any individual participating in committee discussions are to be
regarded as fully privileged. Such positions must not, except by his
own desire, be identified with the individual outside the delibera-
tions of the committee.

The minutes, working papers, vote tallies, transcripts, and other
records of the deliberations of a committee are to be considered privi-
leged documents not releasable outside the NAS-NRC except by

agreement of the responsible officers of the NAS-NRC and with the
consent of the committee.

REPORTS, RESOLUTIONS, PUBLICATIONS

Reports of an advisory committee to any governmental agency or
official in response to a duly accepted request, or in compliance with
an agreement for advisory services, are to be considered the property
of that agency or official insofar as disclosure and distribution are con-
cerned, unless a specific agreement to the contrary has been made. Such
reports should not without the approval of the agency or official con-
cerned be transmitted to other agencies or officials, lest the confidential
relationship between the Academy and those it advises be jeopardized.

Recommendations and judgments that deal with agency policy or
with matters of broad national policy are likely to be construed as
representing the official views of the NAS-NRC as an institution. They
should be reviewed by the office of the President of the Academy before
they are formally transmitted or otherwise promulgated outside the
NAS-NRC in reports, resolutions, or publications. Recommendations
and judgments concerned exclusively with scientific or technical con-
tent of agency programs are not construed to be policy matters.

PUBLIC RELEASE OF INFORMATION

The Office of Information of the NAS-NRC is available for consulta-
tion on the desirability of public release of information on topics
arising from the work of committees. That office can assist in the
preparation of such releases, and in all cases should be given an
opportunity to review plans for the public release of information.
Verbal statements to the press by any member of a committee or
its staff with regard to matters before the committee are likely to be
construed as expressing the views of the entire group. Where a state-
ment is necessary, committees should agree on a spokesman, usually
the chairman, who will make any public statement or carry on any
press discussion of the work of the committee. The spokesman should,
whenever possible, consult with the Office of Information, using the
regular staff channels serving his committee, and should seek guidance
from the appropriate division office or the office of the President of
the Academy if the issue is in a controversial area of public or national
policy.




WHITE HOUSE AND CONGRESSIONAL
RELATIONSHIPS

Formal communications with the White House and Members of Con-
gress, committees of Congress, or their staffs, with respect to any activity
of the NAS-NRC should be carried on through the President of the
Academy unless alternative arrangements have been authorized by him.

Should it become necessary for any member of a committee or of
the staff to involve himself in informal discussions of committee mat-
ters with the White House or with Members of Congress, committees
of Congress, or their staffs, he should keep his chairman and the respon-
sible division chairman informed. In general, it is preferable that the
committee chairman act for the committee in such situations, after
consultation with the appropriate division chairman or the President
of the Academy.

Should a divisional officer or committee or staff member be invited
to testify before a committee of Congress on matters relating to any
activity of the NAS-NRGC, he should inform the President of the Acad-
emy so that any internal policy or procedural questions can be resolved.

CONFLICTS OF INTEREST

It is necessary for the NAS-NRC to be increasingly alert to conflict-of-
interest situations that may arise within its structure. These can appear
whether or not the possibility of personal profit is inherently present.
To insure their competence, committees are likely to include in
their membership many whose livelihood is derived wholly or in part
from activities in the very fields in which the committees render advice.
Individuals who accept committee membership, or service as officers or
staff members, are responsible for considering the possibility of bias
that may derive from such factors as their institutional affiliation, con-
sulting agreements, grant responsibilities, and previous employment.
If confidence is to be maintained in the objectivity of NAS-NRC
judgments and advice, both actual and apparent conflicts of interest
must be avoided wherever possible. Where conflicts cannot be avoided
because of the nature of the problem, they must be recognized and
explicitly stated. With the chairmen of committees and with the staff
must rest a special responsibility for being perceptive about such situa-
tions and for anticipating them wherever possible. Doubtful cases
should be reviewed with the President of the Academy.
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DIVISION AND STAFF RESPONSIBILITIES

Nothing in this statement is intended to alter established lines of com-
munication within the NAS-NRC. Committees organized under divi-
sions of the National Research Council should use the channels and
facilities of the division to resolve problems that arise. Division chair-
men are directly responsible to the President of the Academy, who is
Chairman of the National Research Council, for the general oversight
of the scientific programs of their divisions and for such recommenda-
tions as they feel to be desirable in matters of policy and administration.

It is the responsibility of staff officers, insofar as they can, to assist
the President of the Academy and the chairmen of divisions in the
administration of the provisions contained herein, to assist committees
in observing them, and to invite attention to the need for additions
or revisions.

FREDERICK SEITZ, President
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LETTER OF TRANSMITTAL

January 2, 1970

My Dear Mr. President:

It is my privilege to transmit herewith the second Report
of the National Science Board, prepared in accordance with the
provisions of Section 4(g) of the National Science Foundation
Act as amended by Public Law 90-407. This Report is addressed
to the present state of the physical sciences, their recent accom-
plishments, their apparent opportunities and challenges, and the
requirements if these opportunities and challenges are to be
accepted.

The physical sciences are the pacemakers of our civilization.
With the materials and understanding they provide we are enabled
to secure the national defense and construct a world in which
our fellowmen are healthier, more comfortable, and more richly
endowed, in which mankind is freed to pursue truly human en-
deavors. Research in the physical sciences today will, tomorrow,
underlie more penetrating understanding of the nature of life in
health and disease as well as find application in the countless
aspects of engineering which translate scientific understanding
into societal benefit.

As this Report recounts, our Nation has ample reason to be
proud of its accomplishments in all areas of the physical sciences
for the last two decades. Yet there is every reason to believe that
the best and most rewarding science lies ahead. As in the past,
each next step is more difficult, more complex, and more expen-
sive than the last while the potential for application is seldom
evident in prospect.

We recognize that the frontiers of astronomy, physics, and
chemistry must appear remote from the immediacy of the prob-
lems posed by the environment and decaying cities or the com-
plexities of foreign affairs. Yet we urge that our Nation not sur-
render its leading position in the worldwide scientific endeavor,
that we continue in the search for that fundamental understanding
which must constitute the principal legacy we may leave to suc-
ceeding generations as, in their turn, they seek to utilize the fruits
of science to alleviate the condition of man. Although the precise
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manner of societal utilization of future scientific discoveries is
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Physical Sciences Branch, Research and Development Center,
General Electric Company; Dr. Wayland C. Griffith (Vice Chair-
man, NSF Advisory Commitee for Planning) Vice President for
Research and Technology, Missiles and Space Company, Lock-
heed Aircraft Corporation; Dr. W. E. Hanford, Vice President,
Research and Development, Olin Mathiesen Chemical Corpora-
tion; Dr. Milton Harris, Chairman, Board of Directors, American
Chemical Society; Dr. E. D. Kane, President, Chevron Research
Company; Dr. Irving Kaplansky (Member, NSF Advisory Com-
mittee for Mathematical and Physical Sciences) Professor and
Chairman, Department of Mathematics, University of Chicago;
Dr. J. Ross MacDonald, Vice President, Corporate Research a.nd
Engineering, Texas Instruments, Inc.; Dr. Oscar T. Marzke, Vice
President, Fundamental Research, U.S. Steel Corporation; Dr.
Wendell C. Peacock, Research Scientist, Beckman Instruments,
Inc.; Dr. Roland W. Schmitt, Research and Development Manager,
Physical Sciences and Engineering Research and Development
Center, General Electric Company; Dr. Verner Schomaker (Chair-
man, NSF Advisory Committee for Mathematical and Physical
Sciences), Professor and Chairman, Department of Chemistry,
University of Washington; Dr. Frederick T. Wall, Executive Direc-
tor, American Chemical Society; Dr. Albert E. Whitford Professor
of Astronomy, University of California at Santa Cruz, and Former
Director, Lick Observatory, (President, American Astronomical
Society).

The Advisory Committee for Mathematical and Physical Sci-
ences of the National Science Foundation also discussed the re-
port at two of its meetings.

Finally, the Board is indebted to Mrs. Lois S. Niemann, Admin-
istrative Assistant to the Vice President for Instruction and
Research at Louisiana State University, and to the many persons
at the National Science Foundation who offered advice and
counsel and especially to Miss Helen Potter and the National
Science Board Office for other editorial and secretarial assistance.
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SUMMARY AND RECOMMENDATIONS

Preamble

The underlying premise of national science policy for two dec-
ades has been that continued strength in science and technology
is essential to the welfare of the Nation and its influence and lead-
ership in the world. We believe that policy to be still valid. No one
can guarantee how rapidly scientific knowledge may become ap-
plicable to the problems which beset our world. Scientific knowl-
edge alone is not sufficient to ensure that solutions will be found
or implemented. The National Science Board firmly believes, how-
ever, that scientific knowledge and understanding are necessary,
and that the steady advancement of science is essential if the po-
tential applications of science are to be realized in the most timely,
productive, and economical fashion.

Therefore, the National Science Board begins by stating what it
believes to be the basic tenets of United States science policy:

a. The United States will strive to remain competitive at or
near the forefront of each of the major areas of science and, to

this end, will continue to identify and support scientific ex-
cellence.

b. The Nation is committed to the principle that every young
person should have the opportunity to pursue advanced educa-
tion to the extent of his ability and motivation irrespective of
geographic origin or economic means.

c. The Federal Government has a responsibility to ensure that
new scientific knowledge is utilized as rapidly and effectively as

possible in support of national goals and for the welfare of the
world’s peoples.

The National Science Board supports and commends efforts by
the scientific community to address major problems of our society.
At the same time, the Board is concerned that scientific endeavors
intended to enhance the long-term national future not be sacrificed
to the urgencies of the day. Accordingly, the Board recommends
that future planning for the total Federal support of science through
all agencies strive to be commensurate with the three tenets above.
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A clear recognition within the Federal Government that the pur-
suit of science as a national mission is imperative to the achieve-
ment of these ends. The future of the country requires the ad-
vancement of science, and the advancement of science explicitly
requires the advancement of the physical sciences. Many of the
following recommendations, however, do not apply solely to the
physical sciences. The more general recommendations are given
first.

RECOMMENDATIONS

1. Excellence in science is a national goal and should be
explicitly so considered by the National Goals Research
Staff. Further, the National Science Board expresses its
desire to participate in the preparation of a Government-
wide plan for the realization of this national goal.

2. In the continuing process of establishing scientific prior-
ities within the political sector, including actions by the
Congress and the Bureau of the Budget, there should be
an even greater input by the scientific community through
avariety of mechanisms.

3. Within the framework established by the political process,
there should be assured support of the best research in
the physical sciences and implementation of new ideas
and programs of exceptional scientific promise. The
potential for increase of fundamental understanding is not
only the best criterion of scientific excellence but is also
just that feature of science which is most likely to lead to
new technology. This principle should continue to play a
major part in setting scientific priorities.

4. The Federal Government should expand its programs of
institutional and departmental support for graduate educa-
tion and provide stable levels of support so that academic
institutions can afford to take the initiative and make the
commitments inherent in educational and research ven-
tures and in supporting young researchers.

5. The United States scientific effort is currently threatened
with possible mediocrity. Funding limitations currently

imposed by the Federal Government on scientific research
should be lifted before the present vitality of the physical
sciences, which is essential to the progress of all science,
is lost. Support levels in the physical sciences should be
made comparable to those recommended in the studies of
the Committee on Science and Public Policy of the
National Academy of Sciences in the fields of astronomy,
chemistry, and physics.

. The National Science Foundation is the only Federal

agency whose primary mission is the advancement of
science. Because of this mission, a substantial fraction of
the necessary increase in research support should be
channeled through the National Science Foundation to
provide greater stability and balance to the total national
effort and to give the National Science Foundation oppor-
tunity for greater initiative in the development of research
programs in the physical sciences.

. All agencies should continue to give special attention to

research programs in the physical sciences which support
individual investigators and small groups in such fields as
chemistry, solid-state science, atomic and molecular
physics, and the smaller research projects in astronomy,
many of which are now underfunded to the point approach-
ing stultification. These programs, which are highly com-
petitive, of prime scientific and technological significance,
and particularly adaptable to the training of graduate stu-
dents in these fields, make an enormous contribution to
the physical sciences and often establish the essential
groundwork for larger and more complex efforts. It is ill-
advised to fund such programs at a level at which a major-
ity of high-quality proposals must be rejected or under-
funded.

. The acquisition and construction of new instrumentation

is the pacing item for research in much of the physical
sciences. Radio astronomy alone requires an investment
of approximately $200 million in major new facilities in the
next ten years. Commensurate efforts must also be made
in chemistry, physics, and optical astronomy. Plans for
major new facilities should include realistic long-range
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plans for operating support, including provision for suc-
cessive generations of auxiliary instrumentation, and for
periodic updating of the equipment. These long-range
plans should be consistent with the three- to ten-year
period required for the design, construction, and bringing
into operation of major facilities.

Expensive research facilities, including instrumentation,
should be established as national or regional resources.
Basic responsibility for the creation and operation of such
facilities can be vested in single institutions or in groups
of institutions. The pattern of users groups, such as those
operating in high-energy physics, should be encouraged
to spread throughout the physical sciences. Federal agen-
cies should be prepared to bear part of the added cost of
utilization of such facilities as a trade-off against dupli-
cating facilities and expensive instrumentation at addi-
tional locations. The importance of first-class resident
staffs at all large facilities must not be overlooked. Systems
of peer judgments, however, should be employed at such
facilities to insure their availability to the best scientists
for the most significant experiments.

Federal agencies should continue to review older or less
productive large facility installations for selective phasing
out in order to relieve funds for building and operating new
facilities which are closer to the forefront of developments
in scientific techniques and capability. Large facilities,
both old and new, should be continually supplied with the
most modern sensing and data-processing equipment to
assure their optimum use. Such modernization is requisite
even at the expense of some existing facilities which are
still useful.

. The United States should continue to work for international

participation in the planning and utilization of large re-
search facilities, including exchange of scientists and com-
plementarity of programs and equipment.

. The Department of Defense, along with the other mission-
oriented agencies, notably the Atomic Energy Commission,
the National Aeronautics and Space Administration, and

the National Institutes of Health, should continue to sup-
port basic research in all areas of the physical sciences
which show reasonable promise of having a bearing on
their missions. The National Science Foundation should
be provided with funds to assume support for those worth-
while ongoing research programs for which mission-
oriented agencies may no longer be able to provide con-
tinuing support because of fiscal reasons or change in
mission emphasis.

. The present trend to decrease funding for the scientific

aspects of the space program should be reversed. Pro-
visions should also be made for more active participation
by academic scientists in these programs, including ade-
quate funding of the academic research groups. Funding
must be assured also for supporting research and tech-
nology in physics, chemistry, and especially in optical and
radio astronomy in order to ensure the greatest scientific
payoff from the space capability. It is urgent to upgrade
the scientific programs associated with future lunar land-
ings, including the subsequent analyses of mission data
and lunar samples.

The universities should intensify their efforts to adapt their
graduate programs to the changing needs of industry,
Government, and the educational system. Special consid-
eration should be given both to the time requirements for
the doctorate and to the establishment of “practitioners
degrees” at the doctoral level in the physical sciences.

. Additional and more effective ways should be found for

industry, Government, and universities to cooperate in
translating basic science into social utility and in opening
up for basic research the new areas which are often sug-
gested by technological problems.

. An effort should be made to utilize -more industrial and

Government scientists on advisory panels which help se-
lect research projects for Federal support and on advisory
committees which help develop national science policy.
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State of the Physical Sciences

In 1969, for the first time, man left the protection of the earth
and landed on the moon. Whenever mankind looks back on the
history of his achievements, this year will date that banner event.
Why can this generation go to the moon when earlier ones could
not? The answer is that man has accumulated a sufficient knowl-
edge of the physical universe, an adequate control over the forces
of nature, and a suitable technological and industrial enterprise to
enable him to build and operate the instruments and vehicles
needed. Solid-state computers solve the necessary problems in
celestial mechanics and in orbit theory with great rapidity and
reliability. The knowledge of how atoms interact with one another
to form molecules enables chemists to produce exotic fuels whose
reactions give rockets enormous thrusts that can still be delicately
controlled. A knowledge of the properties of solids permits the
production of materials which will withstand the forces and tem-
peratures to which they are subjected in rockets and other space
vehicles. Man’s understanding allows him to design space vehicles
which pass through the earth’s atmosphere at escape speeds and to
deal with such potential hazards to the space traveler as the solar
wind and magnetic storms. Apollo 11 was, in this sense, a culmina-
tion of 400 years of progress in science as well as in technology.

Though man’s flight to the moon assures 1969 a place in history,
it will have several rivals for the position of the outstanding event
of this century. The twentieth century will be known also as that
age in which man discovered and learned to use nuclear energy.
It will be known as the age in which the physics of the electron was
employed to produce a communication system that allowed men
to see and hear one another wherever they might be on the earth,
or in space beyond the earth, and to produce high-speed computers
which enabled men to utilize their brains in the same way that
machines have made it possible for them to extend their brawn. It
will be known as the age of chemical synthesis, when man, first in
the laboratory, then in huge chemical plants, tailored molecules to



fit his own purposes by rearranging atoms to produce materials
with a variety of useful and pleasing properties undreamed of in
earlier times. From these materials have come his clothing and
fishing lines, his detergents and lubricants, his medicines, and even
his food. It will be known as the time when man eradicated, or
brought under control, many of the diseases which had plagued
him throughout his history. We hope that the twentieth century
may even yet be known as the one in which man finally eradicated
hunger, in which he learned to control his population, to conserve
his environment, and, most deeply, to live without war.

A. THE UNIVERSE

By 1969 the scientist has done more than demonstrate the appli-
cation of his science. The vast laboratory of the universe is now
more accessible to the scientist, and it presents him with a much
extended array of physical and chemical circumstances. The gravi-
tational force is mild on the earth but exceedingly strong near the
dense and massive stars. The stars form galaxies and clusters of
galaxies, which are the largest systems known to man. Starlight is
generated by the interaction of nuclear particles, which are the
smallest systems known to man. In the astronomical universe,
temperatures range from a few degrees in intergalactic space to
billions of degrees in the interior of stars. Densities range from a
few atoms per cubic meter in space to more than 105 times the
density of ordinary terrestrial materials in neutron stars. Particle
energies in the cosmic radiation extend at least to 102 times the
energy characteristic of molecules in air at ordinary temperatures.
The study of matter and energy under these natural extremes and
relating the results to those found in the much narrower range of
the earth-bound laboratory are the joint domain of astronomy,
physics, and chemistry.

Both in space and on earth, man’s ability to observe nature with
high precision and under extreme conditions presents the physical
scientist with the most critical tests of his theories. The questions
he faces are ever more ‘difficult, and the means of answering are
-ever more complex and subtle. His attempts at understanding may
be frustrating. If history is a guide, however, further development
of our civilization will depend in part upon his success, and rich

rewards will come to those peoples and nations whose scientists
succeed.

Currently there is a scientific explosion in astronomy and astro-
physics. The last decade has seen the discovery of “quasars” and
“pulsars,” X-ray stars and neutron stars, cosmic background radia-
tions and cosmic-gas masers, infrared stars and infrared radiation
from many cosmic sources, gamma-ray and neutrino astronomy,
transuranic elements in cosmic rays and complex molecules in
interstellar matter, and contemporary synthesis in matter ejected
from stars. The detection of gravitational radiation from sources
outside the earth has been reported. The rapid pace of discovery
in astronomy and astrophysics during the last few years has given
this field an excitement unsurpassed in any other area of the physi-
cal sciences. During the seventeenth century Newton's law of
gravitation provided the major influence on the physical sciences.
In the nineteenth century Mendeleev’s periodic table filled that
role. But today the investigation of these many recent major astro-
nomical discoveries may provide a similar influence on the physi-
cal sciences. The current significant discoveries in the other physi-
cal sciences are, to a large extent, unanticipated consequences of
known physcial principles and are fitted into a generally accepta-
ble pattern of theory and experience. The new discoveries in as-
tronomy have presented deeper mysteries and hints of physical
processes more unusual than anything observed in the laboratory
or predicted by current theory.

1. QUASARS

The discovery in 1963 of quasars created a revolution in the
outlook of astronomers. The universe suddenly appeared more
violent than had been conceived before. The vast energy produc-
tion which the quasars appear to show cannot easily be accounted
for by presently known energy-producing processes. The spectrum
of their light is distorted in a puzzling fashion. Is this distortion
due to the expansion of the universe? If so, quasars must be ten
times farther away than the farthest galaxies previously ob-
served. Or, does its origin lie in the intense gravitational field
around the quasar? Or, is a quasar a much closer object that has
been ejected with a speed almost that of light from the interior of
a nearby galaxy? Even to approach these questions, one must use
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the viewpoint of Einstein's general theory of relativity. Twenty
years ago that theory was regarded as the intellectual culmination
of physical theory. Now it is the essential starting point for experi-
ment and observation.

2. RELATIVITY

Our new ability to operate delicate instruments deep in space
and our improved techniques for observing astronomical events
with ground-based instruments offer us an opportunity to apply
definitive experimental tests to the general theory of relativity.
These experiments will involve such activities as the precise ob-
servation of the motion of extremely stable gyroscopes in earth
orbit, refined detection and analysis of gravitational waves, and
radar measurements of minute changes in the motion of the plan-
ets. Scientists in several United States laboratories are now en-
gaged in the design and development of the sophisticated instru-
mentation needed for such measurements. Prototypes and test
models of individual components are presently being constructed.
The actual experiments usually will require very large installa-
tions, such as giant radio telescopes, or complicated space mis-
sions, as in the case of the gyroscope experiment. But if man is to
achieve a fundamental understanding of gravity, such experiments
must be done.

3. PULSARS

About two years ago a group of radio astronomers in Great
Britain made a startling discovery, a new class of celestial objects
that emit short pulses of radio energy at regular intervals of a few
seconds or less, called pulsars. Subsequently, United States as-
tronomers found the central star of the Crab Nebula to be a pulsar
having all its visible light in the form of pulses coincident with
those of its radio pulses and regularly spaced 1/30 second apart.
These objects emit enormous amounts of energy, or they would
not be observable at all. How could emission of such enormous
amounts of energy be interrupted so completely and with such
regularity? It now seems likely that the emission is not interrupted
but that pulsars are rotating neutron stars which radiate direc-
tional radio, optical, and X-radiation beams. They are believed to

be the most dense form of matter, compressed to the density of an
atomic nucleus in the course of gravitational collapse following
supernova explosions. Whereas the sun has a diameter of 864,000
miles, a neutron star with the same mass may have a diameter of
only six miles. Since 1950, radio galaxies, quasars, and pulsars
have presented man with challenging new phenomena for which
no entirely satisfactory explanations are in sight.

4. OBSERVATION AND EXPERIMENTS IN SPACE

Unfortunately, in studying the universe, one cannot experiment
in the usual sense. One can only observe; one cannot manipulate
or alter the systems being observed because they are so vast and
so distant. Observations of the universe, however, do often guide
the design and performance of critical experiments on earth. They
also frequently demonstrate processes which are useful to man’s
other purposes. For example, the observation that the apparent life-
time of stars exceed the capacity of then-known fuel supplies led
to the inference of the existence of nuclear-energy sources—Ilater
identified with the nuclear processes which are a part of our
atomic age. Also, the study of cosmic rays which impinge upon the
earth from outer space has played a central role in high-energy
particle physics over the past forty years and will continue to do
so in the future. Many important physical entities—positrons,
muons, pions, mesons, lambda particles, and charged hyperons—
were discovered in cosmic-ray investigations. Until quite recently
the ultimate validity of electromagnetic theory could be investi-
gated only by the use of cosmic-ray particles. The most energetic
particles in the universe, produced by processes not yet understood
but certainly cosmic in scale, constitute one of the tools we use to
unravel the smallest scale phenomena in the universe. There is an
inverse relationship between the energy of the bombarding parti-
cles used to probe the structure of matter and the scale on which
this structure can be resolved—the higher the energy the finer
the resolution. Decisions for or against construction of nuclear ac-
celerators larger than those which are now being built may possi-
bly be based on the results of cosmic-ray studies made in space in
the early 1970’s.




