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CHAIRMAN'S FOREWORD

Throughout this year there has been much discussion of the
significance and quality of scientific research and education in
our country. This has led some to recognize that a vigorous,
wholesome national life requires more widespread respect for
intellectual effort; they have advocated the need and satisfac-
tions of hard mental work. But many have laid the blame for
present shortcomings on unrespected, poorly supported teachers
and investigators or have sought to satisfy their responsibility for
the future of our country by merely advocating greater expend-
itures for scientific facilities and some for teachers.

More adequate financial support for science is of course essen-
tial if science is to flourish as a basic element of our national cul-
ture; it is needed to insure the well being of our people and their
security against foreign aggression. The financial support pro-
vided is no less important as a measure of the value the citizens
and government of our country place on science.

There have been buoyant times when Americans have been
encouraged to believe they could do all things. That is a pleas-
ant delusion of immaturity. One determinant of a nation’s
greatness is its courage to choose between the important and the
less important. A nation achieves greatness by determined
devotion to the things that matter most as it sacrifices the
unessential.

During debates on how much our Federal, State, and munici-
pal governments can afford to spend on scientific teaching and
research, it is well to remember that the sums provided in the
debated budgets represent human effort. How much of the life
of the citizens of our country will be devoted to training the
minds of our youth, to the discovery of new knowledge and its
applications, and to the welfare of mankind depends on the will
and wisdom of the people and their elected representatives in
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government. If the trivial and unimportant are chosen, there
will be less for ennobling, creative efforts.

These are matters which have concerned the National Sc1ence
Board as they have endeavored to shape the National Science
Foundation into an institution for building a better way of life.
Our responsibilities far exceed the disbursement of Federal
funds and the formulation of Federal programs and policies
affecting science. We have the unavoidable opportunity to use
our funds and functions as means for encouraging, by example
and assistance, countless people and institutions to devote more
of their material and intellectual efforts to science. We can thus
further science as one of the great adventures of the human
mind.

But science is only one of those adventures on the frontiers
of the mind and spirit. Science and technology have released
great powers for the vast development of a material civilization.
Only if scientists vigorously foster the spiritual as well as the
material values of science will scientific progress make possible
a life that ennobles man and is rewarding.

DerLEV W. BrONK,
Chairman, National Science Board.



DIRECTOR'S STATEMENT

Now that a year has elapsed since this country was dramati-
cally brought face to face with the need for critical examina-
tion of its national effort in science and technology, it is appro-
priate to consider our progress and to gauge the follow-through
of the President’s stirring and realistic messages to the country
during November 1957.

In particular, attention was directed to the urgent need for
developing to the fullest our capabilities in science and engi-
neering research and our education and training in science and
engineering.

 Some notable progress has been made and some major ac-
complishments undertaken. The President’s appointment of a
Special Assistant for Science and Technology, backed by a dis-
tinguished Science Advisory Committee, has been widely ac-
claimed. The National Defense Education Act constitutes a
forward-looking move to assist in the improvement of our system
of education. Steps were taken to increase Federal support of
basic research, and plans have materialized in the formation
of a new agency, the National Aeronautics and Space Adminis-

tration, to deal with the urgent problem of space research and
exploration. Military research and technology have received

increased emphasis in keeping with current national defense
goals. The President has proposed plans for reorganization of
the Department of Defense designed to improve materially the
effectiveness of our military potential.

The Government has taken these constructive steps. It is
now fair to ask: are these enough? Are we as a nation proceed-
ing forthrightly to accomplish what is necessary for maximum
progress in science and technology, and for the improvement in
the education and training of our young people? Furthermore,
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are we acting with the promptness which the situation demands?
Or is there evidence that, as a rebound from our intense interest
of a year ago, we are in danger of again becoming complacent?
As a single illustration, one need only compare the reaction of
the public to the launching of the first sputnik with that mani-
fested at the third launching in May.

The answer is that we have only made a beginning ; the major
job is still to be done. In the field of education, there seems to
be no immediate prospect of adequate salaries for school teach-
ers, of adequate school buildings and facilities, nor of adequate
incentives for recruiting the numbers of competent teachers we
shall require. Congress shows caution about taking action, as
do most of the States; the scientific and educational societies
lack funds; and local attempts outside of a few wealthy suburban
communities have come up against the realization that adequate
funds are not available for the purpose until something is done
about taxes.

As for the support of scientific research, it is generally recog-
nized that the modern dependence of a country upon its tech-
nology requires thorough attention to its progress in science.
The key to the latter lies in the support of basic research. For-
ward thinking and plans for dealing with important areas of
research have not as yet shown indication of full realization in
budget terms. The immediacy here lies in insuring the health
and strength of science and engineering in the graduate schools
of our colleges and universities, which constitute the stronghold
for basic research and for the advanced training of scientists and
engineers. The pressing problem for science and engineering in
universities is to secure modern laboratories and research equip-
ment, including rather costly equipment for the larger institu-
tions, and to provide for large capital research facilities to be
used nationally or at regional centers. In the interest of training
future scientists, needs extend to undergraduate laboratories and
demonstration equipment. Not to be forgotten are the funda-
mental needs of our colleges and universities for funds freely
usable for maintenance and operation; these are the most diffi-
cult of all to secure.

In the meantime, the evidence from other countries and nota-



bly the U. S. S. R. shows a determination and a national spirit
on the part of the people which seems to be relatively absent
from the Americanscene. The recent educational group which
went to the U. S. S. R. with the Commissioner of Education,
and likewise the group of university presidents, came away with
the conviction that the Russian people see their way clear to
world leadership in science and technology. They are appar-
ently dedicated to this—not in the sense of military competition,
but rather of achieving world supremacy without the need of
military domination. Among other nations, we shall ultimately
have to reckon with the genius for organization and the industry
of the German people, the industry and learning ability of the
* Japanese and the industry and potentialities of the Chinese.

As a nation we appear to forget that we live in a competitive
world and shall continue to do so. It seems abundantly clear
that we shall rapidly lose in competition, unless we can show
more determined and constructive efforts than we have during
the past years.

It is clear that success in the requisite effort depends funda-
mentally upon the understanding of the problem by our people
and our determination to achieve these goals. Under our demo-
cratic system, no segment of Government, whether Federal,
State, or local, can succeed in securing necessary action pro-
grams or funds to carry them out unless our citizens understand,
actively endorse, and indeed participate in the steps that need
to be taken. In short, the wholehearted cooperation of the
people of the country is necessary to achieve the goals which the
President has pointed out so clearly. Most important here is
a realization that this is not a single emergency but a continu-
ing—possibly a permanent—one. In this modern world there
can be no relaxation of a determination to compete success-
fully and continuously.

Admittedly these questions are complicated by several issues:
(a) the need and extent to which the Federal Government
should take action and provide funds for education and for edu-
cational institutions in the face of a traditional policy of leaving
such matters to State and local authorities; (b) the development
of our full capabilities for national security and world competi-
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tion without jeopardizing our economy; (c) the realization of
national goals while maintaining individual initiative and
achievement of individual wants and ambitions; (d) attainment
of full development of individual talents and aptitudes while
dealing satisfactorily with the demands for education for all.

While these questions are important and should be resolved,
we dare not allow these to becloud the main issue—we must
progress in our science and technology and in the education and
training of our citizens with all the effectiveness and thorough-
ness we can muster. We cannot afford to delay in arguments as
to how we do them.

During the past year the recession has brought us face to face
with one of our most serious difficulties, namely, how we can
develop our full capabilities and still remain financially solvent—
in other words, how to provide for the increasingly costly tech-
nological developments necessary for national security without
endangering the Nation’s economy. A grave danger here is
that, for reasons of economy, we fall short of developing our
capabilities in science and technology.

We can only insure the possibility of full protection of national
security by giving every encouragement to scientific research (as
contrasted with development and production). It is only in
this way that we can achieve the ideas and the breakthroughs
which promise clear superiority; it is only in this way we can in-
sure that the developments we undertake are modern and up-to-
date in every detail. The results of such research, in competent
hands, are never without value. Even when no breakthroughs
appear, the total effort always brings a possible breakthrough
closer.

It should be noted that the costs of research are very small as
compared with those of development. Only about four percent
of national funds for research and development go into basic
research.

As history amply records, the most epoch-making scientific
discoveries have come from basic research. But basic research,
being exploration into the unknown by its very nature cannot
predict exactly where these breakthroughs will occur. There-
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fore, comprehensive support of research has to be undertaken in
order to overlook no opportunities. This should be regarded as
an investment, the precise spots where high returns occur being
unknown in advance. With full support of research, both basic
and applied, we then have full exploitation of the potentialities
for development and production. Incidentally, by the support
of basic research we gain as an important byproduct the ad-
vanced training of young scientists.

It is worth noting that during the hard times of the 1930’s
forward-looking technical industries increased their research ef-
forts and this policy paid off.

Then, in order to protect the national economy, the important
point is to exercise extreme care beforehand in planning for the
costly development and the production which can emerge from
among the possibilities identified by research. By careful selec-
tion of the developments and undertakings which have most
promise and the highest priority, we contribute in considerable
measure to the protection of a balanced national budget.

What has just been said in the area of science and technology
seems capable of extension to our planning as a nation.. The
question is whether even under the most favorable circumstances
our economy is prepared to cope with the costs in effort and
money required for the increasingly many and varied oppor-
tunities that lie before us. Speaking literally, this has never
been possible. The new factor which has been entering the
picture by degrees and is now prominent is that as a nation we
shall have to pay even greater attention to our objectives and to
the priorities among them.

This point is brought into sharp focus in connection with our
present subject. There is an apparent lack of realization and
determination on the part of our citizens to advance progress
in education and in science. Without this realization and deter-
mination it is not possible to act with the promptness which 1is
required. Although the facts have received much publicity and
should be pretty generally known, it becomes increasingly clear
that these do not at present appear truly to be national objec-
tives, as understood by the people.
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Perhaps what is missing is a clear conception on the part of
our citizens of what our objectives are as a nation and more
importantly how we can achieve them, and most important of
all, what each citizen’s responsibility is in cooperating. There
would probably be found general agreement on our traditional
objective of peace and prosperity—‘“the pursuit of happiness.”
However, we do not seem to understand that it will be impos-
sible to maintain our own prosperity and world peace unless we do
and do promptly the things necessary to compete in a modern
world. What is meant by this? Simply to develop our capa-
bilities, both individually and collectively, to the fullest and then,
in order to maintain a sound economy, identify and select the
areas of endeavor which should engage our fullest attention in
terms of money and effort. In science we should put maximum
emphasis upon the relatively modest needs of basic research in
order to learn all the possibilities of progress in technology and
then choose carefully the fields for development that require
large capital sums.

To be sure, a preliminary responsibility lies with the Federal
Government to take the lead in the solution of these problems,
but to provide full solution requires the understanding and the
cooperation of all citizens. The responsibility of the Federal
Government then is: (a) to insure that the problem is entirely
understood by the people; (b) to provide direct support accord-
ing to carefully devised plans; (c) to consider seriously ways and
means of increasing substantially funds from other sources. The
responsibility of the people is first to give these problems their
careful attention and, second, to determine, as their Government
has to do, the degree to which they can contribute by thought,
action, and money to our national goals as well as to the satisfac-
tion of their personal needs and desires. In other words, each
citizen should be fully and continuously aware of his active re-
sponsibilities to the Nation and to its primary goals, in time of
peace as well as war, and be prepared to make whatever sacrifices
may be necessary to achieve them.,

Whether our primary objective as a nation is to deter our
enemies, to sustain the Free World’s leadershsip, to extend a
helping hand to underdeveloped nations or merely to maintain
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our peace and prosperity at home, the first essential is a real
determination to achieve better education, better science and
technology and, above all, the development of quality in all
fields—quality in training and quality in performance. Unless
we can succeed in accomplishing these things we can maintain
neither our national objectives nor the personal objectives of
our people. '

AraN T. WATERMAN,
Director, National Science Foundation.
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THE YEAR OF THE EARTH SATELLITES—THE STATUS
OF SCIENCE AND EDUCATION
IN THE UNITED STATES

Because of the manmade satellites now circling the earth, United
States citizens recognize—perhaps with more clarity than ever before—
the importance of science and its contribution to their welfare and se-
curity. The achievement which brought this about was the launching
of the first satellite by the Soviets in October 1957, a feat of astonishing
engineering prowess. Later launchings by both the United States and
the U. S. S. R. culminated a period of increasing attention in the public
press to scientific and technical accomplishments, including the har-
nessing of nuclear energy for power as well as weapons purposes and the
worldwide exploration of the universe represented by the International
Geophysical Year, of which the satellites are a part.

With increased awareness of the vital role of science also came the
realization of the high state of Soviet science in many fields, a fact known
and reported by United States scientists for many years. To the Amer-
ican public, however, the first launching became 2 symbol of competi-
tion between Russian and American science, and a sign that we-had
“lost” a “scientific race.” To the extent that the symbol became identi-
fied with such a “race,” it was erroneous and destructive—we did not
think of the undertaking in these terms, but regarded it as a part of a
cooperative international scientific undertaking, the International Geo-
physical Year. But to the extent that the symbol called attention to
"certain marked deficiencies in the environment in which our scientists
operate, and pointed up the need for improvements in our scientific
education and strengthening of our basic research, it was accurate and
useful.

Quality of the Nation’s Scientific Effort

The critical self-examination that followed showed that, in point of
fact, United States science has during recent years been of the highest
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quality. In general, our accomplishments in research have been second
to none, and United States scientists as a group have continued to rank
high in the estimation of their colleagues throughout the world. It was
pointed out, for example, that from 1943 to 1956, United States scientists
received 34 of the 67 Nobel Prizes awarded in physics, chemistry, and
medicine and physiology.

‘This evaluation of domestic science also showed that the Nation has
not been wholly unaware of the needs of its scientists. The growing
proportion of Soviet young people being trained as scientists and engi-
neers, as contrasted with our own, had received much publicity, as had
the comparatively higher position with respect both to salaries and pub-
lic esteem which is enjoyed by scientists in the U. S. S. R. Expenditures
for research and development have been steadily increased by industry,
by the Government, and by educational and nonprofit institutions of
many types, although by far the greatest percentage of these expenditures
is devoted to developmental work and applications engineering, rather
than basic research. Establishment of the National Science Founda-
tion in 1950 had been a major step in the attempt to correct the im-
balance in this country insofar as the position of basic research was
concerned.

Public discussions following the satellite launchings brought out once
again the fact that Americans customarily think of science in terms of
applied work, or engineering, despite the highly significant accomplish-
ments of research workers in the areas of fundamental investigation.
Nevertheless, the connection between basic and applied research, and
the degree of dependence of the latter upon the former, has become
increasingly clear during the past year. In addition, the continuing
reduction of the “technological lag”—the time elapsing between publi-
cation of the results of fundamental research and utilization of those
results in specific engineering applications—has become more apparent.

Finally, interest in the satellites and the inquiry into the status of
science which they stimulated also brought to United States citizens a
realization of the interrelationships of science and scientists throughout
the world. Our rate of scientific progress is appreciably increased when
the achievements of foreign scientists are made available to us. Sim-
ilarly, the achievements of American scientists help scientists of other
countries to move on to new research, the results of which are again
available to our scientists as to all others. Scientific literature is circu-
lating more freely and more translations are becoming available. In-
ternational scientific conferences are increasingly benefiting from the
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participation of scientists from more and more countries, including those
behind the Iron Curtain. The U. S. S. R,, for example, is maintain-
ing one of the three world data centers of the International Geophysical
Year and has taken an active and cooperative part in many other IGY
programs. Despite the continuing difficulty which marks political re-
lations between the United States and the Soviet Union, scientific rela-
tionships have improved substantially. If this interchange can con-
tinue, the world may well anticipate a measurably faster rate of scien-
tific development in the future. The economy, health, and general wel-
fare of mankind benefit from such international exchange of scientific
accomplishment.

Condition of American Education

Review of the United States position which followed the launchings
also necessarily included an analysis of the educational system which
must produce the well-informed and highly competent men of science
and public affairs required if our Nation is to retain its position of re-
sponsibility and leadership in world affairs. Although yesterday’s less
exacting requirements for trained manpower were satisfied by the grad-
uates of our schools and colleges, thoughtful observers raised serious
questions about the quality of today’s educational system and its ability
to meet tomorrow’s increasing demands for thoroughly trained men and
women.

Quality in the Nation’s schools was observed to be what the commu-
nity and its citizens made it. So long as students disdained difficult
studies in English, foreign languages, science, and mathematics; so long
as they were supported by parents who derogated learning and culture
with contemptuous references to eggheads and longhairs; so long as citi-
zens were reluctant to continue to vote the increased taxes needed to pro-
vide well-equipped schools and well-paid teachers—then so long did the
quality of the educational system jog along over an improvised and
bumpy road. In the years immediately ahead, schools and colleges will
be deluged with applicants representing the generation born in the post-
war period. They will be greeted by overworked and underpaid teach-
ers, too hard-pressed to withstand the burden of trying to maintain high
scholastic standards while, at the same time, trying to satisfy the de-
mands of an age which requires that high-ability students be provided
the training to which their talents entitle them.

For the National Science Foundation, policy lines were clear—un-
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equivocally, the Foundation programs ‘were concerned with improving
science education, a prerequisite for raising the quality of scientific man-
power. As a result, so coveted have become Foundation fellowships
for men and women pursuing science training into the doctoral area
that most candidates given honorable-mention ratings have asked that
their names be publicized with the announced winners of fellowships—
secure in the knowledge that other sources of support would regard them
- more favorably because of the acknowledged severity of standards ap-
plied by the Foundation. Similarly, Foundation-supported institutes
(summer, academic-year, and in-service) for high school and college
teachers of science and mathematics have won nationwide acclaim for
their role in improving competence in subject matter training. Finally,
the Foundation’s support of curriculum-improvement studies in high
school physics and mathematics (with plans for similar studies in
chemistry and biology) promises to point the way to measurably im-
proved quality of course content in several fields of science, focused as
these studies are on fundamental, not filigreed, science instruction.

Complementing these programs of the National Science Foundation,
which made a resolute attack on the science-manpower problem, were
very substantial efforts extended by several private organizations.
Groups such as the Ford Foundation and the Rockefeller Foundation
supported broad-based programs designed to improve education in the
United States; and the National Merit Scholarship program to recog-
nize exceptional achievement at the high school level did much to pub-
licize the need for high intellectual attainment, through the award of
college scholarships. All in all, however, these efforts were confined
largely to groups already aware of the problem. At the time of the
satellite launchings, citizens generally had not become genuinely con-
cerned with the pressing problem of identifying and training prospective
scientists. With Sputnik in orbit, however, the Federal Government
took quick action to improve the status of science and education in the
United States.

President Eisenhower Alerts the Nation

In November of 1957, President Eisenhower made two major ad-
dresses to the Nation—*“Science in National Security” and “Our Future
Security”—in which he focused attention on the importance of science
and technology to our security and of our failure to give high enough
priority to scientific education and to the place of science in our national
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life. He noted, as well, our failure to give priority, both public and
private, to basic research. |

At the same time, the President appointed Dr. James R. Killian, Jr,,
President of the Massachusetts Institute of Technology, as Special Assist-
ant to the President for Science and Technology. A staff of scientific
experts was also named as the President’s Science Advisory Committee
to work with Dr. Killian to provide the President with the very best ad-
vice the scientific community could supply.

Soon thereafter, in recognition of the impact of science on interna-
tional policy and international policy on science, Dr. Wallace R. Brode
was appointed Science Adviser to the Secretary of State. Dr. Brode is
directing a reinvigorated program for sending science attachés to our
embassies in those countries most scientifically advanced, to collect in-
formation and to advise our ambassadors on scientific matters.

Increased Support for Science by the Federal Government

In recognition of the importance of science and the vital interest of
this country in space exploration, the Congress established special stand-
ing committees—in the House of Representatives, the Committee on
Science and Astronautics; and in the Senate, the Committee on Astro-
nautic and Space Sciences. These committees will permit far more
effective congressional consideration of the increasing number of prob-
lems in these areas.

Actions taken by the Federal Government through the executive and
legislative branches to improve our scientific position include:

1. Increased Research Appropriations—Increased funds for research
were given to the National Science Foundation for its basic research
programs, to the Public Health Service for its programs of medical
research, to the Atomic Energy Commission for its programs in atomic
research, and to the Department of Defense.

9. Establishment of a Space Agency—A major legislative achieve-
ment was the creation of an independent Federal agency to direct
aeronautical and space research and activities, including the develop-
ment and use of aeronautical and space vehicles. This agency has been
designated as the National Aeronautics and Space Administration.
Space activities will be coordinated and policy set at the highest level by
the Aeronautics and Space Council composed of the President, the
Secretaries of State and Defense, the Administrator of the NASA, the
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Chairman of the Atomic Energy Commission, and a maximum of one
additional Government and three additional non-Government members.

Noteworthy as well is House Concurrent Resolution 332, expressing
the sense of Congress that the United States should strive for interna-
tional agreements banning the use of outer space for military purposes
and providing for joint exploration of outer space and the amicable
~ settlement of international disputes arising therefrom.

3. Improved Working Conditions for Government Scientific Pro-
grams.—Strengthening the Federal Government’s own research effort
was another considerable achievement. Physical scientists and engineers
employed by the Government were given salary increases. Recruitment
for junior scientific and technical positions was authorized at a higher
salary level. Scientific and engineering personnel were made eligible
to receive further training and education at Government expense.
Newly appointed scientists and engineers traveling to their first post of
duty now receive travel expenses not heretofore granted.

4. High-level Coordination of Research and Engineering Activities
in the Department of Defense—The position of Director of Research
and Engineering was established within the Department of Defense,
with rank above the Assistant Secretaries of Defense and power to
manage projects of interservice character without the necessity of follow-
ing the military chain of command of any of the services. Furthermore,
the Department of Defense issued a significant directive stressing the
importance of basic research.

5. Other Legislative Actions—(a) The National Science Foun-
dation was directed to begin a program of study, research, and evaluation
in the field of weather modification; (b) Federal agencies were author-
ized to use certain foreign funds, acquired by this country in connectlon
with agriculture surplus programs, for scientific activities overseas in-
cluding collection and translation of foreign science literature; and (c)
authorization to make grants, as well as contracts, was provided for
Federal agencies engaged in contracting for basic research by educational
and other nonprofit institutions. These agencies were also enabled to
vest, with the institution, title to equipment procured from research
- funds.

Federal Activity in the Field of Education

1. President’s Special Education Message to the Congress —In Janu-
ary 1958, President Eisenhower forwarded to Congress a spec1al educa-
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tion message containing recommendations for “certain emergency
Federal actions to encourage and assist greater cffort in specific areas
of national concern.” He said, “Because of the growing importance of
science and technology, we must necessarily give special—but by no
means exclusive—attention to education in science and engineering.”

He recommended a fivefold increase in the appropriation for the
scientific education activities of the National Science Foundation because
they are regarded “as among the most significant contributions currently
being made to the improvement of science education in the United
States.”

Also submitted were recommendations for additional temporary Fed-
eral programs to strengthen general education and to strengthen science
education in our State and local school systems. These programs were
to be conducted by the Department of Health, Education, and Welfare.

2. Congressional Response.—Probably the first action taken to im-
prove existing conditions was the early passage of a supplemental ap-
propriation to the National Science Foundation of approximately $9
million permitting immediate expansion of existing programs designed
to improve science education. This included the award of additional
fellowships and attendance of additional high school science teachers at
summer institutes.

The 1959 appropriation for National Science Foundation educational
programs was increased more than 300 percent to approximately $60
million, thus allowing wide expansion of existing programs and the
initiation of new programs.

However, the principal congressional action in the field of education
was the National Defense Education Act of 1958, which constituted the
first general Federal aid-to-education legislation since the Morrell Act of
1862. At the same time the act reaffirmed the principle that State and
local communities have primary educational responsibility including
that for supporting science and language study and for encouraging
high academic standards as being in the national interest.

This act provided, among other things, for loans to students to enable
them to attend college; for the award of graduate fellowships; for match-
ing grants to the States for guidance and counseling activities in the
high school and for vocational programs for training highly skilled
technicians requiring scientific knowledge; and for contracts with col-
leges for conducting foreign language institutes for elementary and
secondary schoolteachers. Major administrative responsibility for
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carrying out the provisions of this statute was assigned to the Department
of Health, Education, and Welfare.

The act also created a Science Information Service in the National
‘Science Foundation to develop new and improved methods for making
scientific information more readily available, thus endorsing a recom-
mendation of the President’s Science Advisory Committee. In this way,
Congress emphasized the importance of the information programs pres-
ently being carried on by the Foundation pursuant to the 1950 act
establishing the Foundation.

Recommendations of the Scientific Community

In March of 1958, the American Association for the Advancement of
Science convened a Parliament of Science of more than 100 prominent
scientists and public leaders. One of their key conclusions was that
Government support of scientific research should not be centralized in a
single Department of Science. |

Among their other conclusions were:

1. Optimal progress in science requires increased support for basic
research.

2. As funds for support of science increase, plans and procedures for
administering the national scientific effort become increasingly important
and national scientific policy bears closer scrutiny.

3. Scientists must have maximum freedom to communicate with
each other and with the public in order that science may progress most
effectively and may be most widely used for improving human welfare.

4. As citizens, scientists must ponder the social consequences of their
findings and must inform the public of the consequences they foresee.

5. The primary goal of education is the intellectual development of
the individual.

What Remains To Be Done

In his Oklahoma address of November 14, 1957, on “Our Future
Security,” President Eisenhower not only stressed the importance of
insuring high-quality instruction in science and engineering and the
early identification and encouragement of science and engineering stu-
dents, but he also emphasized the “long-term concern for even greater
concentration on basic research—the kind that unlocks the secrets of
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nature and prepares the way for such great breakthroughs as atomic
fission, electronics, and antibiotics.” "

While pointing out the fact that “at present our basic research, com-
pared with any other country’s, is considerably greater in quantity and
certainly equal in quality,” he warned of the “fast rate of increase of the
Soviet effort and their obvious determination to concentrate heavily on
basic research. The world will witness future discoveries even more
startling than that of nuclear fission. The question is: Will we be the
ones to make them?”

Basic Research—A National Resource

One month before the President’s Oklahoma address, the Director of
the National Science Foundation, on October 15, 1957, transmitted to
the President the report of the Foundation, Basic Research—A National
Resource. Inhisletter of transmittal, the Director said :

The report will, I believe, be informative and should prove help-
ful toward bringing about a fuller understanding concerning the
desirable balance between applications of science to defense, health,
and the economy on the one hand, and basic research activity—the
“defense in depth” for our whole technology—on the other.

This report contained recommendations designed to improve the
status of fundamental research in the United States—recommendations
of far-reaching nature which warrant reemphasis here. Briefly, they are:

1. Government agencies should significantly increase the support of
basic research (including facilities) and of training for research, as well
as ensuring that support is rendered on a continuing stable basis.

2. State Governments, with Federal assistance, should increase their
support of basic research and of graduate education at State universities.

3. Federal grants and contracts for research and research training
should continue to carry a minimum of restrictions on the freedom of
the scientist and of his institution.

4. Methods should be devised for increasing philanthropic gifts for
basic research, with no restrictions as to their use.

5. Industry should be encouraged to conduct more basic research in
its own laboratories.

6. Scientists working for industry should be encouraged, both by their
firms and by scientific journals, to publish their research.