B. THE MICRO-UNIVERSE

Systems that are either very large or very small are frequently
the easiest to understand. Man derives inspiration and valuable
hints about processes on earth from his study of the universe. His
achievements in understanding the universe are closely tied with
his ability to understand and manipulate matter with ever increas-
ing precision and on an ever finer scale. Many of our human aspira-
tions for the future depend upon our success in understanding
earth-bound systems on a scale intermediate between the very
smallest and the very largest. Our probing into the very large and
the very small will continue to yield dividends, many unexpected,
in the understanding of “people-sized” systems. This will come
about both through increased theoretical understanding and
through the development of experimental techniques which can
later be adapted to different problems. Major contributions to
man'’s ability to control his environment will come from his under-
standing of matter on the scale of atoms and at energies measured
in electron volts. This is the domain of chemistry and of atomic,
molecular, and solid-state physics. Furthermore, an increasing con-
tribution will come from our ability to reassemble the results of
studies at a molecular scale to bring them to bear on the under-
standing of systems at a higher level of complexity and organiza-
tion, such as living organisms, populations, and natural and man-
made environmental systems. This synthesis of results at the
molecular level to provide an understanding of, and an ability to
control, systems at higher levels of organization provides one of
the great challenges to chemists, physicists, and engineers. For
example, one cannot attack many of the fundamental problems
of pollution without new and more delicate methods of chemical
and physical analysis and without further elucidation of processes
- which produce pollution. Also, one cannot understand and predict
the effect of trace impurities on human health and on the biosphere
without deeper understanding of the biochemical processes in
which they participate.

1. CHEMICAL SYNTHESIS

The vast array of manmade materials produced by the manipu-
lation of molecules might lead one to believe that synthetic chem-
istry now constitutes an essentially complete system of knowl-

edge. But such is not the case and much research remains to be
done. For example, an important contribution to the problem of
water pollution arises from the accumulation of synthetic deter-
gents in our river systems. Some detergent molecules accumulate
because they are not subject to degradation by micro-organisms in
the water. Subtle changes in structure needed to make detergents
biodegradable are now understood, but synthetic methods of pro-
ducing the desired substances from economically attractive raw
materials are not now known. In other problem areas progress is
slow because structural modification of molecules is still some-
thing of a hit-or-miss affair, not because of obvious deficiencies in
the synthetic methods, but because current theories relating chemi-
cal structure to material properties are not adequate to provide
guidance.

Other synthetic materials hold promise for the future and will
become productive as synthetic methods and theory relating struc-
ture to properties are further developed. For example, we ought to
be able to produce synthetic materials with electrical conductivity
equal to that of metals. Imagine the production of nylon-like
fibers, finishing lacquers, and sheets of tough, pliable film having
conductivity similar to that of copper or aluminum. Some might
even display the remarkable characteristic of superconductivity.
The range of new and useful electrical devices that could be fabri-
cated from such new conducting materials defies imagination.

The prospect that chemical synthesis can and will produce more
and more new substances having properties that will sustain, ease,
and ornament men’s lives is attractive, but a note of reservation
is needed. We have not yet arrived at the point where it is always
feasible to produce on demand a material having a desired prop-
erty. Two further steps are needed to accomplish this objective.
First, there must be an improved theory relating the properties of
materials to their chemical structure. Second, there must be an
economically attractive chemical path from available raw material
to the desired end product. In general, satisfying either require-
ment cannot be guaranteed. Though much can be accomplished
with the guidance of current theory or by trial-and-error methods,
the potential payoff from deeper understanding is great. Such
understanding offers more rapid and economical solutions less
liable to unexpected side effects.




The preparation of new agents in medicine has been substan-
tially expedited by recent developments in the methods of syn-
thesis. New antibiotics such as modified penicillins are being pro-
duced by synthesis rather than by bacterial fermentation. The goal
is to obtain compounds with lower toxicity and with greater selec-
tivity against bacteria or with activity against a broader range of
bacteria, or with activity against types of bacteria that have grown
resistant to currently available antibiotics. Synthetic sex attrac-
tants make possible the elimination of particular species of insects,
for example the cabbage looper, without the hazards to other
forms of life inherent in broad spectrum agents. The present ver-
sion of the “pill” depended heavily upon the development of new
methods of synthesis and upon the availability of analytical instru-
mentation. Although better understanding of the social sciences
is crucially involved, the chemical regulation of fertility by the use
of synthetic compounds will greatly ease and facilitate the social
engineering involved in limiting the human population.

2. CHEMICAL DYNAMICS

Chemical dynamics is the science of chemical change and com-
plements structural chemistry. Structural chemistry deals with the
static molecular organization of matter, and dynamics introduces
time as an important molecular property. The dynamicist is con-
cerned with the probability that one chemical structure will change
into another and how rapidly these changes occur.

Chemical reactions occur with many and varied characteristics.
Some reactions such as combustion processes release energy,
while others can absorb and store energy supplied as heat, light,
or electricity, as in storage batteries. Some reactions occur so
rapidly that the average lifetime of molecules in a reacting system
is a billionth of a second or less; other reactions occur so slowly
that they cannot be observed easily during the life span of a man.
The slowness of slow reactions arises from the time required for
molecules to prepare for final action. These preparations may in-
clude the gathering together of partners for a reaction, the accumu-
lation of some minimum energy content, or concentration of
energy in just the right molecular vibrations to break existing
bonds and form new chemical bonds between atoms. Furthermore,
subtle changes in reaction conditions such as the presence of a

catalyst often lead to enormous changes in reaction rates. Under-
standing and control of the rates of chemical reactions is a monu-
mental task because it is necessary to work entirely with theoret-
ical models and indirect evidence.

There are several reasons for expecting an acceleration of
progress in chemical dynamics. Only recently have concepts
clarified to the point where they could serve as the stimulus for
definitive experiments. Two things had to happen before much
real progress could occur in the application of quantum mechanics
to the understanding of reactions. First, the complexity of the
paths or mechanisms of many reactions had to be realized and at
least partially understood. Second, experimental methods for the
study of elementary reactions had to be found. Many processes do
not occur in a single step but consist of a series of definable chemi-
cal reactions. One of the great accomplishments of the past four
decades has been the dissection of many such complex reactions.
The understanding of the molecular basis of visual excitation is a
current example. As mechanistic analysis of such reactions has
progressed, some puzzling facts concerning chemical reactivity
have started to fall into place. Thirty years ago the literature was
full of curious examples of compounds having seemingly similar
structures that showed enormous differences in reaction rates.
Many such differences now appear reasonable and systematic be-
cause careful consideration of the steps in a reaction has shown
that small structural changes have a profound influence on the
reaction rate in a key step.

Chemical physicists now have the tools for investigating the
simplest reactions. In experiments with molecular beams, they
can aim reactive molecules having known energy content at other
molecules and measure the results from single collisions. The few
systems that have been studied in this manner are so simple chemi-
cally that the results are of little immediate use to chemists work-
ing with the complex chemical substances of biochemistry and
chemical industry. However, new experiments with molecular
beams are being designed. When they can be carried out, giant
steps will be taken in bridging the gap between understanding the
simplest reactions and understanding the more complex ones of
practical chemistry.
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A final ingredient needed to set the stage for rapid advance in
chemical dynamics is the development of better theory. By com-
parison with the progress of theory in structural chemistry, the
theory of chemical dynamics has moved at a snail’s pace during
the past few decades. Fundamental, directly relevant, experimen-
tal data of static chemical structures are more readily available
than are data relating to chemical dynamics. However, experi-
ments with elementary reactions, including processes as simple
as the collision of electrons with atoms and molecules, are pro-
viding the basis for a new generation of general chemical-rate
theory. At the same time, there is a surge of interest in the special
information to be gained from the chemical behavior of energy-
rich species. Photo-chemistry, the study of reactions induced by
absorption of light, is the principal focus of activity, but a number
of other ingenious methods have been devised for production of
highly excited atoms and molecules. The results show that chemi-
cal reactivity may depend strongly on the energy of a molecule.
The demand for expansion of the scope of reaction-rate theory is
causing an encouraging reevaluation of the entire field.

Control of chemical changes provides us with opportunities to
control ourselves and our environment. Life depends upon near-
perfect synchronization of thousands of continuous chemical reac-
tions occurring in living organisms. Controlled chemical change is
also incorporated in many manmade systems. An example is the
combustion of gasoline in an automobile engine. The process is
useful because it allows self-portable conversion of chemical en-
ergy to mechanical energy, but it is also crude and dirty because
combustion of the fuel leads to noxious atmospheric pollutants.
The modern automobile is a marvel of mechanical engineering but
uses chemical processes that are as primitive as touching a match
to dry kindling. This incongruity of the automobile is repeated over
and over again in manmade devices. Mechanical and electrical
designs are far advanced in comparison with the design of work-
ing chemical units in many of the machines that we invent. In
order to upgrade the chemical components of engineered systems,
we must depend upon increasing knowledge of chemical dynamics
to make possible a kind of chemical systems analysis far more
sophisticated than we now have.
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3. SOLID-STATE SCIENCE

Solid-state science has been especially fruitful in discoveries
and concepts which are of both fundamental scientific importance
and readily applicable to technology. This study of the behavior
of atoms, electrons, and energy in solids is currently one of the
most productive activities in science and is an outstanding exam-
ple of the beneficial mixing of the disciplines of chemistry and
physics. Experiments and theories about various types of imperfec-
tions in solids have revolutionized thinking about the mechanical
properties of materials. A wide variety of techniques enables the
electronic structure of metals, semiconductors, and insulators to
be determined in extraordinary detail.

Consider the use in science and technology of the newly found
understanding of just one single phenomenon in solids; namely,
superconductivity. One of the more obvious future applications of
superconductivity is in power transmission. The power loss in a
superconducting transmission line would be zero because the elec-
trical resistance of a superconductor is zero. Superconductivity,
however, has been demonstrated only at very low temperatures.
Power transmission by superconductors will become commercially
attractive when the savings on power loss exceed the cost of re-
frigeration of the line. The continuing development of supercon-
ducting alloys with higher working temperatures provides hope
that the economic crossover may occur in the near future, thus
allowing economic long-line transmission of power from distant
hydroelectric or nuclear plants.

A contemporary application of superconductivity is its use in
very high-field electromagnets. One use of such magnets is in
plasma containment, a key problem in the development of a con-
trolled thermonuclear reaction. The most likely way to contain
such a high-temperature plasma is in a magnetic field of suitable
design. A conventional electromagnet consumes power; a super-
conducting electromagnet does not. Unless strong magnetic fields
can be generated with negligible power consumption, the thermo-
nuclear reactor will consume most, if not all, of the power it pro-
duces. There is also hope of containing such plasmas in radio-
frequency resonant cavities. For the radio-frequency fields to be
high enough to contain thermonuclear plasmas economically, the
walls of the resonant cavities must be superconducting.
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Any or all of these developments may make it possible for the
country to move in socially as well as economically desirable di-
rections. The very remoteness of major power plants, the dimin-
ished fuel requirement, the absence of effluent, and the burial of
transmission lines would each contribute to an improved quality
of the environment.

A device which rests heavily on the fundamental theory of su-
perconductivity is the Josephson junction. Among many uses, it
can be employed as a voltmeter which will measure electrical po-
tentials to a precision a hundred thousand times greater than that
of any conventional voltage-measuring device. Most electrical
measurements can be turned into a voltage measurement. Conse-
quently, all such measurements may, in principle, enjoy a corre-
sponding improvement in precision, which will have many uses
in scientific instrumentation and other technology.

These are but examples of applications of superconductivity
that are ahead. Similar examples could be given of applications of
many other phenomena which research in solid-state science is
bringing into the realm of our understanding.

4. ATOMIC AND NUCLEAR SCIENCE

Atomic physics has experienced a remarkable upsurge in activ-
ity in the past few years. In university, industrial, and Government
laboratories, where atomic studies had become practically dor-
mant, lively research has now been revived. The achievements in-
clude redetermination of fundamental constants with greatly in-
creased accuracy and precision, the development of laser beams
and atomic clocks, and the increased understanding and control
of plasmas. All of this has expanded the interface between atomic
physics and other fields—chemistry, engineering, solid-state sci-
ence, optics, geophysics, meteorology, and astronomy.

Nuclear energy for military purposes has been of critical import-
ance for twenty-five years. However, nuclear energy has just be-
come economically competitive in our rapidly expanding civilian
power industry. Last year more than fifty percent of all electrical
generating capacity contracted for in the United States was nuclear
powered. Reactor experts are confident that nuclear power plants
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can be designed to produce power at still lower costs; but to do so,
more accurate basic physical data will be needed. Improved theory
of nuclear reactions will also help provide for a more extensive
theoretical exploration of alternative designs. We can anticipate
significant economies in design procedure as well as more efficient
designs in terms of power cost. The economic impact of even small
reductions in power cost will be tremendous. For example, if the
price of electrical energy can be sufficiently reduced, magnesium
production will be competitive with that of aluminum, thereby giv-
ing aluminum its first competitor for an economical, light, strong
metal.

One of the most dramatic consequences of the coming of age of
large nuclear power complexes could be the impact on hunger and
poverty throughout the world. For the first time mankind can be di-
vorced from nature’s caprices in providing natural energy sources,
such as waterfalls and fossil fuels, often where they are least
needed by civilization. A test nuclear power complex now under
study will produce, along with 1,000 megawatts of electrical power,
twice the output of ammonia and phosphorus of the largest fertil-
izer factory now in operation in the United States. Such a plant by
itself would supply the fertilizer need for an agricultural operation
sufficient to feed more than two million persons.

Radioactive tracer techniques have provided a research probe
of great capability and have helped make possible an entirely new
level of understanding of biological phenomena at the molecular
and cellular levels. Clinical use of radioisotopes and radiation
sources in the control and treatment of cancer is extensive. Much
of the electronic instrumentation for medicine originated in nu-
clear physics. Techniques involving nuclear phenomena, such as
the Mossbauer effect, neutron diffraction, and neutrography for
soft-tissue studies, are now being assimilated by the medical pro-
fession.

In the last two years experiments in nuclear physics have be-
come more elaborate and more precise. This progress in experi-
mental nuclear physics has been matched by advances in nuclear
theory. The wave of theoretical and experimental advances is quite
startling to those who thought the field had passed its peak of in-
terest. New particle detectors permit measurements, which hereto-
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fore required months, to be made in a few hours. New accelerators,
including large tandem Van de Graaffs, sector-focusing cyclo-
trons, and high-intensity electron linear accelerators, have laid
open for the first time the entire periodic table of the elements to
precise investigation. Utilization of highly developed electronic
instrumentation in conjunction with on-line computer control has
allowed nuclear physicists to attack vital and central problems of
nuclear structure which had previously been beyond their capa-
bilities. Beams of electrons and heavier charged particles from the
newer high-energy accelerators provide effective probes for study-
ing hitherto inaccessible phenomena in the interior of the nucleus.

Accelerators have found widespread applications in other fields
of science. Using beam-foil techniques, it is possible to produce
highly excited atomic ions and to study the transition rates be-
tween pairs of excited states. The results are of crucial importance
in atomic physics and astrophysics, especially in the interpretation
of the spectra of quasars. Properly directed ion-beams are “‘chan-
neled” through solids with exceptionally low energy losses and
can be used to probe crystal structure and to locate the position of
impurities in crystals. Ion implantation has given solid-state sci-
ence a new tool of many uses. Accelerators have long been used
in studies of the rates of those nuclear reactions which generate
energy and synthesize new elements in stars. There has been a
great upsurge in measurements on the light nuclei in recent years
in connection with attempts to detect neutrinos from the sun. It is
now clear that the interactions of intermediate and heavy nuclei
must be studied with great detail and precision before the ad-
vanced stages of stellar evolution can be understood. This is par-
ticularly true in regard to the final implosion-explosion stages

which result in supernovae and even more violent astronomical
events,

The high-energy accelerator can also be made to produce a copi-
ous beam of negative pions for cancer therapy. Such particles are
uniquely suited for this purpose. The range of pion beams is so
well defined that the lethal heavy-particle radiation resulting from
their capture by atomic nuclei may be localized in the tumor. It is
believed that the advent of superconducting linear accelerators
will permit the development of therapeutic pion sources whose
cost and size will be sufficiently small to allow construction of
such machines in all major hospitals and cancer treatment centers.
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In the last few years, nuclear physics has become a qualitatively
different field as vaguely perceived ideas concerning nuclear struc-
ture and behavior have come into sharper focus. The nucleus is a
microcosm spanning many forces and laws of the universe. Nu-
clear science, both in physics and in chemistry, has provided a
treasure house of new phenomena and is increasingly a versatile
servant of science and society.

5. ELEMENTARY PARTICLES AND
HIGH-ENERGY PHYSICS

The frontiers of modern physical science range from the domain
of the very large to the domain of the very small. Just as astron-
omy and astrophysics probe the former so do elementary-particle
and high-energy physics probe the latter. The exciting advances in
one are matched by those in the other. The results insure progress
in mankind’s understanding of the universe on its grandest scale
and on its most fundamental scale. Without the one, the under-
standing is mundane and parochial; without the other, it is shallow
and empirical.

High-energy physics attempts to establish the fundamental laws
of matter. It searches for the laws governing the four fundamental
interactions—strong nuclear, electromagnetic, weak nuclear and
gravitational. In this search, high-energy physics has found new
features of natural laws, such as the violation of parity or “mirror
symmetry” and the asymmetry between matter and antimatter or
violation of “charge symmetry.” Apart from seeking an under-
standing of the interactions between the basic units of matter and
antimatter, high-energy physics seeks to find the reasons for the
existence of the particles themselves. Why do atoms consist of
nuclei and electrons? Why do nuclei consist of nucleons—neu-
trons and protons? Why do nucleons have structure? More im-
portantly, do these subhierarchies adequately describe the physics
of the very small? What about the other worlds beyond the micro-
scope where modern accelerators have exposed neutrinos, the
chargeless sisters of electrons; the mesons, messengers of the nu-
clear force in mimicry of the photon’s role in electromagnetism;
and the baryons, higher states, with rich and varied properties, of
the neutron and proton? Even the nomenclature recalls our ancient
traditions of knowledge—the twin neutrinos and electrons, inter-




acting only through the weak nuclear force, are called leptons, the
mesons and baryons, paired in the strong nuclear interaction, are
called hadrons.

In this field, experiment and observation dictate the pace of dis-
covery. Theory is hard put to accommodate and assimilate, but it
has succeeded in codifying in a simple and elegant way the rich
spectra of the hadrons. Triumphs of the theory have been the pre-
diction and subsequent discovery of new particles once the under-
lying classification was understood.

An exciting sequence began when cosmic-ray observers discov-
ered some very strange particles which experimenters at high-
energy accelerators subsequently produced. The puzzle about
these particles was that, although they were copiously produced
and decayed into particles which were known to interact strongly,
they lived amazingly long compared to the lifetime expected for
such particles. The solution was simple. The “strange” particles,
as they were dubbed, were always produced in pairs and could
then interact strongly; but in decaying, which they do singly,
they interact very weakly. But there was an additional puzzle.
Although production of mesons or baryons in pairs seemed under-
stood, the production of a baryon simultaneously with a meson
seemed ‘“‘strange.” This led to a clear recognition of “strangeness”
as a new quantum number. Whether we liked it or not or whether
we understood it in terms of current reality or not, there was a new
law of physics in the record books—*“strangeness” is conserved
in the strong nuclear interaction and is violated in the weak nu-
clear interaction for which the characteristic interaction time is
relatively long.

The weak nuclear interaction moved to center stage. The defini-
tive tests are not yet complete, but it is probably a universal inter-
action applying to all the hadrons and leptons. It is especially im-
portant in lepton physics, because leptons do not share in the
strong nuclear interaction. One of the most exciting discoveries in
physics in recent years concerned these leptons. Charged leptons
occur in four forms—negative electrons and positive electrons
(positrons), negative muons and positive muons. The discovery
followed the dictates of symmetry—experimenters found neu-
trinos and antineutrinos which always paired with electrons and
positrons and completely independent twins which always paired
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with the two muons. There exist electron neutrinos and antineu-
trinos, and there exist muon neutrinos and antineutrinos.

The symmetry of the weak interactions stopped there. Theory
surmised and experiment showed that electrons spinning relative
to their motion in the sense of a right-handed screw thread did not
behave identically with their left-handed brothers. This seemed
to violate the mirror symmetry of physical laws, since left-handed-
ness transforms to right-handedness on mirroring. Why should the
laws of physics be different for the image than for the object? The
situation was saved by the experimental discovery that right-
handed positrons behaved like left-handed electrons and vice
versa. This resulted in a great measure of general satisfaction that
physical laws were invariant to the combined operations of mirror-
ing, parity and charge, and matter-antimatter exchange.

For all men, symmetry, even in the sophisticated form evidenced
by the weak interactions, is a thing of beauty and conceptual use-
fulness. There is a strong theme of symmetry in all approaches to
scientific understanding—from Newton's action and reaction to
Dirac’s matter and antimatter. In this respect high-energy physics
brought us to a crossroads in our basic understanding of nature.
The surprising discovery was made that the continued symmetry
operation of replacing particle by antiparticle and of mirror reflec-
tion is not a perfect symmetry of nature. A certain type of meson
broke these symmetry rules. No other such violations have been
found. The clarification of this phenomenon is one of the great
challenges facing particle physics. Charge-parity violation implies
that certain natural processes are no longer invariant to time re-
versal. We believe intuitively that the physics would not change
were the earth to stop and instantly reverse its motion around the
sun. Is this not true in the world beyond the microscope? It is to
high-energy physics with its preoccupation with the smallest units
of matter that we must look for the answer.

Concern for symmetries in our descriptions of the laws of nature
is not new. Over the centuries it has been believed that the appear-
ance of symmetries was one of the most fundamental aspects of
nature. Upon several occasions in the past, however, experimental
results have led scientists to abandon their intuitive ideas and to
discard certain symmetry principles. Eventually, however, a way
would be found to reformulate a part of basic theory so that those
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symmetries were restored. In each case the new insight into nature
thus gained opened for exploration new areas of science and tech-
nology. For example, the cruder work of Copernicus, Galileo, and
Kepler preceded Newton’s formulation of the basic laws of dynam-
ics and expression of the gravitational law in a mathematically
symmetrical form. Today this theory can be used to explain the
motion of everything affected by gravity, from baseballs to satel-
lites. The laws of electromagnetism required over a century for
their gradual refinement, and the search by Maxwell for a mathe-
matically symmetrical treatment of electric and magnetic forces
was an essential element in their perfection. These laws now per-
mit the understanding of all electromagnetic radiation, including
light, and the development of radio, television, radar, and compu-
ters. Concern for the symmetrical treatment of space and time
played a crucial role in Einstein’s development of the theory of
relativity and produced in the process the essential key to the re-
lease of atomic energy.

The concept of symmetry, therefore, has been too fruitful to be
abandoned lightly. It is, of course, possible that nature is really
not symmetrical. However, experience indicates that it is worth
man’s effort to try to find fundamental errors or omissions in his
description of nature whose correction or inclusion might retain
symmetry. The history of science, indeed, leads the scientist to
suspect that a key to new levels of understanding nature, and
thereby to improved technology, lies hidden in the debris of appar-
ently broken symmetries.
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Nature of the
Physical Sciences Enterprise

A. UNITY OF SCIENCE

In recent years the development of the physical sciences has
been characterized by a rapidly increasing degree of unity in con-
cepts, models, and experimental techniques. Modern chemistry,
for example, uses concepts and theories originally evolved in phys-
ics. Conversely, many physical concepts themselves could not
have been fully developed without information and generaliza-
tions transferred to physics from chemistry. Astronomy has also
shared in this unification of the physical sciences. Not only have
physical effects seen in the laboratory been shown to have coun-
terparts in the stars and in interstellar space, but also the universe
itself provides a laboratory in which the behavior of matter can be
studied under extreme physical conditions not attainable on earth.
There is, indeed, a large common area among chemistry, physics,
and astronomy, where research interests strongly overlap and
where the difference is more in style and perspective than in sub-
ject matter.

In general, the physicist is most interested in finding “simple”’
systems with which to test theories or models he is trying to de-
velop or to verify. While the chemist is also interested in studying
systems which illustrate principles and theories, he tends to be
more concerned than the physicist with the large variety in the
forms of organization of matter and with different instances of
general principles. Traditionally, physicists have concentrated their
interest in molecules to those containing only a few atoms in order
to understand with high precision the quantitative relationship be-
tween molecular properties and the basic postulates of quantum
theory. Even this distinction in style and approach between the
fields of chemistry and physics has largely disappeared since many
chemists are deeply involved in molecular theory. Moreover,
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those physicists who enter the field of biophysics soon discover
the special fascination that comes from the study of large mole-
cules in a complex environment. The underlying conceptual unity
of physics and chemistry is now extending rapidly into the study
of biological systems, and it is becoming increasingly possible to
understand the functioning of biological structures in terms of the
models and the principles of physics and chemistry.

The natural sciences are approaching a single conception of the
organization and structure of matter at varying levels of complex-
ity. The physicist is concerned primarily with atoms and subatomic
particles. The chemist deals with atoms as they form millions of
different molecules. The biologist in turn deals with tens of mil-
lions of species, each one a unique organization of matter.

The trend toward conceptual unification of physics, chemistry,
and biology has a counterpart in experimentation and instrumenta-
tion. Physical techniques are increasingly used to measure and
characterize chemical and biological systems ranging from such
simple physical properties as density, viscosity, thermal and elec-
trical conductivity to the more complex areas of optical spectro-
scopy, electron microscopy, X-ray structure analysis, and magnetic
resonance. This extension of physics instrumentation into biology
and chemistry is not a one-way street. In fact the application of
physics instruments in these fields has often led to their improve-
ment and refinement and has greatly stimulated their engineering
development for routine use. For example, the use of X-rays for
analysis of crystal structure, originated by physicists and refined
by chemists, has made possible the analysis of the structure of
molecules of biological interest containing thousands of atoms and
resulted in improved X-ray instrumentation. Furthermore, chem-
ical analysis and methods of purification and characterization of
materials are necessary preludes to precise and reproducible
studies of their physical properties or of the physical processes
going on in them.

The unity of the physical and, to an increasing extent, the bio-
logical sciences involves also the expanding use of mathematics
as a common language among all the fields. This trend has been
reinforced by the advent of the high-speed computer, which has
made it possible to work with realistic mathematical models of
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physical systems and to predict their properties and behavior from
a few simple, general assumptions applicable to all matter. The
computer is also an indispensable tool for analysis of very com-
plex systems in which many closely related changes occur both at
the same time and in sequence, as in chemical synthesis.

Astronomy has been able to demonstrate a type of homogeneity
of the universe; the laws of behavior and organization of matter
and energy seem to be everywhere essentially the same. This idea
in turn has become a working hypothesis of enormous power for
further exploration. Low-energy nuclear physics has provided a
key for understanding the origin of the elements and the evolution
of stars. Space probes in combination with our ability to detect
radiation in various parts of the electromagnetic spectrum, with
high sensitivity, using laboratory techniques developed in physics
and electrical engineering, have opened up new windows on the
universe and provided clues to physical processes going on in the
depths of space.

An important aspect of this unity in the physical sciences is
their mutual dependence and reinforcement. We cannot expect to
advance too selectively either in the sciences themselves or in the
derived technology. Too much selectivity results in missed oppor-
tunities and missed clues to important discoveries or measuring
techniques. When opportunities, technological or scientific, are
opened up by a new discovery, their exploitation can often be
planned or programmed, but the discoveries themselves are seldom
the result of such a planned development.

Too much selectivity also may leave us without the necessary
foundation on which to build new and needed fields of science
and technology. For example, our hopes for an early achievement
of controlled thermonuclear power were largely dashed by our
lack of prior knowledge of plasmas. This principle of broad
advance applies to all sciences, but especially to the physical
sciences where the structure of technique and understanding is so
tightly meshed.
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B. TWO-WAY INTERACTION BETWEEN
SCIENCE AND TECHNOLOGY

Technology and science reinforce each other in a complex, two-
way interaction. For example, the modern computer would not
have been possible without many important recent developments
in solid-state physics, but our understanding of the structure, prop-
erties, and processes of solids has been immeasurably increased by
the ability of the digital computer to carry out complex calcula-
tions of electronic structure. The computer contains applications
of high-speed circuit techniques developed first for the purposes
of nuclear physics. In turn the computer is a powerful tool for
the automatic selection, processing, and presentation of nuclear
data, thereby making possible the study of extremely rare nuclear
events. Now the sophisticated data-processing methods developed
for nuclear physics are finding application in other areas of com-
puter use which involve the recognition of coherent patterns in a
very complex and often apparently random assortment of informa-
tion.

Solid-state science and metallurgy have made possible the su-
perconducting magnet, which has subsequently found application
as an essential research tool in solid-state physics and plasma phys-
ics, and has brought closer the realization of controlled thermo-
nuclear fusion in the laboratory. Chemistry in general is an espe-
cially fruitful area for the rapid transfer of new information from
science to technology. Laboratory studies of chemical reactivity
are necessary for the design and operation of chemical plants and
for the development of the field of petroleum technology. More-
over, it is now becoming apparent that many of the unanticipated
environmental problems created by technology may be stated as
chemical problems. Environmental pollution in particular may be
understood in terms familiar to the chemist and chemical engineer,
and a large amount of relevant chemical information already exists
for use in seeking solutions to this complex social and economic
problem.

C. CONNECTIONS BETWEEN ESOTERIC
CONCEPTS AND PRACTICAL APPLICATIONS

The development of the transistor and nuclear power has par-
ticularly dramatized the connections between apparently abstract
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physical theories and practical applications. Theories are fre-
quently generated by consideration of problems that seem impossi-
bly remote from the concerns of social man. However, the convic-
tion of scientists that a viable theory must be widely relevant
provides powerful guidance for application. Such theories often
provide the only language and concepts in terms of which new in-
ventions can be made. It is only when these theories become part
of the common intellectual coinage of a large number of scientists
and engineers that continuing invention in such fields becomes
possible. The evolution of solid-state electronics is a testimonial
to this fact. Its practical development required the adjustment by
engineers and production people to an entirely new scientific en-
vironment in less than a single professional generation. What ap-
plies to technology often applies equally to other disciplines. For
example, the ability to understand and measure radioactivity has
revolutionized archaeology by making it possible to date more
precisely human artifacts and other remains. A highly sophisti-
cated experiment in elementary-particle physics is now being used
in an attempt to locate additional tombs and chambers in an Egyp-
tian pyramid. Similarly, concepts of chemical dynamics developed
from the study of small molecules now provide understanding of
the mechanisms of enzymatic action in controlling the chemistry
of life.

D. IMPORTANCE OF NEW IDEAS
AND NEW INSTRUMENTS

New concepts and principles, new physical processes and
models, and new measuring techniques which extend precision
and sensitivity are extremely important to the development of the
physical sciences. Many such advances in technique open up
whole new areas of research involving unanticipated phenomena.
These advances occur with surprising frequency even in areas of
science which are supposedly well understood. Often such de-
velopments have the character of being obvious and logical in
retrospect. A good example is the Méssbauer effect, recoilless
gamma-ray emission by atomic nuclei .in crystals, which was
implicit in a theoretical paper by Lamb in 1939 but not developed
experimentally or even appreciated until 1957. Since its discovery,
however, the Méssbauer effect has rapidly evolved as a new tool
for investigations in solid-state science, biology, and even in
medical practice.
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The extension of the extremes of environment—very high or
very low temperatures, very high or very low pressures, very high
magnetic fields or field-free regions—is also an important tool
for advancing science. Often these extensions of the experimental
conditions permit study of entirely new classes of phenomena.
The exploitation of such capabilities is essential to the continued
progress and vigor of the physical sciences even when the precise
usefulness of a new technique cannot be predicted or fully under-
stood at the outset.

It is also important to the advance of science that new labora-
tory techniques be engineered into instruments which can be used
by scientists less specialized than the inventors. The development
of a practical and relatively inexpensive helium liquefier in the
1940’s by Collins in collaboration with Arthur D. Little, Inc., had
an enormous influence on the progress of solid-state science by
making low temperatures readily available to physicists and chem-
ists who did not have the time or resources to develop their own
low-temperature equipment. Similarly the commercial develop-
ment of the electrostatic accelerator, the mass spectrometer, the
nuclear-resonance spectrometer, the electron microscope, high-
pressure equipment, and hundreds of other instruments, initially
handmade with great travail by laboratory scientists, has per-
mitted researchers to concentrate on the scientific questions rather
than on merely reproducing research technologies already pio-
neered by others. The rapid commercialization of laboratory tech-
niques and instruments has generated a new style of research in
which the United States has been in the lead. It has been made
possible by the quality and scale of United States research activity,
the magnitude of Federal development programs, and the entre-
preneurship of our industry.

E. PRODUCTIVE IDEAS AND THEMES

New theoretical concepts and ideas, developed in the physical
sciences originally for a rather restricted purpose or for the ex-
planation of a specialized phenomenon, often are productive in
an unexpectedly broad range of situations. An illustration of this
situation is the theory of superconductivity developed by Bardeen,
Cooper, and Schrieffer in 1958. This idea has altered our whole
perspective on solid-state physics and has had an important influ-
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ence on the development of ideas about nuclear structure. It has
given theoreticians a tool for integrating the collective and individ-
ual particle descriptions of both the behavior of electrons in crys-
tals and the behavior of neutrons and protons in nuclear matter—
descriptions which seemed mutually contradictory and yet which
were each required for the explanation of different properties.

The concept of particle tunneling, that is, the possibility of a
particle penetrating a classically impenetrable barrier, has been a
similarly fruitful idea. This idea was initially advanced in the
1930’s to explain the disintegration of atomic nuclei. In the last
few years it has led to the invention of a new electronic device,
the tunnel diode, which has become an important component of
computers as a very high-speed switch. The invention of the tun-
nel diode and its immediate practical application caused a great
increase in research on electron tunneling generally. This quickly
led to a new technique for fundamental studies of the elec-
tronic structure of metals and superconductors. These studies in
turn resulted in the prediction and discovery of new types of phe-
nomena involving quantum effects on a scale large enough to permit
the engineering of new devices. Because of the tight interweaving
of the physical sciences, specific ideas or techniques, developed
at first for a particular purpose, turn out to have an extremely pro-
ductive generalizability.

F. ECONOMY OF THOUGHT

Much has been written and said about the information explo-
sion in science. Certainly, knowledge has increased tremendously
in recent years as research data have poured from the laboratories.
It is, however, characteristic of the advance of science that, as
understanding increases, descriptions of nature can be simplified
so that the advance of science is accompanied by information com-
pression as well as explosion. The aim of scientific effort is not
information per se but rather understanding and insight, and it is
this insight which enables us to describe a wide range of observa-
tions and experiments by a simple physical model from which
much can be deduced. The law of gravitation, as formulated by
Newton, replaced the more complex descriptions of the Ptolemaic
epicycles and of Kepler’s laws. The laws of quantum theory
brought much of physics and virtually all of chemistry within a
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single framework of basic assumptions. In both cases complexity
in physical description was replaced by descriptive simplicity and
computational complexity. The latter is being brought under
control by developments in mathematics and more recently in
computers.

Often the new physical description seemed incomprehensible
and esoteric, but scientists, by their persistent drive toward gen-
eralization, make it become a part of their common intuition, al-
most a part of the subconscious processes by which they think
about the world. When we can use the same concepts to describe
processes in the interiors of stars and in the laboratories on earth,
a great economy of thought is involved. Such encapsulation of
knowledge is often essential for the rapid development of tech-
nology. It also permits more informed decision-making with
respect to alternative paths which are involved in technological
development.

G. MEASUREMENT, DESCRIPTION,
AND CONTROL

In the physical sciences the scientific process may be thought of
in terms of three operations: measurement, description, and con-
trol. Measurement consists of the extension of the sensitivity and
accuracy of the human senses by physical instruments. Measure-
ment can be divided into two subcategories, observation and ex-
perimentation. In the observational sciences all that man can do
is to observe and use instruments. Astronomy is the classic exam-
ple of an observational science; man can observe the universe
but cannot alter it. In an experimental science man not only ob-
serves and uses instruments to extend his senses, but, also has
an opportunity to alter or prepare the situation which he is ob-
serving. Experimentation also helps to develop instrumentation

which can then be used effectively in the purely observational
sciences.

‘ The next important aspect of science is description. Observa-
tion and experimentation by themselves are virtually meaningless
without a conceptual framework or context within which to fit
what is observed. Theoretical models of even tiny pieces of the
universe provide the context without which observation would
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present a meaningless and chaotic pattern. Man cannot “observe”
entities like electrons or atoms without at least a tentative model
of what he thinks they are, how they behave, and how they inter-
act with instruments. The process of description thus includes the
development of abstract models, and it is the correspondence of
these abstract models to reality which in fact comprises the de-
scription. Theory also helps to suggest which new observations
are likely to be most important. Sometimes the observations can-
not be fitted into the context. It is at such critical times when the
pattern of observation and experiment becomes sufficiently dis-
jointed from the context that new exciting theories are born.

The use of experiments, in which one controls the situation
being observed, is a large step towards the first stage of the
engineering process: the control of nature for a purpose other
than observation and understanding. The fact that experiments
involve control of nature shows why the progress of science, espe-
cially in the physical sciences, is so intimately related to the prog-
ress of technology. The instrument which one uses for analyzing
the chemical composition of a substance being studied in the
laboratory can become the instrument for controlling the composi-
tion of the constituents in a chemical process for the production of
useful materials. Increased ability to control environment in an
experimental situation becomes increased ability to control envi-
ronment for other useful purposes. Most industrial instruments,
controls, and processes have evolved from the research laboratory,
and such evolution will surely continue.

H. COMMUNICATION SYSTEM OF SCIENCE

The communication processes of science are in some ways quite
different from those in many other human activities. Science usu-
ally progresses through integration of the results of the apparently
isolated activities of hundreds of individual scientists, each con-
cerned with a narrow problem of his own choosing. Yet there is
an elaborate and highly developed system of control which turns
a mass of interrelated activities into a coherent process. Science is
a social process of great sophistication and complexity, and much
of its decision-making is highly decentralized. The social process
of science is efficient for the progress and advance of scientific
knowledge, much more efficient than a highly centralized process
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could ever be for this purpose. The understanding by the practi-

tioner of this social system of science is an important part of the
process of training for research. Because the understanding of this
social system of science is taught by implicit indoctrination rather
than by explicit instruction, it is often not well understood outside
the scientific community.

It is an oversimplification and even incorrect to say that science
cannot be planned. The major problem in such planning is the
proper differentiation between those decisions which must be
made centrally and collectively and those decisions which must
be made on a highly decentralized basis. In general the centrally
made decisions are those which allocate resources to major pro-
grams. In the pursuit of any research project there are many deci-
sions which must be made on a highly decentralized basis. How-
ever, competition within the social system of science gives those
decisions a value which insures the effective exploitation of the
centrally made decisions.

When the country decides to build a major new accelerator, the
country is planning to conduct a series of experiments requiring
the characteristics of that particular accelerator. This does not
mean, however, that the precise experimental program to be con-
ducted with the accelerator has to be planned in advance. The
experimental program, indeed, can only be developed as the sci-
ence develops. Each new experiment depends to an extent on all
experiments which have gone before, not only those done with a
particular accelerator but those done with all other accelerators
all over the world. The planning of any given experiment can only
take place in the context of all the knowledge and understanding
existing at a particular time. If it takes place in a narrower con-
text, the research becomes inefficient. Detailed experiments
planned too far in advance will also be inefficient because relevant
new information will appear before the experiment is actually
done. Similarly, when the country decides not to build a major
new radio telescope, the country is planning not to conduct any
observations requiring the characteristics of that particular tele-
scope. The exact program which is thereby foregone cannot be
specified in detail; one never really knows what is being given up.

Such mixed systems, which have both a highly centralized or
collective component as well as a highly decentralized or individ-
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ual component, appear in other parts of society as well. In indus-
try the central, corporate management of Company X may decide
that the timely introduction of a new product requires the con-
struction of a new plant at Site Y. Many studies are made before
and during the decision-making, planning, and construction proc-
esses. However, the labor force is not hired before the plant is
built. In the final analysis each worker, individually, decides
whether he will work for Company X or some other company.
That is the essence of decentralized decision-making. But Com-
pany X, based on its analyses, makes a highly centralized decision,
confident that it can recruit an able labor force.

Similarly we can plan centrally and collectively for the progress
of science. We could plan centrally and collectively for the stagna-
tion of science. However, the process of planning in science at the
level of detail equivalent to the employment decision of the in-
dividual industrial worker, that is, the exact nature of the next ex-
periment, has to be carried out in the last analysis by each research
group working in the context of existing knowledge. The able sci-
entist senses the intellectual market for his idea or experiment
much as the able businessman senses the economic market for his
product. The most relevant question to ask about scientific plan-
ning at this level of detail is whether the decisions of particular
research groups were made with full cognizance of the existing
state of the art and whether their record of planning has been pro-
ductive in the past. It is for this reason that the planning process in
science must continue to contain this highly important, individual,
competitive component. The man who is planning his experiment
or his calculation is ideally the best person in the world to plan
that particular experiment or calculation. The entire social system
of science and its system of sanctions and rewards press him to be
aware of all the work in the whole world which is relevant to his
particular experiment or calculation.

The ideal is never fully realized in practice, but the reality is
sufficiently close to the ideal to make the social system of science
highly efficient in achieving its goals of insight and understanding.
To date, the United States need not fear the judgment of history
regarding the success of our mixed system in terms of both re-
search and graduate education in the physical sciences. Our sys-
tem has proven to be fully competitive on a world-wide basis.
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I. SETTING OF PRIORITIES

The determination of priorities in science is a dynamic, com-
plex, and subtle matter requiring a balance among many different
considerations ranging from the quality of the people in a field
to the estimated value of potential applications. It is sometimes
asserted that the scientific community has no system for deter-
mining priorities within science, and that the Federal Government
has no policy for allocating scientific resources. Neither of these
statements is true.

The fact that much of science does not use a highly visible,
centralized, priority-setting mechanism does not mean that other
mechanisms do not exist. Actually, science uses a multiplicity of
such mechanisms. One priority-setting mechanism operates when
a scientist determines the problem on which he works and how
he attacks it within the resources available, This determination is
made taking into account other similar and related work through-
out the world. Another mechanism operates as proposals of com-
peting groups of scientists are evaluated and funded on the basis
of systematic refereeing and advice of peer groups. Still another
mechanism operates as aggregate budgets for various fields of
science are influenced by the number and quality of research pro-
posals received in that field. Like any market mechanism this
system is not perfect and requires regulation and inputs from out-
side the system itself. Such inputs come from the mission-oriented
agencies which balance their needs for new knowledge against
their operating needs and from a whole host of outside judgments
implicit in the budgetary and appropriation process. Trouble oc-
curs either when these external judgments are completely substi-
tuted for the priority setting of the scientific community or when

the priority setting of the scientific community becomes too
autonomous.

The decentralized scientific priority-setting mechanisms are
aimed at making growth of scientific understanding and insight as
rapid as possible, but scientists do not live in a vacuum and are
sensitive to the concerns and priorities of the society around them,
as well as to the problems of mission-oriented agencies which
have research funds. Academic scientists are especially sensitive
to the interests and concerns of students who come into the
scientific enterprise with new ideals and values not completely
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determined by the perspectives acquired by the senior scientists
in the course of their working lives. The continuing entry of able
and energetic students into the scientific process tends to stimu-
late a continual reevaluation of priorities among academic scien-
tists and within the scientific community as a whole. The process
of selection of faculty members for universities is itself another
decentralized priority-setting mechanism; the interests of faculty
determine the choice of research problems and the type of pro-
posals which are submitted. Faculty members are not paid pri-
marily from Federal funds. Therefore, the faculty selection process
is in large measure an independent input to the priority-setting
system.

The somewhat idealized system described applies primarily to
research activities which involve relatively small grants with
individual investigators working with a small group of students
and colleagues. These natural priority-setting mechanisms in
fields dominated by such activity work quite well, and little is to
be gained and much may be lost by trying to establish and enforce
a highly centralized priority determination. An area of concern
might be the possible neglect of certain underdeveloped sub-
disciplines because they may have too few scientists to attract
the attention they deserve, and existing proposals may be under-
rated even by peer groups. Such subdisciplines may include fields
which are of importance for applications but do not appear to be
as scientifically challenging as other areas, often because the
general problems are not subject to easy dissection into manage-
able research problems. Current examples of possibly neglected
subdisciplines may be electrochemistry and analytical chemistry.

Special measures to stimulate proposals in such fields may be
desirable. One well-tried method, for example, is the use of a
sheltered competition among research proposals in a well-defined
area. To some extent basic research supported by a mission-
oriented agency always constitutes such a sheltered competition,
bounded by the mission relevance of the subject matter. However,
there are also the dangers that a sheltered competition will at-
tract proposals of low scientific quality and will prolong some
projects beyond the point of usefulness. Once a sheltered com-
petition has developed a sufficient number of proposals of high
quality to compete on their own terms in a broader field, the
purpose of the program has been realized. It should then be
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phased out gradually, but with an accompanying increase in

aggregate funds to take into account the newly established re-
search programs.

The problem of priorities is rather different when major facili-
ties or the creation of new research institutions is involved. Here
some form of central determination is essential because such
expensive facilities cannot be duplicated extensively. Later we
indicate some of the factors that ought to be considered in allocat-
ing funds for major new facilities in the physical sciences. Once
the commitment has been made to construct and operate major
facilities, national planning must assure the funds necessary to
utilize the facilities effectively, including adequate funding for the
programs of user groups. For each facility there exists a range of
productive operating levels. Below the low end of this range it
becomes difficult or impossible to keep first-class scientists in-
volved and interested, and the operation becomes ineffective.
There is another higher level of operation and utilization above
which the use of the facility may result in diminishing returns
when compared to alternative investments. When agencies plan
for the allocation of operating funds, including the support of
outside user groups, they must plan so that the level of utilization
lies between the extremes mentioned above and so that the pro-
gram is in reasonable balance with related work. Since the United
States accounts for about thirty percent of the world output of
papers in the physical sciences, it is reasonable to expect that it
should account for this proportion of the truly important con-

tributions in those fields of science requiring major facilities and
instrumentation.

At any time there will be certain fields of science that are
particularly ripe for exploitation and which deserve special prior-
ity in terms of facilities investments. We believe that examples
of such fields within the physical sciences are radio astronomy
and the even newer observational astronomy windows (gamma
rays, X-rays, infrared, energetic particles, and the solar wind)
which the earth’s atmosphere partially or totally obscured prior
to the development of our competence with balloons, rockets, and
satellites. On the other hand, we feel it important to note that the
term ‘“priority”’ not be interpreted so as to result in complete
stagnation in all other fields of the physical sciences or in exclu-
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sive concentration on programs requiring major one-of-a-kind
instrumentation. Also, in making facilities investments we must
realistically appraise the prospects of success. Investments merely
for the purpose of “catching up” with other nations are likely
to be wasteful unless they place us truly at the forefront. We run
the risk of this happening if we delay too long in implementing
plans which have reached a certain stage of maturity. In such
cases it may be more economical in the long run to make an even
larger initial investment in order to “leap-frog” capabilities exist-
ing elsewhere than to make a more modest investment to dupli-
cate or parallel capabilities already existing.