7. Closer and better relationships should be developed between mem-
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bers of Congress and scientists, in view of their respective responsibilities
to each other and to the American people.

Implicit in these recommendations is the strongly held conviction of
the scientific community and of the National Science Foundation that
the Federal Government must not exercise centralized control over sci-
ence. Increased Federal support does not carry with it the license to
direct the research, or to set the policies, scientific or otherwise, of the
institutions receiving support. Each needs the other, but they must
remain separate. Otherwise, our research institutions and our scientists
might well begin to feel an erosion of the intellectual freedom which is
their bulwark and our shield. For the educational and sociological
barriers which are today set in the way of science, we cannot substitute
legislative and administrative chains because, as we are finding out,
limitations upon our scientists are limitations upon all of us.

It is important to understand the reasons for this policy. The first
is that intellectual freedom is a cardinal principle of democracy. The
second, related to and underlying the first, is that intellectual freedom
constitutes the great strength of a true democracy. Creativeness, orig-
inality, and accomplishment are at a maximum when left to individual
initiative and enthusiasm.

The goal of our scientific effort and indeed all our efforts must be
quality—quality in native ability, quality in training, and quality in
performance.

Quality in native ability we have in abundance, latent among our
youth, from all walks of life. But we must identify these young people
early, give them every encouragement and opportunity to develop their
aptitudes to the fullest, whatever these may be, for their own future and
for the future of our society.

Quality in training for these young people we must insist upon. This
means superior teaching and superior teachers, together with the equip-
ment and materials they should have.

Quality in performance in science and technology requires that we
push forward the frontiers of science with all the vigor at our command.
This means full support, both financial and moral, to our competent
basic research scientists and engineers for their needs. This includes the
construction of essential though costly capital installations, such as those
required for nuclear physics, astronomy, oceanography, and the explora-
tion of outer space.

The role of the Federal Government then is to encourage and assist
efforts such as these. There is a final ingredient, however, without
which effective results cannot be achieved, namely an understanding
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and a determination on the part of our people to achieve them, and a
pride in intellectual, as well as material accomplishment. When all is
said and done, in the modern competitive world as in the past, it is the
determination and perseverance of a people toward its national goals
and toward international cooperation which alone can bring about
realization of the hopes of mankind.

13



NATIONAL SCIENCE FOUNDATION

A

Photographic

Sampling of

Foundation-Supported

Activities



- 5

Jr———
.l'i'i

LTI T
PREwww

- —-0——
- — . — —

UPPER ATMOSPHERE RESEARCH

An Aerobee-Hi liquid-fuel research rocket is shown being fired at the IGY rocket-
launching site; Fort Churchill, Manitoba, Canada. It carries an instrument payload
of 150 pounds in a 4 to 6 cubic foot space to altitudes of 150 miles. The launching
platform is set indoors because of the extreme cold during the winter months. The
launching tower can be tilted to counteract the effect of winds. Antennas, on each
side of launching stand, are used in tracking rocket in flight.

This is part of the United States program for the International Geophysical Year

conducted through the U. S. National Committee with Federal coordination being

provided by the National Science Foundation.
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Students are shown operating a simply fabricated optical bench. Optical elements—
lenses, apertures, screens, etc., such as on table shown above—are mounted in wooden
curtain rings clamped to wooden blocks. The light source, at the left end of the bench,
is an ordinary incandescent bulb in a can. The student at left is positioning an opaque
screen to measure the focal length of a lens positioned near the light source.

A pupil is shown using an optical micrometer which consists of a plywood base, two
glass microscope slides, a reference object, and a sighting thread for calibration. The
glass slides are fastened to a block at the left of the base by means of a rubber band.
They are separated near one end by a pivotal needle. Objects as small as human hair
placed between the slides cause a measurable difference in the apparent position of a
reflected object. The vertical nail mounted near the center of the base serves as an obiject.
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MODERNIZING HIGH SCHOOL PHYSICS INSTRUCTION

A completely new course in high school physics
has been prepared by the Physical Science Study
Committee composed of outstanding physicists and
experienced successful high school teachers with
support from the National Science Foundation. (See
page 65.) Some of the ingenious and inexpensive
equipment developed for use in this course is shown
here.

A teacher holds one end of a ‘‘slinky'’ toy used
in the study of wave motion. The photo shows a
transverse wave formed by a quick lateral move-
ment of the spring. Interesting effects of wave re-
flection and superposition may also be studied with
this toy.

High school students using a ripple tank fashioned from readily available materials, The
tank consists of a glassed-in window frame, balanced on two chairs, containing a half inch
of water. The rippler is a vibrating wooden plane assembled from scraps of lumber, and
powered by a six-volt hobby motor. In operation, the light source at top center, formed
from an ordinary bulb in a modified tin can, projects the ripple pattern on a paper screen
on the floor.
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DWARF MOUSE PROVIDES CLUE TO NATURE OF GROWTH HORMONE PRODUCTION

Comparison of dwarf mice—mice of normal size and appearance at birth which fail
to grow—with normal mice has provided evidence that the absence of cellular granules
is linked with the demonstrated absence of growth hormone produced in the anterior
pitvitary gland. Electron micrographs, enlarged 10,000 times, of this gland in a 21-day-
old drawf mouse (lower left) shows the absence of large granules and the reduction of
amount of cytoplasm of the dark cells (probably remnants of the acidophiles). A micro-
graph of the same part of the pituitary gland in a 21-day normal mouse shows the large
granules surrounding the nucleus (lower right).
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NUCLEAR REACTOR—ONE OF MOST POPULAR U. S. SCIENTIFIC EXHIBITS AT THE 1958
BRUSSELS WORLD’S FAIR

The nuclear reactor was one of 51 U. S. exhibits installed in the International Science
Section of the Fair, through the coordination efforts of the National Science Foundation.
The built-in safety factors and low operating power level (1 watt) of this small reactor
permitted actual operation at the Fair. It is a modified swimming pool type using plastic
embedded U enriched fuel. Among the public demonstrations was the irradiation of
silver coins to produce harmless radioisotopes.

Other exhibits can be seen in the background. (See page 77.)
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NERVE GROWTH STIMULATED BY AGENT FROM
SARCOMA (A TYPE OF CANCER NOT INVOLVING NERVE TISSUE)

The influence of a diffusible agent from a mouse tumor, transplanted into a chick embryo,
on the size of the ganglia and the number of nerves growing from them, can be seen from
the sketch. The photo on the left shows the normal growth of a ganglion of a 10-day
chick embryo as grown in tissue culture; the photo on the right shows the growth and
proliferation of the nerve fibers of the ganglion 24 hours after a single drop of the mouse
tumor agent was added. (See page 31.)
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GENETIC STUDIES AID IN REVISING TAXONOMIC CLASSIFICATION

Three obviously related types of frogs belonging to the Genus Rana (see (a), (b), (c)
on photograph) have been classified as different species on the basis of their pigmentation
differences. Genetic studies, however, have revealed that two of these so-called species—
Burnsi (nonspotted) and Kandyoshi (mottled)—(b) and (c), are dominant mutant variants
of the common spotted leopard frog (a).

A fourth variant (d), which is not found in nature, was produced by crossing the non-
spotted and mottled varieties. Since the nonspotted and mottled types are known to
coexist the failure to find this particular cross in nature may indicate that it is at a selective
disadvantage.

The other three forms are obviously successful or else they would not be so prevalent.
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LIQUID BEHAVIOR STUDIED UNDER WIDELY
VARYING CONDITIONS

Two projects carried on under Foundation grants
serve to illustrate the wide range of studies of liquid
behavior. The top photograph shows the primary
stage of a surface wave just preparatory to bubble
formation, in a liquid under vibration. This study
explored the characteristics of bubbles in various
types of liquids and wunder varying vibration
conditions. The lower photograph illustrates research
into the energy of two-dimensional water waves,

through the use of a model tank which can generate
both water waves and winds above the waves. The
wave-absorbing ability of various arrangements of

vertical walls was examined in this study.
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SUPPORT OF BASIC RESEARCH IN THE SCIENCES

Research Programs

Foundation programs in support of basic research are conducted
through the Division of Biological and Medical Sciences; the Division of
Mathematical, Physical, and Engineering Sciences; and the Social
Science Research Program. Research projects described here are to be
considered illustrative of the research being supported. Facilities sup-
port included under these programs has been limited to specialized re-
search facilities, where the need was urgent, was clearly in the national
interest, and the necessary funds were not available from other sources.

DIVISION OF BIOLOGICAL AND MEDICAL SCIENCES

Current Research Support

In the area of Developmental Biology, a wide variety of research was
supported, covering chemical embryology (metabolism of embryos),
plant growth (hormonal control), plant morphogenesis (shoot or root
apex activity, floral induction, slime mold development), chloroplast
differentiation, physiology of reproduction (ovarian, uterine, and pla-
cental physiology), regeneration (wound-healing), skin and tumor graft-
ing, histology, histochemistry, anatomy, embryology (plant and animal),
and cytology (mechanisms of mitosis). Specifically, studies are being
supported on the sequence of the events which operate in limb forma-
tion in mammalian organisms by such techniques as tissue transplanta-
tion and interchange of organism parts; nucleic acid metabolism and
the changes which occur in it during early development of the mam-
malian embryo; the mechanisms of cellular interactions, particularly
their biochemical and biophysical aspects; the origin and fate of special
initiator-cell members of cell populations; and microscopic structure and
histochemistry of the fine structure of the skin in primates.

As in previous years, the Environmental Biology program supported
a wide variety of projects including various aspects of animal and plant
ecology, both terrestrial and aquatic life histories, environmental physi-
ology, paleoecology, certain phases of parasitology, and other areas of
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biology in which the major immediate emphasis is on the interrelation-
ships between the external physical, biological, or sociological factors and
one or more organisms. Although much of American research activity
in environmental biology continues to be descriptive and devoted to
observations of gross physical habitat and organism survival relation-
ships, the program has emphasized studies analyzing functional as-
pects of the interaction, exchanges, and adjustments of the members
of the plant and/or animal community and of their physical and biologi-
cal environments. Interest in population dynamics in its many aspects,
including cyclic phenomena, continued to be an expanding interest.

Within the Genetic Biology program, studies in the area of microbial
genetics included work aimed at determining the mechanisms by which
enzymes involved in biochemical syntheses are controlled genetically.
Studies also were supported on gene-enzyme interrelationships, pointed.
toward enhancing our understanding of the interactions between gene
and enzyme. Research on the genetics of higher plants included work
on mutations in maize, as well as work on cotton and tobacco. Signifi-
cant research relating to the theoretical aspects of quantitative genetics
also was supported.

Some of the outstanding research supported during the last fiscal year
by the Metabolic Biology program covered the following areas: the
problem of enzyme-inhibitor relationships responsible for cellular meta-
bolic activity; elucidation of the enzymatic mechanisms occurring in
fat metabolism of higher plants; and the investigation of certain aspects
of protein biosynthesis. Other exciting projects supported included a
study of the function of nucleic acids in growth, differentiation and in-
duced enzyme formation, and an investigation of the basic mechanisms
of mammalian carbohydrate metabolism.

With the advent of the program covering metabolic processes, the
Molecular Biology program was redefined to encompass studies of
the physical and chemical properties of substances of biological origin;
studies of individual enzymes such as isolation, purification, properties,
kinetics, and mechanism of action; and such aspects of physical biology
as fine structure, membrane phenomena, and chemical and physical
properties of particulates. This year’s grants have been concentrated in
the areas of protein structure, enzyme kinetics, bioenergetics, membrane
phenomena, and photobiology, with somewhat less emphasis on bio-
genesis, immunochemistry, and biochemical cytology.

With respect to the substance of the Psychobiology program, research
covering the underlying neurological foundations and neurochemical
aspects of behavior continued to be supported. The traditional interest
of the program in relating newly developed quantitative techniques to
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experimental problems in psychology was also continued through sup-
port of work on the development of psychological measurement models,
and on the use of multivariate methods in psychological research. In
a somewhat related area, the impact of computer techniques on research
in the field of psychology is illustrated by a grant aimed at developing
computer techniques for handling data from the area of learning
research.

The program in Regulatory Biology supported outstanding research
in such conventional fields as neurophysiology and endocrinology. How-
ever, exciting research in less traditional areas is illustrated by projects
involved in the study of chemical processes that give rise to biological
rhythms. The program also encompassed investigations of the develop-
ment of regulatory processes in fetal and newborn organisms, in the
chemical senses of insects, and other regulatory processes of organisms.

The areas of research in Systematic Biology is on essentially three levels
of complexity. At the first level, the units of organic diversity are dis-
covered, identified, characterized, and named. At the second level,
the major task is classification—the arrangement of the otherwise chaotic
mass of species into the so-called higher categories. At the third level,
systematic biology is the study of the interrelationships of organisms in
space and in time. During fiscal year 1958 grants were made to aid
research on each of these levels. An illustration of the type of discovery
and inventory-taking that occupies taxonomists in lesser known parts
of the world is a study of the flora of the Lesser Antilles. Similar studies
of the life of a different geological period cover research on the Triassic
vertebrates of Argentina. The application of comparatively new tech-
niques to problems of classification is demonstrated by research on the
fine structure of pollen grains, on paper electrophoresis as a method in
avian taxonomy, and on serological studies of the grass family. At the
third level of complexity in the systematic area, valuable summarizing
research is under way on the zoogeography and evolution of Pacific in-
sects, on the speciation of amphibian populations, and on the Droso-
philidae of the Caribbean region.

Significant Research Developments

Wax-EATiNG Birps ProvibE CLUE FOR CONTROL OF TUBERCULOSIS.—
The honey guide, a small family of bird found primarily in Africa,
presents an interesting problem in animal behavior in its symbiotic
(mutually beneficial) relationship with certain mammals, including
human beings. Specifically, these birds guide the mammal to the
vicinity of wild bees’ nests and, following the foraging of such nests by
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the mammal, feed avidly on the waxy comb, which constitutes their chief
source of food. In the course of investigations on this behavior and on
the unique problems of digestion and nutrition involved, a hitherto
unidentified wax-splitting bacterium was isolated from the intestinal
tract of the bird. Although this organism, Micrococcus cerolytwus,
cannot by itself degrade wax in vitro, rapid breakdown of wax occurs
if a mixture of ground liver, intestine, and spleen of chicks is added to
the culture. Conversely, chicks, while themselves unable to digest wax,
metabolize this substance effectively if it is mixed with a culture of the
micrococcus.

Of particular interest is the apparent “interference” effect between
the micrococcus and the tubercule bacillus, whose envelope is “waxy”
or lipoidal in nature. As a result of recent studies in this connection,
a protein fraction isolated from the micrococcus has been found to in-
hibit the growth of the tubercule bacillus in tissue culture. This appar-
ently is a result of inhibition of the oxygen uptake of resting cells or of
cell-free extracts of the bacillus. In preliminary experiments, it has
been found that this protein fraction also appears to protect guinea pigs
against tubercule bacillus, presumably by inhibiting the development of
the infecting organisms.

This investigation may not only provide an explanation of the basic
mechanisms of “interference” between two microbial species and of
wax digestion but also suggests important implications in the therapy
and control of tuberculosis. Moreover, this work vividly illustrates how
information in one area of biological sciences may lead directly to im-
portant observations in another, superficially quite unrelated area.

Basic GENETIC AxtoM REcArDING INDIVIDUALITY OF GENES UNDER
QuEesTION.—A firm belief in the individuality of genes underlies all
research in modern genetics. By “individuality” is meant that a given
gene will not be modified or changed in any way by external influences,
except for the well-known agents, such as X-rays, which cause mutation.
Although the expression of a gene can readily be affected in all kinds
of ways, the basic nature of a gene is presumed to remain constant and
unchanged, generation after generation, until such time as, by chance,
it suffers a mutation. Then the new mutant form of the gene again
persists almost indefinitely until such time as another mutational event
may occur to produce still another mutant form of the gene.

The first case on record which clearly violates this basic axiom about
the individuality of genes has been discovered. A gene in corn—one
that produces color in the kernel—can be permanently modified simply
by bringing it into combination with a particular one of its alleles
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(partner genes). When the color gene is later removed by outcrossing
from the “contaminating” influence of its partner, it is found to be no
longer capable of producing normal seed pigment. Further, this loss
of potency is permanent; the color gene has been mutationally changed.
Thus, it is now possible to modify at will a particular gene merely by
making a cross of two different kinds of corn plants.

Should this phenomenon be found to occur generally, an entirely new
mechanism will have to be taken into account in explaining the origin
of genetic variability, which itself underlies all evolutionary change. This
discovery may well turn out to be among the most significant basic dis-
coveries in genetics. In any event, the “individuality of genes” will
never be the same again.

PLANTS SHARE RooT SysTEMS.—In nature, the roots of plants of many
species or of individuals of the same species frequently grow together
in a tangled mass. It has also been reported that natural root grafts
may form between one plant and another, but the significance of this
botanical curiosity is poorly understood. Grafts were revealed by ex-
amining roots of trees exposed by windfalls, excavation of roots, or by
detection in a tree of substances (isotopes, dyes, poisons, etc.) injected
into another tree. Injection of these substances into root systems through
stumps of felled trees proved to be the most effective method of deter-
mining the transfer of material between trees, and therefore the presence
of a true root graft.

It was discovered that more than half of the trees in one test plot were
grafted to one or more of the neighboring trees. In another test plot
not only were most of the root systems grafted together, but this method
revealed that many of the seemingly dead smaller trees had living root
systems which had been captured by the large trees.

These findings may bring into question one of the basic assumptions
of plant ecology, namely, that most plants operate as individual entities
in competition with other individual entities. These results suggest that
some plants may operate as a well-knit group or unit having a common
physiology. The concept of group operation could be of importance in
understanding the dynamics of vegetation development.

NoNNERVE Tissue TuMorR AGENTS SPECIFICALLY INDUCE NERVE
GrowtH.—Certain cancerous tissues (sarcomas) of mice contain a
diffusible agent which strikingly promotes the outgrowth of nerve fibers
from spinal and sympathetic ganglia (groups of nerve cells along the
spinal cord) in the chick embryo to which these sarcomas have been
grafted. The tumor agent is specific in that it does not stimulate the
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growth of any cells other than those in the spinal and sympathetic
ganglia. More recently it has been found that nerve growth factors,
similar to the tumor factors, are present in the salivary glands of the
mouse and rat, in snake venoms, and in the venom of the Gila monster.
Both the sarcoma and venom factors are proteins which obtain their
effects by stimulating the protein-synthesizing machinery of the nerve
cell. As one of several examples of the influence of diffusible protein
growth-promoting substances upon cell behavior, these studies advance
our understanding of the control of pathological and normal growth in
animals, including man.

MEecHANISM OF INFORMATION-ExcHANGE BETWEEN CELLS PROBED.—
Understanding the process of development of multicellular organisms
from the original single cell, the fertilized egg, requires knowledge of
the control mechanism by which cells interact (exchange information)
to promote orderly growth and differentiation.

A most promising technique for studying this phenomenon has been
that of interposing barriers, such as filters and membranes, between
interacting cellular groups. Results so far obtained show that direct
surface contact between cells is not necessary for the transmission of in-
formation from one cell to another (in the form of special information-
bearing molecules). There are indications that the chemical transfer
of information occurs via cytoplasmic bridges connecting the cells and
_ low macro-molecular bridges of the matrices which surround the cells.

Sex HorMoNES CoNTROL PrLaNT GrOwTH.—Sex hormones not only
control sex organ formation and sexual behavior in animals and the
higher plants but have been recently discovered to play a similar role in
the more primitive plants (water molds and ferns). In the water molds
the sexual process is composed of a number of distinct reactions which
occur alternately in the male and in the female, and each reaction is
directly dependent both for its initiation and regulation upon a hor-
mone(s) produced by the plant during the last preceding stage. Par-
ticularly interesting is the isolation and chemical characterization of a
specific male sex organ-inducing agent secreted by the sex cell-producing
stage {prothallium) of the common bracken (fern). This aggnt, at a
concentration of one part in 30,000, is able to transform almost half
of the cells of the test fern prothallium into male sex organ-producing
cells, whereas no male sex organs develop in the untreated controls. The
agent which is organ specific, but not species specific, has been identified
as an unsaturated aliphatic acid with a molecular weight of about 500.
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PROTEIN-LIKE MATERIALS SYNTHESIzED DmrectLy FroM AwMiINO
Acms.—Proteinoids (protein-like material) have been produced by
the application of heat (170° C.) to mixtures of amino acids. By the
use of two acids———aspartic and glutamic—in excess quantities, it has been
poss:blc by adding various mixtures of the 18 amino acids which occur
in natural proteins to produce substances with characteristics of proteins.
The amino acids polymerize in a specific nonrandom order. By the
proper selection of these amino acids, it is possible to synthesize protein-
oids which contain desired pharmacological properties, etc.

The sequence of reactions and products formed through thermal
action on amino acids to produce proteinoids gives strength to one of
the hypotheses of biogenesis—namely, that complex biological molecules
originally came into existence in the presence of moderately high tem-
peratures, possibly resulting from the intrusion of hot volcanic magma
into marine waters or by the inundation of heated tidal pools.

TuE ALTERATION OF PROTEINS AT WiLL.—The discovery of a method
for introducing sulfur in the form of sulfhydryl (-SH) groups and di-
sulfide (-SS-) groups into proteins and protein-like molecules has
made it possible to alter at will the physical, chemical, and physiological
characteristics of proteins. This development not only provides an
excellent tool for probing the structure of the protein molecule, but also
permits tailoring of proteins with desired medical and industrial
characteristics.

The reagent used is N-acetylhomocysteine thiolactone with silver as a
catalyst. The number of -SH groups introduced is controlled by
varying the concentration of silver. These -SH groups are incorpo-
rated into the protein molecule through displacement of amino groups
(-NH.).

A nonmelting gelatin which has promise as photographic emulsion,
and a nonsolidifying gelatin which might be used as a plasma extender
have been prepared. Similarly a protein fraction with which anti-
biotics, mercurial diuretics, etc., may be conjugated to extend the life
and potency of these agents has been postulated. The use of this proc-
ess on aminated cotton has produced a product with a number of wool-
like characteristics. (-SS- groups are the chief crosslinks in wool fab-
rics, but are absent in natural cotton.) This thiolated cotton is highly
efficient for removing heavy metals from solution and is an insoluble
oxidizing and reducing agent (electron exchanger).

Tue TRANSPORT OF PROTEINS ACROSS THE INTESTINAL BARRIER.—
During the digestive process enzymes, such as trypsin, break down pro-
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teins into their constituent amino acids which are then absorbed into the
circulatory system through the intestinal lining.

By feeding a trypsin inhibitor in conjunction with a protein, such as
insulin, intact protein molecules can be transported across the intestinal
barrier into the blood without previous breakdown.

These experiments may well explain the manner in which antibodies
in colostrum (the early milk from mothers) are transmitted to the infant.
This research also indicates a strong possibility that, through the use
of digestive enzyme inhibitors, essential protein-like molecules may be
introduced into the circulatory system by oral administration rather than
through commonly used injection techniques.

Basic HEREDITARY AND VIRUS MATERIAL SYNTHESIZED ENzZYMATI-
caLLy.—By adding an enzyme obtained from bacteria (DNAase) to
a previously prepared mixture of nucleic acids, it has been possible to
synthesize deoxyribonucleic acid (DNA), the basic hereditary and virus
material. The mixture required the addition of a small amount of
DNA as a primer as well as magnesium ions. (The net synthesis of
DNA exceeded that added as a primer by twentyfold.) The enzymati-
cally synthesized product had the same structure as proposed by Watson
and Crick for natural DNA (two nucleic acids chains which wind around
each other in a double spiral). Chemical understanding of DNA repli-
cation increases our knowledge of heredity, and the reproduction of
viruses. Since one of the hypotheses held by medical scientists is that
the synthesis of DNA differs in cancer cells from that in normal cells,
the key to understanding cancer may lie in just such experiments.

VIRULENCE OF BACTERIA DETERMINED BY ADDITION OF CELLULAR CoM-
PONENTS.—As previously mentioned, the biological properties of DNA,
a vital constituent of the nucleus of all animal and plant cells, are
of paramount importance since this compound is closely associated with
the process of reproduction and the transmission of hereditary factors.

In recent studies on the growth of a number of different bacterial
species (e. g., Brucella abortus, Diplococcus pneumoniae), it has been
found that addition of a mixture of bacterial DNA and deoxyribonu-
clease (DNAase)—the enzyme specific for its hydrolysis—to growing
cultures of these organisms produces striking effects upon the selective
establishment of virulent cells in an initially nonvirulent population.
Two different mechanisms are operative in causing this effect—a selec-
tive inhibition of the growth of nonvirulent cells (Brucella) ora selective
stimulation of the multiplication of virulent cells (pneumococci), which
may be associated with increased DNA synthesis. In addition to this
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striking effect on bacterial cells, experimental evidence indicates that
these DNA-DNAase digests are capable of stimulating the rate of
multiplication of lymphosarcoma cells in mice. Certain antagonists
to the DNA-DNAase effect, such as protamines, DNA-protein antisera,
and kinetin riboside have been observed. One of these (kinetin ribo-
side) produces increased selective inhibitory effects against virulent
pneumococci and lymphosarcoma cells when administered in combina-
tion with DNA and DNAase.

Information of this sort concerning the factors and mechanisms which
are involved in determination of the relative virulence of microorganisms
is of considerable interest because of its relationship to an understanding
of the phenomena of resistance and susceptibility to infectious diseases
as well as to a possible therapeutic treatment of infections and malig-
nant disease.

ExpLORATION OF SouTH AMERICAN “Lost WorLp”.—The Guyana
Highland, the principal mountain-mass of South America north of
the Amazon and east of the Andes, lies in southern Venezuela, with
conspicuous extensions into Brazil, Colombia, and the Guianas. It is
a spectacular area of numerous discontinuous and isolated tabular
mountains characteristically ringed by high vertical cliffs whose summits
are continuously wreathed in clouds of overhanging mists. Threaded
by uncharted rivers, and uninhabited except for small groups of often
hostile Indians, this is the “Lost World” hinted at by Conan Doyle and
W. H. Hudson. Until 1944 only a few fringes of this vast unknown
region had been touched by scientists. Since that time a program of
exploration has taken place which, even in these modern times when
the world’s surface is thought to be known, is a classic comparable to
the discoveries of a century ago. A totally unsuspected mountain, now
named Neblina, 50 miles long and 10,500 feet high, has been discovered
by a group of scientists who have made 18 expeditions in the Guyana
Highland during the past 14 years.

The flora of this region, now being made known for the first time, is
spectacular in the extreme, containing an extraordinary number of
unsuspected native plants at the level of genus and species. Further-
more, the region appears to be the center of distribution for many
ancient groups of plants. The explorers have now reached the end of
a phase of their work and are turning to detailed study and evaluation
of the many thousands of collected specimens. A fuller knowledge of
this flora will provide biogeographers with data crucial to a knowledge
of plant distribution throughout tropical America.
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Facilities for Research in the Biological and Medical Sciences

During fiscal year 1958, grants were made for facilities support at a
cost of slightly less than $1 million. Among these grants was one for
$544,250 to the Marine Biological Laboratory at Woods Hole, Massa-
chusetts, to cover one-fourth the cost of constructing a new research
laboratory building and the complete cost of constructing 25 cottages for
housing scientists and their families. The new research building will
replace 3 antiquated wooden laboratory buildings and will provide
additional working space. The Rockefeller Foundation is providing
one-half, and the National Institutes of Health one-fourth, of the total
laboratory costs. By providing additional housing, this grant will enable
scientists, especially younger ones with growing families and limited in-
comes, to take advantage of the Laboratory’s facilities for summertime
research. Many have been discouraged by the economics of the situa-
tion—in this case, the cost of rental housing in a summer resort area.