Dynamic, complex, and subtle systems for setting priorities
are common in everyday life. A fire in the home or a sick child
may instantly change a man’s priorities. Such effects also e?(ist
in our political sector. An agency’s annual budget summarizes
and states the agency’s priorities for that particular year under
the known constraints. Many problems and alternatives have been
considered in the course of preparing that budget, and it contains,
either explicitly or implicitly, a complete statement of established
priority.




i

Health of the United States Effort
in the Physical Sciences

Science has always flourished in those nations which were the
economic and industrial leaders of the world at the time. Contrary
to a common belief, the excellence of the United States in the
physical sciences was already beginning to be evident early in the
twentieth century. A continually rising investment in research in
the physical sciences and a steady growth in the number of
scientists, even during the depression of the 1930’s, coincided with
a rapid evolution of scientific achievement and technological
capability in the United States. This state of affairs is no coinci-
dence, for the science and the economy of a nation are mutually
interdependent. Advanced industry provides the capability for
research, and research creates the knowledge out of which the
advances in technology are conceived or developed.

The progress of science is also one measure of the advancement
of a civilization. Man’s understanding of the universe and his
ability to describe, predict, and control his environment are meas-
ures of his culture, and the degree to which a nation contributes
to this common human enterprise is a measure of its place in
world civilization. A nation which turns inward on itself and
becomes exclusively preoccupied with its own immediate prob-
lems will not only lose its claim to respect in the world but may
fail to solve those problems as well. The determination of the size
of the national support of science is an important decision for the
Nation. The multiple relationships between science and the rest
of society make that decision particularly difficult because adverse
effects will appear only slowly and will become increasingly diffi-
cult to reverse as the state of United States science subtly deterio-
rates. The public and its representatives and agents in government
must be aware of the importance of progress in fundamental sci-
ence to the solution of the problems currently facing the country
and to the anticipation and solution of the problems which will
surely face it in the future as populations grow and as the world
society increases in complexity. The interdependence among the
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sciences means that we cannot progress very far either in societal
problem-solving or in scientific understanding if we attempt to
work too selectively on those parts of science which are perceived
at any given time as self-evidently relevant to the current prob-
lems and concerns of the society. The advancing fronts of knowl-
edge, understanding, and application are too closely interconnected
for such an approach. A narrow approach would be nowhere more
damaging than in the physical sciences, which provide the con-
ceptual framework and the tools of measurement for much of the
rest of both science and technology.

The world scientific enterprise is a mixture of cooperation and
rivalry—among individuals, institutions, and nations. Both the
competition and the cooperation are necessary. A strong national
scientific enterprise is necessary to appreciate, utilize, and exploit
the discoveries of others. Because of the breadth of its scientific
effort, the United States has been in a position to take advantage
of many ideas initially conceived elsewhere in the world. Now
United States leadership in science and technology is being chal-
lenged not only by the Soviet Union but also by Western Europe
and Japan. In Western Europe and Japan investments in basic
physical science and related education are growing at rates com-
parable to those in the United States during the late 1950’s and
early 1960’s, and that growth is occurring in the newest, most
promising or exciting fields. These nations are in a good position
to take advantage of the latest capabilities in instrumentation and
experimental techniques because they have small commitments to
older equipment and facilities. To remain at the forefront the
United States must maintain a distributed, but balanced, effort—
incorporating the very new but at the same time retaining much
that is familiar. This need is not unique to science. A football
team composed entirely of seniors may have an all-winning sea-
son, but graduation leaves the Old School destitute of experienced
players the following season. A team comprised entirely of sopho-
mores may sometimes be necessary and may seem to have certain
advantages of youth in the early quarters. However, they may fail
under the pressure of the final few minutes and lose to a more
experienced team. The ideal team then is a mixture of veterans
and rookies. It is the coach’s job to field the right mixture.

The fruits of international science do not appear solely in the
economy but appear also in our general culture. The influences may
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be either subtle or dramatic. The thrill of human accomplishment
when a man first stepped on the moon was not nationalistic but
was shared by most of the peoples of the world. In a much less
obvious way the recognition of common motives in science has a
unifying effect similar to that found in world literature and world
art. The scientists of this country will continue to make their con-
tribution to our position of international leadership if our present
momentum in science is maintained.

About five years have elapsed since publication of the reports
of the National Academy of Sciences on ground-based astronomy,’
chemistry,? and physics.® Each of these reports attempted to pro-
ject ahead five years rather carefully and ten years in a more
speculative fashion. Reviewing the five-year projections, one can-
not fail to be struck by the enormous vitality and productivity of
the physical sciences during this period. In almost every case, the
scientific accomplishments since 1964-65 have considerably outrun
the expectations at that time. There have been general gains both
in fundamental insights from specific discoveries and in the devel-
opment and exploitation of new observational and theoretical
techniques.

The present vitality of the physical sciences, despite budgets
which fall well short of the funding recommendations in those
National Academy of Sciences reports, is being sustained largely
by the results of past scientific investments, both in manpower and
in equipment, and by the continuing hope of the scientific com-
munity that the lag in public support is temporary. Scientists still
are generating new instrumentation ideas and new research plans
because most of them believe that some of these plans will come
to fruition in the near future. Should confidence in this belief fade,
the adverse effect on productivity in the physical sciences would
be serious.

The physical sciences effort in the United States is a joint ven-
ture of universities, Government, and industry. Each of these part-
ners provides personnel, funds, and facilities. Yet each partner has
a different reason for doing science and, therefore, performs a
different and necessary function in the whole system. We believe
that this partnership enables the United States to use its resources
extremely productively. For example, during 1967 the Soviets
launched 67 scientific spacecraft compared to 31 launched by the




United States. Yet almost all the advances in space and planetary
science came from the United States program. This is due in large
measure to the more general involvement of the scientific com-
munity in these experiments, to the cross-fertilization of ideas
resulting from the greater breadth of the United States scientific
effort, and to the excellence of the output of United States industry.

Today our Government, our universities, and our industries
jointly hold the greatest research capability in the physical sci-
ences that the world has ever known. They do so, moreover, at a
time when the physical sciences face the most exciting prospects
in history for discovery, for understanding, and for applications to
many diverse needs of our society. It is sadly inconsistent that
inadequate funding frustrates their ability to respond to new ideas

and new opportunities and threatens the United States scientific
effort with mediocrity.

Before turning to details we conclude this general assessment
by reemphasizing that the outstanding progress in the physical
sciences during recent years, both in fundamental discoveries and
technological applications, has been achieved with nearly level
research budgets and with major facilities which are rapidly be-
coming obsolete. It is clear there will be a day of reckoning for
United States science and for the national well-being. That day
may be very near—the highest energy accelerator is in the Soviet
Union, not the United States: clashing-beam apparatus exists in
Western Europe, not the United States; a nuclear accelerator spe-
cifically devoted to studies of astrophysical reactions exists in
France, not the United States: new radio telescopes are being built
elsewhere, not the United States; pulsars were discovered in
Great Britain, not the United States; major United States manu-
facturers of modern chemical research instrumentation now find
that approximately fifty percent of their market lies abroad.

A. THE UNIVERSITIES
1. UNDERFUNDING OR OVEREXTENSION?

Universities have always been beset with problems. In spite of
this fact, during this century United States universities have built
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an impressive record of achievement and of excellence in teaching,
in research, and in public service. Furthermore, they have always
been sensitive to the need to extend higher education to an in-
creasing fraction of our population. They now find themselves
caught in a dilemma; changes in style, many of them costly, are
obviously needed at a time when current financial problems seem
enormous. The higher education system in the United States is
seriously overextended in terms of the availability of funds to
meet its responsibilities. The universities and colleges expanded
in response to the urging and inducements of society and of
government at all levels. However, even the short-term adjust-
ments to immediate social and educational needs require these in-
stitutions to make long-term commitments. This is true in almost
every aspect of their operation. It is especially true for programs
of research and training in the physical sciences. For the past de-
cade, the universities expanded the base of graduate-science train-
ing and research in response to national needs and implicit na-
tional policy. The product is an immensely valuable national
resource of faculty and students, buildings and capital equipment.
By urging the need for more scientists with advanced training and
by making many of its own commitments contingent on matching
long-range institutional commitments, the Federal Government has
assumed a share of the responsibility for academic science which

. goes far beyond particular research projects. It must meet this

responsibility by sustaining the enterprise which it helped to
create. Otherwise we may end up with a large assembly of
excellent institutions and talented research groups which do not
have sufficient support to remain vital and productive.

The tremendous expansion in graduate education and research
has been heaviest in fields such as chemistry, solid-state science,
and atomic and molecular physics. Many developing institutions
have turned to these fields because, in addition to offering many
exciting scientific opportunities, they are cheaper on a per scientist
or per student basis. These are good areas in which to start a
development effort, but existing funds have been spread so thinly
that it has become increasingly difficult for even a burgeoning
institution to find support.

For example, the number of Ph.D.-granting chemistry depart-
ments in the United States grew from 110 in 1957 to 172 in 1967:
that number has now passed 200. The increase in chemistry staff
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at Ph.D.-granting institutions is projected to grow at a rate of ten
percent a year for the next ten years. This growth will be heavily
concentrated in the newer or smaller departments which, there-
fore, will have to be equipped almost from the ground up at an
average cost per department in excess of one million dollars. The
limited funds for chemistry instrumentation in the budget of the
National Science Foundation have precluded a truly balanced pro-
gram. At the same time there is ample evidence that such instru-

mentation is essential to most of the important new discoveries
in chemistry.

In Europe, the Soviet Union, and Japan one can identify in many
fields of science a laboratory or research group which is better
funded, better equipped, and better staffed than any single labora-
tory in the United States. This is true despite the fact that total
United States support in the field exceeds in most cases that of
other nations. In other words, the lag in financial support in the
United States is creating a situation in which our scientific effort
is too widely dispersed for the resources available. We emphasize
that this is a recent phenomenon, born partly by the impressive
effort on the part of other nations to catch up with the United
States and partly by the lag in the last three or four years in the
support of basic science by our Government. Even in those few
years, however, the gap between what could be done productively
and what can be done practically within existing budgets has be-
come so large that we must examine the basic policies and tenets
of our present support system.

In this situation we are faced with three choices of policy. The
first would be to continue as at present with level or declining
funding but attempt to maintain the present broad base of graduate
departments and national laboratories. This course of action would
continue to spread resources thinner and thinner. The second
cho_ice would be to accept present funding levels indefinitely and
begin a planned phasing out of a number of laboratories and grad-
uate science departments. This course of action would free funds
to build up a concentration of equipment and people in fewer
places, judged to be most likely to push the cutting edge of the
United States scientific effort. The third choice would be to imple-
ment what appears to be a continuing national commitment to
excellence in science as well as to a broad and broadening base of
opportunity for participation in graduate training and science and
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to provide the resources necessary. We have considered these
alternatives carefully, but the following discussion shows that the
third alternative is the only one which is realistically open to the
Nation.

Our population with ages between 25 and 45 years is projected
to reach 62.4 million people in 1980, barely ten years from now.
That is the group which will be doing most of the Nation’s work
and rearing most of the Nation’s children.

Figure 1 permits a comparison of the slopes of three separate
graphs:
I. Gross National Product in Billions of (1958) Dollars.*

II. Population in Millions of People with Ages between
25 and 45 Years.®

III. Federal Obligations to Universities and Colleges for
Research and Development in Millions of (1958)
Dollars.®

Graph I and Graph III have each been corrected to 1958 dollars by
the same implicit price deflator.”

Figure 2 is a superposition made by arbitrarily setting the value
in 1967 of each of the three graphs separately equal to 100. This
is done solely to facilitate discussion of the three graphs and in-
volves no assumption concerning the adequacy of 1967 level of
support. Although we do not believe that the Federal support of
research and development in academic institutions in 1967 was an
optimal figure, we do believe that in general the projection of
Graph III should fall between the projection of Graph I and the
projection of Graph II. The Nation cannot afford to sustain a pro-
jection of Graph III in excess of that of Graph I over a period of
many decades. However, an opportunity for a major effort towards
the solution of a national problem, such as air or water pollution
or the discovery that we are dangerously behind the world com-
petition, as in the case of Sputnik, would certainly justify for a
limited period an increase in the support of science at a rate
greater than the projection for Graph I. However, only the most
extreme of national disasters should be permitted to drive the pro-
jection of Graph III below that of Graph II. In that case we would
begin to lose the most vital component of the overall scientific
enterprise—newly trained young people. We will not be able to
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supply the rapidly growing group of adults with the jobs, goods,
and services which it both deserves and expects, if the Federal
Government does not restore reasonable growth to its support of
the sciences. That support is a vital component of our scientific
enterprise, and the flagging of that support is the cause of our deep
concern for the future. The United States cannot long maintain a
position of leadership if it is dependent upon the science and
scientists of other nations.

Failing that third alternative of adequate resources, the National
Science Board is strongly of the opinion that the second alternative
is far to be preferred over the first. The second alternative will not
really “save’” much money and has risks similar to those of with-
drawing the people within the castle walls to endure a siege. The
surrounding fields go unharvested and the later sortie may fail.
However, the National Science Board believes those risks are to
be preferred to immediate capitulation to eventual mediocrity.
Further, such capitulation would involve reneging on a national

commitment which has now been reiterated by three successive
administrations.

However, strongly favoring the third alternative does not mean
we believe the present establishment for science and graduate
education should be subsidized to grow without any modification
of present patterns or without any birth control exercised over new
laboratories or new institutions of advanced training. It is clear
that in some areas of the physical sciences the instrumentation
needed for frontier research is becoming so complex and expen-
sive that additional ways will have to be found for greater sharing
qf such facilities among numerous research groups. We also be-
lieve that additional ways will have to be found for encouraging
greater specialization and division of labor among educational
institutions in the most advanced sectors of scientific training. We
feel further efforts should be made to reduce the cost and duration
of training to the Ph.D. level or its equivalent. These and other
possible ways of making our science and education efforts even
more efficient are further discussed below. However, we cannot
ho'Id. out any hope that such changes offer the possibility of main-
taining the productivity of our scientific enterprise on a level
budget, and we urge in the strongest terms that any attempt to do
so would be a costly deception of the Nation.
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This country’'s research productivity in the physical sciences
will certainly be condemned to mediocrity if a number of factors
continue to converge as they have in recent years: (1) the inability
to gamble on young investigators without emasculating existing
productive programs, (2) the inability to make modern research
instrumentation available to Ph.D.-granting institutions, and (3)
rising research costs, which leave almost every single effort under-
funded. A concentration of the available money spent on a smaller
total number of projects or institutions might well be more pro-
ductive in terms of significant scientific results, and the scientists
graduated might well have a better research training. Such a con-
centration of support, however, is not recommended because it
runs counter to the needs for first-class training opportunities to
be widely dispersed geographically and equality of access by stu-
dents to graduate training based on ability alone without reference
to place of residence or economic status. Having reviewed these
matters we can only conclude that the problem is truly one of
underfunding, not overextension. We do recommend, however,
that the state governments through their individual coordinating
mechanisms exercise restraint on the number of colleges and
universities that are authorized to offer the Ph.D. degree.®

2. RESEARCH TRAINING

There is a need for a basic reexamination of the assumptions
underlying doctoral training in the physical sciences. The present
doctorate was designed primarily as training for an academic
career. At least since 1935, however, more than fifty percent of
those with doctoral degrees in the physical sciences have taken
their first job with a nonacademic institution.? The present train-
ing is based on the assumption that there should be no difference
in the training of those heading for a university teaching and re-
search career and of those aiming primarily at college teaching or
industrial research. This dssumption may well be justified, but it
is being increasingly questioned. Ten years beyond the Ph.D. only
about thirty percent of physical scientists in the National Register
list their primary activity as research and development. On the
average, only about twenty percent of the physical scientists who
receive the Ph.D. continue to contribute to the basic scientific
literature over the long term. Such facts indicate that this problem
needs serious investigation with the aid of detailed empirical
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studies 'of the career experiences of persons who hold a doctoral
degree in the physical sciences.

The problem may not be so much one of the content of the
educational experience as it is of the attitudes and values com-
municated by the organization and orientation of the graduate
school. Experience in basic research on significant scientific prob-
le.ms is excellent preparation for more applied work and for tech-
nically oriented management and administration. The laboratory
techniques of basic research today often become the techniques
of applied research and engineering a few years hence. The criti-
cal attitudes and intellectual standards characteristic of the best
research have an important carry-over into more applied or
problem-solving activities, and basic research is probably an ideal
vehicle for learning such approaches. On the other hand, the
tr'ansfer of these attitudes and approaches to other areas of tech-
n.1cal activity may not be automatic and might be more empha-
sized in instruction. Basic research training also carries the hazard
of overemphasis on a narrow problem area or on a set of spe-
cialized techniques.

There is increasing belief that a somewhat different type of
txzalning, equivalent in intellectual stature to the present Ph.D. but
aimed more suitably for nonresearch careers, should be available.
Such training would still involve basic research experience, but
possibly with greater breadth and variety and less depth and
.specialization than the present degree. In the light of evolving
industrial needs and changing social priorities, a more nearly fixed
time period, less sharp specialization, and less emphasis on an
original, discrete contribution to knowledge should all be con-
sidered as possibilities in any review of the doctoral program.
C(?nsideration should be given to providing the student with a
wider diversity of opportunities as he pursues his education. One
possibility would be the establishment of practitioners degrees
at the doctoral level. Deep specialization and an original research
contribution might well be reserved for postdoctoral experience

fo? students showing talent for making such contributions to
science.

Further, wherever interdisciplinary education exists at the grad-

uate leYel in universities, it provides a route for rapid transfer of
new science into engineering or applied effort. Such programs are
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often especially useful in improving or expediting communications
between industry or Government and the academic world. Good
multidisciplinary programs, however, are still less common than is
desirable. Some reluctance to initiate work spanning the tradi-
tional branches of the physical and life sciences, engineering, and
the social sciences is clearly based on conservatism, but there are
also very legitimate concerns. There is the danger that wide focus
may generate superficiality because there are fewer external stand-
ards against which to judge quality and success. The costs of
initiation may be much higher than those for beginning new work
in an established field. The potential rewards in terms of increased
exchange of ideas and concepts are so great, however, that special
efforts should be made to stimulate and support good multidisci-
plinary programs. This would provide many opportunities for in-
dustry, with its already more effective interdisciplinary structure,
to nurture a similar mood in the graduate teaching of physical
science.

3. SOCIAL IMPLICATIONS

There is an increasing interest in the social and political impli-
cations of advances in technology and concern with the ways in
which science is utilized by society. We welcome this increased
interest and concern as an opportunity for physical scientists in
particular to establish greater intellectual connection with the rest
of society, with the rest of the university, and especially with the
younger generation.

Many students feel increasingly threatened and alienated by
technology and often confuse science with technology. To an un-
healthy degree today'’s undergraduate regards study beyond the
elementary level of the physical sciences as suitable only for the
future specialist. Substantial effort and thought on the part of
physical scientists both inside and outside universities will be
required to reverse this situation, but this effort appears to be
important in order to improve the ability of our social institutions
to deal with the increasingly complex effects of technology. The
current interest in the implications of technology may help provide
more effective communication within the academic community.
In addition, the problem of assessing the potential effects of tech-
nology and evaluating the increasing range of alternative tech-
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n.ologies available to society can provide an important new motiva-
tion for both basic and applied research in the physical sciences.

4. CLASSIFIED RESEARCH

Clas‘sified research in the physical sciences was originally under-
taken in universities as an emergency measure because that was
where the necessary competence existed. Recently there has been
a trend towards phasing out such activities, and the Department of
Qefense is to be applauded for reexamining its classification poli-
cies for university research and in many cases for declassifying
the work. In the long run, classified research is incompatible with
the p.rinciple of an open scientific community and with the concept
of science as public knowledge, open to criticism and verification
by the entire scientific community. Just as there is a perennial
problem with industrial security, so may governmental classifica-
tion impede efficient communication. Such classification, which
may provide a measure of security in the short run, may also
retard progress and thus reduce security as well as the social
benefits of science in the long run. Thus secrecy in physical science
research can seldom be justified as in the long-term national in-
terest apd is especially incompatible with the character of the
academic community and the requirements for the training of stu-
de_nts. Mission-oriented agencies should be encouraged to reexa-
mine continually their classification and publication policies with
a view to increasing their openness to free dissemination and
criticism. This applies with particular force to academic science
b.ut is in the national interest even with respect to scientific activi-
ties of other types of institutions. The National Science Board
Fecognizes that complete openness is not possible in every single
Instance, but it believes that the burden of argument should al-
ways lie with those who advocate restriction of the flow of scien-
tific information and that the process of security classification of

research should itself be subject to the scrutiny of disinterested
parties.

B. THE GOVERNMENT

In 1939, Presid.ent Franklin D. Roosevelt was explicitly informed
of the German discovery of nuclear fission and of its implication
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that a large-scale release of atomic energy might be practicable.
Physicists of that time found it necessary to call upon such a
legendary figure as Einstein to urge action by the President
because the significance of this discovery was not immediately
apparent to other levels of the Federal Government. Furthermore,
the Government had no avenue for exploiting it. It was fortunate
that our Nazi adversaries had none either. Nor did they have the
means of getting the attention of their leader in order to create
the vast enterprise required for making nuclear weapons. We
may be thankful that the situation was not reversed. Today,
involvement of the Federal Government in the physical sciences
precludes such a major disaster because there is little chance that
even a minor advance in fundamental knowledge will escape
attention. Failure to carry an advance into application is usually
the result of a considered political or administrative decision that
it is undesirable because of cost or other reason. The participation
of many agencies of Government in the basic physical science
research enterprise of the whole Nation has the vital effect of
keeping these agencies aware of the forefront of technology and of
assuring them of the opportunity for acquisition and assimilation
of new basic knowledge as fast as it is developed.

1. BASIC RESEARCH

The tremendously important historical role played by various
components of the Department of Defense in pioneering support
of basic research in the physical sciences and in the application of
new techniques to basic science must not be overlooked. In the
years since World War II the Department of Defense has inter-
preted mission relevance in a liberal and enlightened way. This
permitted and encouraged the development and applicaticn of
new techniques developed under defense auspices within a wide
scientific context. There are many areas in which defense sup-
port has played a key role. It was the Office of Naval Research
that supported the development of the commercial helium lique-
fier that made low-temperature techniques widely accessible. It
largely pioneered the field of radio astronomy and, more recently,
the use of cyrogenic techniques for particle accelerators. Through
the Advanced Research Projects Agency, the Department of De-
fense has supported development of the most sophisticated com-
puter software. It has also been partly responsible for the dra-
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matic revival of atomic and molecular physics. In general, the
Department of Defense has shown an ability to move quickly
to exploit new scientific opportunities and to move with sufficient
resources to make a large impact in a short time, as it did with
lasers and nonlinear optics. The Department of Defense also
pioneered the project support system which permits individual
scientists throughout the country to compete on a national basis
for the available funds on the merits of their proposals. There is
no doubt that national competition has made a tremendous con-
tribution to the high average quality of work supported by
Federal funds. In the current public disenchantment with many
defense-supported activities, it would be tragic if the unusual

and innovative role of the Department of Defense in the basic
physical sciences was lost.

Each Federal agency which supports basic research has made
similar contributions to the total scientific enterprise. The Atomic
Energy Commission created national laboratories which, in addi-
tion to pursuing their own research missions, are models of effec-
tive service to the university community. The National Institutes
of Health has an unusual and successful mixture of intramural
and extramural programs. These health-related programs have
rightfully included a great deal of modern chemistry. The Na-
tional Aeronautics and Space Administration has provided a space
capability for future exploitation. However, even these character-
istics cannot insure success of the overall national effort. Increas-
ingly the Department of Defense and other mission-oriented
agencies have felt unable to provide the more stable, long-run
support which is so essential. The National Science Foundation
has the responsibility to insure such stable support. However, at
present it is inadequately funded for the job.