A grant of $200,000 was made to the Jackson Memorial Laboratory
to permit building an addition to the main building to satisfy immediate
and pressing research space. The two other sizable facility grants were
those to the Missouri Botanical Garden ($60,000) for herbarium and
library facilities for botanical research, and to the Museum of Com-
parative Zoology, Harvard University ($300,000) for museum facilities
for research in systematic zoology and paleontology.

Somewhat related to facility support were a number of equipment-
type grants of a size beyond that normally encountered in ordinary
research proposals. These varied from a grant for an ultracentrifuge to
grants for the purchase and installation of electron microscopes. In all
cases, equipment grants were made on a basis of the quality of the re-
search program in which the equipment was to play an integral part.
In the case of electron microscopes, it also was the practice of the
Division to have assurances from the recipient institution that it would
participate in the support of the microscope by providing for a full-
time operator whose salary was to come from the institution receiving
the equipment.

DIVISION OF MATHEMATICAL, PHYSICAL, AND
ENGINEERING SCIENCES

Current Research Support

The Astronomy program, perhaps more than any other discipline, has
felt the impact of the new interest in space. The excitement and im-
portance of what was sometimes considered mere star-gazing are rapidly
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becoming apparent. For example, studies of the minor planets, which
number in the tens of thousands, will give their locations to the degree
of accuracy required for navigation in interplanetary space. The sun,
too, is the object of intensive study to answer such questions as: How
does the sun eject cosmic rays? What is the precise nature of the sun’s
surface? These and many other questions have taken on new impor-
tance, and answers for them are being sought.

Grants in the Chemisiry program have continued to emphasize organic
and physical chemistry, with support also for inorganic and analytical
chemistry. The special support provided for basic research in high
polymers was continued during the year, but plans have been made to
incorporate this support within the framework of the existing sub-
disciplines. Of special interest are grants involving total synthesis and
reaction mechanisms.

Fields of special emphasis in the Earth Sciences program included
geochemistry, which is becoming more and more identifiable with clas-
sical geology, and meteorology. The other fields have remained in about
the same relative positions from the standpoint of support received, and
include geology, oceanography, geophysics, and aeronomy. A new
program for Atmospheric Sciences will be established in fiscal year 1959,
to deal primarily with meteorology and the sciences basic to meteorology,
including phenomena of the upper atmosphere.

The research supported by the Engineering Sciences program is by its
nature more nearly part of a “closed feedback loop” in that the need
for further basic study is frequently brought to focus through applications
of previous research. Grants were made in the fields of mechanics of
solids, transfer and rate mechanisms, thermodynamics, properties of
materials, fluid mechanics, and electrical theory.

The Mathematical Sciences program, on the other hand, is perhaps
the farthest removed from “feedback.” It continues to support research
in areas of applied mathematics as well as in algebra, analysis, topology,
and geometry. Mathematical research, of course, differs from research
in the experimental sciences in that it cannot be done by designing and
performing an experiment, but must be carried out by the mathematician
thinking about the problem.

The Physics program placed major emphasis on high energy physics,
particularly involving the interactions of elementary particles. The
program has found grants to be especially effective when they provide
either for scientists in smaller institutions to work with those from larger
ones, or for team attacks through which staff members of several small
institutions join together on a problem.

37



a - ‘ ﬁ\
Significant Research Developments

Croup SeepiIN¢ Provibes Basic WEATHER MoprFicaTioN KNOwL-
epce.—The increasing attention paid to the possibilities of weather
modification, such as production of rain to alleviate dry spells, has dram-
atized the lack of knowledge of the basic processes which cause weather
and atmospheric conditions. Interpretation of the much publicized
cloud-seeding experiments has largely been speculative, for the basic
physics of clouds is as yet largely unexplored. A series of National
Science Foundation grants have begun to make up the deficiences in
knowledge in this area. In one case, clouds developing day after
day in the same place, near Tucson, Arizona, were observed visually
with stereographic cameras, and with radar. Areas of cloud develop-
ment were seeded on certain days selected at random, and the results
were compared with those of nonseeded days. Although the number
of tests was not sufficient to determine statistically how effective seeding
may be, the radar showed that precipitation from larger seeded clouds
appeared to be greater than from similar unseeded ones. This repre-
sents a real gain in our understanding of how the seeding of cumulus
clouds can result in an increase in precipitation.

Urtrasonic WAves Usep For NEUROSURGERY.—Because of interest
in what happens as a result of intense uniform concentration of ultrasonic
waves ( those with frequencies which are far above normal hearing level),
a neurological instrument was developed under a Foundation grant
which employs ultrasonic waves rather than cutting edges. This device
focuses sound waves into extremely small precise regions in the brain,
permitting much more detailed study and understanding of various por-
tions of the brain. A most important aspect of the new tool is that it
may be employed to cut out tiny regions of the inner brain without
disturbing the outer structure. This type of bloodless surgery has been
used in abating the tremor of Parkinson’s disease.

STREAM MoODEL MAY Am IN FLoop ConTrOL.—Basic engineering re-
search on the effects of underwater dunes on the roughness, velocity,
and sediment-transporting capacity of a stream may well revolutionize
thinking about flood control and care and use of natural waterways. A
laboratory model of a stream used in conjunction with a high-speed
motion-picture camera has resulted in clarification of the motion of in-
dividual sand grains in a flowing stream. The entire pattern of sand
dune movement has been speeded up through use of the model. Basic
knowledge has been supplied which, when applied to particular condi-
tions in specific streams, can bring about more efficient and soundly
based flood-control programs.
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PeoMATITE ForMATION GIVES CLUE TO LOCATION OF IMPORTANT MIN-
grALS.—One of the most puzzling rocks found in the earth’s crust is
called “pegmatite,” or “giant granite.” The pegmatites contain min-
erals commonly found in granites, but in much larger crystals. These
large crystals are easily mined and séparated, so that pegmatites con-
situte our chief source of certain mineral commodities, such as feldspar
(used as an abrasive) and mica (used as electrical insulation). Also,
large crystals of rare minerals in pegmatites are our principal source of
elements, such as lithium and beryllium. How did such large crystals
grow? Most geologists have believed that the giant crystals must have
been deposited from hot dilute solutions rich in volatiles. The excess
water was presumed to have escaped upward to the earth’s surface.

Recent field and laboratory studies have upset the old ideas. The
hypothesis has now been evolved that pegmatites are relatively dry
melts (magmas) and are closed physico-chemical systems, and that the
giant crystals are formed during a “second boiling.” Early crystalliza-
tion releases latent heat and enriches the residual magma in water
enough to saturate it. At this point a vapor phase is produced, which
is responsible for both the transport of the material and the formation
of the giant crystals. Laboratory tests have confirmed these ideas;
miniature pegmatites actually have been produced.

This is of great practical interest in guiding the exploitation of known
bodies of pegmatite minerals and in searching for undiscovered deposits,
for it shows that such deposits wil be shallow and contained within a
limited area. In addition, since the phenomenon apparently applies to
other types of molten rock, many other investigations are suggested
which may lead to information about the origin of various ores and the
discovery of additional sources of these ores.

ReactioNs oF FrReEe RapicarLs Stuprep IN SLow MoTioN.—Atoms or

groups of atoms bonded together by pairs of electrons can be split to
yield positive and negative ions. For example, atoms “A” and “B”
bonded by two electrons can be split to yield “A” with a positive charge
and “B” with a negative charge and both electrons attached to it.
Another kind of split yields neutral “free radicals”, i. e., atoms “A” and
“B” with one electron attached and no charge. Such free radicals are
among the most reactive species known to chemists, and have long defied
study because of their extreme instability, that is, their tendency to re-
combine almost at once. Recently techniques have been worked out
whereby the free radicals are formed and immediately trapped on cold
surfaces (20° K., or —424° F.). This freezing permits detailed spectro-
scopic study of their properties, and a slow warming of the surface per-
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mits investigation in “slow motion” of their reactions. For example, a
National Science Foundation grantee has formed such a free radical,
CH_, and has brought about its reaction with ethene, ketene, and other
compounds, a yield cyclopropane, cyclopropanone, and the like—re-
actions which would not take place at ordinary temperatures. The
combination or reaction of these free radicals produces a vast amount of
energy, which, if it could be captured, would be promising for rocket
propulsion. The radicals might also be used as unique reagents to carry
out otherwise unattainable chemical syntheses.

GraviTy Stupies ReveaL Earta SussTRUcCTURE.—Recent geological
and geophysical work in Utah and eastern Nevada has shown that the
rock structure of the area is exceedingly complex. A team of researchers
under a grant from the National Science Foundation has made detailed
measurements of variations in the pull of gravity throughout the area
and, from these variations, has been able to chart the major contours of
the buried bedrock and obtain important clues as to the configuration of
fault blocks and other structural patterns. This represents a significant
advance in the technique of “underground mapping.” In addition, the
fact that these particular structural patterns have now been mapped may
be of economic importance in determining where mineral deposits and
ground water are likely to be found. These patterns are also important
because of the relationship between the faults and earthquake hazards in
the region. In the Salt Lake region, for example, earthquakes tend to
occur along the Wasatch fault zone, which passes through Salt Lake
City and was mapped in part by this survey.

CreEMIsTs CoNSTRUCT MOLECULES BY STEREOSPECIFIC SYNTHESIS
AND PoLYMERIZATION.—Organic chemists have long been aware that
a given compound can exist in two or more forms which differ only in
the geometric relationship of a given atom or group to the rest of the
molecule. Only recently, however, has the vital importance of this
spatial arrangement or “molecular configuration” been appreciated.
Very often one form will possess much greater biological activity than
its isomers. Therefore, chemists have put much effort into learning how
to manipulate molecules to produce the desired configurations.

One researcher partially supported by a Foundation grant has suc-
cessfully completed the total stereospecific synthesis (producing only the
desired molecular configuration) of several antibiotics. The techniques
devised for doing this can be applied to future syntheses, thus leading to
new antibiotics. Another grantee recently announced the first total
stereospecific synthesis of the alkaloid yohimbine, after four years of work.
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Yohimbine is structurally related to reserpine, which has found use as
a tranquilizer and hypertensive agent. This work thus paves the way
for synthesis of the structurally more complicated reserpine, and ulti-
mately of improved derivatives.

Other workers have been studying the molecular configurations of
compounds which can undergo polymerization to yield high molecular
weight compounds. One researcher has produced a substance which
is identical with natural rubber in its physical characteristics, by care-
fully controlling the spatial relationships of the groups in the molecule.
Through this control of configuration, many new synthetic substances—
potential fibers, rubbers, and plastics—have already been produced and
are being considered by industry for development.

Facilities for Research in the Mathematical, Physical, and Engineering
Sciences

Facilities support in this area during 1958 totaled approximately
$5 million. A supplemental award of $1,130,000 was made to the As-
sociated Universities, Inc., for the construction of the National Radio
Astronomy Observatory in Green Bank, W. Va. This is in addition to
a previous grant of $4,000,000. Complete installation of an 85-foot
Blaw-Knox equatorially mounted paraboloid telescope is expected before
the end of calendar year 1958. Design of a 140-foot telescope has been
completed, and a contingent contract for construction has been signed.

After a 3-year program of site survey and testing, the National Optical
Astronomy Observatory will be established at Kitt Peak, Arizona. The
Association of Universities for Research in Astronomy, Inc., has been
given a grant of $3,100,000 to go ahead with construction. Plans for a
36-inch reflecting telescope and associated housing have already been
completed. Designs for an 80-inch telescope are being developed. A
permanent director for the Observatory, Dr. A. B. Meinel, was
appointed.

Three grants for computer installation were made—$50,000 to the
University of Oklahoma, $50,000 to Iowa State University, and
$100,000 to the University of Minnesota.

Support for nuclear reactors was provided to two universities—
$150,000 to the University of Virginia, and $300,000 to the State Col-
lege of Washington.

SOCIAL SCIENCE RESEARCH PROGRAM

On August 1, 1957, a unified Social Science Research Program was
established as an outgrowth of a 4-year study of the Foundation’s re-
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sponsibilities within this area. The new program replaces the program
in “convergent ficlds of natural and social sciences” previously con-
ducted by the two research divisions, and is concerned with selected
fields in the scientific study of human social behavior. The present
Social Science Research Program includes four areas: anthropological
sciences, sociological sciences, cconomlc sciences, and the history and
philosophy of science.

Current Research Suppoﬂ

The Anthropologzcal Sciences program includes basic research in
archaeology, physical anthropology, ethno-botany, ethnology, psycho-
linguistics, and related fields. One project is concerned with the utili-
zation of electronic computers in linguistic analysis. Another grantee
is studying the order and acquisition of consonant clusters in child
language. An archaeological investigation and a study of an aboriginal
American Indian group by a team of anthropologists, biologists, and
geographers may yield knowledge of the relationships of culture, ecol-
ogy, and environmental adaptation.

A grantee in the Sociological Sciences is exploring new techniques in
research on migration. The achievement and potential of Soviet
science, as viewed by American scientists returning from Russia, is the
subject of another study. In still a third area an investigator is study-
ing problems of identification and family structure to determine how
variations in parental behavior may affect the child’s personality.

Problems of primary importance to the Foundation, in the light of
its congressional mandate to investigate the social and economic con-
sequences of science, are encompassed in the Economic Sciences. One
grantee is investigating technological change from an econometric point
of view, while another is studying the economics of invention. A
third grant is mentioned below under research developments.

Grants were made in the area of History and Philosophy of Science
for research on early American science, on the origins of anatomy and
physiology, and on the philosophical foundations of physics.

Significant Research Developments

CoMPUTERS PROGRAMED TO PrEDICT BUsiNEss CycLEs.—The results
of a study on the use of electronic computers in analyzing current eco-
nomic indicators, which has received an additional grant for refinement
of techniques, have significantly advanced computer-analysis knowledge.
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In the past, seasonal and irregular business fluctuations, usually much
‘larger than changes in underlying cyclical or major trends, made trust-
worthy prediction most difficult. The new method provides a quicker
and more sensitive measure for determining the stages of the business
cycle and separates meaningful trends from temporary irregularities.
It is already in use and has proved of value both to Government and
private industry in gauging the direction and strength of current trends.

Scientific Conferences and Symposia

During the past fiscal year, the Foundation sponsored and provided
partial support for 34 scientific conferences and symposia. In most in-
stances sponsorship was shared with one or more private or public agen-
cies, including universities and scientific societies.

INTERNATIONAL CONFERENCE ON CURRENT PrOBLEMS IN CRYSTAL PHYSICS—
Cambridge, Massachusetts, July 3-6, 1957; Chairman: John C. Slater, Department
of Physics, Massachusetts Institute of Technology, Cambridge, Massachusetts; Co-
sponsors: Massachusetts Institute of Technology, The International Union of Pure
and Applied Physics. '

CONFERENCE ON NATURAL AND SYNTHETIC MINERALS—University Park, Pennsyl-
vania, July 5-8, 1957; Chairman: Joseph V. Smith, Department of Mineralogy,
Pennsylvania State University, University Park, Pennsylvania; Cosponsor: Pennsyl-
vania State University.

FourTa GENERAL ASSEMBLY AND CONGRESS OF THE INTERNATIONAL UNION OF
CRrYSTALLOGRAPHY—Montreal, Canada, July 10-19, 1957; Chairman: John S. Cole-
man, National Academy of Sciences—National Research Council, Washington,
D. C.; Cosponsors: Philips Electronics, Inc., Research Corporation, General Electric
Co.

WorLp CONFERENCE ON PRESTRESSED CoNCreTE—Berkeley, California, July 28-
August 1, 1957; Chairman: T. Y. Lin, University of California, Berkeley, California;
Cosponsors: University of California, American Society of Civil Engineers, American
Institute of Architects, American Association of State Highway Officials, Amerxcan
Concrete Institute, Prestressed Concrete Institute.

CoNreErReNCE ON Liqump SciNTILLATION CounTiNgG—Evanston, Illinois, August 20—
22, 1957; Chairman: Carlos G. Bell, Jr., The Technological Institute, Northwestern
University, Evanston, Illinois; Cosponsor: Northwestern Technological Institute.

Firra INTERNATIONAL CONFERENCE ON Low TEMPERATURE PHysics AND CHEM-
1sTRY—Madison, Wisconsin, August 26-31, 1957; Chairman: Joseph R. Dillinger,
Department of Physics, University of Wisconsin, Madison, Wisconsin; Cosponsors:
University of Wisconsin," International Union of Pure and Applied Physics.

GorpoN ResearcH CoNFERENCES—New Hampshire, Summer 1957 ; Chairman: W.
George Parks, Department of Chemistry, University of Rhode Island, Kingston,
Rhode Island ; Cosponsor: American Association for the Advancement of Science.

CONFERENCE ON PHOTOCHEMISTRY OF SoLm AND LiQum SysTEMs—Dedham,
Massachusetts, September 8-7, 1957; Chairman: Farrington Daniels, Department
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of Chemistry, University of Wisconsin, Madison, Wisconsin; Cosponsor: National
Academy of Sciences—National Research Council.

SyMPOSIUM ON SYSTEMATICS : BAsic CONCEPTS AND TECHNIQUES IN SYSTEMATICS—
St. Louis, Missouri, October 25-26, 1957; Co-Chairmen: Carl Epling, University
of California, Los Angeles; and Ernest Mayrl, Harvard University, Cambridge,
Massachusetts; Cosponsor: Missouri Botanical Garden.

SymposiuM oN ProTopEriODISM—GQGatlinburg, Tennessee, October 29-November
2, 1957; Chairman: Robert B. Withrow, Smithsonian Institution, Washington, D. C.;
Cosponsors: None,

CONFERENCE ON THE CHEMISTRY OF SULFUR AND CHLORINE COMPOUNDS IN THE
AtmospPHERE—Cincinnati, Ohio, November 4-6, 1957; Co-Chairmen: J. P. Lodge,
Jr., Robert A. Taft Sanitary Engineering Center of the Public Health Service,
Cincinnati, Ohio; and Waldo E. Smith, American Geophysical Union, National
Academy of Sciences—National Research Council, Washington, D. C.; Cosponsors:
Public Health Service, National Academy of Sciences—National Research Council.

SixTH INTERNATIONAL CONFERENCE ON CoAsTAL ENGINEERING—Gainesville, Flor-
ida, December 2-7, 1957; Chairman: Murrough P. O’Brien, The Council on Wave
Research, University of California, Richmond, California; Cosponsors: University of
Florida; The Council on Wave Research, University of California.

CoNFErRENCE ON Hiocr TEMPERATURE REsearcH—Chicago, Illinois, December 11~
13, 1957; Chairman: Mark G. Inghram, Department of Physics, University of
Chicago, Chicago, Illinois; Cosponsor: University of Chicago.

CoNFERENCE ON NuUcCLEAR Sizés AND DEeNsiTy DisTriBuTiONs—Stanford, Cali-
fornia, December 17-19, 1957; Chairman: Robert Hofstadter, Department of
Physics, Stanford University, Stanford, California; Cosponsor: Stanford University.

INTERNATIONAL SYMPOSIUM ON THE AxioMATIC METHOD—Berkeley, California,
December 26, 1957-January 4, 1958; Co-Chairmen: Delon Henkin and Alfred
Tarski, Department of Mathematics, University of California, Berkeley, California;
Cosponsors: University of California, International Union for the History and
Philosophy of Sciences.

CONFERENCE ON BIOCHEMICAL AND SEROLOGICAL CHARAGTERIZATION OF PROTEINS—
New Brunswick, New Jersey, January 24-25, 1958; Chairman: Alan Boyden, The
Serological Museum, Rutgers, The State University, New Brunswick, New Jersey;
Cosponsor: Rutgers, The State University. ‘

SyMPOSIA ON THE STRUCTURE AND FUNCTION OF MICROSOMAL PARTICLES AND ON
THE NATURE OoF MUscLE ProTEIN—Cambridge, Massachusetts, February 5-7, 1958;
Chairman: Cyrus Levinthal, Department of Biology, Massachusetts Institute of Tech-
nology, Cambridge, Massachusetts; Cosponsor: The Biophysical Society.

A SEMINAR SERIES ON DEVELOPMENTAL BroLocy—New York, New York, February
5-March 13, 1958; Chairman: Paul Weiss, Laboratory of Developmental Biology,
The Rockefeller Institute, New York, New York; Cosponsor: Rockefeller Institute.

CoNFERENCE ON RESEARCH POTENTIAL AND TRAINING IN THE MATHEMATICAL
ScieNces—Chicago, Illinois, February 12-13, 1958; Chairman: A. A. Albert, Divi-
sion of Mathematics, National Academy of Sciences—National Research Council,
Washington, D. C.; Cosponsors: University of Illinois, National Academy of Sci-
ences—National Research Council, University of Chicago.

CONFERENCE ON Basic ENGINEERING SCIENCES RESEARCH IN THE WEsT—DBoulder,
Colorado, February 17-18, 1958; Chairman: W. G. Worcester, Engineering Experi-
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ment Station, University of Coloracio, Boulder, Colorado; Cosponsor: University of
Colorado.

SympostuM oN CELESTIAL MEcHANICS—New York, New York, March 17-18, 1958;
Chairman: Jan Schilt, Rutherford Observatory, Columbia University, New York,
New York; Cosponsor: Columbia University. -

SymposiuM oN THE CHEMICAL Basis or DEveLoPMENT—Baltimore, Maryland,
March 24-27, 1958 ; Chairman: William D. McElroy, Department of Biology, Johns
Hopkins University, Baltimore, Maryland; Cosponsor: The McCollum-Pratt Insti-
tute of Johns Hopkins University.

CONFERENCE ON SALT MArRsH REesEarcH—Sapelo Island, Georgia, March 25-28,
1958; Chairman: Robert A. Ragotzkie, University of Georgia Marine Biology Lab-
oratory, Sapelo Island, Georgia; Cosponsor: University of Georgia Marine Biology
Laboratory.

Tamrp ANNUAL MmDWEST CONFERENCE ON THEORETICAL PHYSI1C8—St. Louis, Mis-
souri, March 1958; Chairman: Edward U. Condon, Department of Physics, Wash-
ington University, St. Louis, Missouri; Cosponsor: Washington University.

CONFERENCE ON SYSTEMATIC Bioroey IN PrivaTe INsTITUTIONs—Philadelphia,
Pennsylvania, May 19-20, 1958; Chairman: H. Radclyffe Roberts, The Academy of
Natural Sciences of Philadelphia, Philadelphia, Pennsylvania; Cosponsor: The Acad-
emy of Natural Sciences of Philadelphia.

SyMrosiuM oN SULPHUR IN ProTRINS—Falmouth, Massachusetts, May 23-24, 1958 ;
Chairman: Reinhold Benesch, Marine Biological Laboratory, Woods Hole,
Massachusetts; Cosponsors: American Heart Association, Marine Biological Labora-
tory.

CoNFERENCE ON CoMPARATIVE ENDOCRINOLOGY—Cold Spring Harbor, New York,
May 26-29, 1958; Chairman: Aubrey Gorbman, Department of Zoology, Columbia
University, New York, New York; Cosponsor: Columbia University.

CoNrFereNCE ON HYPERCON]UGATION—Bloomington, Indiana, June 2-4, 1958; Co-
Chairmen: V. J. Shiner, Jr., and E. Campaigne, Department of Chemistry, Indiana
University, Bloomington, Indiana; Cosponsors: Indiana University Alumni Founda-
tion, American Cyanamid Company, Eli Lilly and Company, Esso Research and En-
gineering Company, Humble Oil and Refining Company.

XXIII CoLp SprING HARBOR SYyMPOSIUM ON QUANTITATIVE Brorooy—Cold Spring
Harbor, New York, June 3-11, 1958; Chairman: Bruce Wallace, Biological Labora-
tory, Long Island Biological Association, Cold Spring Harbor, New York; Cosponsors:
Carnegie Corporation of New York, Association for the Aid of Crippled Children,
The National Institutes of Health.

CONFERENCE ON THE STRUCTURE OF MUCOPOLYSACCHARIDES—Ipswich, Massachu-
setts, June 5-7, 1958; Chairman: Endre A. Balazs, The Retina Foundation, Boston,
Massachusetts; Cosponsor: The Retina Foundation.

17TE GrRowTH SYMPOSIUM: DIFFERENTIATION AND GROWTH IN RESPONSE TO A
CHANGING CHEMICAL ENVIRONMENT—South Hadley, Massachusetts, June 9-11,
1958; Chairman: James D. Ebert, The Carnegie Institution of Washington, Balti-
more, Maryland ; Cosponsor: The Society for Study of Development and Growth,

SyMPosiuM ON STATISTICAL METHODS IN RApio WAVE PROPAGATION INVESTIGA-
tioNs—Los Angeles, California, June 18-20, 1958 ; Chairman: W. C. Hoffman, De-
partment of Engineering and Engineering Extension, University of California, Los
Angeles, California; Cosponsor: University of California, Los Angeles.
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InpusTay-University CONFERENCE ON REsEarcH ON ELECTRICAL ENGINEERING—
Columbus, Ohio, June 19-20, 1958; Chairman: M. S. Oldacre, Stanford Rescarch
Institute, Menlo Park, California; Cosponsors: American Institute of Electrical En-
gincers Committee on Research, Ohio State University.

CONFERENCE ON ANALYSIS OoF COMPOSITE RADIATION FROM STELLAR SYSTEMS—
Madison, Wisconsin, June 30, 1958; Chairman: A. E. Whitford, Washburn Observa-
tory, University of Wisconsin, Madison, Wisconsin; Cosponsor: University of Wis-
consin. -

Research-Related Activities -

Support of Travel to International Scientific Meetings

Because direct contact among scientists is important to the advance-
ment of scientific knowledge, the Foundation partially defrays travel
expenses for a limited number of American scientists to attend selected
international meetings and congresses abroad. In addition, travel
grants are sometimes made for such purposes as visits to laboratory or
research sites. The awards to the scientist generally amount to round
trip air-tourist fare between his home institution and the location of the
meeting. In 1958, 190 scientists received such grants at a cost of

$113,220.
Training Aspects of Research Grants

Research grants play an important role in the training of both pre-
doctoral and postdoctoral research assistants and associates. During
1958, approximately 1,165 in this category received advanced training
through participation in research projects under the direction of many
of the Nation’s most capable scientists.

When this number is added to the 1,348 awards made through the
Foundation’s formal fellowship programs, we find that a total of 2,515
have been given the chance to further their scientific education and to
gain valuable laboratory experience while working under the aegis of
seasoned and highly competent investigators.

Miscellaneous Grants

Among these are support for short-term research by medical students,
an extension of the previous year’s program; grants to biological field
stations to provide summer research training stipends for postdoctoral
investigators, graduate students, and teachers from small colleges; grants
to provide summer training for college and high school teachers who
serve as research assistants to scientists; and support for an internship
program in mathematical research under which postdoctoral mathema-
ticians investigate selected fields of applied mathematics under special
guidance.
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Fiscal Analysis of Research Programs
" The Foundation during the 1958 fiscal year made grants totaling
$25,049,155 for the support of basic research in the sciences, including
$5,934,250 for the maintenance and construction of research facilities.
These funds provided 1,120 grants in the biological, medical, mathemat-
ical, physical, engineering, and social sciences to 293 institutions in all
48 States, Alaska, Bermuda, Canada, Great Britain, Hawaii, Lebanon,
Puerto Rico, and Switzerland. Research grants for fiscal year 1958
averaged $18,085 for a period of 2.09 years, or about $8,653 a year.

Facilities grants were discussed in detail previously in the sections deal-
ing with the programs of the research divisions.

The following table summarizes the research grant program by subject
categories. A detailed list of the grants showing institution, principal
grantee, title of project, and amount is given in appendix C.

National Science Foundation Research Grants by Fields of Science,
Fiscal Year 1958

Biological and Medical Sciences: Number Amount
Developmental. ... 48 $604, 300
Environmental. .......cuvetuiriuneinineinriiaians 78 953, 600
Genetic. ..... e e 57 711, 150
MetabolC. oo vt e e e 74 1, 482, 350
Molecular. .. oo oo 78 1, 609, 100
Psychobiology. . . ... ooovvvnon 62 968, 800
Regulatory. ... .ooovvnieininiii e 70 1, 075, 280
SYSLEMALIC. o+« v v ev et 103 1, 036, 450
General. o et 35 440, 100

605 8, 881,130

Mathematical, Physical, and Engineering Sciences:

ASLIONOMIY . . o vt vvvvet ettt aanireeeeens 33 1,017,830
Chemistry . ..o oot e i 134 2, 323,900
Earth Sciences. . . ..o oo 70 1, 246, 395
Engineering. ... ...ovoiiiiiiii e 88 1, 538, 400
MathematiCs. . .. oo vveeeetie i 72 1,242,100
PRySICE. o v vvveeee ot e e 69 2,139, 200

466 9, 507, 825

Social Sciences:

Anthropology. ......oooir 22 384,100
SOCIOIOZY « + v v e v v te i 14 182,100
B COMOMICS. v v v v vttt tr e 5 93, 300
History and Philosophy of Science. .. .................. 8 66, 450
49 725, 950

TOtal. - o v oo e 1,120 19,114, 905
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DIRECT COSTS SALARIES
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Figure 1.—Analysis of the average National Science Foundation Research grant in fiscal year
1958 by types of expenditures (estimated).

Analysis of Salaries Paid From Research Grant Funds,* Fiscal Year 1958

Average grant, fiscal year
7958

Percent of
Amount salaries
Principal Investigator (total)........................... $2, 027 . 19.0
ST+ ¢ ¢ sV o P U P (1, 503) (14.1)
Sabbatical .. .......coiiiit i e (84) (.8)
ACAAEINIC. . v vt (440) (4.1)
Research Associate 2, . ... .. .ot ii ittt 2,953 27.6
Research Assistant 8, . . .. ... ... ittt 3,283 30.8
Othert . ... i i e e 2,412 22.6
03 7 Y 10, 675 100.0

1 Based on Budget Estimates at the time of Board approval.
2 Includes post-Ph. D. scientific personnel normally spending full time on research
and usually not occupying tenure positions at the institituon when they are doing the

research.

% Includes graduate assistants enrolled at the grantee institution and working towards
a master’s degree or a doctorate.

¢ Includes laboratory technicians and assistants, undergraduate assistance, miscel-
laneous direct labor charges and retirement charges where the grantee’s accounting
system treats these as a direct charge.

From figure 1 and the accompanying table, it can be seen that salaries
accounted for 67.1 percent and equipment 23.1 percent of the total
funds distributed. Indirect costs were estimated at 13.6 percent of
direct costs.



TRAINING AND EDUCATION IN THE SCIENCES

The program activities of the Division of Scientific Personnel and
Education are directed toward encouraging policies that will insure
that the Nation’s educational system will produce enough highly trained
scientists, engineers, science teachers, and other scientific workers to
meet our ever-increasing national needs.

The most serious and urgent problem at the present time in the
training of future scientists and engineers is not to find great numbers
of additional students, but to provide a high caliber of training in
science for the competent student who will seek it. In addition to prop-
erly motivated, capable students, a high quality of science instruction
requires a sufficient number of well-trained, dedicated teachers. It
also requires text and instructional materials which both reflect the
current status of scientific knowledge and meet the needs of the students.

Among the approximately 140,000 high school teachers of science
and mathematics, there are admittedly a goodly number of well-trained
full-time teachers, but a significant fraction of the total group is not
adequately trained to teach either modern science or mathematics with
optimum efficiency. A great many of these teachers are aware of their
academic deficiencies and are eager to improve their qualifications.
Evidence is provided by the fact that in the spring of 1958, 16,000
science and mathematics teachers applied for admission to Foundation-
supported Summer Institutes—approximately 1 in every 9 high school
science and mathematics teachers in the country.

Although it is sometimes stated that the problem of providing new
teachers to meet expanding enrollment is a more serious one than the
upgrading of present teachers, the fact remains that these present teachers
will bear the brunt of the teaching load for a number of years. Since
they will be providing the leadership and much of the in-service training
for their newly graduated colleagues, it is of prime importance that these
already committed teachers receive the training that they themselves
deem necessary.

A crucial factor involved in providing a continuing high level of
excellence in the training of our future college and university science
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students is an adequate supply of well-qualified faculty members. In
1955, colleges and universities employed less than 200,000 teachers;
by 1970, approximately one-half million will be needed. Evidently,
financial and other inducements at present are not strong enough to
attract our most capable science scholars into teaching.

One NSF study has shown that in 1953-54, more than 3 out of 4 of
our college and university teachers were over 34 years of age, 44 percent
were over 44 years old. More than one-third were between 45 and 60
years of age; many of these will be retired when the large enrollment
reaches college in the 1970’s.

'The prospect of progressive erosion in the quality of faculties is real.
Using the ratio of faculty members holding doctorates to the total staff,
the NEA has found that this ratio for all college faculties was 40.5
percent in the 1953-54 academic year. The President’s Committee on
Education Beyond the High School envisages a decline in this ratio to
20 percent by 1970—assuming generally accepted anticipated supply-
and-demand conditions.

Of the new faculty in all fields hired during the 1953-54 and 1954-55
academic years, 30.8 percent held doctorates; by 1955-56, the percentage
dropped to 26.7 and in 1956-57, to only 23.5. During 1953-54, 18.5
percent of all newly hired faculty had less than a master’s degree. The
percentage increased to 20.1 in 1955-56 and to 23.1 in 1956-57.

Even if we were able to solve the problems of providing enough com-
petent teachers at all levels, the science training provided would still not
be adequate. Too much of the content of science and mathematics
courses in our high schools and colleges is outdated. The time lag
between the discovery of new facts and their presentation in the class-
room has always been a problem, but it has now become so serious as to
pose a major threat to the effectiveness of our educational system. The
task of modernizing the subject matter of science is one of tremendous
proportions.

Evaluation of this country’s scientific training needs requires the
gathering and analysis of data dealing with scientific and technological
personnel resources and with the educational system, especially the ele-
ment which relates specifically to science education. Much of this
needed information has not yet been obtained.

The objective of all Scientific Personnel and Education Division pro-
grams has been and will continue to be the alleviation of the critical
situation resulting from the previously mentioned inadequacies in science
education. The programs fall into four categories—Fellowships, Insti-
tutes, Special Projects in Science Education, and Scientific Manpower.
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Fellowships Program

The fellowships program is designed to strengthen the Nation’s
scientific potential by providing support for advanced training in the
sciences, mathematics, and engineering directed toward the development
of highly qualified research scientists, and for further study in the sciences
directed toward increasing the competence of college science teachers.
A total of 1,527 fellowships were offered in fiscal year 1958; their value
was approximately $5.6 million. (Accompanying tables show distribu-
tion of fellowship awards by type, field, and State.) In 1959 about
2,500 full-year and 1,200 summer fellowships are to be awarded.

National Science Foundation Fellowship Awards, by Type and Field,
Fiscal Year 1958

Predoctoral
Post- | Senior
Field doctoral| post- |Science | Total
First | Inter- | Termi-| (regu- |doctoral| faculty
year |mediate| nal lar)
year
Life sciences. . ............ 65 122 63 59 32 67 408
Chemistry................ 76 95 53 33 12 37 306
Engineering.............. 71 49 27 2 3 41 193
Earth sciences............ 18 26 14 2 4 9 73
Mathematical sciences. . . .. 58 60 22 19 11 36 206
Physics and astronomy. . ... 98 111 40 33 11 21 314
Physical sciences general . . .. 0 0 0 0 0 1 1
Natural sciences general. . . . 0 0 0 0 0 4 4
Convergent fields. ......... 3 8 5 3 3 0 22
Total............... 389 471 224 151 76 216 | 1,527
Predoctoral:

Now in its seventh year of operation, the predoctoral fellowships pro-
gram is designed to offer support to unusually able students, thus en-
abling them to complete their graduate studies with the least possible
delay. The prestige of these fellowships is so high that they are much
sought after by top quality graduate science students. The objectives of
the predoctoral fellowships program are best served by keeping these
fellowships highly selective and highly competitive. From the 3,804
applications, a total of 1,084 fellowships were offered during 1958. In
1959, 1,000 fellowships will be awarded under this program.
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National Science Foundation Fellowship Applications and Awards,
Fiscal Year 1958

Region and State Appli- | Awards Region and State Appli- |[Awards
] cations cations
NORTHEAST NORTH CENTRAL
Connecticut. ......... 106 38 || Hlinois. .............. 344 111
Maine............... 21 7 || Indiana.............. 145 40
Massachusetts. ... ..... 283 88 || Iowa............... " 82 25
New Hampshire. ...... 28 7| Kansas............... 90 27
New Jersey........... 205 71 || Michigan............. 178 51
New York............ 792 235 |l Minnesota............ 122 47
Pennsylvania.......... 373 99 || Missouri............. 112 26
Rhode Island. ........ 28 11 |} Nebraska............. 41 7
Vermont............. 11 5 || North Dakota......... 17 3
Ohio................ 201 61
SOUTH South Dakota......... 26 5
Wisconsin. ........... 117 40
Alabama............. 52 7
Arkansas............. 33 9 WEST
Delaware............. 18 51| Arizona.............. 34 6
Florida............... 64 15 || California............ 493 181
Georgia.............. 41 9 || Colorado............. 56 13
Kentucky............ 44 7 || Idaho................ 25 7
Louisiana............ 44 5 i Montana............. 16 2
Maryland............ 130 30 {{ Nevada.............. 8 1
Mississippi............ 30 8 || New Mexico.......... 17 3
North Carolina........ 76 18 || Oregon.............. 73 16
Oklahoma............ 75 11} Utah................ 56 18
South Carolina........ 28 2 || Washington........... 112 39
Tennessee. . .......... 60 14 || Wyoming............ 11 5
Texas................ 179 43
Virginia.............. 79 25 POSSESSIONS
West Virginia......... 22 5| Alaska............... 9 2
District of Columbia. . . . 42 11 || Hawaii............... 9 4
Puerto Rico.......... 15 2

Regular Postdoctoral

Also in its seventh year, the regular postdoctoral fellowships program
is designed to provide support to individuals who have recently received
doctoral degrees in science to enable them to obtain additional high
level training. In fiscal year 1958, 151 of the 513 applicants were
offered regular postdoctoral fellowships. About 150 awards are planned

for 1959.

Senior Postdoctoral

This 3-year-old program of senior postdoctoral fellowships provides
opportunities for scientists who have demonstrated superior accomplish-
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ments in a particular field to become still more proficient, by studying
and doing research during a leave of absence from their regular posi-
tions. This program is kept highly individualized and variable in
nature to adjust to the particular needs of the Fellow. In 1958, 76
fellowships were offered under this program selected from among 259
applications. About 75 awards will be made in 1959.

Science Faculty

The science faculty fellowships program, the newest of the Founda-
tion’s fellowship programs, was initiated during fiscal year 1957. It
is designed to improve the quality of science teaching in our colleges,
especially the small colleges. Many of these instructors were drawn
into teaching with very little training beyond the bachelor’s degree;
others have been teaching for a good number of years with little oppor-
tunity for intellectual growth. These fellowships permit teachers be-
longing to either of these groups to undertake further study to increase
their competence as teachers.

During fiscal year 1958, science faculty fellowships were offered to
216 of the 694 applicants. Plans for 1959 call for 300 awards.

New Fellowships Programs for Fiscal Year 1959

1. CooPERATIVE GRADUATE FELLOwsHIPs.—Similar to present pre-
doctoral fellowships except that applicants will apply through the par-
ticipating institution of their choice. The institution will then do the
initial screening with final evaluation and selection by the Foundation.
The institutions will also have the responsibility of administering certain
funds associated with the program. Approximately 1,000 awards will
be offered under this program in 1959.

2. SumMeR FeLLowsHIPS FOR GRADUATE TEACHING ASSISTANTS.—
Permit graduate teaching assistants to pursue their own study programs
full time during the summer months, thus shortening the time required
to obtain their advanced degrees. This program should encourage
more highly capable graduate students to accept teaching assistantships
as a means of support during the academic year, thereby benefiting the
student through the teaching experience he gains and benefiting the
university through the availability of the most capable graduate students
as teaching assistants. About 550 awards will be offered for the summer
of 1959.

3. SuMMER SciencE FELLOWSHIPS FOR SECONDARY ScHoOL TrAcH-
ErRs.—For in-service science and mathematics teachers in secondary
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schools, who hold baccalaureate degrees. It permits the selected teach-
ers to undertake a personal study program (extending over 1, 2, or 3
summers) leading to improved subject matter competence and often
to an advanced degree. Approximately 750 awards are planned.

Institutes Program

Institutes are designed to improve the subject-matter competence of
high school and college teachers of science and mathematics. During
fiscal year 1958, they consisted of the following three types: (a) Summer
Institutes for high school and college teachers, (b) Academic-Year Insti-
tutes for high school teachers, and (c) In-Service Institutes for high
school teachers. Expenditures for the 125 Summer Institutes, 19 Aca-
demic-Year Institutes, and 85 In-Service Institutes totaled $12.4 million.

‘The institutes are planned and conducted by colleges and universities.
Beyond providing broad, general directives and the needed financial
support, the Foundation does not participate in the operation of the
institutes. It makes financial grants to institutions whose plans, as out-
lined in the proposals submitted to the Foundation, appear practical and
most likely to result in the greatest benefit to the teachers who would
enroll.

In order to determine efficiently and fairly which proposals would be
supported, advisory panels are employed to review and evaluate the
proposals received from colleges and universities. The membership of
the panels is chosen from individuals recomnfended by the scientific
societies and other sources as being highly qualified to render judgment
in questions involving education in the sciences. The membership en-
compasses all disciplines in the natural sciences, including mathematics.
Industrial as well as educational institutions are represented. High
school teachers and officials from State departments of public instruction
are among the members. The evaluations of the advisory panels deter-
mine in large measure the proposals which are supported. The directive
of Congress “to avoid undue concentration” in carrying out the pro-
grams of education in the sciences is heeded in the final selection.
Balance is sought in geographic distribution, and in representation of the
various science areas and types of host institutions.

Summer Institutes

These institutes ordinarily provide courses that are tailormade to fit
the needs of the teachers, most of whom completed their formal course
work a number of years ago and frequently teach other subjects as well
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as their specialty. In addition to the courses, the institutes commonly
provide appropriate lecture series, opportunities for discussions, and
informal activities that add to their value to participants.

Of the 126 Summer Institutes held in 1958, 5 were for college teachers
only; 3, for both high school and college teachers; and the remaining
118 were for high school teachers only.

Three of the college institutes were for biology teachers, one was for
geology teachers, and the fifth was for junior college teachers of chemistry,
mathematics, or physics. The institutes for college and high school
teachers were in biology, chemistry, and mathematics, respectively. Of
the 118 institutes for high school teachers, 10 were in biology, 4 in chem-
istry, 12 in mathematics, 6 in physics, 1 in earth science, and 5 in
general science. The remaining 80 offered courses in 2 or more areas.
‘Twelve of the institutes for high school teachers were sponsored jointly
with the Atomic Energy Commission and provided work in radiation
biology.

Summer Institutes during 1958 were held in 47 States and in 3 Terri-
tories—Alaska, Hawaii, and Puerto Rico. New York had the greatest
number, 7. There were 54 institutes west and 72 east of the Mississippi.
There were 18 institutes in New England and New York, 31 in the other
Eastern States and the District of Columbia, 19 in the Southeastern
States, 23 in the Midwest Plains States, 18 in the Southwest including
California, 13 in the Rocky Mountain and Northwest region, and 4 in
the Territories.

The institutes varied in length, the shortest being 4 weeks, and the
longest, 12. The average was 7 weeks. The number of participants
in each institute varied from 20 to 110, and averaged 50. Participant
support funds not needed for travel or dependents were used by many
institutes to provide a few additional stipends. In all, approximately
6,000 high school teachers and 300 college teachers received support
from National Science Foundation funds in the 1958 Summer Institutes.

The National Science Foundation grants provided funds for partici-
pant support. The maximum award to a participant was set by the
Foundation at $75 per week for stipend, plus allowance for dependents
and travel. Most institutes followed this schedule and granted the
maximum allowable amounts to each awardee. (A few distributed
their available funds in smaller amounts to more participants.) Many
of the institutes accepted a few registrants beyond those who received
stipends. :

The Foundation grants to each institution paid necessary tuition and
fees for the stipend holders, and paid the direct costs occasioned by the
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institute to the extent that these exceeded the amount already allowed
for tuition and fees.

Furure PrLans.—Continued expansion of the Summer Institutes pro-
gram is expected in 1959 to a number in excess of 300. The Foundation
expects to exercise greater latitude in providing opportunities to teachers
at all levels for improvement of their mastery of science and mathematics.
Although most of the 1959 Summer Institutes will doubtless be for high
school and junior high school teachers, relatively more will be scheduled
for college teachers. This will be of particular advantage to teachers in
the small colleges and in teacher-training institutions. Thus, not only
will present teachers be aided, but through them, prospective teachers
also.

Elementary school science teaching is in drastic need of strengthening.
Therefore, a number of experimental Summer Institutes for elementary
school supervisors and teachers is being planned. It may even be pos-
sible to provide for other groups of teachers not yet reached—those in
technical institutes not offering the baccalaureate degree.

Academic-Year Institutes

In fiscal year 1958 the Foundation awarded grants to 19 universities
for Academic-Year Institutes to be conducted during the 1958-59 school
year. The courses in these institutes are based on the subject matter of
science and mathematics. High school teachers are able in many cases
to earn a graduate degree such as the Master of Science in Science Edu-
cation. In order to enable as many of the deserving teachers as possible
to earn this degree, the Foundation has made it possible for the institutes
to offer summer awards which permit the selected teachers to continue
their studies during the summer following the Academic-Year Institute.

Foundation grants for these institutes provide a maximum stipend
of $3,000, plus additional allowance for dependents and travel. Tuition
and other fees are covered as well as an allowance for books.

Approximately 925 teachers will be trained in the 1958-59 program,
and evidence gained from past programs indicates that very few of these
teachers will leave the teaching profession—proportionately fewer, in
fact, than normally leave teaching. It is also worthwhile to note that
appointments were available for fewer than 10 percent of those who
applied.

FuTure PrAaNs.—In academic year 1959-60, the Foundation plans to
support about 30 Academic-Year Institutes, the maximum level it is felt
this program should attain.

56



In-Service Institutes

The Foundation initiated this program to fit the needs of high school
teachers of science and mathematics through courses offered on Satur-
day morning or during after-school hours.

The success of the In-Service Institutes program during the previous
" 2 years resulted in support by the Foundation of 86 such institutes dur-
ing the 1958-59 academic year. About 3,000 high school teachers are
able to participate in this institute program which provides for their sup-
plementary training in the subject matter of science and mathematics
while at the same time, they maintain their teaching responsibilities.
The institutes are located in 35 States, the District of Columbia, and
Puerto Rico.

FuTure Prans.—Because of the popularity and proved value of this
institute program, the Foundation plans to support about 200 In-
Service Institutes for high school teachers of science and mathematics
during the 1959-60 academic year. Considerable interest has been
shown in the potential use of this mechanism to prepare teachers for
dealing with the new materials being developed for teaching science
and mathematics in the Course Content Improvement Program.

Extending the successful pattern established by the preceding pro-
grams, the Division proposes to initiate institutes of a similar type to
serve the needs of elementary school teachers in their teaching of science
and mathematics.

Special Projects in Science Education Program

Complementing the Institutes Program of the Foundation, this pro-
gram is concerned principally with the experimental testing and develop-
ment of promising new ideas for the improvement of science instruc-
tion, and with new and more effective methods of increasing the under-
standing of science on the part of our young people. Approximately
$1.5 million was obligated in fiscal year 1958 to carry out this program.
Projects fall readily into the three following types: (a) Student Par-
ticipation Projects, (b) Teacher Training Projects, and (c) Course Con-
tent Improvement Studies.

Student Participation Projects

These projects are planned to enlist the interest in and understanding
of science, mathematics, and engineering by students at all educational
levels. Activities in this area that have been supported by the National
Science Foundation include the following:
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1. The Traveling High School Science Library Program.—In many
.areas of the United States high school students with an interest in science '
have little or no access to books about science and mathematics other
than their textbooks. The primary purpose of this program is to fur-
nish to secondary schools, on a loan basis, a carefully selected library of
general-interest books chosen to cover a broad spectrum of science and
mathematics. A secondary but important result is the stimulation of
book purchases by school and other libraries in response to student
demand. '

The program is conducted for the Foundation by the American
Association for the Advancement of Science. It wasstarted on an experi-
mental basis in fiscal year 1956, and has been expanded each year since
then. In fiscal year 1958, 54 sets of 200 books each were circulated
among 216 high schools. Each school receives 50 books at a time.
Through periodic exchange, all 200 books are made available to each
school served during the academic year. In the summer, the libraries
are made available to Foundation-sponsored Summer Institutes.

A list of the books in the Traveling Science Libraries is published
separately and is given wide distribution. It is being used in many
communities as a guide to the purchase of books for libraries. A larger
and more comprehensive list of science and mathematics books for sec-
ondary school and community libraries is being prepared, and a special
list of science and mathematics books available in inexpensive paper-
bound editions is also issued to encourage students who wish to buy
them for their own use. ,

An evaluation study of the program has been conducted applicable to
the 1956-57 program which served 104 schools. This developed con-
siderable information regarding the reading habits of high school stu-
dents. Outstanding among the conclusions were the following:

a. In schools served by the Traveling Science Libraries, 39 percent of
the students read at least one of the books. Half of these read more
~ than three of the library books.
~ b. Small high schools make more intensive use of the library books
than large schools.

c. At schools where there is a strong teacher interest in science, as
determined by the number of library books checked out by the teacher,
student interest in the books is more intense.

d. A majority of the schools served by the libraries subsequently added
some science books to their own libraries. Lack of funds is the prin-
cipal reason for not buying more books.
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The Foundatibn plans to continue this program in the future, and
to expand it as funds permit. There are over 13,000 high schools in
the United States with a student body of less than 200 students.

9. The Traveling Science Demonstration Lecture Program.—Sup-
ported jointly with the Atomic Energy Commission and administered
by the Oak Ridge Institute of Nuclear Studies, this program provides
opportunities for secondary school students and teachers to sec and hear
science lecture demonstrations stressing the scientific principles involved
in such subjects as solar radiation, atomic structure, nuclear reactions,
space travel, and other subjects of scientific interest. Selected high
school teachers are trained at Oak Ridge during a Summer Institute
session and then during the academic year travel widely over the country
providing lecture-demonstrations in selected high schools.

The training program for 1957-58 was much like that for the first
year. Seven teachers were carefully selected for participation in the
program and underwent a period of preparation and special training
at Oak Ridge during the summer. The summer training period in-
cluded courses and lectures on fundamentals of physical sciences, radio-
isotope techniques, science experiments, and techniques in science
teaching.

Six weeks of the three-month summer session consisted of lectures
and demonstrations in chemistry, physics, biology, and mathematics
given by prominent scientists and teachers. Concurrently with the
lecture-demonstration training, the traveling teachers designed and built
many pieces of apparatus for use in their subsequent visiting lectures.
Many of these inexpensive “home-made” assemblies were used as models
which later were duplicated by high school teachers working with their
students. During the 1957-58 school year the traveling teachers made
visits of 1-week duration to 260 high schools throughout the country.
They gave, on the average, one lecture-demonstration per day in the
schools and were usually invited to provide many added lectures to
parent and civic clubs. In addition to the schools visited, other neigh-
boring schools were often reached while the teacher was in the com-
munity, so that a total of 892 schools (including some elementary
schools) received at least one demonstration-lecture. More than 226,000
high school students and some 5,700 high school teachers were reached
by this program. |

The activities and previsits of the traveling teachers were coopera-
tively planned by the high school principals and the science departments
of the various high schools. This cooperation aided the high school
teachers to anticipate what would be covered by the visiting lecture-
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demonstrator and permitted them to arrange their work in the science
courses to fit into the material covered by the visitor.

From reports of school principals, teachers, and parents, there is
abundant evidence that the high school traveling lecture-demonstration
program has had increasing success. By May 1, 1958, the number of
visits requested for the year 1958-59 had exceeded 3,200.

The 1958-59 program will make use of a group of 19 traveling
teachers—7 completely supported by National Science Foundation and
Atomic Energy Commission funds and at least 12 supported during the
9 months of the school year by State departments of education, with
National Science Foundation funds covering the teachers’ stipends during
the summer months and Atomic Energy Commission funds providing
the demonstration equipment.

The fact that educational systems in individual States are willing
and able to include the Traveling Science Demonstration Lecture Pro-
gram in their “normal” educational pattern is an indication of the
validity of the program. It is a good indication that this program will
probably function smoothly when it is expanded during the coming
year to provide a more widespread coverage of schools.

3. The Visiting Scientists Program.—This is a program which enables
distinguished scientists to visit small colleges and universities for periods
of several days to give lectures, to conduct classes and seminars, and to
meet students and faculty members on a formal as well as informal basis
in order to stimulate interest in science.

'The Visiting Scientists Program was initiated in the 1954-55 school
year when the National Science Foundation made a grant to the Mathe-
matical Association of America for a series of visits to various small
colleges and universities. Since that time the program has been ex-
panded to include similar programs in chemistry, physics, biology, and
astronomy.

In the past year, grants have been made to the following organiza-
tions to support Visiting Scientists Programs: American Chemical So-
ciety, American Institute of Physics, American Institute of Biological
Sciences, American Astronomical Society, and the Mathematical Associ-
ation of America. About 500 visits to colleges and a few high schools
will have been made during the academic year, reaching an audience
of over 60,000 students. The visiting scientists and the administrators
of the institutions visited, as well as the faculties and students, have
expressed enthusiasm for the value of the program.

The present programs in mathematics, chemistry, biology, physics,
and astronomy have proved so successful in arousing interest in the
subject matter presented that in 1959 they will be expanded to make
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more contacts possible. In addition, new scientific disciplines will be
included, such as the earth sciences and engineering.