2. MISSION-ORIENTED RESEARCH

In the physical sciences, mission-oriented support has been
an important source of intellectual stimulation and should be
continued. Mission-oriented work often presents new scientific
opportunities which would not have been recognized without the
stimulation of the mission even though later evolution of the
work might take it well beyond the scope of the original mission-
oriented problem. Radar and radio astronomy, for example, would

probably never have been undertaken for their own.sake if large
radar antennas had not been built originally f(?r appheq pu.rpoailes.
Development of pure materials for technolo'glcz?l ap.phcatx'on eis
enormously stimulated fundamental in}restlgatlon in sohd—s’{a e
science by providing reproducible materials for study: Techno o%-
jcal support for the development of supercond.uc.tmg m(z;gne s
came largely from the Atomic Energy Commission an V\;a(s1
justified primarily by the needs of res:.earch programs leecl(a;
toward controlled thermonuclear reactions, and.secondarlly y
the need for cloud chamber magnets. The Atomic Energy Com-
mission development, support, and demand for such magnets
resulted in a commercial availability which has brou.gh.t enor-
mous benefits to general, solid-state science. T}.le spem.ahzed in-
terests or perspective of mission-oriented agencies provides §t1m-
uli for new instrumentation and new experimental techniques
which purely scientific motivation might not generate. Comput;zrs
provide a generalized example of this. The scale of sgpli)ort ﬁ(ir
computers for defense and space purposes has resulted in epebls
to all branches of science which would not ha.ve b.een' a'lvalla1 e
if computers had been developed only for their scientific value.
Mission-oriented support in universities helps assure that new
techniques flow into the general scientific enterprise.

Mission-oriented support of basic research in the phyglcal
sciences has also helped set high scientific s‘tandalzds for th.e
applied efforts. The success of United States science In compari-
son to that of other countries owes a great deal .to the close in-
volvement of academic science with mission-oriented suppoFt,
and the success of United States technology. owes rnu.ch to its
close association with basic science. While this 1s.espe(:1a11y tr.ue
in the physical sciences, newer, social-problem-onented agencies
may also benefit from a similar pattern.

3. RESEARCH FACILITIES

Large installations at many Federal laboratori?s are some;vltl}?;
overequipped in comparison with the staff_ favallablehto Iisbora-
facilities, largely as a result of manpower ce111ngs ont ofse ; =
tories. Conversely, there is now a serious deficiency ?f ur; mial_
academic institutions in relation to the number of scuintls s 11 e
ified to do good research with the equipment currently aval :
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. Co_nse(‘]uently, a disproportionate fraction of our total resources
1 going into sustaining programs and facilities in existing labora-
torle.s and not enough into new starts. This situation is quite seri-
ous in the research programs concerned with the physics of nu-
.clear s.tructure and of elementary particles where the present plant
is s:;enously underutilized and threatens to become more so as
major new facilities come on line. Accelerators have grown in
size, complexity, and cost from the relatively primitive cyclo-
tr0{1§ built in the 1940’s and the 1950’s to such major national
facilities as the Stanford Linear Accelerator. Agencies supporting
progl:ams in nuclear-structure physics and in elementary-particle
physics do not have the funds to exploit all the existing facilities
to the full extent of their capability and at the same time to pro-

vid(? for the new ones under construction or in the conceptual-
design stages.

If' we are to have a balanced program, however, there is no
ch01.ce but to move ahead with the design, construction, and op-
eration of accelerators with new capabilities, as well a; modern
ancillary facilities, such as bubble chambers, optical spark cham-
bers, filmless spark chambers, on-line computers, and other tools
used for the detection and observation of particle interactions
Such construction must proceed even if it means curtailed pro:
grams at existing machines, though in the long run such practice
may turn out to be a false economy,

The new 200 Bev accelerator near Chicago is well underway
Another major advanced accelerator is under construction at.
Lps Alamos, New Mexico. At such accelerators about eighty to
eighty-five percent of the annual cost would be necessary to keep
.the c')peration going without doing any research. Thus, the remain-
ing ﬁf.teen to twenty percent of the support is the margin to cover
experimentation and innovation. Furthermore, the costs escalate
at about eight percent per year. Consequently, on a level budget
the margin for science will rapidly shrink to the vanishing point
unless some installations are phased out altogether in order to re-
lease funds to support the remaining laboratories and the new
laboratories that will soon come on line. We have already dis-
cussed the probable futility of a policy of undue shrinkage.

.In both radio and optical astronomy the situation is somewhat
different. Here there is a deficiency of equipment of frontier
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observing capability but still well within the current state of the
art of design and construction. In the last three years Federal sup-
port for astronomy instrumentation has been dictated almost ex-
clusively by economic considerations and has not reflected scien-
tific needs and opportunities. There is also a much larger demand
for observing time than can be met by existing facilities at full
utilization. Here a shortage of funds for investment in modern
sensing and data-processing equipment has prevented astrono-
mers and astrophysicists from getting the most out of the exist-
ing facilities.

There is always the problem of striking a balance between
large frontier research facilities and smaller research projects.
This problem is acute in many areas—radio astronomy, optical
astronomy, nuclear-structure physics, space science, and an in-
creasing number of subareas of chemistry and solid-state science
which require special instrumentation, such as low-energy parti-
cle accelerators, high magnetic fields, high-pressure equipment, or
very low temperatures. There is need for greater specialization in
instrumentation and greater division of labor among institutions
and research groups. Regional facilities may become increasingly
important, but such facilities require resident staff to keep the pro-
gram vital, to continue to develop new techniques, and to help
visiting scientists with the latest instrumentation. The present
pattern of users groups in high-energy physics is likely to spread
increasingly to other areas of the physical sciences in spite of
great organizational difficulties. The trend towards on-line instru-
mentation and control of experimental variables by computers,
which is now so pronounced in nuclear-structure physics, is also
appearing in other parts of physics and chemistry. Such a trend
must be made compatible with the pattern of decentralized re-
search which has proved so stimulating to United States pro-
ductivity. In a period of increasing centralization of front-rank
facilities and research techniques, we must preserve a healthy
measure of institutional and individual competition while avoid-
ing a self-defeating scramble for resources. Doing so will not
be easy and will not be cheap, but it has been demonstrated
that this can be done; we must proceed to do it on a larger scale.

The balance between necessary regionalization and centraliza-
tion on the one hand and the many necessary autonomous re-
search groups on the other is very difficult to establish in practice.
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Smaller facilities, readily accessible to local faculty and students,
are very important in the design of experiments and in optimizing
them before making use of major facilities. The high cost of ex-
perimentation with frontier research facilities makes careful pre-
liminary design and testing mandatory. Thus, the decision be-
tween national facilities and local research support is not a case
of one or the other. An extreme in either direction makes for a less
productive scientific enterprise. Local facilities, moreover, usually
have a much quicker response time in following up new oppor-
tunities and new discoveries made with major facilities. There
is a constructive interaction between local and national experi-
mental capability; between centralized and decentralized facilities.

It is essential that frontier instrumentation be made available
for the most significant experiments. Resident staff at installations
\.Nith unique facilities must compete with qualified outsiders for
instrument time. A system of peer judgments for this purpose has
been well institutionalized in the case of higher-energy physics. It
may become increasingly necessary in other fields as well.

An especially acute problem may arise in the case of facilities
funded by a mission-oriented agency for a rather specific purpose
but which have more general scientific value. Examples are the
Arecibo antenna built for ionospheric scattering work; the Gold-
stone space-tracking antenna of the Jet Propulsion Laboratory,
National Aeronautics and Space Administration; and the Hay-
stack radar of the Lincoln Laboratory. The subject of radar plane-
tary physics has developed largely as a by-product of military
radar development. Other examples are the reactor at the National
Bureau of Standards, the satellites of the National Aeronautics
and Space Administration, and the rocket astronomy capability
at the White Sands Proving Ground. Declining priority for a par-
ticular applied mission should not justify closing down a unique
facility if its potential productivity in a scientific context beyond
the rpission of the supporting agency justifies maintaining it. This
consideration, of course, extends to modifications and capital im-:
provements of such instrumentation. Again Arecibo and Haystack
provide good examples. A similar issue arises in connection with
nuclear chemistry and solid-state work on accelerators which may
have become outmoded for nuclear physics. There are problems
both of changing priorities as scientific opportunities unfold and
of handling the associated funding problems among agencies.
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We heartily endorse the recently announced Government policy
of making the facilities of Federal laboratories available as far as
possible to the academic community even when the work does not
meet the strictest test of mission relevance. The implementation
of this policy will require careful coordination at the Federal
level. Unilateral action by mission-oriented agencies without due
regard to the effect on the development of science can be very
wasteful. The alternative to such waste is more coordinated plan-
ning for basic science on an interagency basis together with flexi-
bility for reprogramming of the budgetary responsibility among
agencies that must go with such coordinated effort.

The National Science Board has studied résumés of needs for
new major facilities for the physical sciences. No group can state
a detailed set of absolute priorities over such a broad spectrum
as presented by the physical sciences. We can, however, state
certain principles which we think should govern detailed selection
in any field of science.

1. New proposals for one-of-a-kind facilities which are
within the state of the art and offer significant advances in the
range of parameters which can be studied should generally be
given preference over duplication of existing facilities for
additional research groups.

2. The scientific importance and novelty of a proposal
should be given greater weight in the choice of major facili-
ties than any alleged applications because experience seems
to demonstrate that in the long run this also leads to the
greatest impact on technology.

3. Although the capability to attack identified scientific
problems should be a major consideration in choosing facili-
ties, it should also be recognized that any extension of meas-
urement capabilities into new domains of physical conditions
is likely to yield unanticipated discoveries. Thus, extension
of capability by itself should be given considerable weight
even when the problems to be attacked cannot yet be
clearly formulated.

4. As a rule, at comparable cost levels, general-purpose or
multipurpose facilities should be given priority over special-
purpose facilities with a limited domain of scientific useful-
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ness. Total probable impact on a group of sciences or appli-
cations should be given more weight than impact over a more
limited span of problems, no matter how challenging.

5. Complementarity to facilities available in other countries
should be given important weight. Maximum advantage
should be taken of exchange of scientists and auxiliary equip-
ment, such as sensors and computers. Advice of foreign
scientists will frequently be useful before reaching final
commitments; this will facilitate cooperation later.

6. The reputation and career commitment of the scientists
backing a proposal for novel equipment or major experi-
ments are important factors in choice.

7. Where there exists a number of proposals of a similar
type, effort should be made to force a community consensus
on the best approach within the resources available. As an
illustration, there are a large number of proposals for heavy-
ion accelerators and at least four proposals for high-intensity
pulsed reactors under consideration at the present time. It is
important that at least one of each type of these facilities be
built in the near future, and it would be disastrous if the com-
peting proposals were used as an excuse for inaction. How-
ever, an initial decision cannot await complete agreement on
the best approach on the part of all those most concerned.

8. Operating costs should be factored realistically into
budget projections when a project is initiated.

9. Mechanisms for the screening of experiments and proj-
ects proposed for major reseach facilities should be estab-
lished to insure that each such facility is used in the most
productive way possible. As far as possible, projects proposed
by foreign scientists should compete on an equal basis with
proposals of United States scientists.

4. UNITED STATES CAPABILITY IN SPACE

During 1969 the Apollo and Mariner successes dramatically
demonstrated the magnificent capability of the United States space
program. If we are to take advantage of this capability, it is im-

perative that a detailed future program be planned and that
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funds be made available for the development of the research
programs and appropriate instrumentation. The trend to decrease
funding for space science should be reversed. Space experiments
generally must be planned at least five years in advance in order
to allow for the development and production of suitable flight
hardware and for complementary ground-based research. Provi-
sions must be made for more active participation in these research
programs by the academic scientific community. Adequate support
for collateral ground-based, balloon, and rocket investigations
is a current problem. The biggest problem, however, exists in
the support of optical and radio astronomy, and the need for
additional observational facilities in the Southern Hemisphere is
especially crucial. Future decisions concerning high-energy par-
ticle accelerators may be guided by the results of cosmic-ray
studies. The Soviet Union, through its proton satellite series, has
already shown that significant elementary-particle physics experi-
ments can be done in space. The United States now enjoys gen-
erally recognized leadership in space science. It should be real-
ized, however, that this situation can change easily if we lose our
best people from the space program.

C. INDUSTRY
1. THE NATURE OF INDUSTRIAL RESEARCH

The industrial research system differs from the research system
‘in universities. The problems faced in an applied laboratory gen-
erally require an approach such as the following: (1) to define
the problem so that the answers will bear as directly as possible
on the application; (2) to do whatever experiments are needed to
answer the question in the stated terms; and (3) to translate the
answers into a process or product design. By way of contrast, the
fundamental objective of most nonmission-oriented research
should be the production of answers to problems in a form that
allows the answers to be generalized as much as possible. In
principle, the methods of such research are: (1) to conceive of
the simplest experiment that will yield a useful answer; (2) to do
the experiment with enough care and cunning so as to produce a
substantially reliable answer; and (3) to extract all logically per-
Missible conclusions and inferences from that answer. However,
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mission- and nonmission-oriented research interact, and produc-
tive interaction requires that each develop a distinctive style.

Research oriented toward generalization is most often found
in the university laboratories; it is done by specialists and is
often referred to as “pure” research, a completely inappropriate
term implying an impossible value judgment. The generalized
conclusions from research in university laboratories are continu-
ously useful in applied research laboratories. Conversely, the
existence of applied laboratories helps keep the specialists from
having a sterile role in our society. Friction can arise because
practitioners of each kind of research may conclude that the men
in the other camp do not know the objectives of “real” research.

There is, however, considerable overlap in styles and purposes.
Although generality is not the prime objective of most research in
an industrial laboratory, important generalizable results may come
from the work of any alert investigator. There are many examples
of great science motivated by industrial pressures. One is Lang-
muir’s work on tungsten, which is the base of the electric lamp
industry. Electric lamps were being built but were expensive and
had short lives. Langmuir, looking at that product, was motivated
into a research program that concerned the economics of light
bulb production, and his work also earned him a Nobel Prize. An-
other example is the transistor. The group that developed it saw
needs in the electrical industry. The transistor revolutionized that
industry, and the scientists who led the work in the industrial en-
vironment also received the Nobel Prize. If one studies such his-
torical examples, one is impressed by how heavily the industrial
work depended on related work going on in universities and
Government laboratories.

Efficient communication among industry, Government, and uni-
versities requires a free flow of information. There is a tendency in
industry to “overclassify’ its work because of the perennial prob-
lem of industrial security. It appears more and more that the most
dynamic industries, in a technical sense, are freer and freer with
the flow of their research information. A careful distinction must
be made between research information and engineering or tech-
nological information. Industrial firms, however, should consider
whether they are overclassifying their research results and,
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thereby, inhibiting the flow of information and, in a sense, their
own technical growth.

The most important interaction between industry and univer.si-
ties occurs because scientists who enter industrial laboratories
are educated in universities, the principal location of. g.ene.ral re-
search. Casual critics often question the logic_ of trfnmng in one
research system for a career in another. The orientation, 1.10wever,
of good university research toward generalizable conclusions pro-
vides students with a basis for flexible reaction to the necessary
changes of objectives that must be characte.ristic of the program
in a dynamic industrial laboratory. The belief .that general solu-
tions to physical problems exist and can be discovered bg{ sys-
tematic study is inculcated, not as doctrine, but as experience,
and what is learned is taken along to the new labora.tory. This
flow of recent graduates is probably the most effective tie between
the two research systems.

Another profitable mechanism is the flow of .senior staff among
industry, Government, and universities: industrial Peopl.e on leave
for a limited period of time doing research at umvelrsny labOI‘fl-
tories, conducting seminars and courses; and university peo.plt.a in
residence at industrial laboratories. This occurs on a limited
basis. The major inhibitions against greater interchange of people
are the concern in the industry to protect proprietary 1nf0rmat1f)n
and the attitudes in some universities. Both attitudes require
modification, and increased exposure will help do that as well.
Not all wisdom resides on the campus, and there are areas of
science that are paced in industrial research labore.itones. After
industrial experience the faculty can profoundly influence the
style and attitude of their students. Interchange betwet_en Go.ve.rn-
ment and both industry and universities would provide similar
benefits.

An important sidelight of this problem arises becaus.e large
industrial research laboratories usually are found only in large
firms. The smaller firms would also benefit from such exchange.s
of people, but find them difficult to arrange because of their
limited manpower. This whole area requires a thought.ful study to
determine a mechanism that will accomplish the desired result.

The state of research in industry seems healthy, but it doc.ss
face problems. Even companies which have been leaders in
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research now find themselves caught by the narrow margin that
separates profit from loss even in the face of continuing expan-
sion of the total volume of business. Those companies which re-
invest four to five percent of their income in research do so with
an acute awareness that the time lag cannot be long between most
of their research and some reflection of it in their profit margin.

2. THE ROLE OF INDUSTRY

The role of industry in the research effort in the physical
sciences is vital. Industry provides the mechanism by which the
results of research are translated into goods and services for the
use of society and also builds the instruments and facilities which
are used to advance the sciences.

Industry’s interest in research is motivated by profit. In large
measure, profit is generated by the reduction of the fabrication
cost and by the introduction of new products. In our society,
moreover, cost reduction and new products are heavily dependent
on technology. Contemporary technology, in turn, relies more and
more on science and on scientific advances through research.

A firm must be aware of the structure of relevant scientific
fields, the research activities in those fields, and the impact that
the results will have on technology and on the profit of the firm.
This knowledge provides a view of the technical options available
to the firm and to its competitors. Providing this flow of informa-
tion into the firm is one of the functions of research within a
company.

Some sentiment has been expressed that all research which
ultimately benefits industry should be done in industrial labora-
tories. Such a system, if it could be instituted, would be prodi-
giously expensive in our competitive economy. Most new scien-
tific knowledge would become proprietary because no company
could afford to release results until it felt it had exhausted the
technological implications or until it was certain that competitors
had the same information. The costs in duplication of effort and
delay in dissemination of knowledge would be horrendous. For
this reason many kinds of scientific research must be done in the
public domain or not at all.

60

Since university research has great benefit to related industries,
the latter have a vested interest in the health of university pro-
grams. This interest is often expressed in the forn.l of direct fi-
nancial support of university research and education, but such
direct support provides only a small portion of't}.1e .‘total ne'ed.
Some companies are responding to the current crisis in financing
university research by increasing their gifts. Unfortunately'l, there
is no real prospect that direct industrial subsidy can provide any
large part of the required funds. Fundamentally, the reason for
this also lies in the nature of our competitive economy. To achieve
a large increase in the direct subsidy of universi?y research, some
system would be needed to spread responsibility rather eve.nly
among all members of a competitive industry. At the.present t1_rne
the most equitable such system appears to be to continue allotting
the money to the Federal Government in the form of taxes and
to have the Government continue to reinvest a suitable portion of
that income in the basic research needed to sustain the economy.
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Preface

The presentation that follows has evolved out of several efforts to present the
somewhat complex story of the National Academy of Sciences and the
National Research Council—what they are, and what they do. Since the
Academy’s principal mission is to respond to current needs of the Federal
Government for advice and information, the picture is constantly changing
and therefore difficult to bring into sharp focus. Nevertheless, it was felt that
a brief historical background, accompanied by a description of some typical
projects, would serve to give the interested inquirer the broad outlines, at

least, of the purposes and functions of this institution, now well into its

second century.

PHiLip HANDLER
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“And be it further enacted, that the National Academy of Sciences . . . shall have
power to make its own organization, . . . to provide for the election of foreign
and domestic members, . . . and all other matters needful or usual in such in-

stitutions, and to report the same to Congress.

“And be it further enacted, that . . . the Academy shall, whenever called
upon by any department of the Government, investigate, examine, experi-
ment, and report upon any subject of science or art, the actual expense of such
investigations, examinations, experiments, and reports to be paid from ap-
propriations which may be made for the purpose, but the Academy shall re-

ceive no compensation whatever for any services to the Government of the
United States.”*

The above provisions of the Act of Congress establishing the National Acad-
emy of Sciences more than a century ago still define the role of the Academy
as a national institution through which individual scientists and engineers
serve their nation and their professions. From modest beginnings in 1863, the
Academy has grown to a membership of more than 80o. It provides, largely
through its National Research Council, a structure of specialized boards,
committees, and panels organized to deal with specific problems presented
to it by a wide variety of government agencies and private organizations. In
1964 a sister academy, the National Academy of Engineering, was created
within the corporate framework of the National Academy of Sciences to

strengthen and extend the resources to include the engineering professions.

*Excerpted from An Act of Congress to incorporate The National Academy of Sciences approved
March 3, 1863, by President Lincoln.




Reflecting the growth of science and technology, the tasks of the Academy
have broadened in scope and significance relative to many areas of agricul-
ture, medicine, transportation, and housing as well as in areas reflecting more
directly the classic disciplines of the physical and life sciences. In keeping with
the Academy’s charter, leading specialists from the universities, industry, and
government accept appointment without fee to provide advice and guidance
on matters under consideration by more than 500 committees, which work in
close cooperation with the major Federal departments, the Executive Office,
and the Congress. These committees, in turn, are served bya resident staff of
about 8oo.

Through its Office of the Foreign Secretary, the Academy maintains effec-
tive links with international science and the scientific institutions of many
foreign nations, including those seeking to develop more fully their own
competences in basic and applied science. Nationally, the Academy is linked
to the major U.S. professional societies, which are represented in the Na-

tional Research Council.
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Academies of Science. . . a long tradition

The rise of modern science in the last three centuries has been accompanied in
every major country by the formation of academies of science—a voluntary
association of scientists for purposes of observation and experimentation, for
the procurement of needed funds and instruments, for the publication of

journals, and in general for the furtherance of science.

The U. S. Academy goes back to the Civil War . . .

In the United States the National Academy of Sciences was created in the
midst of the Civil War as a result of a coincidence of motivations. There was
first the desire on the part of the scientific community to create in the United
States an academy of sciences that would play a role in this country similar to
that performed by the academies of science in the great European nations.

The creation of the Academy stemmed not only from immediate practical
problems of the Civil War, however, but more especially from the fact that,
two and a half centuries after the establishment of the English colonies in
North America, the United States was beginning to emerge asa technological
society. An independent institution with close ties to the Federal Government
was needed to muster the resources afforded by the nation’s scientific com-
munity for guidance to a fledgling nation, rich in natural resources, in human
spirit and inquiry but relatively poor in facilities and personnel for education
and research.

The close relationship between the young academy and the National Gov-
ernment provided a unique opportunity both to the Government and to the
nation’s scientists to collaborate in the growth and development of the

country’s physical and intellectual resources.




.. . Membership is self-perpetuating

Academy membership is co-optative; that is, the current membership at any
one time elects the persons who become new members. The Act establishing
the Academy was amended in 1870 to remove the limitation of 5o on the
total number of ordinary members. The number of new members that can
be elected annually has recently been raised to so.

Currently, the Academy consists of about 850 members and members
emeriti and some 80 foreign associates. The delegated authority rests with the
officers of the Academy, comprising the president, vice-president, home
secretary, foreign secretary, treasurer, and twelve councilors elected by the
members.

The basic organizational unit of the Academy is the section, to which mem-
bers are assigned by their own choice. The present sections are: Mathematics,
Astronomy, Physics, Engineering, Chemistry, Geology, Botany, Zoology,
Physiology, Microbiology, Anthropology, Psychology, Geophysics, Bio-
chemistry, Applied Biology, Applied Physical and Mathematical Sciences,
Medical Sciences, Genetics.

To give greater flexibility to the election procedures, multidisciplinary
classes were introduced by constitutional amendment in 1965: Class 1—
Physical and Mathematical Sciences (members of the Sections of Mathematics,
Astronomy, Physics, Chemistry, Geology, and Geophysics). Class 2—Bio-
logical and Behavioral Sciences (members of the Sections on Botany, Zo-
ology, Physiology, Microbiology, Anthropology, Psychology, Biochemistry,
Medical Sciences, and Genetics). Class 3—Engineering and Applied Sciences
(members of the Sections on Engineering, Applied Physical and Mathematical
Sciences, and Applied Biology). Nominations are originated (1) by inter-
sectional proposal, (2) by the sections, (3) by temporary nominating groups
appointed by the Council to consider persons from new or interdisciplinary

fields, (4) by any voluntary group of 20 or more members, (5) by the Council

itself.

The Academy got under way slowly . . .

During the first 50 years of its existence, the Academy grew rather slowly.
From an initial 50, membership increased to approximately 200. Official re-

quests for advice were sporadic and generally limited in scope. Scientific de-

pendence on Europe continued although substantial progress was made in
establishing new centers of learning and research.

The Academy did, however, have a significant part in helping the Federal
Government to create or relocate departments and bureaus related to prob-
lems in scientific and technical fields. Thus, the Academy played an active
role in relation to the Geological Survey, the Coast and Geodetic Survey, the
Hydrographic Office of the Navy Department, the National Bureau of
Standards, the U.S. Weather Bureau, and the Patent Office.

. . . but picked up momentum during World War I

World War I had far-reaching effects upon the Academy. In one sense the
changes resulted from the challenges presented by the war. In a larger sense,
however, they were delayed reflections of the rapid growth of science and
engineering that had taken place since the founding of the Academy. During
this period, the nation’s universities, both private and public, had grown and
matured, producing an increasing number of well-trained scientists and
engineers. With the introduction of the graduate school into American
education, scientific research began to play a major role in universities such
as The Johns Hopkins University and the University of Chicago. American
industry had begun to adopt a scientific base; several of the larger industries
established research laboratories of international repute near the turn of the

century; and the Federal Government now had a number of science-based

agencies.

The National Research Council is created . . .

In 1916, the war in Europe became the immediate stimulus that prompted
the creation of a new organizational entity—the National Research Council
—under the National Academy of Sciences, which was destined greatly to
extend and enlarge the role of the Academy in public affairs. This develop-
ment was the brainchild of George Ellery Hale, a notable solar physicist,
organizer, and administrator, who unquestionably had greater impact on the
organization of U.S. science in the first three decades of the twentieth cen-
tury than any other individual. Hale felt that inevitably the United States
would be drawn into the war and that its scientists should be mobilized in

support of the war effort. He suggested to the president of the Academy,




Laying of the cornerstone, 2101 Constitution
Avenue, October 30, 1922.

William Henry Welch, in mid-1915, that the services of the Academy be of-
fered to the President of the United States to assist the nation in preparation
for possible war.

Despite the multitude of wartime research problems that confronted the
Research Council during its first two years, George Ellery Hale kept firmly
in mind the idea of establishing it on a permanent basis. He foresaw that the
growth and vigor of American commerce, industry, and agriculture would
someday be closely related to the national effort in scientific research and de-
velopment. Early in 1918 he wrote President Wilson to that effect, and the
President was persuaded by his arguments. On May 11, 1918, the Executive

Order perpetuating the National Research Council was signed by him.

.. . lending new strength to the Academy
The National Research Council broadened the base of the Academy by

undergirding the body of elected members with a much larger organization
representing a very wide cross section of the nation’s scientists and engineers.
It had the added advantage of a salaried staff that could more reasonably bear
much of the burden of responsibility for providing a complex nation with
advice in science and engineering. With this imaginative step, the leadership
of the Academy overcame a shortcoming more or less common to academies
of science, namely: their membership, although distinguished, is usually too
limited in number to do full justice to the advisory needs of a nation or to be
fully representative of the scientific and engineering community.

The determination of policy matters and the authority to engage in new
enterprises rested, as before, in the membership of the Academy and its
elected Council, and the members of the Academy continued to play an im-
portant role on the various advisory committees.

Members of the National Research Council are appointed by the president
of the Academy uponnomination by the NRC-associated professionalsocieties
and the departments and agencies of the Federal Government. The member-
ship also includes members at large, so that the Council not only derives
strength from more than 150 leading professional societies as they have come
into being over recent decades, but also acts as a center for inter-society ac-
tivities whenever such action seems desirable.

In the half century since the National Research Council was created, its

organizational structure has undergone some changes but the areas of concern




have remained essentially the same. The divisions of the Council are- Be-
havioral Sciences, Biology and Agriculture, Chemistry and Chemical Tech-
nology, Earth Sciences, Engineering, Mathematical Sciences, Medica] Sciences,
and Physical Sciences. In addition, there are two offices that deal with prob-
lems common to all the divisions, the Office of Scientific Personnel and the
Office of the Foreign Secretary of the Academy. Each division is under the
direction of a chairman, appointed by the Council of the N ational Academy
of Sciences (in the Division of Engineering, upon nomination by the Council
of the National Academy of Engineering).

The work of the divisions is carried on largely through a number of com-
mittees appointed by the president of the Academy and administered by the
divisions. At the present time, some 400 advisory committees, boards, and
panels, with a combined membership of about 7,000 scientists and engineers,
comprise the National Research Council.

The organization of the NRC provides for a chairman to be chosen by the
Council of the Academy. From 1916 until 1954 the presidency of the Academy
and the chairmanship of the Research Council were held by different persons.
In June 1959 the Council of the Academy voted to name Detlev W Bronk,
specifically, as chairman of the National Research Council in addition to his
position as president of the National Academy of Sciences. Later—in Oct-
ober 1962—the Council voted to establish as a general principle that both
positions shall be held by the same person.

A new position, vice chairman of the National Research Council, was
authorized by the Academy at its annual meeting in April 1966, and the
National Academy of Engineering was invited to name one of jts members
to serve in that capacity. Clifford C. Furnas, * appointed by the NAE to fill a

two-year term (February 1968 to February 1970), became the first person to
serve in the new position.

The Academy serves without fee . .

Although the Academy responds to many requests to render advisory serv-
ices, and currently has a project budget in excess of $20 million to furnish ad-
VISOry services on a cost basis, its charter precludes the acceptance of fees for
its services. This restriction is entirely appropriate, for the Academy acts as
an impartial adviser and moderator on scientific and technological matters

*Deceased April 27, 1969.

Jated to the national interest. Provision is made, however, for the payment
related to

' isers as the operating costs of

of travel and subsistence costs of advisers as well as t
1 1ats.

Co?}:nl:t\::t:;ztjcadcmy of Sciences was modestly funded béfore World
War I. It lacked even a building of its own, and met in the Smithsonian .In—
stitution, whose hospitality dated back to the days of .Joseph Henry. Durmg
World War I friends of the Academy decided that it shou.ld bave its ox‘avn
home in Washington as well as an endowment that would gIIVC. 1.t b_Oth.a sig-
nificant degree of independence and means for taking some initiative in de-
termining the course of its work. These friends preéent.ed to the Academy a
gift of land at what is now 21st Street and Constitution Avenue', :'md the
Carnegie Corporation of New York contributed $5 1111111'011. for F)ulldmg and
endowment. The latter gift, with its subsequent appreciations in monetary

value was, until recently, the only source of unrestricted income.
r 4

. .. from the foundations, unrestricted funds

In 1967, in response to the Academy’s appeal, the Rockefeller Foundation and
the Ford Foundation responded generously with gifts of $1 million and $5
million respectively. Later in that same year, the Academy received grants
from the Sloan Foundation in the amount of $1 million and from the Com-
monwealth Fund in the amount of $500,000.

President Seitz announced that the Academy would use the increased in-

come from endowment funds in several ways: (1) to undertake vital new

Mme. Marie Curie and President Herbert Hoover
in the doorway of the Academy, October 30,
1929.




programs that have not yet won popular support; (2) to underwrite the con-
tinuity and objectivity of its work through the independence offered by the
immediate availability of unrestricted funds; (3) to strengthen the Academy’s
ability to accept a responsible and responsive role in its scientific and social
environment, both nationally and internationally; (4) to improve the ca-
pability of the Academy staff to support and carry out new programs and
tasks, and generally to facilitate the work of the divisions of the Research
Council; and (5) to foster the growth and development of the Academy asan
institution of broad purpose.

The need for endowment funds continues.

With growth, the need for greater space . .

Need for additional physical facilities to accommodate the expanding ac-
tivities of the National Academy of Sciences first made itself felt during
World War II, when the Academy quickly outgrew the space at 2101 Consti-
tution Avenue. By 1948, it had rented space in a number of office buildings
throughout Washington to accommodate the staff involved in special ad-
visory studies.

It responded further to its growing need for space by constructing two new
wings to the main building, the east wing in 1962, the gift of the Equitable
Life Assurance Society of the United States, and in 1965, the Physical Sciences
and Engineering Wing, made possible by support provided by industry and
several foundations. In order to bring together the scattered offices of the
National Research Council, the Academy now occupies, on long-term lease
from the George Washington University, the Joseph Henry Building, erected
in 1966-1967 at the Academy’s behest, at 21st Street and Pennsylvania Ave-
nue, about one-half mile from the Academy headquarters. With the com-
pletion of its memorial auditorium—begun in 1968—as the final part of the
quadrangle on Constitution Avenue, the Academy’s physical plant will for

the first time since World War II come close to meeting its needs.

including a place for summer studies

In 1956 the Academy instituted, on a provisional basis, a summer study pro -
gram at Woods Hole, Massachusetts, using the Little Harbour Farm estate
of the Whitney family. The first study was in response to a request from the
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Centennial Convocation of the National Academy of Sciences, October 22, 1963. Left to
right: Jerome B. Wiesner, Science Adviser to the President; President John F. Kennedy;
Detlev W. Bronk, President of the Rockefeller University and Chairman of the Centennial
Committee; Frederick Seitz, President of the National Academy of Sciences.

Navy for assistance in planning its anti-submarine research and development
program and related matters for the next decade. The success of this sum-
mer session was such that other groups closely tied to the Academy requested
similar services in subsequent summers. As a result, the Academy has main-
tained, on a continuing basis, a Summer Study Center at Woods Hole, which
has served effectively in response to a variety of requests for use of the Center.
Most of the studies conducted there are identified with a field or topic on
which the Academy has an advisory committee.

The engineers establish their own academy . . .

The growing importance of engineering had long been recognized by the
National Academy of Sciences. At about the time the National Research
Council was being established, the membership structure of the NAS was
reorganized to include an Engineering Section. The Research Council itself
included first a committee on engineering, and following the Executive Order
of May 11, 1918, a Division of Engineering and Industrial Research. Never-

theless, as the engineers continued to play an ever growing role in relation to
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, could not be expected to be ade-
ge and diverse community of engineers.

years after the establishment of the Nationa]
ressional charter, the National Academy of
Engineering came into being under the original charter, and within the

general organizational framework of the NAS. Officers headed by Augustus
B. Kinzel, the first president

Thus, slightly more than 100
Academy of Sciences by Cong

of the NAE, were elected to serve for 4 term
ending April 1966. Eric A. Walker, the second NAE president, was el

ected
to succeed Dr. Kinzel.

The new National Academy of Engineering was established as an auton-

omous organization, parallel and coordinated with the National Academy
of Sciences. Both academies avail themselyes of the staffand facilities of the
National Research Council. The program and objectives of the National
Academy of Engineering are set forth in detail in its own literature.

Boards are responsive to /ar(ge problems .

From time to time, large problems of 4 continuing nature suggest the need

for a broader attack. In such cases, the Academy may appointa board to over-
see a structure of committees and panels operating within the board. Over
the years many boards have exercised decisive influence in their respective

areas, including the Food and Nutrition Board, the Drug Research Board,
the Agricultural Board, and the Space Science

Recently, the Academy established three new
spicuous national needs,

The NAS Board on Medicine was formed late in 1967 to help bring about

Wide—ranging improvements in the capacity of medical research and practice
to meet national health needs. Reflecting t
attaches to problems in this area, the Boar
member Council of the Academy.

Board, to name but 2 few.

boards in response to con-

he great importance the Academy

d reports directly to the seventeen-

Typical questions the Board has considered relate to: the quality and per-
formance of medical care; how medical knowledge is used, kept up to date,

and taught; the ethical and legal implications of human experimentation; and

he role of medical schools and other biomedical institutions in meeting the
the role

problems of rural and urban slums.

. . . Computer sciences are interdzsaplmary

Responding to the increasing influence of computers on the indslvhldual zzj
on society, the Academy established in mid-1968 a Computer Science
ineering Board. |
Enlilzfizofncing the formation of the new 12-member Bo.ard? Presfe}rllt
Seitz declared that its mission would be “to assess the complmcatmns 0 t e
enormous and somewhat heterogeneous growth of mformatmn proce‘ssmg
technology as it affects the public and private sector‘s of ou.r nétlon. It w1llr13§
expected to take a broad view of this subject and Oflt_s apgllcatlons to resea X
and education in other branches of science and engineering as WC,H as, ’to ;he
workaday needs of government, commerce, industry, and education. (The

Board is supported by both private and governmental organizations.)
o

. . . as are environmental studies

In response to increasing national concern about the qual.ity olf the ;nwroz—f
ment, the National Academy of Sciences and 'the Nat1011alAea el:y i,
Engineering established an Environmental Studies Board C?I' ydm1 19 :ﬁhat
announcing the new Board, the presidents of the two academ.les sc a.relimr
a major purpose was to provide a national focus for broad inter .1sc1p ‘t}i
efforts toward reducing or controlling pollution and other env1ronmven :1
problems. The Board also coordinates all activities of the tW.'O academies in
this area and works directly with the legislative and executlhve branches of
the Government in attacking related problems and in initiating broad new
studies when necessary. | ;
Five of the eight divisions of the National Research Council are.curren zf
studying problems directly concerned with pollution of ehe en\.lclironmfen(.i
Typical problems studied include potential effects of pesticide resi ues., 00 :
chemicals, hazardous materials, sonic boom, effects of low concentration o
carbon monoxide, and behavioral science aspects of environmental cbange.
Also relevant is the work of committees on water, atmospheric sciences,

geography, food protection, and toxicology.

II
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A meeting in the Board Room.

Most academies have similar functions . . .

The National Academy of Sciences, through the National Research Council,
performs the functions common to most academies of science around the
world. It renders a variety of services on behalf of the scientific community,
such as the publication of journals and reports, the organization of symposia,
the recognition and award of outstanding contributions to science. In the
Geld of international science, where academies of science have traditionally
played a strong role, the Academy has a wide variety of programs that include
participation in international scientific undertakings, the development of
working relationships with other academies, participation in the work of the
international unions, cooperation in world-wide scientific undertakings such
as the IGY, and—in recent years especially—assistance to developing nations
in the fields of science and technology.

In an overall sense, the Academy is concerned with the continuing health
and viability of science and its applications from the viewpoints of both the
scientific community and society as a whole. Its continuing objectives, of
course, are to encourage the acquisition of knowledge and to facilitate its use

in the solution of the major problems that confront mankind.

.. . for the NAS a unique role

The National Academy of Sciences differs markedly from the academies of
Europe in one very important respect, however, and that is in the nature and
extent of its role as adviser to the Government. It does not maintain its own
laboratories or direct research programs of its own, as do, for example, the

four principal academies of the Federal Republic of Germany or the Academy

13
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of Sciences of the U.S.S.R. Because the advisory role of the Academy in the
United States is in many respects unique and not too well understood, this
aspect of its work is discussed here in some detail.

As indicated earlier, the charter from Congress declares in very general
terms: That the National Academy of Sciences shall, whenever called upon by any
department of the Government, investigate, examine, experiment and report upon
any subject of science or art . . .

The Academy thus has a mandate to respond to requests for advisory services
from the President of the United States, Congress, and the several departments
and agencies of the Executive Branch. It may also take the initiative in bring-
ing to the attention of the appropriate agencies of government problems af-
fecting the national interest that science and technology could help to solve.
The Academy may respond to requests for advisory services from private

organizations as well as from the Federal Government.

The Academy advises on many problems .

The rapid growth of science and technology in the period following World
War II has greatly broadened the interface between science and technology
and the national interest. In 1961 Professor G. B. Kistiakowsky, who had been
Special Assistant for Science and Technology to President Eisenhower in
1959-1960, proposed that the Academy establish, on a continuing basis, a
policy advisory committee composed of Academy members to study policy
matters of national and international interest related to science and its

applications.

. involving science and public policy

The Council of the Academy accepted Professor Kistiakowsky’s recom-
mendations and in 1962 established the Committee on Science and Public
Policy (COSPUP) with a membership in which all sections of the Academy
are represented. The committee’s first study, initiated by the Academy itself
and financed by the Population Council, was addressed to the problem of the
uncontrolled growth of human population. Its first report, The Growth of
World Population, dealt with social and economic factors as well as biomedical
aspects. Following its appearance there was an increase in the Federal support

of research in fertility regulation. This marked a change in attitude on the

part of the Federal Government, which had been reluctant to support or urge
such work.

In 1964 the Academy accepted a Congressional request to provide con-
tinuing advice to the House Committee on Science and Astronautics through
the Committee on Science and Public Policy. In fulfillment of that mission,
COSPUP submitted two major reports to the House Committee: Basic Re-
search and National Goals (1965), and Applied Science and Technological Progress
(1967).

A function of COSPUP ofspecial interest to the scientific community is the
surveys of specific fields* of science with subsequent recommendations to the
Federal Government of appropriate support levels and indentification of
neglected and promising areas of research. Panels of experts have been ap-
pointed by the Committee on Science and Public Policy to survey and report
upon a variety of fields including: ground-based astronomy, chemistry,
physics, plant sciences, mathematics, and the life and behavioral sciences.

Periodic revisions of these reports are contemplated.

. and the general welfare

The Committee on Science and Public Policy is a permanent, continuing
group responsible directly to the President and the Council of the Academy.
Other groups, some long-term but many ad hoc in nature, have been estab-
lished within the divisions of the National Research Council in response to
requests for advice on specific problems, particularly those involving tech-

nology and the general welfare. A few of the more recent ones are cited by
way of illustration.

In 1964, Dr. Donald Hornig, Science Adviser to the President, formally asked
the Academy to establish a committee to meet a request from President
Johnson for a “comprehensive scientific and technical account of the Alaskan
earthquake and its effects.” This was the disastrous “Good Friday Earth-
quake” of March 27, 1964, which created such widespread death and dev-
astation in Alaska. A 12-man committee was established under the NRC
Division of Earth Sciences, and two and one-half years later it began to pub-
lish, one volume at a time, a 10-volume report covering not only the scientific

and technical aspects of the catastrophe but “the human drama” as well. It

*See Appendix for list of reports.
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is expected that this definitive report will prove as enduringly useful as the
report of the Carnegie Institution of Washington on the 1906 San Francisco

earthquake.

In anticipation of problems that might arise in connection with the develop-
ment of a supersonic air transport vehicle, the White House requested the
Academy in 1964 to . . . plan an expanded sonic boom program, specify the
tests that may be desirable, monitor the program and analyze the data derived
from the tests. . . .” The Academy’s Committee on the SST-Sonic Boom,
with a number of specialized panels, has been assisting the Government in
the design of research experiments to yield meaningful data on the physical
and psychological effects of sonic booms that might be generated by com-

mercial supersonic transport aircraft.

When interdisciplinary problems arise, two or more divisions may cooperate
by appointing committees to work together on their solution. For example,
the Department of Housing and Urban Development turned to the academies
for advice and help in developing its research and development program. Two
paralle] committees were established, the Advisory Committee on Urban
Technology by the Division of Engineering and the Advisory Committee on
Social and Behavioral Urban Research by the Division of Behavioral Sciences,
to formulate recommendations regarding both the technical and social aspects

of a long-term research and development program for the Department.

The National Academy of Sciences has a long-standing tradition of science
advisory services to the military. When it was established in 1863 its founding
members expected, among other things, to advise the Government on
scientific and technical questions pertaining to the conduct of the war. This
expectation was not fully realized, partly because the Academy came into
being so late in the war and partly because the Permanent Commission of the
Navy Department, appointed earlier, performed many of the functions that
the Academy might otherwise have been expected to perform. In the World
War I period the Academy rose to meet the situation by creating the National
Research Council in order to bring the whole broad range of the nation’s
scientific and engineering talent to bear on the war effort.

During World War I, the energies and activities of the National Academy

of Sciences and the National Research Council were absorbed by the war

Photograph by Fritz Goro, courtesy of LIFE; © Time Inc.

Scientists examining core sample from ocean bottom, Project Mohole test drilling.
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effort. Because the Academy as a private institution lacked adequate funding
of its own, it was not equipped to act as an operating agency; that role was
undertaken by the Office of Scientific Research and Development. Academy
members were, however, actively involved in the organization of the OSRD
and its programs. Many research projects, particularly in the fields of metal-
lurgy, ordnance, and military medicine, were carried out by the divisions of
the National Research Council under contract to the OSRD, which provided
the necessary funds.

During the uneasy peace that followed, the Academy continued to play a
significant advisory role in national security. Standing committees in the
fields of undersea warfare, emergency planning, civil defense, military per-
sonnel supplies, as well as various aspects of military medicine enable the mili-
tary services to benefit from the consultation of several hundred active
research personnel. In addition, a number of large ad hoc studies have been

undertaken to assist individual services in long-range planning.

For some projects, the NAS is especially suited . . .

Many of the projects undertaken by the Academy are of such a nature that

the Academy is uniquely qualified to assume responsibility for them.

An excellent example is the Atomic Bomb Casualty Commission, established
in 1946 at the request of President Truman for the purpose of studying the
effects on survivors of the atomic bombs that were dropped on Hiroshima
and Nagasaki. It is also one of the few instances in which an Academy group
directly performs research. With the consent and cooperation of the Japanese
Government, the ABCC has been working in Japan for more than 20 years,
interviewing survivors, maintaining medical histories, conducting autopsies
with the permission of relatives, and in other ways assembling a detailed
clinical record of the bomb effects on those who were within the radii of the
two nuclear blasts. The Research and Study Clinics in Hiroshima and Nag-
asaki are operated by the Academy.

Another long-term project is represented in the work of the Medical Follow-
up Agency, in the Division of Medical Sciences, which makes research use of
the medical histories of 22 million men who served in the Armed Forces

during the first and second World Wars and the Korean War. A project of

the Agency that has attracted widespread interest is the twin registry—a ros-

ter of 16,000 pairs of male twins compiled from the medical and vital statis-
’

tics records of World War II veterans. The registry provides a major new re-

source for studying the relative influences of environment and heredity on

chronic disease.

In an altogether different area, the Highway Research Board of the National
Research Council has, since 1920, played a central advisory role in the plan-
ning of the national highway network. In 1958, at the request of the American
Association of State Highway Officials (AASHO), the Board launched a two-
year national highway test, carried out at a cost of more than $27 million. It
was the largest such test ever undertaken and provided performance date that
were useful not only in the construction of the Federal Interstate Highway
System, but also as the basis for Federal highway cost allocation and user

tax legislation.

In the broad field of maritime transportation, the Maritime Transportation
Research Board exists, as its name implies, to stimulate, correlate and advise
on research needs and applications. In 1957 the Board commenced a five-year
study of factors affecting turn-around time of general cargo ships in the San
Francisco Bay area. With cooperation from both the Longshoremen’s Union
and the Pacific Maritime Association, reports were produced showing how
productivity could be increased and costs lowered without increase in ex-
pended energy. This study™* had a catalytic effect on the negotiations between
unions and shippers for a pioneering mechanization and modernization

agreement.

The advent of “big science,” with its large appropriations, has caused the
scientific community to fear that the location of major new facilities would
become the subject of intense regional rivalries. When it became clear in
1964, for example, that continued U.S. progress in the field of high-energy
physics would require the construction of a 200-BEV accelerator, the Acad-
emy took the initiative in attempting to head off the anticipated controversy
regarding the site location. President Seitz called a meeting of the presidents

of the universities most active in this field of research and a committee was

*San Francisco Port Study. Maritime Cargo Transportation Conference, 1964. Two volumes: 158 pp. Pub.
1140A; 166 pp. Pub. 1140B.
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formed which later became Universities Research Association, Incorporated.
The corporation offered its services to the Government for the establishment
and administration of the accelerator project at such time as it might be
funded by the Congress. In the meantime, at the request of the Atomic
Energy Commission, an Academy committee recommended to the Com-
mission six possible choices of a suitable site. From these six, the AEC made

its final choice of a site in Weston, Illinois.

The Acaa’emy reviews the progress ofscience .

The Academy itself sees as one of its own major responsibilities the contin-
uous critical review of progress in science and engineering and the identifi-
cation of developments that may offer potential solutions for national and
international problems. A significant part of this process is the noting of gaps
and the recommendation of appropriate measures for filling them.