In view of the importance of interesting high school students in scien-
tific careers, an active program, administered by appropriate scientific
groups, will be developed in the next fiscal year, so that able scientists
can visit high schools, lend their stimulus to science education at that
important level, and provide a better appreciation of career opportunities.

4. Science Clubs and Student Projects.—This program stimulates
interest in science and in scientific and engineering careers among stu-
dents below the college level by supporting extracurricular science proj-
ects under the guidance of national youth organizations.

Since 1952, the National Science Foundation has been providing a
limited amount of support to Science Clubs of America, administered
by Science Service, Inc., a nonprofit organization with other sources of
income. Approximately 19,500 local Science Clubs, composed pre-
dominantly of students of senior and junior high schools, are affiliated
with Science Clubs of America. Each has an adult adviser, usually a
science teacher. |

Many club members carry out individual projects which frequently
culminate in exhibits displayed at a school science fair. The most
worthy of these are selected for showing at a city, regional, or State
science fair, and each of these in turn usually selects two finalists who
are sent, with their exhibits, to the annual National Science Fair.

At the National Science Fair held May 9-11, 1958, exhibits were
shown by 281 finalists from 146 areas. The supporting fairs showed a
more impressive growth rate. On the basis of reports from 98 of the
146 affiliated fairs, it is estimated that the 281 exhibits at the national
fair were selected from a total of more than 468,000 exhibits at local
fairs, an increase of 60 percent over the preceding year.

Public attendance at science fairs is encouraged. In 1958 attend-
ance at the national fair was over 30,000, and an estimated 4 million
persons saw the exhibits at the supporting fairs.

Geographic coverage of this program is extensive but not intensive.
There are only three States where there are no science fairs, but few
of the remaining States have anything approaching complete coverage.
Of about 16 million students of the 7th through 12th grades, about
4 million would probably be interested in this kind of activity if the
opportunity were available. Total membership in the 19,500 Science
Clubs is estimated at about 500,000 students.

A recent study of National Science Fair finalists from 1950 to 1957
reveals a very high degree of interest in higher education. Of 589
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individuals on whom data were received, 156 were still in high schoal
and 23 were in military service. Of the remaining 410, 95 pércent
were taking college courses or had received a .college degree.

In view of the results obtained from this program, the Foundation
_plans to continue its support of Science Clubs of America and also to
explore the possibilities of science programs in cooperation with other
national youth organizations such as the 4-H Clubs, Future Farmers
- of America, the Boy Scouts, and the Girl Scouts.

5. Summer Training Program for Secondary School Students—A
primary purpose of this program is to encourage the scientific interests
of high-ability secondary-school students by providing them with oppor-
tunities to participate in study and research programs set up especially
for such students by interested college groups.

Pilot programs supported for the summer of 1958 include those of
two. State university short summer institutes for high school students
and one research foundation’s summer-long research participation pro-
gram. In the two university institutes—*“science camps”—two or three
weeks were devoted to lectures, laboratory experience, visits to other
laboratories or museums, and field trips, together with orientation lec-
tures in the various branches of science and mathematics. Their aim
was to acquaint the students with the many facets of scientific activity
so as to provide a better comprehension of the sciences and a better
basis for a choice of future careers. In the Waldemar Research Foun-
dation summer program, high school students participated in super-
vised research which not only complemented their wintertime classroom
instruction, but also offered them the stimulation and intellectual dis-
cipline of experimental scientific research.

Both types of programs utilized high school science teachers as coun-
sellor-participants, to the ultimate benefit of their future classes. In
these 3 pilot projects, 145 students and 8 high school teachers par-
ticipated. |

High school students also took part as members of demonstration
classes in mathematics and science which were part of the program
of some of the Summer Institutes for high school teachers.

A number of other proposals for the summer of 1958 to aid in de-
veloping the scientific interests of high school students were received,
but the Foundation was unable to support them all. However, for 1959,
the Foundation expects to support as many as 80 such projects.

6. Other Student Participation Projects.—Included under this head-
ing are projects such as support of the preparation and distribution of
pamphlets and brochures describing career opportunities in the various
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science disciplines and designed to awaken student interest; a program

to bring to science teachers and their students, by means of poster ex-
hibits, a balanced and comprehensive understanding of the IGY and
a -constructive realization of the interdependence of the scientific dis-
ciplines involved; studies of ways in which the Foundation can best
provide assistance to State Academies of Science in furthering their
interests in science education; production of pilot films relating to
science to be made available to American schools, not strictly as teach-
ing aids but directed to achieving a broader understanding of science
by all students; support of a 4-week summer workshop at the University
of Chicago to introduce qualified college students to the field of meteor-
ology as a subject for graduate study and as a profession, and partial
support to the American Institute for Research to conduct a planning
study for research on the identification, development, and utilization
of human talents.

Teacher Training Projects

Teaching is not a static profession in which the education attained
in on€’s youth can serve until retirement. In science, mathematics, and
engineering, new developments of a profound nature are constantly
occurring and affecting the fundamental principles in important areas
of subject matter. Associated with the new discoveries are novel lab-
oratory and demonstration procedures. Today’s teacher finds it essen-
ital to seek periodic refresher training, or if necessary, more advanced
training, if he expects to retain his competence as a teacher. The
problem varies with the teaching level, but this need applies to the
professor charged with graduate training, the secondary school teacher,
and the elementary school teacher. Whereas the college or university-
associated teacher may hunger for recent developments at the frontiers
of his field, the precollege teacher is usually isolated from contact with
the broad advances in science. Thus, the refresher work required
depends on the goals of the participants, and a flexible program is
needed to supplement the activities of the regular institutes programs.

During the past year, the National Science Foundation helped various
institutions to offer a wide variety of opportunities for the improvement
of teachers. Conferences and symposia were supported in such di-
verse fields as the teaching of astronomy, recent advances in proto-
zoology, approaches to the teaching of “freshman” chemistry, the uses
of projection equipment in planetaria, selected problems in statistics,
and the use of research problems at the undergraduate level. One
example of the needs at a level of education which may require in-
creasing attention was the pilot course given for teachers in technical
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institutes in the theory of process instrumentation and automatic con-
trol. Another illustration of the productive outcome of a long-standing
problem was a workshop centered on the various approaches to improv-
ing the electrical engineering curriculum, attended by representatives
of 100 engineering schools. The National Science Foundation also
contributed support to an important conference on problems of higher
education in science and engineering, with the Scientific Manpower
Commission, Engineering Manpower Commission, and the National
Academy of Sciences-National Research Council as cosponsors. Many
national leaders in science, industry, and education attended to discuss
the issues on a broad scale, and significant results are expected.

Not only the college teacher has benefited from these projects. In
an effort to come to grips with the overwhelming problem of elementary
school teachers for science teaching, an exploratory conference by the
National Science Teachers Association was supported on this subject.
In addition, two experimental approaches were tried in bringing science
content closer to the elementary school teacher: one, an in-service
institute for all of the interested elementary teachers in a small city;
the other, an institute for elementary science teacher-coordinators who
were nominated by their schools to receive this training and then return
to teach and to coordinate the science programs in their own schools.

Opportunities for secondary school teachers included specialized
summer programs in junior high school mathematics, marine biology,
and earth science. Of particular interest was a plan used in connection
with several mathematics summer institutes. In order to provide the

+ matha
tcachcrs pamapatmg m the IP;Stlt‘dtCS an oppcrtumty 10 s¢€ new maine-

matics concepts actually taught in class, or even to try presenting these
new ideas themselves, several institutes offered demonstration classes for
high school students. The Special Projects in Science Education Pro-
gram supported these demonstration classes, which seemed not only to
help the teachers master the subject but also brought a stimulating
experience in mathematics to several hundred superior high school
students.

Course Content Improvement Studies

Progress in the sciences has been so rapid in recent years that the
courses in science and mathematics offered in most secondary schools
now reflect neither the current state of knowledge nor the attitudes of
mind which characterize modern scientific study. The course work in
mathematics that now makes up the program of most modern high
schools has been taught essentially unchanged for approximately 60 years
and, therefore, does not emphasize many of the aspects of mathematics
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now considered important. Similarly, courses in physics, chemistry, and
biology as taught in most secondary schools not only contain much obso-
lete material, but—even more important—represent a point of view
that has long been discarded by the scientists working in these areas.
The basic concepts of these sciences have been altered beyond recognition
and whole new fields, unknown a few years ago, are now areas in which
important and active contributions to knowledge are being made.

Two consequences of this failure of science instruction in the primary
and secondary schools to keep pace with the growth of knowledge have
been a conspicuous lack of interest in science and mathematics on the
part of students and a seriously inadequate preparation for more ad-
vanced study in colleges and universities. The quality of the scientific
training given our young people has so vital a role for the safety and
economic welfare of this country that it can no longer be neglected if
America is to maintain its position of leadership in science and tech-
nology.

The seriousness of the situation has led many eminent scientists to de-
vote their efforts to a thorough and critical reexamination of science
programs in the public schools. The Foundation has provided support
for major studies of science curricula in the secondary schools in which
the knowledge, judgment, and experience of distinguished scientists and
skillful teachers have been welded together to produce new and imagina-
tive approaches to science instruction.

One of the most encouraging activities in high school science instruc-
tion today is the development of an entirely new course in physics for
the high schools. This has resulted from the cooperative efforts of a
large group of senior physicists working with a similar number of ex-
perienced and successful high school science teachers. The new course
represents a drastic departure from traditional methods of instruction
both in selection of subject matter and in the methods of presentation. A
new textbook has been written, a new laboratory manual prepared,
ingenious and inexpensive equipment has been designed for use in
laboratory study, films to supplement class and laboratory instruction
are being produced, a large number of monographs extending and en-
riching the student’s understanding of specific topics are being written,
and a comprehensive guide to assist teachers in presenting the new course
has been prepared. Everything possible has been done to bring maxi-
mum appreciation and understanding of the science of physics to the
high school student. The new course has been tested in a number of
high school classes with most encouraging results, and preparations are
now under way to have the course tried in more than 200 classes during
the next school year. ‘
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| A sxmllarly massive study of mathcma.ncs cumcula in the clc:mcntaxy -

and secondary schools has been started with Foundation support. . Here,
also, eminent mathematicians are working cooperatively with experi-
enced high school teachers to develop an approach to mathematics that
will both reflect modern concepts in this important field and create
interest and understanding in the minds of the students.

Mathematics today is an entirely different discipline from what it was
even a generation ago. Its-applications have been so extended that
scientists in many new fields use it as physicists and engineers used it
early in the twentieth century. Industrial employment of mathemati-
cians is many times greater today than was considered probable by the
best informed experts of only twenty years ago. The incredible speed
with which mathematics has come to play a role in almost every aspect
of modern life makes imperative a thorough restudy of the teaching
methods whereby young minds are brought into contact with this subject.
It is the purpose of the Mathematics Study Group to so reorganize the
work in mathematics in the upper levels of the elementary schools and in
the high schools that it will become a way of thinking rather than a sys-
tem of artificial devices to solve problems. Successful advancement of
this goal could become one of the important landmarks in the history of
educational progress during the twentieth century.

It should be emphasized that these studies have been cooperative ef-
forts in which scientists have sought and obtained the cordial assistance
of the professional educational organizations so that the knowledge and
experience of both groups could be utilized in the development of the
NEW courses.

Interest in the comprehensive studies of physics and mathematics cur-
ricula in the secondary schools has been widespread and has encouraged
similar studies in other sciences. The professional scientific societies
representing the chemists and biologists have approached the Foundation
for the support of comparable studies in these disciplines.

The Foundation provided support for a conference of college
teachers of chemistry which was held early in the summer of 1958 at
Wesleyan University, Connecticut. The conference discussed both the
appropriate materials to be included in college courses in elementary
chemistry and the most effective ways of presenting the material to
students.

In the area of teaching aids, Foundation support has been given to
the production of a series of films in which skillful teachers of mathe-
- matics discuss current ideas in special subject-matter areas of mathe-
matics. The films are designed to enlarge and enrich the grasp of
mathematics of college students of this discipline. |
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- Support has also been granted for experimental color television films
in biology because it is believed that wide-scale use of films and television
is a partial answer to increasing enrollments, shortages of teachers, and
presentation of educational experiences difficult to provide in other ways.
This project enlists, under the sponsorship of the American Institute of
Biological Sciences, distinguished biologists and experienced production
personnel in presenting both factual and theoretical topics on film, to-
gether with an evaluation of the effectiveness of this type of teaching.

Scientific Manpower Program

The Scientific Manpower Program is designed to provide the Federal
Government with knowledge about the Nation’s resources of scientific
manpower, such as supply, demand, utilization, and characteristics.
This is accomplished through maintenance of the National Register of
Scientific and Technical Personnel and through the conduct of Scien-
tific Manpower Studies. Expenditures for this program during 1958
totaled approximately $352,000.

The National Register of Scientific and Technical Personnel

The Register provides a means for quickly locating specialized scien-
tific manpower in case of emergency and serves as a source of data con-
cerning scientific manpower supply and characteristics. It is maintained
by the Foundation in cooperation with the Nation’s professional organ-
izations of scientists and engineers. At present the Register lists more
than 175,000 names, an increase of over 25,000 during the year.

During 1958, an analysis was completed of data received during
1954-55 from 126,000 scientists. The reports are currently being proc-
essed. The data deal with a wide variety of factors, such as salary, age,
level of education, field of study, professional specialization, function,
and type of employer. In addition, special studies are being made of the
proficiency of scientists in various foreign languages.

A “Survey of Earned Doctorates” is proceeding under grant to the
National Academy of Sciences-National Research Council. The object
is to collect information by means of specially designed questionnaires
from all individuals now being granted science or technical doctorates,
as a continuing program. Statistical analyses are aready under way.

Register personnel have been cooperating with the Civil Service Com-
mission in the establishment of a special placement roster of Federal
scientists and engineers in grades GS—13 and above. (The starting salary
for GS-13 is $9,890.) This roster is expected to be in operation in the
fall of 1958. |
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During the past year the Register has been used to provide data on
mathematicians in certain specialties to the Bureau of the Budget; salaries
of scientists to the Civil Service Commission; resident scientists to the
State of Florida; older scientists to the National Committee on Aging; etc.

Future Prans.—To place the Register program on a more current
operating basis and extend the coverage of the Register to new fields of
vital importance to the Nation, such as rocket and missile technology,
communications and electronics, aeronautical science, ceramics and
metallurgy. Methods of increasing the usefulness of the data currently
within the Register are also under study.

Scientific Manpower Studies

This program acts as a clearinghouse for the collection, interpretation,
and dissemination of information concerning scientific and technical
personnel. \

During fiscal year 1958, at the request of the Bureau of the Budget,
a major study was initiated by the Foundation aimed at the development
of a coordinated program of scientific manpower data collection. An
advisory panel consisting of experts in the field was appointed jointly by
the Foundation and the President’s Committee on Scientists and Engi-
neers, under the chairmanship of Dr. Philip M. Hauser of the University
of Chicago.

The results of this panel’s study served as the basis of the Foundation’s
report to the Bureau of the Budget, “A Program for National Informa-
tion on Scientific and Technical Personnel.” The Foundation indi-
cated the many gaps now existing in scientific manpower information
and the need for better planning and coordination in the operation of
existing data collection programs. Among the report’s recommenda-
tions for urgent action, three general areas of need are most urgent: (a)
better definitions and classification of scientific and technical manpower;
(b) a continuing flow of basic employment information; and (c) pro-
jections. Other recommendations include intensive surveys of scientific
manpower characteristics, improvement of data collection on education,
and studies of qualitative aspects of scientific and technical manpower.
A key recommendation is that an appropriate Federal agency should
be given the responsibility for coordinating that part of the work which
involves Government support for analyzing the data produced and for
making the findings known.

The Foundation in cooperation with the Engineers Joint Council,
the National Academy of Sciences-National Research Council, and the
Scientific Manpower Commission sponsored the Conference on Higher
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Education and Technology held in Chicago, Illinois, October 31-
November 2, 1957. The Western Society of Engineers was the local
sponsor. The immediate objectives of the conference were to: (a)
provide an up-to-date picture of the scientific and engineering man-
power situation and its implications for educational resources; (b)
highlight the unique problems of higher education in science and engi-
neering and explore remedial measures; and (c) contribute to the gen-
eral understanding of problems of higher education in technology and
the need to rally our Nation’s resources to meet the challenge. The
proceedings of the conference were published under the title Engineer-
ing and Scientific Education—Foundation of National Strength.

During the fiscal year 1958, the following studies were completed:

Immigration of Professional Workers to the United States, 1953—56.—
An analysis of approximately 60,000 immigrants, classified as profes-
sional, technical, and kindred workers, who entered the U. S. for per-
manent residence during fiscal years 1953-56 (July 1, 1952-June 30,
1956).

Scientific Manpower—1957 —The papers presented at the Sixth Con-
ference on Scientific Manpower held in conjunction with the AAAS
meeting at Indianapolis, Ind., in December 1957. The conference
theme was “Scientists and Scientific Research in a Changing Economy.”

Reports prepared as a result of Foundation grants include Engineer-
ing Enrollment and Faculty Requirements, 1957 to 1967 ; Availability of
Retired O fficers to Teach Mathematics and Science; and Doctorate Pro-
duction in United States Universities, 1936-56.

Other projects included analysis of data for 1954-55 from the Na-
tional Register of Scientific and Technical Personnel; analysis of data
from the 1957 Survey of Doctorate Degrees; continuing analysis of in-
formation on scientific manpower in foreign countries; and special re-
search on various subjects in the field of education, such as high school—
college attrition and qualifications and preparation of high school science
and mathematics teachers.

Future PLaNs.—To enlarge the program so as to begin to adopt urgent
recommendations which have been made concerning an integrated and
expanded program of scientific manpower data collection, to expand
the analysis of the relative scientific manpower positions of the Free
World and the Soviet Bloc nations, and to initiate a program of experi-
mental research on scientific manpower data collection.
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EXCHANGE OF SCIENTIFIC INFORMATION

The ultimate goal of the Office of Scientific Information is to insure
the ready availability to all United States scientists of the world’s current
and past output of significant scientific information. With the ever-
increasing volume of scientific research throughout the world has come a
proportionate increase in the body of the world’s scientific knowledge.
These factors pose a severe problem in dissemination, for research, no
matter how significant, is of little value unless the results are easily ac-
cessible to other scientists. |

The Foundation, through the Office of Scientific Information, fosters
cooperation and coordination of scientific information activities among
agencies of the Federal Government and among non-Government
organizations engaged in activities in this field.

The four major programs of this Office are: Research on Scientific In-
formation, Publications and Information Services, Government Research
Information, Foreign Science Information. During fiscal year 1958,
approximately $2 million were spent in pursuit of these programs.

Research on Scientific Information

The objective of this program is the development of new or improved
means of organizing, translating, storing, searching for, and disseminat-
ing large quantities of scientific information. Scientists need new tools
to help them find and digest the material they want without time-consum-
ing searches through the literature. The design of improved systems
and the development of procedures for using high-speed machines in
the processing of scientific information require thorough study of the
actual information requirements of scientists, experimentation with pos-
sible ways of organizing and searching information so as to best meet
their requirements, and, finally, testing and evaluation of proposed new
procedures and systems.

Machine Translation

Active research programs on the use of electronic machines in pre-
paring translations are being carried on in the U. S. S. R. and England,
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“as'well as in'the United States. The 71 technical papers presented at a

6-day conference in Moscow in May 1958 on research m mechanical
translation demonstrate the size of the Russian effort. o

The Foundation is continuing its support of the following programs
in this field. The Massachusetts Institute of Technology is continuing
work on methods of machine translation with emphasis on the study of
sentence structure in German and English and procedures for converting
German sentences into the correct English word order. At Georgetown
University research continues on translation of Russian chemical papers
into English. Several promising techniques which have been developed
are being tested on general-purpose computers.

At the Harvard Computation Laboratory a full-scale automatic
Russian-to-English “electronics dictionary” will soon be in operation, and
will be used as a research tool in the continuing program to develop rules
for the fully automatic production of translations.

The Cambridge Language Research Unit, Cambridge, England, is
continuing work on the development of generalized procedures for
handling syntactic structures and semantic choices in machine trans-
lation. The procedures are being tested first on punched cards.

Organizing and Locating Information

Several new studies have been started and others continued dealing
with problems involved in organizing and locating information. A study
of the use of a computer to prepare a coordinate index for bibliographies
in book form was begun at George Washington University. Western
Reserve University has undertaken a test program of chemical notation
systems, which in time may be used to facilitate the preparation of
indices and the use of machines in searching chemical structure files. A
basic research project looking toward a systematic means of reducing the
linguistic complexities of scientific publications to simpler, more uniform
construction is in its second year at the University of Pennsylvania.

Operations Research Studies of Scientific Communication

Continuing support was given to an exploratory operations research
study of scientific communication at the Case Institute of Technology.
This project is a pilot study of the pattern of communication among
chemists and their use of recorded information. A final report was
received from a related study, based on interview survey methods, of
scientific information exchange at Columbia University. The report
discusses the occasions of information exchange and the characteristics
of information-gathering patterns in a university environment and sug-
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gests additional studies looking toward the improvement of channels of
~ information exchange.

Research Information Center and Advisory Service

~ The Foundation called a series of conferences and meetings with di-

rectors of research and representatives of other Federal agencies to discuss
means of facilitating research on information processing and searching,
as well as on machine translation. As a result of these discussions,
plans were made for the establishment at the National Bureau of Stand-
ards of a research information center and advisory service in the field
of information processing (including machine translation ), whose serv-
ices will be available to Federal agencies and other organizations con-
ducting or supporting research in the field. The new service is expected
to be in operation early in fiscal year 1959.

International Conference on Scientific Information

Both financial assistance and staff time were given to the planning
of a large international research conference on scientific information,
to be held in Washington, D. C,, late in 1958 under the auspices of the
National Academy of Sciences—National Research Council, the Ameri-
can Documentation Institute, and the National Science Foundation.
Approximately 75 papers have been accepted for the conference.

Publications and Information Services

The principal objective of this program is to aid the dissemination of
scientific information by helping to maintain, improve, and expand
present means of publication, and by helping to establish and maintain
information centers that provide scientists with specialized reference serv-
ices, where such aid is necessary.

Support of Scientific Publications

As in the past, the Foundation granted temporary, emergency support
to valuable research journals facing financial or other crises (such as the
Astronomical Journal), or to help journals with a specific problem such
as the publication of an extensive backlog or a cumulative index (such
as the Journal of Parasitology). Support was also given to help defray
the publication costs, and sometimes part of the preparation costs, of
other types of significant publications that could not be published without
such aid. These included monographs (such as World Monograph on
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‘the Fontinalaceae), specialized bibliographies (continuation of a bibli-
ography of the International Geophysical Year), compilations of data
(Organic Electronic Spectral Data, 1946-55), volumes of special tables
(Geographical Conversion Tables), and critical reviews of recent de-
velopments in a field (a comprehensive volume of reviews on all aspects
of phytopathology by leading experts from all over the world).

Abstracting and Indexing Services

Special attention was given this year to the problems of abstracting
and indexing services. Besides giving emergency support to Mathe-
matical Reviews and Sociological Abstracts, the Foundation provided
funds and staff work for a conference of major United States scientific
abstracting and indexing services. The conference met to consider
operating problems of the services and to explore the possibility of
increased cooperation among the various services to achieve systematic
coverage of the world’s scientific literature. A major accomplishment
of the conference was the formation of the National Federation of
Science Abstracting and Indexing Services, which will strive to co-
ordinate the work of the various services, seek ways to improve them,
and encourage the development of abstracting and indexing services
for those specialized subject fields not at present covered by such services.

Data and Reference Centers

Support was given for the establishment of an Office of Ciritical
Tables at the National Academy of Sciences—National Research Coun-
cil to coordinate the activities of the various data compilation projects
now in progress in this country and of the data centers currently in opera-
tion, and to stimulate new projects and centers in areas not presently
being covered. The Foundation again joined with other Federal agen-
cies to support the Bio-Sciences Information Exchange, which collects
information on current research projects in the biological sciences, or-
ganizes and classifies this information, and makes it available upon
request.

Studies and Experiments

Several studies were undertaken, under grants from this program,
of problems connected with publishing and disseminating scientific in-
formation. The American Institute of Physics began a major program
of research on publishing problems in the field of physics, including
such matters as the nature of the problems, comparisons of techniques
and methods that might be used in physics, publications, and the pub-
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lcation needs and uses of physicists. Biological Abstracts undertook
a survey of the coverage of botanical literature by abstracting services.
Heérner and Company made a study of the importance of subject slant-
ing in published abstracts, where the same papers are abstracted for
scientists in different fields.

Support was given to the Conference of Biological Editors for the
preparation of a style manual for biological publications, which will
establish standards in such matters as literature citations, terminology,
abbreviations, and preparation of illustrations. These standards will
be arrived at by agreements among biological editors, and it is expected
that most biological journals will adhere to them after the manual is
published, thus establishing badly needed consistency and saving con-
siderable time and effort of both editors and authors.

The American Physical Society was given partial support for the
establishment of an experimental type of journal for the rapid publica-
tion of physics research results. New editorial procedures will be used,
and it is hoped that improved production methods will also be developed.
The results of the experiment will be watched with great interest by
other scientific groups.

Government Research Information

The objective of the Government Research Information program is
to make unpublished results of federally supported scientific research
as available to United States scientists as are the results published con-
ventionally in journals and books.

Inventory of Government Scientific Reporting

An inventory of Government agencies has been underway to deter-
mine the quantity and subject matter of the scientific reports which they
issue, the availability of these reports to scientists outside Government,
and the policies and procedures of these agencies with respect to their
scientific information programs. Additional agencies were surveyed
during fiscal year 1958, and the data from the entire survey will be pub-
lished in a series of Foundation pamphlets. The first, dealing with the
Department of Agriculture, will appear early in fiscal year 1959.

Government Research Information Clearinghouse

The second year of operation of the GRI Clearinghouse saw an in-
crease in the comprehensiveness of replies to inquiries from scientists.
More than 9,000 information sources were cited in response to requests
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by scientists for information on where Government-sponsored research is
being carried on and how access to the resultant reports can be obtained.
Clearinghouse staff members, in a prototype declassification program,
are searching the Armed Services Technical Information Agency’s clas-
sified collection for significant reports that appear to be susceptible of
declassification. Subjects are selected on the basis of interest as ex-
pressed by queries directed to the Clearinghouse. Declassification rec-
ommendations are handled by the Office of Technical Services.

Office of Technical Services, U. S. Department of Commerce

Financial support of the Office of Technical Services was increased to
enable it to continue and expand its vigorous program of obtaining, an-
nouncing, and making generally available scientific reports in basic re-
search fields. As a result, OTS was able substantially to augment its
automatic acquisition agreements with other Federal agencies and now
believes it is receiving nearly all significant, unclassified reports in basic
science issued by the Department of Defense and its contractors.

Library of Congress

The Report Reference Center, established in the Library’s Science
Division in fiscal year 1957, increased its work as a result of an increase
in the funds granted to it, and now has the country’s principal collection
of unclassified scientific reports available for general reference use.
About 40,000 titles were added during the fiscal year, bringing the total
to approximately 100,000.

With Foundation support the Library will complete early in fiscal year
1959 its preparation of the Armed Services Technical Information
Agency subject index to the unclassified reports within AD numbers 1
to 75,000.

Foreign Science Information

The basic goal of this program is the widest possible dissemination in
the United States of the published results of foreign scientific research.
To date it has been necessary to limit work toward this goal almost ex-
clusively to Russian scientific literature, emphasizing translations into
English.

Midwest Inter-Library Center (MILC)

Continued support was given to the MILC in Chicago, a cooperative
endeavor of 19 major midwestern universities. The Center is establish-
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ing a comprehensive collection of foreign chemical and biological serial
publications. The Foundation grant for fiscal year 1958 will maintain
the subscriptions to the 800 journals acquired last year and permit the
addition of 1,000 in chemistry and 500 in biology. When present gaps
are filled, the holdings will make 9,500 of the world’s most significant
serials in these two fields available to U. S. scientists.

Translations of Russian Documents

Grants made during the year brought to 29 the number of Russian
scientific journals receiving cover-to-cover translation with Foundation
support and with the cooperation of the Atomic Energy Commission, the
National Bureau of Standards, and the Office of Naval Research; 14
new translation projects were begun during the year. These together
with translations sponsored commercially and by other agencies make
available in English by subscription more than 50 important Russian
scientific periodicals. Grants were also made for the translation of 10
important Russian scientific monographs in the fields of biology, ceram-
ics, geochemistry, geology, and mathematics. Support was granted for
the fifth consecutive year for translation by the American Mathematical
Society of approximately 1,500 pages of carefully selected papers from
Russian mathematics journals.

Special Libraries Association Translation Center

In collaboration with the National Institutes of Health, the Founda-
tion continued to support the Special Libraries Association Translation
Center of the John Crerar Library in Chicago. The Center’s holdings
were increased during the year to approximately 20,000 titles. New
titles are being added at the rate of about 500 per month.

Foreign Technical Information Center

In line with its efforts to assist agencies of Government to coordinate
foreign information programs for maximum effectiveness, the Founda-
tion chaired a series of interagency rheetings to plan methods for dis-
seminating Government-prepared translations to the public. Out of
these meetings grew a new program which the Congress has authorized
to be established within the Office of Technical Services of the Depart-
ment of Commerce. The primary function of the new Foreign Tech-
nical Information Center, to begin operation in fiscal year 1959, will be
to act as a clearinghouse and to channel to the public large quantities of
abstracts, translations, and studies of foreign science prepared by a num-
ber of Government agencies in the course of their normal operations.
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Other Activities

Other grants during the year included support for a supplement to
Bibliography of Eastern Asiatic Botany, a study of the current status of
Russian biological research publications and another on certain Rus-
sian engineering publications, and preparation and publication of A4 Se-
lected Bibliography of Japanese Publications in Science and Technology.
Continued partial support was given to the International Council of
Scientific Unions for its program of assisting international cooperation
in scientific abstracting.

Special Scientific Exhibits

In 1957-58 the Foundation coordinated the United States program
for large-scale science exhibits in the International Science Section of
the Brussels World’s Fair. Funds transferred from the Department of
State paid for the conception, design, construction, and display of ap-
proximately 6,000 square feet of exhibits. The United States is rep-
resented by 51 displays of a total of about 500 from 15 nations.

The scientific achievements of more than 100 prominent American
scientists, combined with cooperation and generous assistance from 50
American industries, contributed to the production of the United States
exhibits. American exhibits range from the very popular to the very
technical, and include a display of manmade diamonds, an operating
nuclear reactor, and an exhibit on the recent Nobel prize-winning dis-
covery of the nonconservation of parity.

With the cooperation of the Naval Research Laboratory and the
National Academy of Sciences-National Research Council, 4 out-
standing earth satellite exhibits were produced, which have been shown
a total of 61 times in 25 States, the District of Columbia, and 3 foreign
countries, as well as having had 4 television appearances. These ex-
hibits are currently being modified to include the Explorer satellite as
well as Vanguard.
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SURVEYS OF THE NATIONAL RESEARCH AND
DEVELOPMENT EFFORT

The vastly increased public attention given to basic science, following
the launching of the Soviet sputniks, made apparent the need for more
information on the present research and development efforts in the
United States. Fortunately, factfinding in this area had been part of the
program of the National Science Foundation for several years. Early
. studies provided much otherwise unavailable information. This year
the Foundation accelerated the development of a long-range plan for
obtaining annual data on the volume of research and development.

To carry out this program, the Foundation’s Office of Special Studies
was reorganized. Four program objectives were outlined to collect
and analyze data on the nature and extent of the Nation’s scientific ac-
tivities, and thereby assist in the formulation of Federal science policies.

These program objectives are as follows:

1. To measure the Nation’s research and development effort.

2. To undertake such special studies as may be indicated by the
analysis of the results under (1), in order to throw additional light on
the problems involved.

3. To appraise the impact of research and development on selected
areas as well as the economy as a whole.

4. To promulgate the findings in a series of monographs and reports.

Long-range statistical studies on research and development in four
sectors of the economy are now materializing. On an annual basis
data are being collected on the Federal sector; in the other three sectors—
private industry, colleges and universities, and other nonprofit institu-
tions—periodic benchmark surveys are planned with intervening annual
summary surveys. The continuity of these surveys will make possible
time series for the individual sectors as well as for the national totals, with
accompanying analyses on the flow of funds.

. Work has begun on analytical studies, including examination of the
relationship of research and development to the growth of a company,
and investigation of decision-making as related to innovation and to re-
search and development expenditures. Still another will survey the
trends and volume of scientific research and development expenditures
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and manpower in the Soviet Union. ~ Plans are also being maide to de-
velopspemalstudmmtbecollcgesandumvcrsmwarcaandmtheFed-
eral Government sector.

During the year, the publications issued by the Foundation in this
field were as follows:

Government

Two studies of Federal scientific activity and one on scientific activity
in six State governments were released during the year. These studies,
along with brief comments on their findings, are noted below.

Federal Funds for Science VI. The Federal Research and Develop-
ment Budget, Fiscal Years 1956, 1957, and 1958.—This issue of the
Federal Funds for Science series continued the annual analysis of the
Federal Government’s obligations and expenditures for scientific re-
search and development. As shown in figure 2, both obligations and ex-
penditures for this purpose increased in the three fiscal years covered by
the study.

These obligations and expenditures represent the funds administered
by more than 20 Federal agencies for basic research, applied research,
development, and the expansion of R&D plant which accounted for
10-15 percent of the totals shown in figure 2. Of the Government’s
total obligations for basic and applied research and development, more
than 60 percent is for development and less than 40 percent is for re-
search, including basic research.

The Federal research and development budget, which has shown a
multifold increase since 1940, includes funds for work conducted not only
in Government laboratories but under contract or grant arrangements
with numerous private organizations, such as industry and educational
and other nonprofit organizations.

In the past decade Federal expenditures for scientific research and
development have advanced from around 2 percent of the total Federal
budget to more than 4 percent.

Funds for Scientific Activities in the Federal Government.—Along
with a number of surveys of research and development initiated in 1954,
a study of the Federal Government’s organization, personnel, and funds
for scientific activities was undertaken. Previous publications have
summarized the information developed on organization and personnel.
‘This publication focused on Government funds applied to a wide range
of scientific activities, including, in addition to conduct of research and
development, amounts for planning and administering R&D, increase
of R&D plant, scientific data collection, training of scientific manpower,
and scientific information. Since more than 80 percent of the total
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Obligations

(actual) % " 2,535

Obligations 3,358
| Expenditures PSS 2,982
Obligations 3,377
FISCAL g '
YEAR
1958 :
| estimated ) Expenditures 3,347
| NOTE; Both obligetions ond expenditures include funds for conduct of research and development,
e including pay ond allowonces of mililary personnel in research and development, ond increcse of R & D
plant.
% Source: National Science Foundation.
.

Figure 2.—The Federal research and development budget, fiscal years 1956-58.

funds for scientific activities was applied to conduct of research and de-
velopment in fiscal year 1954, the major emphasis in the publication is on
this activity.

Scientific Activities in Six State Governments—In addition to the
survey of scientific activities in the Federal Government, an exploratory
study of such activities in six selected States was initiated during the
same period and a summary of the findings was published.

The combined expenditures of California, Connecticut, New Mexico,
New York, North Carolina, and Wisconsin for scientific activities
amounted to $69 million out of a total of $4.3 billion for all purposes in
fiscal year 1954. As shown in the accompanying table, conduct of re-
search and development accounted for $57 million of the total scientific
activity expenditures. Almost two-thirds of the funds for research and
development were expended for such purposes in the Agricultural Ex-
periment Stations and the State universities.
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“'Colleges and Universities and Other Nonprofit Institutions

Several reports, offering insight into research and development within
these institutions, were published during the year. These studies,
based on previous surveys, are enumerated below.

- Faculty Scientific Research Activities at Colleges and Universities,
1953-54 (Reviews of Data on Research & Development, No. 6).—
This survey covered 1,120 institutions. Detailed data were reported
by 180 schools out of the 190 which had large research programs. The
remaining 807 responding institutions were primarily liberal arts and
teacher colleges.

The survey showed that the preponderance of total academic re-
search effort is carried on in the large complex institutions—those having
schools of medicine, agriculture, and engineering. The 180 large insti-
tutions reported total faculty of 46,560, of whom 30,060 were engaged
in research; the 807 small institutions reported total faculty of 15,691,
of whom 1,359 were engaged in research. |

The greatest number of faculty members and full-time equivalents
(i. e., estimated equivalent of full-time faculty work performed by part-
time faculty) engaged in research were in the life sciences, reflecting the
large amount of medical research in academic institutions. The next
greatest number were in the physical sciences, of which the largest
number were in engineering fields.

Funds for Research and Development at Engineering Schools, 1953—
54 (Reviews of Data on Research & Development, No. 7).—The
109 engineering schools submitting usable returns in this survey con-
ferred 92 percent of all graduate degrees in engineering in the United
States during the period covered by the survey, July 1, 1953 to June
30, 1954.

The estimated total research funds spent by these schools during the
year was $72.8 million. Approximately $64.4 million, or 88 percent,
of this was separately budgeted for research; the remainder was for
departmental research and indirect costs of separately budgeted funds.

Of considerable interest is the fact that more than four-fifths of the
funds for separately budgeted research in engineering schools, $53.7
million, came from the Federal Government. Most of this was from
the Department of Defense. (See figures 3 and 4.)

Funds for Research in Agricultural Experiment Stations, 1953-54
(Review of Data on Research & Development, No. 8)—This sur-
vey covered the 53 agricultural experiment stations in the United States,
Alaska, Puerto Rico, and Hawaii which received Federal grants-in-aid
for research.
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Total Number and Full-Time Equivalents of Faculty in Sclentific Research Activities, by Field,
Academic Year 195354 (987 Institutions)

Number in research Percent distribution
Field Total Full-time Total Full-time
equivalent equivalent
1 (2) 3 @
Physical sciences........... 10, 450 5, 481 ' 33 33
Engineering sciences. ... 4,168 2, 281 13 14
Chemistry............ 2,179 1,077 7 7
Physics............... 1, 517 837 5 5
Mathematics. ......... 1,214 564 4 3
All  other physical
sciences............. 1,372 722 4 4
Life sciences............. . 11, 332 5, 679 36 34
Biological sciences in-
cluding medical pre-
clinical. ............ 6, 560 3, 508 21 21
Clinicalsciences........ - 4,772 2,171 15 13
Agricultural sciences........ 5,139 3, 658 16 22
Psychology................ 986 389 3 2
Social sciences. . ........... 3,548 1, 327 11 8
 Total............... 31, 455 16, 534 100 100

Note.—Detail will not necessarily add to totals because of rounding.
Source: National Science Foundation.

Unlike the research in colleges and universities, the greatest amount
of effort in agricultural institutions was for applied research. The aca-
demic institutions had reported that 62 percent of their research was
basic, while these stations reported only 23 percent as basic. However,
some of the land-grant universities may have had a relatively high per-
cent of their basic research conducted by the agricultural experiment
stations. ’

Primary source of support for the agricultural experiment stations
comes not from the Federal Government, but from the States. The
U. S. Department of Agriculture contributed $13.5 million for the year,
while State governments contributed $44.9. However, the Federal



funds provided to these stations constitute the nucleus of their support
and the incentive for State and private support of agricultural research.
Funds from all other sources, such as sales, industry and foundation
contributions, and others, came to $15.8 million.

Research Expenditures of Foundations and Other Nonprofit Institu-
tions, 1953—54.—Included in this report are a diverse group of nonprofit
organizations such as private philanthropic foundations, health agencies,
research institutes, professional societies, academies of science, science
museums, and botanical and zoological gardens. These organizations,
which accounted for expenditures of approximately $70 million for
scientific research and development, play an important and, in some
respects, a unique role in the Nation’s scientific community.

Industry

Two publications which dealt with research and development in the
industrial sector were issued during the year.

Research and Development Costs in American Industry, 1956.—A
preliminary report of research and development costs in American In-
dustry in 1956 was issued by the Foundation in Reviews of Data on
Research and Development, No. 10. The study was conducted by the
Bureau of Labor Statistics and was based on a stratified random sample
of manufacturing and most other nonagricultural industries. Commer-
cial laboratories and trade associations were the subject of a separate
survey.

Compared with 1953, the date of an earlier study, industrial research

and development costs showed a 76 percent rise, from $3.7 billion to

$6.5 billion in 1956. Federal Government-financed work accounted for
$1.8 billion of the increase, while privately financed work accounted for
the remaining $1.0 billion. Of total industrial research and develop-
ment funds, the federally supported proportion rose from 37 percent to
49 percent.

Four major industries accounted for 68 percent of all research and
development expenditures in 1956—aircraft and parts, electrical equip-
ment, machinery, and chemicals and allied products. Aircraft and parts
and electrical equipment alone accounted for just over 50 percent of total
research and development costs. (See figure 5.)
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" INDUSTRIAL RESEARCH AND DEVELOPMENT FUNDS IN THE UNITED
STATES, BY SOURCE AND BY INDUSTRY, 1953 AND 1956°

ol | FEDERAL |
C‘OMPANY FUNDS GOVERNMENT FUNDS

| 953 | |
11956

AIRCRAFT AND PARTS

|
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SOURCE : NATIONAL SCIENCE FOUNDATION, OFFICE OF SPECIAL STUDIES, BASED ON DATA COMPILED BY BUREAU OF
LABOR STATISTICS.

Figure 5.—Industrial research and development funds in the United States, by source and
by indusiry, 1953 and 1956. '

The largest increase in research and development occurred in aircraft

~ and parts industry, which rose 174 percent, from $758.0 million in 1953

to $2,078.7 million in 1956. The machinery industry was next in line

with a 92 percent increase, from $318.9 million in 1953 to $610.6 mil-

lion in 1956. As for the electrical equipment industry, it increased 58

percent, from $743.3 million in 1953 to $1,173.4 million in 1956.
Growth in the chemicals and allied products industry amounted to 42
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percent, increasing from $361.1 million in 1953 to' $511.7 million in
1956. Expansion in resecarch and development costs from 1953 to
1956 ranged between 70 percent and 75 percent for fabricated metal
products and ordnance, petroleum products and extraction, and stone,
clay, and glass products. In the lower 50 percent to 60 percent range
were to be found telecommunications and broadcasting, rubber prod-
ucts, and professional and scientific instruments.

Four-fifths of total Federal funds for industrial research and develop-
ment in 1956 went into the aircraft and parts and the electrical equip-
ment industries. In the aircraft and parts industry, 87 percent of their
total funds were derived from the Federal Government, and in the elec-
trical equipment industry, 54 percent was the comparable figure. By
contrast, in chemicals and allied products, only $13.3 million or 2.6
percent came from the Federal Government. As figure 5 indicates, the
role of Federal Government financing is expanding for the three lead-
ing industries receiving Federal Government funds—aircraft and parts,
electrical equipment, and machinery.

Directory of Independent Commercial Laboratories Performing Re-
search and Development, 1957 —This is the most recent available list-
ing of such laboratories and was compiled by Syracuse University under

Foundation contract.

Number® of Scientists and Engineers Engaged in Research and Development by Sector and
Occupational Field, 1954

Physical sciences and

engineering Life | Natural
Major sector : sciences | sciences
total
Physical | Engi- Total
sciences | necring
W k|
Federal Government?.............. 13,800 | 16,700 | 30,500 | 4,800 | 35,300
Industry-oriented organizations?....| 45,700 |116, 600 (162, 300 4,200 | 166, 500
Colleges and universitiess. ... ...... 7, 600 5,600 } 13,200 | 12,000 25, 200
Other institutions3................ 700 300 | 1,000 | 1,000 2, 000
Total...................... 67, 800 |139, 200 207,000 | 22,000 | 229, 000

! For the most part these data consist of numbers of full-time personnel plus the full-
time equivalent of personnel engaged part time in research.

3 Includes military personnel.
3 Includes research personnel employed at research centers administered by organi-

zations in this sector under contract with Federal agencies.
Source: National Science Foundation.
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Overall Data

A synthesis of previous survey data on scientific personnel was released
during fiscal year 1958.

Scientists and Engineers in Research and Development, 1954.—Sum-
mary data on employed scientists and engineers in the conduct of re-
search and development in the natural sciences (including engineering)
in the United States were presented in the ninth issue of Reviews of
Data on Research & Development. According to this summary, based
on a number of surveys conducted in 1954, approximately 230,000
scientists and engineers were engaged in R&D activities. The following
table shows a distribution of these people on the basis of their occupa-
tional fields and the major sectors of employment.

Conference on Research and Development and Its Impact on
the Economy

The increase in research and development expenditures from $5.4
billion in 1953 to an estimated $10 billion in 1957 has sharpened the
need for knowledge of research and development as an economic fac-
tor. To marshal such knowledge by virtue of its responsibility under
Public Law 507, 81st Congress, “to appraise the impact of research
upon industrial development and upon the general welfare,” the Foun-
dation called a conference on ‘“Research and Development and Its
Impact on the Economy,” held May 20, 1958. More than 500 noted
economists and spokesmen for science attended.

The continuing themes of the conference, as Dr. Alan T. Waterman
saw them, were the interrelationship of natural science research with
the state of knowledge in economics and social sciences, the interde-
pendence of basic and of applied research, and the interdependence of
government, industry, and universities and other nonprofit institutions
in furthering research and development.

Scientific Research and the State of the Economy

Many conference speakers emphasized that research is not only a
good investment, but is in time of recession indispensable. Professor
Sumner H. Slichter, Lamont Professor of Economics, Harvard Uni-
versity, outlined in detail his thesis of research as a dynamic force in
a free competitive society.

“Within the last thirty years,” Professor Slichter stated, “techno-
logical research has become a large activity that introduces fundamental
changes into the operation of the economy. Measured in terms of
the number of scientists and engineers devoting full time to it, re-
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search ““is more than five times as large as it was in 1930, and measured
by the ratio of research expenditures to the gross national product, it
is about thirteen times as large. * * * Today it is unthinkable that
anyone should attempt to construct a theory of employment or a theory
of growth without taking account of technological research.”

Research for profit he calls “the industry of discovery,” whose “prod-
uct is knowledge.” Because the product is knowledge, its utility does
not diminish as the supply increases, but rather increases -as it com-
bines with the output of other units of the industry.

“One may think of knowledge as consisting of a body of tested propo-
sitions,” Dr. Slichter explained. “The larger the number of tested
propositions, the more numerous are the cases in which the addition
of a new tested proposition will yield new useful applications and, in
addition, will suggest hypotheses useful in adding still more tested
propositions to the body of knowledge. Thus, the greater the body of
existing knowledge, the greater is likely to be the value of the new
discoveries. ¥ * ¥

“It is obvious that technological research increases the capacity of
the economy to raise productivity. Less obvious and indeed generally
overlooked is the fact that research gives the economy the capacity to
bring about planned increases in the demand for goods—both by creat-
ing new demands for consumption goods and by creating new invest-
ment opportunities. ¥ ¥ *”

Research, he said, tends to introduce into industry the sort of tech-
nology that must be financed by long-range plans outside the business
cycle. Furthermore, technological research greatly increases the num-
ber of industries in the economy and this, in itself, is a stabilizing influ-
ence. “Hence, * * * technological research tends to moderate the
cyclical movements of the economy as a whole.”

The remarks of Dr. Dexter Keezer of the McGraw-Hill Publishing
Company confirmed Professor Slichter’s thesis. He stated, “There is
no recession in research and development. ¥ * * Industry plans to
spend billions of dollars more this year for research and development
than it spent last year. Expenditure indicated is over $8 billion.”

Relationship of Research Process to Research Resources

Several speakers emphasized that growth of our economy requires
nurturing the roots of research and development. Dr. James R. Killian,
Jr., Special Assistant to the President for Science and Technology, said:
“We need to increase basic research now because it is through basic
research as it is conducted in the universities that we educate the pro-

89



~ fessional scientists and engineers of the future; and the Nation, in the
technological contest it faces, cannot afford any alternative.”

_ Dr. C. Guy Suits, Vice President and Director of Research, General
Electric Company, referred to basic research as necessary “learning
work” that must precede “applied work.” Along with other speakers,
he particularly emphasized the high risk factor inherent in basic re-
search, where the immediate result, knowledge, normally is years re-
moved from profit. But, he said, “If you don’t expect to be in business
five years from now, there’s no need for expenditures for scientific re-
search, especially in the learning category.” Experience has proven that
a competently staffed, well-organized laboratory can obtain commercial
success over the long run from its basic research expenditures.

Both Dr. Killian and Dr. Charles Hitch, the latter from RAND Cor-
poration, expressed the view that universities continue to provide the
best environment for basic research. Both also pointed out the need
for innovation in institutional forms, including further development of
industrywide cooperative research and the establishment of research
institutes.

Distribution of resources within the research and development effort
was also discussed. Dr. Martin R. Gainsbrugh of the National Industrial
Conference Board contended that Federal allocations of resources for
research are “‘primarily motivated by noneconomic considerations”—
chiefly military.

Mr. Robert E. Johnson, Western Electric Company, discussed opera-
tions research, which he defined as “research into the nonphysical aspects
of our economy.” More and more operations research studies are being
channeled into problems of research and development budget planning
and decision making to maximize return from limited resources. Dr.
Russell Ackoff, Case Institute of Technology, outlined three categories of
decision-making in which tools of the social science disciplines—eco-
nomics, psychology, and sociology—are all put to use along with mathe-
matics:

(a) Determining the amount of company resources to be devoted to
research and development.

(b) Dividing funds between basic and applied research.

(c) Selecting individual projects and determining when they should
start and when they should end.

Mr. Ralph E. Burgess, American Cyanamid Company, touched on the
same point: “It becomes clear that industry’s participation in the na-
tion’s achieving its research needs is virtually contingent upon advances in
knowledge about research as a science in itself.”
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- Speakers stressed the need for effective use of human resources to
avoid a research bottleneck resulting from shortages of scientific person-
nel. Dr. M. H. Trytten, National Academy of Sciences—National
Research Council, noted that our historic concern with education as a
whole had by “accident” produced enough technically trained people
to meet past needs. However, the present rate of growth is too great
to depend on chance. The temptation to draw the best brains away
from teaching was noted by Dr. Bertrand Fox, Graduate School of Busi-
ness Administration, Harvard University.

Dr. Suits defined the technical personnel problem as follows: “In our
system we require an economic balance, and to use more technical people
we have to learn how to employ them effectively. Although there is an
economic limit to the numbers of technical people we can employ in
industry, there is no limit to the quality of the required skills. * * *
I think we should focus more attention on quality and less on quantity.”

Dr. Killian noted that perhaps “more first-rate research is now done
in the sciences in the United States than in any other country of the
world. Our deficiency is at the very top, in the area over and above
the first-rate, where the great intellectual breakthroughs occur, where
great concepts and discoveries originate.”

Foundation statistics released at the time of the conference demon-
strated the bifurcation of industrial R&D support. The preliminary
findings of a survey showed that in 1956 private industrial R&D totaled
$6.5 billion; industry financing, $3.3 billion; and the Federal Govern-
ment, $3.1 billion.

91



INTERNATIONAL GEOPHYSICAL YEAR

General

The International Geophysical Year (IGY) officially opened on July
1, 1957, with 66 nations and more than 10,000 scientists participating.
This was the culmination of five years of international planning con-
ducted by committees of scientists in many nations and the coordination
of such planning by the Comité Spécial de I'Année Géophysique Inter-
nationale (GSAGI).

On this date, observations of geophysical measurements over the entire
earth were begun at more than 2,500 stations. These observations will
extend through December 31, 1958, and are being coordinated both
in time and geographic coverage.

The countries participating in the International Geophysical Year

are:

Argentina Finland

Australia France

Austria German Democratic Republic
Belgium German Federal Republic
Bolivia Ghana

Brazil Greece

Bulgaria Guatemala

Burma Hungary

Canada Iceland

Ceylon India

Chile Indonesia

China, Republic of Iran

Colombia Ireland

Cuba Israel

Czechoslovakia Italy

Denmark Japan

Dominican Republic Korea, Democratic Republic of
East Africa Malaya

Ecuador Mexico

Egypt Mongolian Peoples Republic
Ethiopia Morocco
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Netherlands y Sweden

New Zealand Switzerland

Norway Tunisia

Pakistan Union of South Africa
Panama Union of Soviet Socialist Republics
Peru United Kingdom

Philippines United States of America
Poland Uruguay

Portugal Venezuela

Rhodesia, Southern Vietnam Democratic Republic
Rumania Vietnam (Republic)

Spain Yugoslavia

The planning and execution of the United States program for the
IGY is being conducted by the U. S. National Committee for the Inter-
national Geophysical Year and a group of related technical panels.
This committee was created by the National Academy of Sciences-Na-
tional Research Council. Funding and Government coordination are
provided by the National Science Foundation.

The United States is conducting observational programs in aurora
and airglow, cosmic rays, geomagnetism, glaciology, gravity measure-
ments, ionospheric physics, longitude and latitude determinations, mete-
orology, oceanography, seismology, and solar activity. High-altitude
rockets and earth satellites are being used because they are essential for
extending the coverage of geophysical measurements to the outer limits
of the high atmosphere.

World Data Centers

In readiness for the flow of data resulting from IGY observations,
three World Data Centers have been established and are in operation
under CSAGI agreements. These are World Data Center A, main-
tained by the United States; World Data Center B, established by the
USSR ; and World Data Center C, composed of eight nations of Western
Europe (Sweden, Spain, France, Italy, Switzerland, United Kingdom,
the German Federal Republic) and centers in Japan and Australia.
The location and organization of these three centers will serve the geo-
graphical convenience of the scientists of all nations.

All original IGY data is sent to one or more of the three World Data
Centers, where it is cataloged and stored. The receiving Center in
turn immediately makes copies of the data for the other two Centers if
these have not been supplied, and provides these copies free of charge.
Thus three complete sets of IGY data are coming into existence. The
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World Data Centers issue periodic catalog lists of the data in their
archives at the end of each six months of the period of the IGY, and any
institution or individual may obtain copies of the data from a Center at
a nominal sum to cover reproduction costs.

- The United States World Data Center is directed by the National
Academy of Sciences’ Coordination Office, Washington, D. C., and is
organized into 11 subcenters, each responsible for the handling of data
in a particular discipline or disciplines. The location of these subcenters
are:
(1) Airglow and ionospheric physics—Central Radio Propagation
Laboratory, National Bureau of Standards, Boulder, Colorado.