In the years since World War II, particularly, the Earth, its seas, the skies,
and the space beyond the skies have come under the Academy’s surveillance.

A good example is the field of oceanography, to which the Academy has
directed its attention over the last four decades.

In May 1957, Detlev W. Bronk, then President of the Academy, named a
Committee on Oceanography headed by Harrison Brown, Professor of
Geochemistry at the California Institute of Technology. The committee,

which received financial support and full cooperation from Federal agencies

R e

Foreign Secretary Harrison Brown (second from left) confers with U.S. and Philippine
scientists on economic development.

with relevant interests, produced a report, Oceanogr aphy 1960‘197_ 0, V_VhiCh
set forth a 10-year program covering every phase of oce.anographlc sc1e.11§€,
technology, and education. The report stimulated much interest and act1v1t.y
in both the legislative and executive branches of the Government. Thc'a Pr.esx-
dent’s Science Advisory Committee considered and endorsed the objectives
of the report and commended it for action to the newly esFabhshfx'i Federal
Council for Science and Technology. Much of the current interest in oce:.m—
ography, as well as ongoing programs being supported by Federal agencies,

stem directly from the recommendations of the Brown Committee.

It should be noted, moreover, that this committee built upon the fou.nda-
tions laid by two earlier Academy committees. The Bigelow Con'mnttee,
appointed in 1927, made recommendations that resulted .m tbe e.stabhshment
and endowment of the Woods Hole Oceanographic Institution in Massachu-
setts, with funding from the Rockefeller Foundation. Facilities on the West
Coast were also expanded by the construction of an important new labora-
tory on the campus at La Jolla, California. As a further result of the Blgelow
Report, funds were available during the thirties for growth and expansion of
oceanographic research and technology in sea warfare.

A second committee headed by Detlev W. Bronk in the post World War
II period produced a new report, Oceanography 1951, but the long-range pro-
gram it recommended could not be fully realized because of the Korean War.
Oceanography received further great impetus from the International Geo-

physical Year program, which included many oceanographic studies.

The Academy directed its attention toward another neglected field—the =~ ATMOSPHERIC

: : : i SCIENCES
atmospheric sciences—when it established a committee on meteorology in

1956 under the chairmanship of Lloyd V. Berkner. This committee found

notable deficiences in meteorological education in the United States and in
manpower trained in that field. The committee’s major recommendation—
the establishment of a national facility for fundamental research and training
in the atmospheric sciences—was realized when the National Center for
Atmospheric Research was established at Boulder, Colorado in 1960 by a
consortium of universities with support from the National Science Founda-
tion. The Committee on Meteorology, which had been expanded and re-
named the Committee on Atmospheric Sciences, also anticipated the growing
potentialities for weather and climate modification and appointed a panel to

consider problems in that area. A special committee was formed in 1968 to 21
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consider the general circulation, basic to any major advance in prediction or
control. This is the U.S. Committee for Global Atmospheric Research Pro-

gram 5

In the wholly new field of space research, the National Academy of Sciences
has played a key advisory role since the beginning. Following its involvement
with the International Geophysical Year and its initiation of the early satellite
program (see pages 2§ and 26), the Academy in 1957 established the Space
Science Board which made recommendations with respect to the establish-
ment of the National Aeronautics and Space Administration and has advised
the Government on the scientific aspects of the space program since then.

For example, the Space Science Board, after an extensive study, issued a
report, National Goals in Space, 1971-1985, recommending that after the
manned landing on the moon attention be focused on unmanned planetary
exploration with early emphasis on Mars. A supplementary study of com-
parable scope was held at Woods Hole in 1965 and led to a definitive report,
Space Research: Directions for the Future. Other major studies have dealt with
radiation, physiology, exobiology, the inner planets, and the physics of near
space. The Board has looked at such problems both from the approaches of
those best achieved through ground-based devices and those possible only
through space tools, as suggested in the study on ground-based planetary
astronomy.

In 1968 the Academy, in cooperation with Rice University, agreed to help
establish and to operate in its initial phases, the Lunar Science Institute. The
purpose of the Institute, which will be constructed on a site adjacent to the
Manned Spacecraft Center at Houston, is to provide a center for all scientists
interested in lunar research, especially those concerned with lunar specimens.
To this end, the Academy was requested, as a disinterested national organiza-

tion, to serve as sponsor.

As early as 1919, the Academy had recognized that the geophysical sciences
had a significant future in a nation that spanned a continent possessing highly
diversified geological features. To stimulate and encourage interest in these
fields, the Academy created the American Geophysical Union within its own
structure. The AGU still retains its ties with the Academy, but over the years
it has grown increasingly autonomous. Membership, initially limited to 65, is

now about 9,000 and embraces a dozen or so fields.

In 1960 the Academy established a Geophysics Research Board to pursue
opportunities that had evolved during the IGY and which were being spon-
sored internationally by the ICSU. These activities included the Years of the
Quiet Sun (1964-1965), the Years of the Active Sun (1969-1970), the Upper
Mantle Project (see page 26), and the international exchange of geophysical
data through the ongoing ICSU World Data Centers. Plans are also under
way for participation in international endeavors in the early 7os concerned
with solar-terrestrial research and with the solid Earth. Another function of
the Board is to integrate the various geophysical activities throughout the
NAS-NRC. Several committees in the Earth Sciences Division, as well as the
Space Science Board of the Physical Sciences Division, are concerned with
the ways in which knowledge of the physics of the earth can be enhanced
through the use of instrumentation, either now in being or potentially avail-
able. Recently developed instruments, with almost limitless potentials for re-
search in the earth sciences and in agriculture as well, are the multispectral
reconnaissance devices now being employed on high-flying aircraft and or-
biting spacecraft for the remote sensing of agricultural and geophysical
features of the earth. Among the advantages are speed, which makes possible
almost simultaneous coverage of the entire globe; latitude, which provides
synoptic coverage of large areas and, in some cases, costs lower than those of
more conventional techniques. Such devices are potentially important in
oceanography for measuring surface water temperatures in large areas; in
volcanology for detecting incipient volcanic activity; and in structural geol-
ogy for penetrating sky cover and haze by the use of radar bands. The ge-
ographers are finding many other uses for these devices in such areas as energy
and water balance, vegetation and soils, mapping, geomorphology, and

glaciology. The Board has produced several reports to guide the field.

Science is strongly international . . .

International cooperation is one of the oldest and strongest traditions of the
scientific community. The officers of the National Academy of Sciences have
always included a Foreign Secretary, and the Academy has been an active
Participant in the international organizations of science, of which the most
Important is the International Council of Scientific Unions. The Academy
serves as the body through which the United States adheres to 25 interna-

tional scientific unions and participates in the work of the ICSU and its 15
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Members of the Committee on the Alaska
Earthquake view a portion of Turnagain slide, south
of Anchorage, August 1964.

Launch of Lunar Probe No. 2, October
11, 1958, during International
Geophysical Year.

constituent unions as well as other major international councils and under-

takings.

In recent years, particularly, a number of major scientific undertakings have
been made possible by the cooperative efforts ofmany nations operating on a
global basis. The most significant of these, and one that has since given rise to
similar efforts in other fields, was the Internationa] Geophysical Year, lasting
from July 1, 1957 through December 31, 1958. This 18-month period was
devoted to the world-wide study of the phenomena of geology, oceanog-
raphy, glaciology, meteorology, astronomy, and many other fields. The
International Council of Scientific Unions, through its Special Committee
for the IGY (Comité-Spécial de I' Année Géophysique Internationale, or
CSAG]I), planned and directed the over-all effort, and the individual acad-
emies of sciences were responsible for developing the programs for their
respective nations. The U.S. National Committee for the International Geo-
physical Year, formed by the National Academy of Sciences, worked with
the National Science Foundation and other private and public agencies to
develop and carry out the U S. part of the program.

Much notable work was done in al] the fields of geophysical research, but
the programs that attracted the greatest public interest were the earth-circling
satellite program and the Antarctic research program. The earth-satellite
program, in which the Russians successfully launched their Sputnik, and in
which the inauspicious beginnings of our own Vanguard were followed by
the highly successful Explorer program, was the direct progenitor of the pres-
ent far-flung space program.

During the IGY, some dozen or more nations participated in the establishment
of scientific stations and observation posts at strategic places in Antarctica for
the purpose of making a wide variety of observations of geophysical phe-
lomena on the frozen continent. This vast cooperative effort, continuing on
into the post-IGY period, led to the Antarctic Treaty, which had the effect of
converting the whole of Antarctica into a scientific laboratory. The Treaty,
which was signed by 12 nations atWashington on December I, 1959, pro-
vides that Antarctica shall be used for scientific purposes only. Military instal-
lations and the testing of weapons are totally prohibited. The Treaty encour-
ages freedom of scientific investigation such as prevailed during the IGY and

Provides specifically for the exchange of scientific personnel between expedi-

THE IGY

THE
ANTARCTIC
TREATY

25




OTHER
WORLD-WIDE
INTERNATIONAL
PROGRAMS

206

tions and stations, and for the exchange of the results of Antarctic scientific

research and observation.

The success of the IGY and its related programs prompted scientists in other

r world-wide efforts. The International Biological Pro-

fields to plan simila
n 1963 by the Tenth General Assembly of

gram (IBP) was voted into being 1
the International Council of Scientific Unions. United States participation
y the U.S. National Committee on IBP under the National

was organized b
ing through a number of subcommittees, the

Academy of Sciences. Work
U.S. National Committee for the IBP has organized programs around such
topics as: productivity of terrestrial communities; production processes; con-

servation of ecosystems; productivity of freshwater communities; produc-

tivity of marine communities; human adaptability; use and management of

biological resources.
In still another area, some $2 countries are now participating in the Inter-

national Upper Mantle Project, an intensive program of research on the solid

Earth. The International Union of Geodesy and Geophysics, which proposcd

the coordination of various studies of the continents and ocean floors at its

X1ith General Assembly in 1960, is sponsoring the project with the coopera-
tion of other international unions. The United States progran 1s being di-
rected by the U.S. Upper Mantle Committee (an NAS committee of the
Geophysics Research Board established in mid-1963).

This world-wide undertaking has had three major phases: Phase I, an
Phase II, an “operational period” (1965-

organization period (1962—1964).
asized by the [UMC: 1) multi-

1967) of activity in the programs emph
discipline (geophysical-gcochemicai—geologicai) regional studies, including

terrestrial and oceanic geotraverses; 2) deep drilling for scientific purposes; 3)

studies of the world rift system; 4) studies of continental margins and island
arcs. Phase 1II, a final phase (1968-1970) to permit analysis of data and the
interpretation and reporting of results.

The International Hydrological Decade (1965-1975) 1s a global program
developed in response to growing world concern for the rapidly increasing
problems of water planning and management. It is being coordinated by
UNESCO. American hydrologists, in collaboration with the Federal Coun-
cil for Science and Technology, originated the idea, which was carried for-
ward by the National Academy of Sciences—National Research Council, the

American Geophysicai Union, and the International Association of Scientific

Hydrology. The U.S. Department of State transmitted it to UNESCO, and
international planning meetings, under its auspices, were held in 1963, and
1964 Nearly 100 nations are participating. The major components of the
U.S. International Hydrological Decade program are: 1) large-scale water
and water-borne materials balances; 2) river, lake, and ground-water systems;
3) hydrological processes and techniques; 4) education and training; and 5),
supportive and coordinating services. A project of special interest is the joint
U.S.-Canadian study of the problems of the Great Lakes, International i:ield
Year of the Great Lakes.

Science makes an important contribution to international understanding and
good will through its ability to transcend political differences and to kee
channels of communication open. This has been true throughout the last sevlj
eral centuries and at no time has science played this role more significantl
than in the years since World War II. s
Through a series of Inter-Academy Exchange Agreements, the National
Academy of Sciences and the Soviet Academy of Sciences have sponsored
exchange visits for scholars of their respective nations for purposes of stud
and research. The first such agreement, undertaken in 1959, was the Bronl:i
Nesmeyanov Agreement, named for the presidents of the two academies
Petlev W. Bronk and A. N. Nesmeyanov. With some short-lived interrupi
tions, the program has been operating successfully for nearly a decade now;
since 1966 similar exchange agreements have been signed with the academie;

of Yugoslavia, P g i ‘
goslavia, Poland, Czechoslovakia, Romania, and Hungary.

Qne of the urgent needs of a developing nation is to evolve a technology of
its own that will strengthen its economy and help it to become self-sufficient

The National Academy of Sciences, usually at the request of its own or an—.
other government, has been engaged in a series of studies designed to meet
the needs of emerging nations. In 1958, for example, at the request of the
International Cooperation Administration, a study was made to determine
ways in which science and technology could be used more eftectively in pro-
grams of assistance to the regions of Africa lying south of the Sahara and

north of the Republic of South Africa. Later a successor group, the Africa
Screnoe Board, was created to carry out various scientific projects and to
establish liaison with African scientific organizations. This group is now the

Afri i
rica Panel of the Board on Science and Technology for International De-
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velopment, which has recently been created to accommodate such programs
within the Office of the Foreign Secretary of the Academy.

A comparable effort in another part of the world is the Joint Committee on
Science Cooperation established in 1964 by the National Academy of Sciences
and the Academia Sinica of Taiwan to strengthen scientific competence in

the Republic of China.
In the Western Hemisphere, a Latin America Science Board was created in

1963 to provide advice, upon request, to the U.S. Coordinator of the Alliance
for Progress. Since its founding, the Board has developed recommendations
in agriculture, forestry, marine resources, engineering, anthropology, de-
mography, and public health. This Board is now the Latin America Panel of

the larger Board on Science and Technology for International Development.

e i

Autumn Meeting on the campus, University of Washington, 1965.

The Academy serves the scientific community .

In addition to responding to requests for adyice from public and prj

groups, the Academy is continuously engaged in inforination"rl(andprlvate
sentational activity on behalf of the scientific community. Such tqsk i rl:p;et
the publication of professional Journals and reports for scientist; msdmlC ul N
public; the organization of symposia; the convening of appro ri‘ate t'l(l .
ings in honor of distinguished visitors, and the granting ofsuitall))l gdzller—
distinguished scientists and engineers. e

The Academy functions in 2 dual role in relation to scientific information:

the one hand, as producer and distributor, and, on the other, as adviser to.tlin

.sclentiﬁc.community on procedures and techniques in the management o;

mformation produced by scientific research. The scientific information re

sultmg from the activities of the academies takes the form of scientific ‘chl

teiChmca.l feports, monographs, abstract journals, reviews, handbooks '(md

directories. M.any are produced as the result of continuing studies co,nl'er—

ences, symposia, and special summer studies, [See list of re rosent v

| p ative reports
For more than 50 years, the Academy has published the Proceedings in which

mCmbch, and SChOl’lrS S 1 y mem 1 ann 1nce t 1€ re
< pOI SO Cd b (&) | l)C S
(0] Ci
' > SultS OffCCCnt

Topics of Academy symposia, selected at random, suggest the breadth of jt
1concerns: world food supply, underwater physiology, photosynthesis robi
bems in spaoe research, environmental health, hyperbaric medicine, ihsect

ehavior, highway research, radio sciences, problems of drug deperidence
Organ transplants, desalination, performance concepts in building radiqtimi
research, permafrost, pest control. Many of these have resulted in,published

feports. In the course of an —_—
) ¢ age year the NAS-NAE- .
approximately 150 reports. NRC publishes

ture as 5 1
k. vyhole are numerous and varied. A Committee on Symbols, Units
ermin 1 |
E. ology, for example, coordinates the recommendations and views
major U, lenti 1 1zati (
. ) ; S. scientific and technical organizations concerned with the stand-
1zation of symbols, units, and nomenclature.,
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Through the Office of Documentation, the Academy participates in the
international effort to direct documentation management toward the mogt
efficient methods for the dissemination, storage, and retrieval of scientifie
information. At the request of the National Science Foundation, all existing
notation systems for the storage and retrieval of information relating to
chemical structure were studied; and the report™ that resulted provides infor-
mation about the applicability of modern methods to the handling of massive

volumes of chemical information.

In 1966, the two academies organized—again with National Science Founda-
tion sponsorship—a Committee on Scientific and Technical Communication
(SATCOM). This group provides, outside the Government structure, a forum
and clearinghouse of ideas for the scientific community generally, and par-
allels the Committee on Scientific and Technical Information, which pro-

vides for the agencies of the Federal Government.

Still another highly specialized service to science is rendered by the Institute of
Laboratory Animal Resources (ILAR) of the NRC Division of Biology and
Agriculture. The Institute was established in 1952 when it became apparent
that both the supply and the quality of laboratory animals was far below what
would be needed to meet the rapidly expanding research needs in the life
sciences. The Institute now includes committees that deal with such problems
as professional and technical education, standards of animal care (including
crating and shipping), sources of laboratory animals, animal research in ger-
ontology, laboratory-animal literature, nomenclature for random-bred ani-

mals, and research utilization of uncommon animals.

Basic to all is the training of scientists . . .

The training of scientists in adequate numbers to meet a growing and varied
demand is fundamental to continuing progress in science. It is, of course,
impossible to “train” the truly creative scientist, but it is possible to provide
the financial support and the environment that help such people to reach
their highest levels of creativity. The numbers in this group will always re-

*Division of Chemistry and Chemical Technology. Survey of Chemical Notation Systems. Pub. 1150, 1964,
472 pp-
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main small in relation to the total population, as is true in other fields of cre-
ative endeavor. Over and above this group, moreover, it is necessary to pro-
vide opportunity for many thousands of scientists and engineers to be well
trained to the doctoral level and beyond and for many technicians to be
brought along to support and reinforce their efforts.

For more than half a century, the Academy has fostered activities directed
toward strengthening and improving the nation’s reservoir of trained scien-
tists and toward the maintenance of systematic data that provide insight as to

where this nation stands with respect to a critical national resource.

In 1919, the Academy, with financial support from the Rockefeller Founda-
tion, launched the National Research Council Fellowships. These fellowships
made available to outstanding new PhD’s in the sciences opportunities to
conduct postdoctoral research at top-rank academic institutions before taking
up the more routine tasks of academic or industrial careers. Coming at a time
when this country was just beginning to concentrate on basic research, the
fellowships enabled a new generation of scientists to absorb the best tradi-
tions in such research in whatever part of the world these might be found. It
has been said that the present standing of the United States among the leading
nations in scientific research owes as much to the National Research Council
Fellowships (1919-1952) as to any other single factor.

In the period following World War II, when it was obvious that there
would be severe manpower shortages in both engineering and science, sev-
eral Federal fellowship programs came into being, of which the largest and
most important was that of the National Science Foundation. An NSF pro-
gram of scholarships and fellowships had been one of the strong recommen-
dations of Vannevar Bush’s report, Science, the Endless Frontier. The Founda-
dation turned to the Academy and its Office of Scientific Personnel to
administer the fellowship-selection process. During almost two decades the
Office of Scientific Personnel has screened many thousands of applicants at
predoctoral and postdoctoral levels and made recommendations to the
Foundation for final selection.

The Academy has also entered into cooperative arrangements with other
agencies of the Government for the administration of programs for research
associates and for the exchange with other countries of students, scholars, and
teachers. Through the Conference Board of Associated Research Councils,

for example, the National Research Council has playcd an active role in re-

commending each year a list of candidates to receive grants to travel abroad
and to lecture or do research under the Fulbright Program o
On béh:ilf of the National Aeronautics and Space Administration and in
cooperation with regional and national space organizations of other countrie
the National Research Council administers a graduate and postdoctoral fels,
lowshlp‘ program for foreign scholars at a limited number of participatin
US universities. In a similar way, it cooperates with the Agency for Intef
national Development to bring students to this country, particularly from the
developing countries, with a view to their acquiring capabilities in the use of
nuclear energy as a source of industrial power and for medical, biological
agricultural, and other processes. This program is under the en;ral g' ’f
the International Atomic Energy Agency. : e
In .thls cc?untry, the Academy took the initiative in the early fifties in
working with certain Federal agencies with large laboratories to develo
.p.rograms that would make these facilities available for the training of romIi
1sing young postdoctoral scientists. Such a program, it was agreed \Ijvould
also benefit the laboratories by providing the stimulus of fresh youn \’Norker
and a closer contact with university laboratories. The first progrfm of reS
search associateships was launched by the National Bureau of Standards in

1952 ini
952, and by 1967 the Academy was administering similar programs for a
dozen Federal laboratories. ‘

11.1 1'941 the Academy established the National Roster of Scientific and Spe-
cmh.zed Personnel to provide the nation with a systematic source of infir—
mation on highly qualified personnel. In the same year, and at the request of
the National Defense Research Committee, the Academy created the Office
of Scientific Personnel to carry out studies related to scientific and engineerin
m;.mpower. The National Roster eventually became the National Register ogf
Scientific and Technical Personnel, now maintained by the National Science
Foufldation. The Office of Scientific Personnel became an integral part of the
National Research Council with responsibilities for administering fellowshi
and associateship programs in science and engineering, for carrying out manli
power studies, and for conducting projects in the field of higher education
that are of broad concern to the Academy and to the nation.

A project of special usefulness has been the establishment of large banks of
manpower data, especially those concerning the holders of doctoral degrees

Coverin 1
g a time span of more than 40 years and containing information

MANPOW ER
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about some quarter million persons, these data banks are a unique national
resource. Properly maintained and expanded, they provide an unusual oppor-
tunity for extensive scholarly studies of trends in the various professional
fields. Research based on these files has led to a series of published reports on
such topics as the selection of fellows, PhD output of U.S. universities, and
career patterns of PhD’s in the sciences. The first comprehensive study of
postdoctoral education in the United States was begun in 1966 by the Office

of Scientific Personnel.

Two major studies were initiated by the Office of Scientific Personnel under
the sponsorship of the Conference Board of Associated Research Councils.
In 1954 and again in 1965, the Conference Board named a Commission on

Human Resources and Advanced Training to conduct studies under that gen-

eral rubric. The 1954 study resulted in the volume, America’s Resources of

Specialized Talent,* by Dael Wolfle, Director of the Commission. It pro-
vided one of the first integrated analyses of our national talent pool in areas re-
lated to science and engineering. The new Commission was charged with the
task of examining current factors affecting supply and demand in the field of
highly trained manpower in the United States. Under the leadership of John
Folger, Dean of the Florida State University Graduate School, the Commis-
sion’s findings were reported in 1967 and scheduled for publication late in

1969 by the Russell Sage Foundation.

A look forward . . .

As the Academy moved into its second century, several new patterns had
become clear. An earlier concentration on problems within the various sepa-
rate disciplines was giving way to an increasing involvement with broad-
gauge problems affecting not only the entire scientific endeavor but tech-
nology and social institutions as well. Evidence was plain in the number and
nature of the several multidisciplinary groups that had been established in
parallel to the divisions of the National Research Council. The Committees
on Oceanography and the Atmospheric Sciences, the Space Science Board,
and the Environmental Studies Board suggest the kind of problems that can-
not be met through the traditional disciplinary approach.

*Harper & Brothers, New York.

Of no less significance was the fact that as the Academy moved into new
areas at the widening interface of science and society, its leadership had be-
come increasingly aware of the need to establish closer and more effective
working relationships with leaders in other professional fields. This has been
accomplished in two major ways: (1) The Academy membership has recently
been broadened to include scholars in certain of the social sciences, and the
Research Council now includes among its affiliated societies those dealing
with the disciplines of sociology, economics, history, and political science.
(2) Membership in committees of the Research Council, which has long in-
cluded medical practitioners, now frequently includes practitioners in law and
management as well as researchers in a wide variety of interdisciplinary fields.

These trends have been dictated in large part by the growing concern with-
in the Academy over the deleterious results of certain technological advances
and the recognition that satisfactory solutions can come only through further
technological progress and enlightened social and political leadership. The

Academy’s ability to move quickly into these new problem areas is owing to

the generous support it has received—from several dozen government and




private agencies that share its concerns; to a small number of private founda-
tions whose generosity has made it increasingly possible for the Academy to
take independent initiative in nascent areas; to scores of sister academic and
research institutions that willingly make available their most accomplished
personnel; and to the many thousand individuals of great competence who
voluntarily lay aside their own endeavors to do the work of the Academy and
its associated National Research Council.