(2) Aurora (instrumental observations)—Geophysical Institute,
University of Alaska, College, Alaska.

(3) Aurora (visual observations)—Rockefeller Hall, Cornell Uni-
versity, Ithaca, New York.

(4) Cosmic rays—School of Physics, University of Minnesota, Min-
neapolis, Minnesota.

(5) Geomagnetism, gravity, and seismology—United States Coast
and Geodetic Survey, Geophysics Division, Washington, D. C.

(6) Glaciology—American Geographical Society, Broadway at 156th
Street, New York, New York.

(7) Longitude and latitude—United States Naval Observatory,
Washington, D. C.

(8) Meteorology and nuclear radiation—National Weather Records
Center, United States Weather Bureau, Asheville, North Carolina.

- (9) Oceanography—Department of Oceanography and Meteorol-
ogy, Agricultural and Mechanical College of Texas, College Station,
Texas.

(10) Rockets and satellites—National Academy of Sciences-National
Research Council, Washington, D. C. | '
(11) Solar activity—High Altitude Observatory, Boulder, Colorado.

Time schedules for submission of data to the World Data Centers
arranged by CSAGI differ widely for the various disciplines, and there-
fore reports on the status of flow of data differ widely among the Centers.
To date, World Data Center A reports the receipt of data from 56 of the
66 nations participating in the IGY. '

Agreements for the interchange of data between the Centers are being
met, as are those for the reproduction of copies of material to meet the
demands of scientific bodies or investigators. World Data Center A has
initiated several series of reports. One series for rockets and one for
satellites will make available the results of rocket and satellite launchings
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to interested scientists. Three issues of the satellite series have been
published to date. Under an IGY General Report Series, World Data
Center A has released one issue, a report of the Antarctic atmospheric
circulation from observations made at the Antarctic Weather Central,
Little America Station. = Responsibilities for the interchange of data in-
clude the interim publication of data in some cases, and, as part of this
latter function, Center A has already published solar data entitled “Re-
ports of Surges and Active Prominence Regions” for the months of July,
August, and September 1957. Other reports are in preparation for
publication.

Antarctic Operations

In the fall of 1957, the Navy expedition DEEP FREEZE III, under
the command of Rear Admiral George J. Dufek, USN, left the United
States for the Antarctic, transporting the wintering-over team for the
second year and the summer team for 1957-58, as well as materiel for
the resupply of all stations. A second orientation program at Davisville,
Rhode Island, was held for the second IGY scientific team. The scien-
tific leaders named for the next 18-month period were:

Laurence Gould—Director of the U. S. IGY Antarctic Program.

Harry Wexler—Chief Scientist of the U. S. IGY Antarctic Pro-
gram.

A. P. Crary—Deputy Chief Scientist and Scientific Leader at Little
America Station.

Matthew Brennan—Scientific Leader at Ellsworth Station.

Stephen Barnes—Scientific Leader at Byrd Station.

Willis Tressler—Scientific Leader at Wilkes Station.

Palle Mogenson—Scientific Leader at Amundsen-Scott Pole
Station.

Kenneth Salmon (New Zealand)—Scientific Leader at Hallett
Station.

During the past year the planned program of observations at the six
United States IGY stations has been under way. These observations
included the fields of aurora and airglow, ionospheric physics, cosmic
rays, geomagnetism, meteorology, seismology, and glaciology; and cer-
tain preliminary findings resulting from these observations are mentioned
later in this section under the heading “Results of the First Twelve
Months of Observations.” In addition, during the 1957-58 summer
season, 3 major traverses covering over 4,000 miles were undertaken
from the Little America, Byrd, and Ellsworth Stations to study the
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properties of the Antarctic icecap and other phenomena. Findings of
these traverse parties supplement those resulting from observations at the
6 established stations and have added considerably to the knowledge of
the Continent. The Ross Ice Shelf traverse party of 6 covered a dis-
tance of 1,440 miles in 113 days and studied principally properties of the
Ross Ice Shelf. The Byrd traverse party covered 1,180 miles from
November 19, 1957, to February 20, 1958. Its main purpose was to
determine the general nature of the ice and protruding mountains in
Marie Byrd Land and in the Ellsworth Highland east of the Byrd Sta-
tion. The Ellsworth traverse investigated the Filchner Ice Shelf and
the inland ice of Edith Ronne Land. This traverse left Ellsworth Sta-
tion on October 28, 1957, and traveled 1,250 miles in 81 days. The
traverse parties were supported by Naval air reconnaissance and re-

supply groups.

Earth Satellite

Responsibility for the United States earth satellite program was as-
signed as follows:

1. The National Science Foundation, for Government coordination
and funding of the scientific aspects of the program.

2. The United States National Committee for the International Geo-
physical Year, for planning of the program’s scientific aspects.

3. The Department of Defense, for provision of launching vehicles, for
actual placing of the satellites into orbit, and for development of radio
tracking and telemetering equipment.

The program is now based upon two launching vehicles, the Van-
guard developed by the Navy, described in previous Annual Reports,
and the Jupiter C contributed by the Army to the program.

During the past fiscal year, 6 successfully flown scientific earth satel-
lites were launched as part of the IGY program, 3 by the Soviet Union
and 3 by the United States. The following table gives information on
the size, weight, and payload of the six satellites, as well as details of
their launching vehicles. (See accompanying table.)

Eleven radio tracking stations have been established by the Naval
Research Laboratory at the following locations:

Blossom Point, Maryland Santiago, Chile

Fort Stewart, Georgia Antigua, British West Indies
Havana, Cuba San Diego, California

Quito, Ecuador Woomera, Australia

Lima, Peru Esselen Park, Union of South Africa

Antofagasta, Chile
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These stations were originally equipped to track the U. S. earth satellite
at a frequency of 108 megacycles per second and to use the same
frequency in the receipt of scientific information telemetered from the
satellites. Because of the use of 20 and 40 megacycle-per-second trans-
mitters by the USSR in their satellites, several of the “Minitrack” stations
have been modified to receive the 40 megacycle-per-second frequency as
well as the 108 megacycle-per-second frequency. Several additional
tracking and telemetry stations using the electronic circuitry designated
as “Microlock” have been established by various groups.

Twelve optical tracking stations have been established by the Smith-
sonian Institution and are in operation. These stations are located at
the following sites:

White Sands, New Mexico Cadiz, Spain

Florida, near Palm Beach Shiraz, Iran

Curacao, Netherlands West Indies Naima Tai, India
Arequipa, Peru Woomera, Australia
Villa Dolores, Argentina Mitaka, Japan
Olifantsfontein, South Africa Haleakala, Maui, T. H.

The “Moonwatch” volunteer visual observing program being con-
ducted by the Smithsonian Institution now numbers some 240 stations
of which over 140 are in the United States and more than 100 in loca-
tions throughout the world other than in the United States or the USSR.
Some 50-70 stations have been established within the USSR as part
of the Russian equivalent of “Moonwatch.”

In addition, a volunteer radio amateur satellite observation program
called “Moonbeam™ has been set up, as well as a program of amateur
satellite photographic tracking under the auspices of the Society of Photo-
graphic Scientists and Engineers.-

Some preliminary data resulting from the satellites launched so far
have been exchanged, but it will take a number of months before com-
plete interpretations of these data can be exchanged.

Results of First 12 Months of Observations

A report on the scientific results of the IGY must await careful, pro-
longed study and interpretation of the data. However, interesting
findings during the first 12 months of observations in the various disci-
plines have been reported to date, some of which are influencing existing
scientific theories and are indicative of the values to be derived from
the program.
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Solar Activity

~ For the first time in history, the sun has been kept under continuing
observation by more than 100 stations. As a consequence of these
observations, the World Warning Agency (AGIWARN) issued 25
alerts, and 11 Special World Intervals had been declared as of May 26,
1958. Significant events, such as geomagnetic, ionospheric, and/or
cosmic ray disturbances took place during at least nine of these intervals.
This patrol is also maintained for solar research purposes such as meas-
uring the amount of energy released in solar flares by measuring the
absolute change in transmission through the ionosphere at radio fre-
quencies, measuring the brightness of light scattered by free electrons in
the electron corona, and measuring magnetic fields at the sun’s surface.
Both optical and radio techniques are used.

Upper Atmosphere

In the upper atmosphere, an investigation in cosmic ray intensity has
shown that the cosmic ray equator deviates systematically from the geo-
magnetic equator, suggesting that there may well be important magnetic
fields, probably of extraterrestrial origin, which alter the trajectories of
the incoming primary particles. Likewise, X-radiation not of cosmic
origin has been found in the upper atmosphere, occurring at the same
time that aurorae were observed overhead. Rocket penetrations of the
ionosphere and aurorae have demonstrated the presence of an additional
layer of ionization at a level some 12 miles below normal layers, appar-
ently associated with solar X-ray emission associated in turn with the
occurrence of solar flares. As of early 1958, the total cosmic ray inten-
sity had decreased to about one-half the intensity present in 1954, vary-
ing inversely with the level of solar activity.

Observations indicate that aurorae occur simultaneously in the north-
ern and southern hemispheres. Cosmic noise absorption data obtained
by a joint auroral-ionospheric program show a generally progressive de-
crease in absorption at stations located at successively lower geomagnetic
latitudes. The data begin to delineate an auroral absorption zone and
confirm that nighttime absorption is definitely associated with visual
auroral activity. X-radiation now appears to be associated with the
occurrence of aurorae. :

In the observations of whistlers (atmospheric electrical disturbances
resulting in electromagnetic propagation in the audio frequency range,
e. g., lightning), early experiments have demonstrated that the ion den-
sity and molecular concentration occurring at altitudes up to twice the
earth’s radius must be much greater than formerly anticipated. This
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may confirm the theory that the earth’s atmosphere extends far beyond
the level where it had been previously thought to end and indicates that
there may be a very tenuous atmosphere—possibly the sun’s corona—-
filling all the space between the earth and the sun. A program of re-
cording of subaudiofrequency geomagnetic fluctuations reveals that a
number of the wave forms of these fluctuations, if increased in frequency,
bear a high similarity to the wave forms of whistlers and other atmos-
pheric radio phenomena. Because of current belief that some of the
noise associated with whistlers is due to ionized gas entering the magnetic
field of the earth, it is clear that these geomagnetic studies have a close
connection to the studies of the transient conditions in the nearby inter-
planetary medium. Studies of magnetic effects in equatorial regions
tentatively confirm the existence of the equatorial electroject, the equa-
torial electric current, possibly of several hundred thousand amperes,
which is believed to encircle the earth high in the atmosphere and
which plays a role in the magnetic effects observed on earth near the
equator.

In the ionosphere, the vertical sounding program is giving new in-
formation about the several ionospheric layers. “True-height” deter-
minations show that the F-layer undergoes a pronounced pinching, so
that it changes from a very thick layer in the daytime to a very thin
and high-density layer at night. Scatter measurements have led to the
discovery of large-scale traveling disturbances in the F-region, which
appear to be a kind of gigantic wave motion in the ionosphere. At
times there also appear to be tilts in the F-layer that allow signal propa-
gation over extremely long distances. The vertical sounding program
in the Antarctic is aimed at determining whether the electronic clouds
observed at the Pole Station during the polar night drift in from the
region of the sunlit Antarctic Circle or whether a single cloud somehow
persists throughout the winter. A diurnal variation is observed in the
degree of ionization at the South Pole, and this variation may be re-
lated to the geomagnetic field behavior.

Meteorology and Oceanography

In the meteorology program, the concentration of carbon dioxide
in the uncontaminated atmosphere appears to be remarkably constant
over the world. As a consequence of the surface and high altitude
observations now being collected from so many stations, weather fore-
casting is being improved. North American weather charts of useful
accuracy can now be drawn up to 100,000 feet (10 millibars). The
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high altitude observations along the 75th meridian have improved by
50 percent the forecasting in South America of winds aloft. Observa-
tions in the Antarctic for the first time reveal a significant warming
trend of about five degrees Fahrenheit in annual mean temperature
over a period of approximately 50 years, or less than one-half the warm-
ing trend in the Greenland Arctic. The Antarctic circulation for the
first time is being plotted in considerable detail. i

In oceanography, observations at the island stations confirm that
there seems to be an exchange of water between the two hemispheres
as the seasons change. The cruises and the deep current studies now
being made, including the analysis of water samples, will yield valuable
data on ages of water masses. The water samples also indicate that
chlorophyll and productivity in the open sea may be two times as great
as previously estimated. New deep currents and counter-currents are
being charted. Cruise ships have run seismic profiles, taken bottom
sediment samples, and made heat flow measurements. It was found
that in regions of uplift the heat flow was larger than normal, while
near severe downwarpings, the values were much less than expected.
These findings lend support to the theory that there exist within the
earth’s mantle great convection currents that bring hot material up
towards the bottom of the crust in regions of uplift and return this
material, which has cooled in the meantime, back down toward the
core of the earth in regions of downwarp. In fact, the convection cur-
rents themselves may be the cause of the uplifted and downwarped
regions.

Seismology, Gravity Measurements, and Glaciology

In the seismology and gravity programs, detailed studies of the struc-
tures of the North American and South American continents indicate
great nonuniformities and regional geographic differences in the mantle
of the earth, as there are in the crustal rocks. In some regions moun-
tains are held in isostatic balance by substructures of lighter crustal rocks
extending downward into the heavier rock of the mantle. In other
regions it now appears that another kind of structure may hold moun-
tains up. A network of relatively narrow roots or veins of crustal rock
may project into the mantle to depths as great as 200 kilometers. Long-
period wave measurements will yield information on the variation of
elastic properties in the earth’s crust and mantle. Earth tides are being
measured and sea surface gravity measurements are now extending the
gravity network.
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-In the Antarctic, earthquakes are being measured from station seismo-
graphs. - These will give much information about the structure of
Antarctica -itself and are also of other interest, since the majority of
_ earthquakes occur in Pacific borders. Seismographic profiles obtained
on the oversnow traverses lend additional information concerning Ant-
arctic structure. Measurements of ice thickness indicate that the bot-
tom of the ice sheet is far below sea level in various points. This may
mean that the Antarctic is not a continent but may be composed of sev-
eral ]and masses or may have frozen fjords or inland lakes. Glaciologi-
cal and geological studies reveal that the Antarctic ice mantle is much
thicker on the average than was previously assumed and that it was
once about 1,000 feet thicker than it is now. It is not yet known
whether the total ice mass is at present increasing or decreasing.

Rocketry

The rocketry program of the IGY has yielded much data concerning
the chemical and ion composition of the Arctic atmosphere and iono-
sphere, and the diffusive separation of gases in the upper atmosphere.
‘The distribution of temperature and pressure of the atmosphere at high
northern latitudes has been partially measured. In the Antarctic, cos-
mic ray flights indicate that total intensity is within 5 percent of that in
high northern latitudes.

Scientific Earth Satellites

In the U. S. satellites flown so far, skin and interior temperatures have
been measured, and somewhat inconclusive data concerning a low inci-
dence of micrometeorite impacts have been obtained. The chief find-
ing to date is that of a tremendous intensity of cosmic radiation above
approximately 600 miles, which overwhelmed the sensory device. It
is hoped to adapt the sensory devices to measure this large intensity in
future flights. Finally, observations of the orbits of the several satellites
flown by the U. S. S. R. indicate that the density of the atmosphere at
altitudes around 225 kilometers is higher than was previously supposed
from theoretical considerations and calculations. Ionospheric measure-
ments using radio signals from the U. 8. S. R. satellites have yielded con-
siderable data, among them an interesting but unexplained phenome-
non—the discovery of radio signals coming apparently from a point
antipodal to the actual satellite. Certain signals have been heard over
remarkable ranges and wide angles, indicating the possibility of a chan-
neling effect at certain altitudes in the ionosphere.
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Conclusion

The IGY program has been gratifying to all concerned, not only in
the elaborateness and completeness of the material preparations and the
tremendous number of observing stations involved, but also in the en-
thusiasm with which all scientific groups and individual scientists are
participating and the great evidence of the deepest international
collaboration.
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National Science Board, Staff, Committees, and Advisory Panels

NaTIONAL ScCIENCE BOARD

Terms expire May 10, 1960

RoGErR Apams, Research Professor, Department of Chemistry and
Chemical Engineering, University of Illinois, Urbana, Il

Tueopore M. HessurcH, C. S. C., President, University of Notre
Dame, Notre Dame, Ind.

WiLLiam V. HousToN, President, Rice Institute, Houston, Tex.

DonaLp H. McLauGHLIN, President, Homestake Mining Co., San
Francisco, Calif.

Joserr C. Morris, Vice President, Tulane University of Louisiana,
New Orleans, La.

MorroucH P. O’BrieN, Dean, College of Engineering, University of
California, Berkeley, Calif.

WARREN WEAVER, Vice President for the Natural and Medical Sciences,
The Rockefeller Foundation, New York, N. Y.

DoucrLas M. WHITAKER, Vice President for Administration, The
Rockefeller Institute, New York, N. Y.

Terms expire May 10, 1962

Laurence M. Gourp, President, Carleton College, Northfield, Minn.

PauL M. Gross (Vice Chairman of the Board and Chairman of the
Executive Committee), Vice President and Dean, Duke University,

~ Durham, N. C.

GeorGe D. HumpHREY, President, University of Wyoming, Laramie,
Wyo.

Epwarp J. McSHANE, Professor of Mathematics, University of Virginia,
Charlottesville, Va.

FreperICK A. MIDDLEBUSH, President Emeritus and Director of Devel-
opment Fund, University of Missouri, Columbia, Mo.

SamMueL M. Nasrit, President, Texas Southern University, Houston,
Tex.

JuLius A. STraTTON, Acting President, Massachusetts Institute of Tech-
nology, Cambridge, Mass.

Epwarp L. TatuMm, Member, The Rockefeller Institute, New York,
N.Y.
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Terms expire May 10, 1964

DetLev W. BroNk (Chairman of the Board), President, National
Academy of Sciences-National Research Council, Washington, D. C.,
and President, The Rockefeller Institute, New York, N. Y. :

Lee A. DuBrmGE, President, California Institute of Technology, Pasa-
dena, Calif.

T. KerrH GLENNAN, President, Case Institute of Technology, Cleveland,
Ohio.

RoBeRT F. LoEB, Bard Professor of Medicine, College of Physicians and
Surgeons, Columbia University, New York, N. Y.

KeviN McCanN, President, Defiance College, Defiance, Ohio.

Jane A. RusseLr, Associate Professor of Biochemistry, Emory Uni-
versity, Atlanta, Ga. |

Paur B. Sears, Chairman, Conservation Program, Yale University,
New Haven, Conn. _

ErnEsT H. VoLwILER, Chairman of the Board, Abbott Laboratories,
North Chicago, Il

* * * %* ¥* * *

AraN T. WaTERMAN (ex officio), Dlrector National Science Founda-

tion, Washington, D. C.
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Deputy Assistant Director______________ RavyMOND J. SEEGER
Program Director for:
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Chemistry_________ . WaLTER R. KIRNER
Earth Sciences _____________________ WiLLiam E. BEnsoN
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Summer Institutes._________________ GraNnT W. SMmrTH
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Comptroller FRANKLIN C. SHEPPARD
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(acting)
Head, Administrative Services— ... __._ Howarp TiuILA
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Head, Office of Special Studies.__________ JacoB PERLMAN
Chief, Government Survey Section______ MiLorep C. ALLEN
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Chief, Nonprofit Institutions Surveys Sec- HAROLD ORLANS
tion.
Head, Office of Scientific Information______ BurTON W. ADKINSON
Program Director for:
Foreign Science Information__________ Rarpr E. O’DETTE
Government Research Information____. DwicHT E. GrAY
Scientific Documentation_____________ Heren L. BROWNSON
Head, Office for the International Geophysi- J. WALLACE Jovce
cal Year.

Executive Secretary, Interdepartmental Com- NormMaN T. BaLL
mittee on Scientific Research and

Development.
Executive Director, President’s Committee ROBERT L. CLARK
on Scientists and Engineers.
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Medical Sciences

Frank BriNk, Jr.,, Dean of Graduate
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fornia, Berkeley, Calif. '

FraNE A. GeLDARD, Chairman, Depart-
ment of Psychology, University of Vir-
ginia, Charlottesville, Va.

C. N. H. Long, Chairman, Department of
Physiology, Yale University School of
Medicine, New Haven, Conn.

W. D. McELroy, Chairman, Department
of Biology, Johns Hopkins University,
Baltimore, Md.

C. PaiLLip MiLLER, Department of Medi-
cine, University of Chicago, Chicago,
11

C. P. OLiver, Department of Zoology,
University of Texas, Austin, Tex.

Frank W. PurNnaM, Head, Department of
Biochemistry, University of Florida Col-
lege of Medicine, Gainesville, Fla.

H. B. SteinBacH (Chairman), Depart-
ment of Zoology, Division of Biological
Sciences, University of Chicago, Chi-
cago, Ill.

KeEnNNETH V. THIMANN, Department of
Plant Physiology, Harvard University,
The Biological Laboratories, Cam-
bridge, Mass.

Divisional Committee for Mathematical,
Physical, and Engineering Sciences

Paur D. BartieTT, Chemistry Depart-
ment, Harvard University, Cambridge,
Mass.

Dirk Brouwegr, Department of Astron-
omy, Yale University Observatory, New
Haven, Conn.

RicHARD COURANT, Department of Math-
ematics, New York University, New
York, N. Y.

ALrreD O. Nier, Chairman, Department
of Physics, University of Minnesota,
Minneapolis, Minn.

ELBUrT F. OsBorN (Chairman), Dean,

College of Mineral Industries, Penn-
sylvania State University, University
Park, Pa.

Rocer REVELLE, Director, Scripps Insti-
tution of Oceanography, LaJolla, Calif.

Freperick D. Rossini, Head, Depart-
ment of Chemistry, Carnegie Institute
of Technology, Pittsburgh, Pa.

FreDERICK SErrz, Department of Physics,
University of Illinois, Urbana, Ill.

Traomas K. Smerwoop, Department of
Chemical Engineering, Massachusetts
Institute of Technology, Cambridge,
Mass.

Freperick E. TerMAN, Provost and Dean
of Engineering, Stanford University,
Stanford, Calif.

G. T. WaysurN, Department of Mathe-
matics, University of Virginia, Char-
lottesville, Va,

Jessk L. GREENSTEIN, Mount Wilson Ob-
servatory, California Institute of Tech-
nology, Pasadena, Calif.

Divisional Committee for Scientific Per-
sonnel and Education

H. Freperic BouNENBLUST, Department
of Mathematics, California Institute of
Technology, Pasadena, Calif.

Mary 1. BunTiNGg, Dean, Douglass Col-
lege, Rutgers, The State University,
New Brunswick, N. J.

Rarru E. CLELAND, Dean of Graduate
Studies, Head, Department of Botany,
Indiana University, Bloomington, Ind.

WarreN C. Jounson, Vice President and
Dean, Division of Physical Sciences,
University of Chicago, Chicago, Ill.

KatHARINE E. McBRIDE, President, Bryn
Mawr College, Bryn Mawr, Pa.

Harorp W. Stoxre, Dean, Graduate
School of Arts and Science, New York
University, New York, N. Y.

Rarpr W. TyLEr, Director, Center for
Advanced Study in the Behavioral Sci-
ences, Stanford, Calif.

Harry A. WinNNE (Chairman), Vice
President in Charge of Engineering (re-
tired), General Electric Co., Schenec-
tady, N. Y.

ADVisory PANELS

Advisory Panel for Astronomy
Horace W. Bascock, Mount Wilson and

Frep Happock, The Observatory, Uni-
versity of Michigan, Ann Arbor, Mich.

Palomar Observatories, Pasadena, Calif. | WiLLlAM W. Morgan, Yerkes Observa-

GeraLp M. CrLeMENCE, U. S. Naval Ob-
servatory, Washington, D. C.
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tory, University of Chicago, Williams
Bay, Wis.




CeciLia PayNe-GaroscHkIN, Harvard
College Observatory, Harvard Univer-
sity, Cambridge, Mass.

CarL K. SEvrerT, Arthur J. Dyer Ob-
servatory, Vanderbilt University, Nash-
ville, Tenn.

Joer StEBBINS, Lick Observatory, Uni-
versity of California, Mount Hamilton,
Calif.

MEerLE A. Tuve, Carnegie Institution of
Washington, Washington, D. C.

PETER VAN DE KaMmP, Sproul Observatory,
Swarthmore College, Swarthmore, Pa.

Advisory Panel for Chemistry

RavLpu A. BeeBg, Department of Chem-
istry, Amherst College, Amherst, Mass.

AonToN B. Burg, Department of Chem-
istry, University of Southern California,
Los Angeles, Calif. - '

StanNLEY J. CRrR1Is TOL, Department of
Chemistry, University of Colorado,
Boulder, Colo..

Freperick R. Duxkg, Department of
Chemistry, Iowa State College of Agri-
culture and Mechanic Arts, Ames,
Iowa.

KaArL ForkEers, Merck and Company,
Rahway, N. J.

Frank T. Gucker, Department of Chem-
istry, Indiana University, Bloomington,
Ind.

DonaLp F. Hornig, Department of Chem-
istry, Princeton University, Princeton,
N. J.

Davip N. Hume, Department of Chem-
istry, Massachusetts Institute of Tech-
nology, Cambridge, Mass.

Joun G. Kirkwoop, Department of
Chemistry, Yale University, New
Haven, Conn.

Harry F. Lewis, Institute of Paper
Chemistry, Appleton, Wis.

JorN D. RoBerTs, Department of Chem-
istry, California Institute of Technol-
ogy, Pasadena, Calif.

PaiLir W. WEesT, Department of Chem-
istry, Louisiana State University and
Agricultural and Mechanical College,
Baton Rouge, La.

Advisory Panel for Developmental Biology

Freperik B. Banc, Department of Path-
obiology, Johns Hopkins University,
Baltimore, Md.

Dierrica H. F. A. BopensTteIn, U. S.
Public Health Service, National Heart

Institute, Gerontology Branch, Balti-
more City Hospital, Baltimore, Md.
Rarrr O. Erickson, Department of Bot-
any, University of Pennsylvania, Phila-

delphia, Pa.

A. M. ScHECHTMAN, Department of Zo-
ology, University of California, Los
Angeles, Calif.

TAvLor A. STEEVES, Biological Labora-
tories, Harvard University, Cambridge,
Mass.

ALBERT TYLER, Department of Embry- -
ology, California Institute of Technol-
ogy, Pasadena, Calif.

' EDGAR ZwiILLING, Department of Genetics,

University of Connecticut, Storrs, Conn.

Advisory Panel for Earth Sciences

J. R. BaLsLey, Jr., U. S. Geological Sur-
vey, Washington, D. C.

CuArLEs H. BeHRE, Jr.,, Department of
Geology, Columbia University, New
York,N. Y. '

W. B. Heroy, Sr., Geotechnical Corpora-
tion, Dallas, Tex.

Harry H. Hess, Department of Geology,
Princeton University, Princeton, N. J.

Heimur E. LaAnNDsBERG, Division of
Climatology, United States Weather
Bureau, Washington, D. C.

BryaN PaTTERSON, Division of Geologi-
cal Sciences, Harvard University, Cam-
bridge, Mass.