It would not be realistic to leave the impression that all the problems to
which the Academy has addressed itself admit of ready solution. Sometimes
months or even years elapse between the time an Academy committee makes
a series of recommendations and action results that might be traced to those
recommendations. Nevertheless, such seeming delays are part of the process
by which critical issues make their way into the public consciousness. During
these intervals there is time to build a constituency and to create a climate of
public opinion. The success with which these ends are achieved rests solidly
upon the professional stature and prestige of the advisory committees.

We have noted in the preceding pages that oceanography is a good example
of a “neglected” field of research that required several committees and many
years of effort to bring it into its own. In the area of population control, the
Academy took a positive position when this vital subject was being shunned
by governments generally and our own in particular. In the field of nutrition,
where no one authoritative body of an official nature functions, the Food and
Nutrition Board’s recommended dietary allowances, first published in 1943,
have come to be accepted as standard.

Thus the trials and efforts of the past, some successful and others less suc-
cessful, point the way to the future and offer hope for the solution of some of

the complex problems that vex our times.

“We have a modest part to play in history, and the barriers between us and the men of affairs, the
statesmen, the artists, the lawyers, with whom we should be talking, could perhaps be markedly
reduced if more of them knew a little of what we were up to, knew it with pleasure and some
confidence. . .. J. Robert Oppenheimer. The Centennial of the National Academy of

Sciences, 1963. 37




The Joseph Henry Building, new home of the National Research Council.

“By their fruits . . .”

Much of the work of the National Academy of Sciences-National Research
Council results ultimately in published reports, many of which enjoy wide
circulation. The divisions and offices of the NAS-NRC have contributed the
following lists of representative reports illustrative of the kind of tasks that
are undertaken. The titles (some of which are out of print) represent only a
fraction of the published works, which in over a century number in the thou-

sands.

COMMITTEE ON SCIENCE AND PUBLIC POLICY

The Growth of World Population. Analysis of the Problems and Recommendations for Research
and Training. Pub. No. 1091, 1963, 38 pp., paper, $1.00.

Federal Support of Basic Research in Institutions of Higher Learning. Pub. No. 1185, 1964, 98 pp.,
paper, $2.00.

The Growth of U.S. Population. Analysis of the Problems and Recommendations for Research,
Training, and Service. Committee on Population, Pub. No. 1279, 1965, 25 pp., paper,
$1.25.

Basic Research and National Goals. A Report to the Committee on Science and Astronautics,
U.S. House of Representatives, by the National Academy of Sciences, March, 1965,
336 pp. (Out of print).

Applied Science and Technological Progress. A Report to the Committee on Science and Astro-
nautics, U.S. House of Representatives, by the National Academy of Sciences, June,
1967. U.S. Gov't. Ptg. Off.,Washington, D.C., 434 pp., paper $1.50.

Ground-Based Astronomy, A Ten-Year Program. A Report Prepared by the Panel on Astro-
nomical Facilities for the Committee on Science and Public Policy of the National
Academy of Sciences. Pub. No. 1234, 1964, 105 pp., paper, $4.00.

*Chemistry: Opportunities and Needs. A Report on Basic Research in U.S. Chemistry by the
Committee for the Survey of Chemistry, National Academyof Sciences—National Re-

search Council, Pub. No. 1292, 1965, 222 pp., paper, $5.00.



*Physics: Survey and Outlook. A Report on the Present State of U.S. Physics and its Require-
ments for Future Growth, by the Physics Survey Committee, National Academy of
Sciences-National Research Council. Pub. No. 1295, 1966, 119 pp., paper, $5.00.

The Plant Sciences Now and in the Coming Decade. A Report on the Status, Trends, and Require-
ments of Plant Sciences in the United States, by the Panel on the Plant Sciences for
the Committee on Science and Public Policy, National Academy of Sciences. Pub.
No. 1405, 1966, 167 pp., paper, $5.00.

Digital Computer Needs in Universities and Colleges. A Report of the Committee on Uses of
Computers. Pub. No. 1233, 1966, 176 pp., paper.

*The Mathematical Sciences: A Report by the Committee on Support of Research in the Mathe-
matical Sciences of the National Research Council for the Committee on Science and
Public Policy, National Academy of Sciences. Pub. No. 1681, 1968, 256 pp., paper, $6.00.

*The Mathematical Sciences: Undergraduate Education. A Report by the Panel on Under-
graduate Education in Mathematics of the Committee on Support of Research in the
Mathematical Sciences of the National Research Council. Pub. No. 1682, 1968, 113
pp-, paper, $4.25.

*The Mathematical Sciences: A Collection of Essays. Edited by the Committee on Support of
Research in the Mathematical Sciences with the assistance of George A. W. Boehm.
Published for the National Academy of Sciences by The M.LT. Press, Cambridge,
Mass., 1969.

*The Behavioral and Social Sciences: Outlook and Needs. A Report by the Behavioral and Social
Sciences Survey Committee, 1969, 320 pp., case $7.95, paper $1.95. (Available from
Prentice-HallInc., Englewood Cliffs, New Jersey.)

*See also the Divisions of Behavioral Sciences, Chemistry and Chemical Technology, Mathematical Sci-
ences, and Physical Sciences.

DIVISION OF BEHAVIORAL SCIENCES

*The Behavioral and Social Sciences: Outlook and Needs. A Report by the Behavioral and Social
Sciences Survey Committee, 1969, 320 pp., case $7.95, paper $1.95. (Available from
Prentice-Hall Inc., Englewood Cliffs, New Jersey.)

A Strategic Approach to Urban Research and Development, Social and Behavioral Science Con-
siderations. A Report by the Committee on Social and Behavioral Urban Research, Pub.
No. 1728, 1969, 100 pp., paper, $3.50.

A Program for Outdoor Recreation Research. A Report on a Study Conference conducted June
2-8, 1968, for the U.S. Department of the Interior, Bureau of Outdoor Recreation, Pub.
No. 1727, 1969, 90 pp., paper, $3.00.

Behavioral Sciences and the Federal Government. A Report by the Advisory Committee on Gov-
ernment Programs in the Behavioral Sciences, Pub. No. 1680, 1968, 107 pp., paper,
$3.50.

Communications Systems and Resources in the Behavioral Sciences. A Report by the Committee
on Information in the Behavioral Sciences, Pub. No. 1575, 1967, 67 pp., paper, $2.50.
Behavioral Science Research in New Guinea. A Report of a Conference held August 18-25,
1965, sponsored by the Committee on Research in theWestern Pacific, Pub. No. 1493,

1967, 141 pp., paper, $7.50.

*For the Committee on Science and Public Policy.

DIVISION OF BIOLOGY AND AGRICULTURE

An Evaluation of the Salmonella Problem. Publication No. 1683, 1969, 216 pp., $6.00.

Report of the Pesticide Residues Committee, June 1965.

Recommended Dietary Allowances, Pub. No. 1694, 1968, 101 pp., paper, $1.75. Latest in a con-
tinuing series initiated by the Food and Nutrition Board in January 1943 with No. 122,
Reprint and Circular Series.

Pre-School Child Malnutrition, Pub. No. 1282, 1966, 355 pp., cloth, $7.50.

Principles of Plant and Animal Pest Control, Volume 1: Plant Discase-Development and Control,
Pub. No. 1596, 1968, 205 pp., paper, $4.75.

Principles of Plant and Animal Pest Control, Volume 2: Weed Control, Pub. No. 1597, 1968,
476 pp., paper, $8.00.

Scientific Aspects of Pest Control, Pub. No. 1402, 1966, 470 pp., paper, $5.00.

Studies on Foot-and-Mouth Disease (Estudios Sobre Fiebre Aftosa), Pub. No. 1343, 1966, 180 pp.,
paper, $5.00.

Food Chemicals Codex, Pub. No. 1406, 1966, 846 pp., cloth, $25.00 (with supplements).

Standards and Guidelines for the Breeding, Care and Management of Laboratory Animals:

Chickens. ILAR Subcommittee on Avian Standards, Pub. No. 1464, 1966, 36 pp., paper,
free.

Nonhuman Primates. ILAR Subcommittee on Primate Standards, Pub. No. 1677, 1968,
52 pp., paper, $2.50.

Cats; Dogs; Mice; Rats; Hamsters; Guinea Pigs; Rabbits. ILAR Committee on Standards,
1957-1966. (Standards are mimeographed separately.)

Use of Drugs in Animal Feeds. Proceedings of a Symposium, Pub. No. 1679, 1969, 407 pp.,
paper, $8.50.

DIVISION OF CHEMISTRY AND CHEMICAL TECHNOLOGY

Laboratory Planning for Chemistry and Chemical Engineering, Harry F. Lewis, Ed., Reinhold
Publishing Company, New York, 1962, 536 pp., cloth, $23.00. (Out of Print).

Survey of Chemical Notation Systems, Pub. No. 1150, 1964, 472 pp., paper, $7.00.

High-Temperature Chemistry: Current and Future Problems, Pub. No. 1470, 1967, 98 pp.,
paper, $3.00.

Specifications and Criteria for Biochemical Compounds, Second Edition, Pub. No. 1344, 1967,
540 pp., cloth, $10.00.

Uses of Electronic Computers in Chemistry, Report of a Conference held at Indiana University,
Bloomington, Indiana, November 1-2, 1965; January, 1967, 31 pp., paper, no charge.

Characterization of Macromolecular Structure, Pub. No. 1573, 1968, 410 pp., cloth, $15.00.

*Chemistry: Opportunities and Needs, Pub. No. 1292, 1965, 222 pp., paper, $5.00.

Chemical Structure Information Handling. A Review of the Literature, 1962-1968. Committee
on Chemical Information, Pub. No. 1733, 1969, 133 pp., $5.75.

*For the Committee on Science and Public Policy.
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DIVISION OF EARTH SCIENCES

Water and Choice in the Colorado Basin. Committee on Water, Pub. No. 1689, 1968, 107 pp.,
paper, $2.50.

Alternatives in Water Management. Committee on Water, Pub. No. 1408, 1966, 52 pp.,
paper, $2.00.

The Science of Geography. Ad hoc Committee on Geography, Pub. No. 1277, 1965, 80 pp.,
paper, $2.50 (Out of Print).

Rock-Mechanics Research: A Survey of United States Research to 1965, with a Partial Survey of
Canadian Universities. Committee on Rock Mechanics, Pub. No. 1466, 1966, 82 pp.,
paper, $3.00.

Drilling Thru the Earth’s Crust. AMSOC Committee, Pub. No. 717, 1959, 20 pp., paper, $1.00.

The Disposal of Radioactive Waste on Land. Committee on Waste Disposal, Pub. No. 519,
1957, 142 pp., paper, $1.00 (Out of Print).

Thermal Considerations in Deep Disposal of Radioactive Waste. Committee on Waste Disposal,
Pub. No. 588, 1958, 22 pp., paper, $1.00.

Correlation Charts. Committee on Stratigraphy. Eighteen charts published by the Geological
Society of America. (Publication began in 1942.)

Time and Stratigraphy in the Evolution of Man, A Symposium sponsored by the Division of
Earth Sciences, Pub. No. 1469, 1967, 97 pp., paper, $2.50.

Oceanography 1960-1970. Committee on Oceanography. Consists of 12 chapters, Washington,
D.C., 1959.

DIVISION OF ENGINEERING

Science and Technology in Support of the Puerto Rican Economy. Prepared by the Committee on
the Scientific and Technologic Base of Puerto Rico’s Economy, February 1967, 89 pp.,
hard copy, $4.00, micro, $1.00.

Useful Applications of Earth-Oriented Satellites: Report of the Central Review Committee. Final
Report of the Central Review Committee of the Summer Study on Space Applications,
1969, 34 pp., $2.00.

Report of the Ad Hoc Committee on Principles of Research-Engineering Interaction. Report pre-
pared by an ad hoc committee of the Materials Advisory Board. Parts I and II, July 1966,
400 pp., $3.00.

Long-Range Aerospace Manufacturing Development. Three-volume Report prepared by the
Committee on Aerospace Manufacturing Requirements of the Materials Advisory
Board, 1968. Vol. 1, Summary, Study Procedures and Discussion, 66 pp., with Appendixes;
Vol. 11, Base Metal Forms, Forming, Material Removal, and Joining, 363 pp., with Ap-
pendixes; Vol. III, Surface Conditioning and Treatment, Non-Metallic Fabrication, and In-
spection and Evaluation Techniques, 189 pp., with Appendixes, $3.00 each.

Tentative Skid-Resistance Requirements for Main Rural Highways. National Cooperative High-
way Research Program Report 37, written by H. W. Kummer and W. E. Meyer, of
Pennsylvania State University. Published by Highway Research Board, 1967, 80 pp.,
$3.60. [The National Safety Council has announced that the project on which this report
is based has earned the Award of Merit of the Metropolitan Life Awards for Research in
Accident Prevention as an outstanding contribution to safety in 1968.]

Scenic Easements—Legal, Administrative, and Valuation Problems and P

operative High R b rocedures. National Co-
'ghway Research Program Report 56, prepared by Donald T. Sut
of Donald T. Sutte, Jr., and Associ y . Sutte, Jr.,

. ates, and Roger A. Cunningham, of the University of
Michigan. Published by Highway Research Board, Pub. No. 1710, 1968, 74 pp. 36).,40

Lorzg—Ratzigeb Pla}rlznirgg Jor Urban Research and Development, Technological Considerations pre-

are the Committee ich

f,endixez, Y on Urban Technology, August 15, 1968, 53 pp., with Ap-

Permafrost: Proceedings of an International Conference. Building Research Advisory Board, Pub
No. 1287, 1966, 563 pp., cloth, $35.00. .

Radiation Preservation of Foods, Proceedings of an International Conference, Boston, Massachusetts
September 27-30, 1964. Advisory Board on Military Personnel Supplies, Pub. No. 1273:
1965, 424 pp., cloth, $9.00.

Management qf Lower—Extremity Amputees Using Immediate Postsurgical Fitting Technigues, pre-
pared for the Prosthetic and Sensory Aids Service, U.S. Veterans Administration, by
Ernest M. Burgess, M.D., Joseph E. Traub, and A. Bennett Wilson, Jr., with the co-

operation of the Committee on Prosthetics Research and Development, 1966, 43 Pp-
with Appendixes, $0.45.

DIVISION OF MATHEMATICAL SCIENCES

*The Mathematical Sciences: A report. Pub. No. 1681, 1968, 256 pp-, paper, $6.00.

*The Mathematical Sciences: Undergraduate Education. Pub. No. 1682, 1968, 113 pp., paper, $4.25

*The Mathematical Sciences: A Collection of Essays. Edited by the Committee on Supf’)ort of"
Research in the Mathematical Sciences with the assistance of George A. W. Boehm.
Published for the National Academy of Sciences by The M.LT. Press, Cambridge
Mass., 1969. ,

Guide to Tables in the Theory of Numbers, Derrick Henry Lehmer. Bulletin No. 105, February
1941, 177 pp., paper, $3.00.

Handbook of Mathematical Functions. Committee on Revision of Mathematical Tables. National
Bureau of Standards Applied Mathematics Series 55, 1964, 1060 pp., $6.50.

Guide to Tables in Mathematical Statistics. Committee on Statistics. Princeton
Press, 1962, 1014 pp., cloth, $8.50.

An Introduction to Traffic Flow Theory. Report of Special Committee on Publication of Selected
Information on Theory of Traffic Flow. Highway Research Board Special Report 79.
Pub. No. 1121, 1964, 149 pp., paper, $5.00.

University

*For the Committee on Science and Public Policy.

DIVISION OF MEDICAL SCIENCES

Accidental Death and Disabili ty: The Neglected Disease of Modern Society. Committee on Trauma
and Committee on Shock, 1966, 38 pp., paper, $0.35 (except in quantity).
Evaluation of Biomedical Research and Education in the Veterans Administration. Report to the 43
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Office of Science and Technology by Advisory Committee on the Survey of Research
in Education in the Veterans Administration, 1968, 75 pp-

Histocompatibility Testing. Report of 2 Conference and Workshop organized and carried out
by Committee on Tissue Transplantation. Edited by Paul S. Russell, D. Bernard Amos,
and Henry J. Winn. Pub. No. 1229, 1965, 192 pp., cloth, $6.00.

Postoperative Wound Infections: The Influence of Ultraviolet Irradiation of the Operating Room and
of Various Other Factors. Report of Ad Hoc Committee of the Committee on Trauma.
J. B. Lippincott Company, Philadelphia, supplement to August 1964 issue of Annals of
Surgery, 192 pp.

“Proposal for a Certified Standard for Use in Hemoglobinometry: Second and Final Report,”
in Blood 13: 1101-1100, 1958.

“Statement on Normal (Whole, Pooled) Human Plasma,” in Transfusion 8:57-59, 1968.
(Editorial)

E ffect of Exposure to the Atomic Bombs on Pregnancy Termination in Nagasaki and Hiroshima, by
J. V. Neel and W. J. Schull in collaboration with R. C. Anderson, W. H. Borges, R. C.

Brewer, S. Kitamura, M. Kodani, D. J. McDonald, N.E. Morton, M. Suzuki, K. Take-
shima, W. J. Wedemeyer, J. W. Wood, S. W. Wright, and J. N. Yamazaki. Atomic
Bomb Casualty Commission. Pub. No. 461, 1956, 241 pp., cloth, $2.00 (Out of Print).

Tropical Health: A Report on a Study of Needs and Resources. Pub. No. 996, 1962, 540 pp-,

cloth, $6.50.
IBRO* Survey ofRescarch Facilities and Manpower in Brain Sciences in the United States. Com-

mittee on Brain Sciences, 1968, 314 pp.

*International Brain Research Organization.

DIVISION OF PHYSICAL SCIENCES

*Physics: Survey and Outlook. Physics Survey Committee, Part 1, Pub. No. 1295, 1966, 119
pp-, paper, $5.00; Part 2, Pub. No. 1295A, 1966, 165 pp., paper, $5.00.

Progress in Scientific Radio: Fifteenth General Assembly of the International Scientific Radio Union.
U.S.A. National Committee of the International Scientific Radio Union, Pub. No.
1468, 1966, 371 pp., paper, $10.00.

Proceedings of the Third Symposium on Underwater Physiology. Sponsored by the NAS-NRC
Committee on Undersea Warfare and the Office of Naval Research. The Williams and
Wilkins Co., 1967.

Science in Antarctica Part I: The Life Sciences in Antarctica. Committee on Polar Research, Pub.
No. 839, 1961, 162 pp., paper, $1.50.

Science in Antarctica, Part IT: The Physim/ Sciences in Antarctica. Committee on Polar Research,
Pub. No. 878, 1961, 131 pp., paper, $1.50.

Natural Resources (in 7 parts). Committee on Natural Resources. Summary, Pub. No. 1000,
1962, 40 pp., paper, $2.00.

Renewable Resources, Paul Weiss, Pub. No. 10004, 1962, 127 pp., papet, $2.00.
Water Resources, Abel Wolman, Pub. No. 1000B, 1962, 35 pp., paper, $1.00.
Mineral Resources, Dean F. Frasche, Pub. No. 1000C, 1962, 32 pp-, paper, $1.00.
Energy Resources, M. King Hubbert, Pub. No. 1000D, 1962, 141 pp., paper, $2.00.

Marine Re.sources, Sumner T. Pike and Athelstan Spilhaus, Pub. No. 1000E, 1962, 8 pp
single copies free, in quantity, $0.50 each. , ’
Social and Economic Aspects of Natural Resources, Gilbert F. White, Pub. No. 1000G, 1962
53 pp-» paper, $2.00. ’ ,
New Uses for Low Energy Accelerators. A report by the Committee on Nuclear Science, 1968
oy ! s
Research in Solid-State Sciences: Opportunities and Relevance to National Needs. Pub. No. 1600
1968, 103 pp., paper, $3.50. . ’
Energy S)/stefms of Extended Endurance in the 1-100 Kilowatt Range for Undersea Applications
Committee on Undersea Warfare, Pub. No. 1702, 1968. .
The Fefmbx/tty of a Global Observation and Analysis Experiment. Committee on Atmospheric
Sciences, Pub. No. 1290, 1966, 172 pp., paper, $4.00.
Confererzce on Transportation Research Summary, Pub. No. 840, 1960, 88 Pp-» paper
Transportation Design Considerations, Pub. No. 841, 1961, 248 pp., paper.
U.S. Transportation: Resources, Performance and Problems, Pub. No. 841-S, 1961, 326
o , 1961, 326 pp.,
Space Research: Directions for the Future. S i
. Space Science Board, Pub. No. 140
—re 403, 1966, 637 pp.,
Solxd—E'art/z Geophysics: Survey and Outlook. Geophysics Research Board and Division of Earth
Sciences, Pub. No. 1231, 1964, 198 pp., paper, $4.00.
Waste Management and Control. Commi 1
! , tt P
o ee on Pollution, Pub. No. 1400, 1966, 257 pp., paper,

*For the Committee on Science and Public Policy.

OFFICE OF SCIENTIFIC PERSONNEL

High School Ability Patterns—A Backward Look from the Doctorate, Lindsey R. Harmon, 1965
74 pp. o
Profiles of Ph.D.’s in the Sciences. A summary report on follow-up of doctorate cohorts, 1935~
1960, Lindsey R. Harmon, Pub. No. 1293, 1965, 123 pp., $2.50. e
Fourteen Years of Research on Fellowship Selection. A summary by Lindsey R. Harmon, Pub
No. 1420, 1966, 39 pp., $1.50. ’ '
Doctora.te Recipients from United States Universities, 1958-1966. Sponsored by the National
Science Foundation, Pub. No. 1489, 1967, 262 pp., $8.50. ‘
Careers of Ph.D.’s—Academic Versus Nonacademic. Pub. No. 1577, 1968, 106 pp., $6.00
The Backgrounds and Early Careers of Engineering Doctorate Recipients, Joan G. ére:age'r A Re-
port to the Ford Foundation, 1968. .
America’s Resources of Specialized Manpower, Dael Wolfle. Report of the Commission on
Human Resources and Advanced Training, Harper & Brothers, 1954, 332 pp., $4.00
Education. and Professional Employment in the U.S.S.R., Nicholas DeWitt. Sponsc;reci b' the
National Science Foundation, NSF 61-40, 1961, U.S. Government Printing Oﬁ]cey 856
pp-, $5.50. ’
Stipends and Spouses, James A. Davis, National Opinion Research Center for OSP. The
University of Chicago Press, 1062, 294 pp. .
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OFFICE OF THE FOREIGN SECRETARY

Report of the Subcommittee on Travel to International Scientific Meetings, Advisory Committee on
International Organizations and Programs, March 1967, 8 pp.

Report of the Committee on the Quality and Organization of International Scientific Meetings, June
1968, 9 pp.

Report of Conference on Agricultural Research Priorities for Economic Development in Africa.
(English and French language versions, each in 3-volume reports, English, approx.
1,000 pp., French, approx. 1,200 pp., 1969.)

A Report on the Lembaga Ilmiu Pengetahuan Indonesia-National Academy of Sciences, U.S.A.,
Workshop on Food held at Djakarta, Indonesia, May, 1968, 3 vols., Djakarta, 1968, 304 pp.

Philippines-U.S. Workshop on Fisheries and Oceanography, Manila, 4-9 December 1967, 150 pp.

Science and Brazilian Development. Report of a Workshop on Contribution of Science and
Technology to Development, April 11-16, 1966, Itatiaia, Brazil, Part1, 39 pp.

Science and Brazilian Development. Report of a Second Workshop on Contributions of Science
and Technology to Development, February -9, 1968, Washington, D.C., 102 pp.

Industrial Research in Brazil as a Factor of Development. Report of the Joint U.S.-Brazil Study

on Industrial Research in Brazil, February 1969, 34 pp.