R. P. Saarp, Department of Geology and
Geophysics, California Institute of
Technology, Pasadena, Calif.

Harorp C. Urey, Department of Geo-
chemistry, University of Chicago,
Chicago, IlL.

W. S. voNn Arx, Woods Hole Oceano-
graphic Institution, Woods Hole, Mass.

Advisory Panel for Engineering Sciences

R. E. Borz, Department of Mechanical
Engineering, Case Institute of Tech-
nology, Cleveland, Ohio.

ArTHUR B. BRowNwELL, Worcester Poly-
technic Institute, Worcester, Mass.

Paur F. CHENEA, Schools of Engineering,
Purdue University, Lafayette, Ind.

HarMmER E. Davis, Institute of Transpor-
tation and Traffic Engineering, Uni-
versity of California, Berkeley, Calif.

Joun Hovrromon, Metallurgy and Ce-
ramics Research, General Electric
Company, Schenectady, N. Y.
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KeNNETH A. KoBE, Department of Chem-
ical Engineering, University of Texas,
Austin, Tex.

Freperick C. Linpvari, Division of
Engineering, California Institute of
Technology, Pasadena, Calif.

W. R. MARSHALL, Jr., Engineering Exper-
iment Station, University of Wisconsin,
Madison, Wis.

Jorn S. McNownN, School of Engineering
and Architecture, University of Kansas,
Lawrence, Kans.

W. R. Sears, Graduate School of Aero-
nautical Engineering, Cornell Univer-
sity, Ithaca, N. Y.

Advisory Panel for Environmental Biology

Murray BueLLr, Department of Botany,
Rutgers, The State University, New
Brunswick, N. J.

Trueopore H. BurLLock, Department of
Zoology, University of California, Los
Angeles, Calif.

STANLEY A. CaIN, Conservation Depart-
ment, University of Michigan, Ann Ar-
bor, Mich.

WiLriam J. HAMILTON, JR., Department
of Conservation, Cornell University,
Ithaca, N. Y.

ARTHUR D. HasLERr, Department of Zo-
ology, University of Wisconsin, Madi-
son, Wis. :

TroMAS PARk, Department of Zoology,
University of Chicago, Chicago, Ill.
Joun F. REeD, Graduate School, Univer-

sity of New Hampshire, Durham, N. H.

Joun H. RytHER, Woods Hole Ocean-
ographic Institution, Woods Hole, Mass.

*KNuT ScHMDT-NIELSEN, Department
of Zoology, Duke University, Durham,
N. C.

Advisory Panel for Genetic Biology

VERNON Bryson, Institute of Microbiol-
ogy, Rutgers, The State University,
New Brunswick, N. J.

Evererr R. DEMPSTER, Department of
Genetics, University of California,
Berkeley, Calif.

H. BENTLEY GLAss, Department of Biol-
ogy, Johns Hopkins University, Balti-
more, Md.

Herscuer K. MircueLL, Department of
Biology, California Institute of Tech-
nology, Pasadena, Calif.

*Served during part of fiscal year 1958.
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Marcus M. RuoOADES, Department of
Botany, University of Illinois, Urbana,
IN.

Reep C. RoLLiNs, Gray Herbarium, Har-
vard University, Cambridge, Mass.

Jack ScruLTz, Institute for Cancer Re-
search, Philadelphia, Pa.

Advisory Panel for Mathematical Sciences

H. Freperick BomNENBLUST, Depart-
ment of Mathematics, California Insti-
tute of Technology, Pasadena, Calif.

RicHARD BRAUER, Department of Mathe-
matics, Harvard University, Cambridge,
Mass.

PauL R. HaLmos, Department of Mathe-
matics, University of Chicago, Chicago,
11

Jack C. Kierer, Department of Mathe-
matics, Cornell University, Ithaca,
N.Y.

DeaNe MonNTcoMERY, Department of
Mathematics, Institute for Advanced
Study, Princeton, N. J.

Mina Rees, Dean, Hunter College, New
York, N. Y.

Donap C. SpeNceRr, Department of
Mathematics, Princeton University,
Princeton, N. J.

JorN V. WenauseN, Department of
Mathematics, University of California,
Berkeley, Calif. ,

Raymonp L. WiLper, Department of
Mathematics, University of Michigan,
Ann Arbor, Mich.

Advisory Committee for Metabolic Biology

*RoBerT S. BANDURsKI, Department of
Botany, Michigan State University of
Agriculture and Applied Science, East
Lansing, Mich.

*Harry BEEVERS, Department of Biologi-
cal Sciences, Purdue University, Lafay-
ette, Ind.

Jackson W. Foster, Department of
Bacteriology, University of Texas, Aus-
tin, Tex.

SamMueEL GURIN, Department of Biochem-
istry, University of Pennsylvania School
of Medicine, Philadelphia, Pa.

*STERLING HENDRICKS, Bureau of Plant
Industries, U. S. Department of Agri-
culture, Beltsville, Md.

Naraan O. KarrLaN, Department of
Biochemistry, Brandeis University,
Waltham, Mass.



*Frrrz L1pMANN, The Rockefeller Insti-
tute, New York, N. Y.

*WirLiaMm D. McELroy, McCollum-
Pratt Institute, Johns Hopkins Univer-
sity, Baltimore, Md.

C. B. Van NieL, Hopkins Marine Sta-
tion, Pacific Grove, Calif.

SNEY RoBErTS, Department of Physio-
logical Chemistry, School of Medicine,
University of California Medical Cen-
ter, Los Angeles, Calif.

*KeNNETH V. THiMANN, Biological
Laboratories, Harvard University,
Cambridge, Mass.

Advisory Panel for Molecular Biology

RoBERT A. ALBERTY, Department of
Chemistry, University of Wisconsin,
Madison, Wis.

*BERNARD AXELROD, Department of Bio-
chemistry, Purdue University, Lafa-
yette, Ind.

*ALLAN H. BrowN, Department of Bot-
any, University of Minnesota, Minne-
apolis, Minn.

VINGCENT G. DETHIER, Departmens of
Biology, Johns Hopkins University,
Baltimore, Md.

*Frep KarusH, Department of Pediat-
rics, University of Pennsylvania School
of Medicine, Philadelphia, Pa.

*IrviNne M. KroTz, Department of Chem-
istry, Northwestern University, Evan-
ston, I1l.

Cyrus LevinTHAL, Department of Biol-
ogy, Massachusetts Institute of Technol-
ogy, Cambridge, Mass.

Davip SuEMIN, Department of Bio-
chemistry, College of Physicians and
Surgeons, Columbia University, New
York, N. Y.

BirciT VENNESLAND, Department of Bio-
chemistry, University of Chicago, Chi-
cago, Ill.

Advisory Panel for Physics

Davip M. DennNisoN, Department of
Physics, University of Michigan, Ann
Arbor, Mich.

RoBerT E. MaArsHAK, Department of
Physics, University of Rochester,
Rochester, N. Y.

Wovrrcaneg K. H. Panorsky, Department
of Physics, Stanford University, Stan-
ford, Calif.

*Served during part of fiscal year 1958,

Jonn R. PeLLAM, Department of Physics,
California Institute of Technology,
Pasadena, Calif.

JAMES RAINWATER, Department of Phys-
;c;s, Columbia University, New York,

. Y. '

Norman F. Ramsey, Department of
Physics, Harvard University, Cam-
bridge, Mass.

Lroyp P. Smita, AVCO Research and
Advanced Development Division, Law-
rence, Mass.

JaMEs A. VanN ALLen, Department of
Physics, State University of Iowa, Iowa
City, Iowa.

CLARENCE ZENER, Research Laboratories,
Westinghouse Electric Corporation,
East Pittsburgh, Pa.

Advisory Panel for Psychobiology

Lroyp G. HumpHuREYS, Department of
Psychology, University of Illinois,
Urbana, Ill.

ConNrap G. MUuUELLER, Department of
Psychology, Columbia University, New
York, N. Y.

W. D. Nerr, Department of Psychology,
University of Chicago, Chicago, Ill.

H. E. RosvoLp, Laboratory of Psychology,
National Institute of Mental Health,
Bethesda, Md.

BenToN J. UNDERWOOD, Department of
Psychology, Northwestern University,
Evanston, Ill. :

Deros D. Wickens, Department of
Psychology, Ohio State University,
Columbus, Ohio.

Aduvisory Panel for Regulatory Biology

Joun R. BroBeck, Department of Phys-
iology, University of TPennsylvania
School of Medicine, Philadelphia, Pa.

*Harry EAGLE, National Institute of Al-
lergy and Infectious Diseases, National
Institutes of Health, Bethesda, Md.

*RaLpH W. GErArRD, Mental Health Re-
search Institute, University of Michi-
gan, Ann Arbor, Mich.

*RoBerT E. HuNcATE, Department of
Bacteriology, University of California,
Davis, Calif,

*CarrTON C. HUNT, Department of Phys-
iology, University of Utah College of
Medicine, Salt Lake City, Utah.
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- RacmmizL Leving, Department of Meta-
- bolic Research, Michael Reese Hospital,
Chicago, Ill. :
MacrLyN McCarry, The Rockefeller
Institute, New York, N. Y.

*RoLanp K. Mever, Department of Bi-
ology, University of Wisconsin, Madi-
son, Wis.

ForLke K. Sk006, Department of Botany,
University of Wisconsin, Madison, Wis.

CarroLr M. WiLLiams, Professor of
Zoology, Harvard University, Biological
Laboratories, Cambridge, Mass.

Advisory Panel on Scientific Manpower
Information

James W. Cote, Jr., School of Chemistry,
University of Virginia, Charlottesville,
Va.

HAroLD GoLpsTEIN, Division of Man-
power and Employment Statistics,
Bureau of Labor Statistics, U. S. De-
partment of Labor, Washington, D. C.

AvserTt Kay, Office of Manpower Supply,
Department of Defense, Washington,
D. C.

CuarLEs V. Kmp, Research Planning
Branch, National Institutes of Health,
Bethesda, Md. )

Ray W. Mayuew, Owens-Illinois Glass
Co., Toledo, Ohio.

James C. O’Brien, Department of Health,
Education, and Welfare, Washington,
D.C.

Pumip N. Powers, Internuclear Co.,
Clayton, Mo.

M. H. TryTrTEN, Office of Scientific Per-
sonnel, National Academy of Sciences—
National Research Council, Washing-
ton, D. C.

J. FLETCHER WELLEMEYER, American
Council of Learned Societies, Wash-
ington, D. C.

DAeL WOLFLE, American Association for

the Advancement of Science, Washing-
ton, D. C.

Advisory Panel for Social Science
Research

I. BernarD CoHEN, Harvard University,
Cambridge, Mass.

*Berved during part of fiscal year 1958.
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Lzonarp S. CorrreLL, Jr., Russell Sage
Foundation, New York, N. Y.

LeoN FesTINGER, Department of Psychol-
ogy, Stanford University, Stanford,
Calif,

Emi. W. Haury, Department of Anthro-
pology, University of Arizona, Tucson,
Ariz,

Georce P. Murpock, Department of An-
thropolgy, Yale University, New Haven,
Conn.

ERNEST NaGeL, Department of Philos-
ophy, Columbia University, New York,
N Y.

RicuArRD H. Suryock, Institute for the
History of Medicine, Johns Hopkins
University, Baltimore, Md.

JoserH ]J. SPENGLER, Department of Eco-
nomics, Duke University, Durham,
N. C.

SHERWOOD L. WasHBURN, Department of
Anthropology, University of Chicago,
Chicago, Ill.

SamuEeL 8. WiLks, Department of Math-
ematics, Princeton University, Prince-
ton, N. J.

Advisory Panel for Systematic Biology

Joun N. Coucn, Department of Botany,
University of North Carolina, Chapel
Hill, N. C.

RoserTt K. ENDERS, Department of Biol-
ogy, Swarthmore College, Swarthmore,
Pa.

*SmoNEYy W. Fox, Oceanographic Insti-
tute, Florida State University, Talla-
hassee, Fla.

Lieeie H. HyMAN, American Museum of
Natural History, New York, N. Y.

Davip D. Keck, New York Botanical
Garden, New York, N. Y.

Rocers McVaucH, University of Michi-
gan, Ann Arbor, Mich.

*CHARLES D. MicHENER, Department of
Entomology, University of Kansas,
Lawrence, Kans.

*HerBert H. Ross, State Natural His-
tory Survey Division, Urbana, IIl.

*KArL P. ScumpT, Chicago Natural His-
tory Museum, Chicago, Ill.

*NorMAN R. StoLr, The Rockefeller In-
stitute, New York, N. Y.

WiLLiam C. SteerE, Department of Bio-
logical Sciences, Stanford University,
Stanford, Calif.



SpeciAL Apvisory PANELS

Aduvisory Panel on High Polymer Research

- J. H. DLLoN, Textile Research Institute,
Princeton, N. J.

J. D. Ferry, University of Wisconsin,
Madison, Wis.

Paur J. FrLory, Mellon Institute, Pitts-
burgh, Pa.

Franx R. Mavo, Stanford Research In-
stitute, Menlo Park, Calif.

-THERALD MoELLER, University of Illinois,
Urbana, Il

CarL C. Monrap, Carnegie Institute of
Technology, Pittsburgh, Pa.

CuarRLEs G. OvVERrBERGER, Polytechnic
Institute of Brooklyn, Brooklyn, N. Y.
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APPENDIX B

Financial Report for Fiscal Year 1958

SALARIES AND EXPENSES APPROPRIATION

Receipts
Appropriation for fiscal year 1958 $49, 750, 000
Unobligated balance from fiscal year 1957____________ 1, 552,533
Appropriation reimbursements__ 83
Total e
Obligations
Support of science:
Basic research:
Biological and medical sciences $8, 541, 075
Mathematical, physical, and engineering sciences__ 9, 425, 158
Social sciences - 553, 750
Antarctic research___________________________ 922, 800
Subtotal 19, 442, 783
Research facilities:
Biological and medical sciences 987, 050
Mathematical, physical, and engineering sciences__ 5, 039, 001
Subtotal 6, 026, 051
Surveys and reports 192, 000
Dissemination of scientific information 1, 796, 099
Attendance at international scientific meetings______ 119, 900
Subtotal, grants and contracts 27,576, 833
Program development, operation, and evaluation____ 1 , 125, 829

Total obligations—support of science
Support of scientific manpower:

$51, 302, 616

28, 702, 662

Graduate fellowships $5, 602, 120
Institutes program 12,212,030
Special projects in science education 618, 835
Course content improvement program 835, 372
Clearinghouse for scientific manpower information_._ 225,039
President’s Committee on Scientists and Engineers___ 135, 283
Subtotal, grants and contracts ——— 19,628,679
Program development, operation, and evaluation____ 819, 400
Total obligations—support of scientific manpower____________ 20, 448, 079
Executive Direction and Management _ 822, 730
Total obligations fiscal year 1958 49, 973,471

Unobligated balance carried forward to fiscal year 1959______
Total ) -

11,329, 145

51,302,616

1A substantial portion of the unobligated balance represents outstanding payments

under grants and contracts with other Federal agencies.
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INTERNATIONAL GEOPHYSICAL YEAR APPROPRIATIONS

Receipts

Appropriation for fiscal year 1958 $2,000, 000

Unobligated balance from fiscal year 1957 ___ . _____ 17, 337, 064
Total _ $19, 337, 064

Obligations
Technical programs : $13, 845, 965
Administrative expenses, National Academy of Sci-

ences—National Research Council — 290, 508

Administrative expenses, National Science Foundation__ 60, 998
Total obligations, fiscal year 1958 14, 197,471
Unobligated balance carried forward to fiscal year 1959______ 15,139, 593
Total ___ 19, 337, 064

1 A substantial portion of the unobligated balance represents outstanding payments
under grants and contracts with other Federal agencies.

TRUST FUND
Receipts

Unobligated balance from fiscal year 1957____________ $4, 003
Donations from private sources 3, 281

Total - _— $7, 284

, Obligations

Miscellaneous expenses_.____ - 66

Unobligated balance carried forward to fiscal year 1959_____ 7,218

7,824
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APPENDIX C

Grants for Basic Research

ANTHROPOLOGICAL SCIENCES

UNIVERSITY OF ARIZONA, Tucson, Ariz.

Emil W. Haury, Department of Anthro-
pology ; COulture History of the Point of
Pines Region; 3 years; $19,700 .

Terah L. Smiley, Geochronology Labora-
torles; Late Prehistory of Northern Ari-
zona,; 2 years; $12,000

BRYN MAwR CoLLEGE, Bryn Mawr, Pa.;
Frederica de Laguna, Department of An-
thropology ; Ethnological Research Among
the Indians of Copper River; 5 years;
$13,800

UNIVERSITY OF CALIFORNIA, Berkeley, Calif. ;
Joseph B. Birdsell, Department of Anthro-
pology and Boclology, Los Angeles, Calif.;
Culture and Envirommental Adaptation s 1
year ; $10,000

UNIVERSITY OF FLORIDA, Gainesville, Fla.;
Willlam H. Sears, Florida State Museum
Prehistoric Processes on the Gulf Coastal
Plain,; 38 years ; $13,400

GEORGE WASHINGTON UNIVERSITY, Washing-
ton, D. C.; Demitrl B. Shimkin, The Grad-
uate Council ; Siberian Linguistic Analysis;
1 year; $5,300

HARVARD UNIVERSITY, Cambridge, Mass.;
Douglas L. Oliver, Department of Anthro-
pology ; Anthropology Study of the Society
Islands; 3 years; $19,200

INDIANA UNIVERSITY FOUNDATION, Blooming-
ton, Ind.

Sol Saporta, Research Center in Anthro-
pology, Folklore, and Linguisties, Indiana
University ; Psycholinguistic Analysis of
Consonant Olusters; 2 years; $20,000.

Thomas A. Sebeok, Research Center in
Anthropology, Folklore, and Linguistics,
Indiana University ; Computer Research in
Pgycholinguistics ; 2 years; $20,000

UNIVERSITY OF MICHIGAN, Ann Arbor, Mich. ;
Richard K. Beardsley, Department of An-
thropology ; Ethnographic Analysis of Farm
Communities ; 2 years ; $600

UNIVERSITY OF OREGON, FEugene, Oreg.;
Luther C. Cressman, Department of Anthro-
pology; Oregon COoast Prehistory; 1 year;
$6,300

SACRAMBENTO STATE COLLEGE, Sacramento,
Calif.; Thomas Rhys Williams, Department
of Anthropology; Dusun Anthropology; 1
year:; $9,800

ScHOOL OF AMERICAN RESEARCH, Santa Fe,

N. Mex.; Fred Wendorf, Assoclate Director
for Research; Monahans Ecology; 1 year;
$8,000
SMITHSONIAN
D. C
Clifford Evans and Betty J. Meggers,
Division of Archaeology; Reconstruction of
Migration Routes; 1 year; $2,100
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INSTITUTION, Washington,

Marshall T. Newman, U. 8. National Mu-
seum ; Aboriginal History of the Peruvian
Coast; 1 year; $3,100
STANFORD UNIVERSITY, Stanford, Calif.;
Alan R. Beals, Department of Anthropology ;
Process in Community Differentiation; 2
Years; $11,000 .
TEMPLE UNIVERSITY, Philadelphia, Pa.; Wil-
llam B. Schwab, Department of Sociology
and Anthropology; Gwelo Urban Study; 2
years ; $5,000
TULANE UNIVERSITY OF LOUISIANA, New Or-
leans, La.; E. Wyllys Andrews, Middle
American Research Institute; Development
o} Pre-Columbien Culture; 2 years; $25,000

UNIVERSITY OF WASHINGTON, Seattle, Wash. ;
James B. Watson, Department of Anthro-
pology ; New Guinea S8tudies; 1 year; $4,100

UNIVERSITY OF WISCONSIN, Madison, Wis. ;
David A. Baerreis, Department of Sociology ;
Interrelations of Biological and Cultural
Change; 1 year ; $15,500

ASTRONOMY

BRIGHAM YOUNG UNIVERSITY, Provo, Utah;
D. H. McNamara, Department of Mathe-
matics; A Speotrographic Study of Eclips-
ing Binaries and of Beta Canis Majoris
Variables; 2 years; $10,400.

CALIFORNIA INSTITUTE OF TECHNOLOGY,
Pasadena, Calff. ; Jesse L. Greenstein, Chair-
man, Department of Astrophysics; The Iden-
tification of Radio BSources; 6 months;
$3,200

UNIVERSITY OF CALIFORNIA, Berkeley, Calif. ;
Otto Struve and C. R. Lynds, Department
of Astronomy ; A Search for Variadble Stars
in Galactic Clusters; 2 years; $4,800

CARNEGIE INSTITUTION OF WASHINGTON,
Washington, D. C.; M. A. Tuve, Chairman,
Department of Terrestrial Magnetism; In-
vestigation and Construction of Photoelec-
tric Image Tubes For Research in Astron-
omy; 15 months ; $255,000

CASE INSTITUTE OF TECHNOLOGY, Cleveland,
Ohio; J. J. Nassau, Head, Department of
Astronomy ; Digtribution of A-Type Stars in
Selected Galactic Regions; 1 year; $5,900

UNIVERSITY OF CHICAGO, Chicago, Ill.; G.
van Biesbroeck, Department of Astronomy ;
Astrometric Investigations; 1 year; $5,200

UNIVERSITY OF FLORIDA, Gainesville, Fla.;
A. G. Smith, Department of Physics;
Planetary Emissions at Radio Frequencies;
2 years; $20,000

ForpHAM UNIVERSITY, New York, N. Y.;
Walter J. Miller, Fordham University Astro-
nomical Laboratory ; Faint Variable Stars in
the Cygnus Cloud of the Milky Way; 2
years ; $5,900 .



GRORGETOWN UNIVERSITY, Washington, D. €

Heinrich K. Eichhorn, Department of
Agtronomy ; Determination of the Inner
Systematic Errors of the Northern Hydera-
bad Zones of the Astrographic Catalogue
and Redetermination of Its Plate Con-
stants; 2 years; $12,500

Carl C. Kiess, Georgetown College Oberva-
tory; 4 Bearch for Faint Lines in the
Spectrum of the Sun and the Measurement
of the Laboratory Bpectrum of Tétanium ;
1 year; $24,000
HARVARD UNIVERSITY, Cambridge, Mass.

David Layzer, Harvard College Observa-
tory ; Theoretical Energy Levels and Transi-
tion Probabdilities; 2 years; $9,900

T. K. Menon and H. I. Ewen, Harvard
College Observatory; Radio Astromomy in
the Microwave Region; 1 year; $34,300
UNIVERSITY OF ILLINOIS, Urbana, Ill.; Ivan
R. King, Department of Astronomy; The
Dynamical Evolution of Star Clusters; 2
years ; $4,200
JoBNS HOPKINS UNIVERSITY, Baltimore,
Md.; John D. Strong, Laboratory of Astro-
physics and Physical Meteorology; High
Altitude Astronomy,; 1 year; $40,000

LOUISIANA STATE UNIVERSITY AND AGRICUL-
TURAL AND MgecHANICAL CoOLLEGE, Baton
Rouge, La.; Kenneth M. Yoss, Department
of Physics and Astronomy; Relative Fre-
quencies of G and K Giants With Weak and
Strong Absorption; 2 years; $9,300

LowELL OBSBRVATORY, Flagstaff, Ariz. ; H. L.
Giclas, Astronomer; Proper Motion Survey
of the Northern Hemisphere; 3 years;
$29,400 _
MicHIGAN STATE UNIVERSITY OF AGRICUL-
TURE AND APPLIED SCIENCE, East Lansing,
Mich.; John 8. Mathis, Department of
Physics and Astronomy ; The Kinematics of
the Interior Regions of Globular Clusters;
1 year; $2,900
NEw Mexico COLLEGE OF AGRICULTURE AND
MpCHANIC ARTS, State College, N. M. ; Clyde
W. Tombaugh, Physical Sciences Laboratory ;
An Observational Patrol and Geophysical
Research of the Moon and the Planels; 1
year; $285,000
OHI10 STATE UNIVERSITY, Columbus, Ohifo.

John D. Kraus, Department of Electrical
Engineering; A Fired Paraboloid and Tilt-
able-Flat Reflector for Radio Astronomy
Research; 1 year; $58,650

A. Slettebak, Department of Physics and
Astronomy ; A Spectrographic Study of A-
Type Stars Near the North Galactic Pole; 1
year; $3,500
UNIVERSITY OF OREGON, KEugene, Oreg.;
E. G. Ebbighausen, Department of Physics;
An Imvestigation of 8pectroscopic Binaries
With Particular Attention to the Detection
of Changes in the Orbital Elements; 1 year;
$8,000
PRINCETON UNIVERSITY, Princeton, N. J.;
Martin  Schwarzschild, Department of
Astronomy ; High Altitude Astromomy; 8
years; $285,000

RENSSELAER POLYTECHNIC INSTITUTE, Troy,
N. Y.; J. Mayo Greenberg, Department of
Physics ; The Scattering of Light by 8Small
Particles; 2 years; $19,400‘

SWARTHMORE CoLLEGE, Swarthmore, Pa.;
Peter van de Kamp, Director, Sproul Observa-

tory ; Astrometrio Study of Nearby Stars; 2
years; $27.000

'VANDERBILT UNIVERSITY, Nashville, Tenn.;

Carl K. Seytert, Director, Arthur J. Dyer
Observatory ; An Investigation of the Struo-
ture of the Galaxy Through the Study of
the Nearer Associations of OB Stars; 2
years; $14,000

WAYNE StaTE UNIVERSITY, Detroit, Mich.;
Bertram Donn, Department of Physics;
Astrochemical Research; 2 years; $13,500

UNIVERBITY Or WISCONSIN, Madison, Wia.

Arthur D. Code, Director, Washburn Ob-
servatory; Absolute Calibration of the
Energy Distribution of Astronomical Radia-
tion Sources; 2 years; $16,700

J. E. Mack, Department of Physics; In-
terferometric Study of Coronal Emission; 1
year; $10,700 )

YaLs UnNiversity, New Haven, Conn.

Dirk Brouwer, Director, Yale University
Observatory ; Relocation of the Yale Observa-
tory; 1 year; $22,000

Harlan J. Smith, Department of Astron-
omy; Investigation of Planetary Non-
thermal Radio Emisaion; 2 years; $21,000

Rupert Wildt, Yale University Observa-
tory ; Constitution of the Late-Type Stellar
Atmospheres and Interiors; 2 years; $7,500

CHEMISTRY

UNIVERSITY OF ARIZONA, Tucson, Aris,

James W. Berry, Department of Chemis-
try . Heterocyclic Tropolones and Tropones ;
2 years; $4,100

Leslie Forster, Department of Chemistry ;
Singlet-Triplet Transitions in Fluid Systems N
2 years; $11,200

ARIZONA STATE COLLEGE, Tempe, Aris. ;
Roland K. Robing, Department of Chemistry ;
Physical and Chemical Properties and Struc-
ture of Certain Purines and Purine Antago-
nists,; 2 years; $14,400

UNIVBRBITY OF ARKANSAS, Fayetteville, Ark.

Richard W. Fink, Department of Chemis-
try ; Radiochemical Studies of Decay Prop-
erties of Radioactive Nuclei; 2 years;
$30,200

Thomas C. Hoering, Department of Chem-
Istry; Kinetica of Ewxchange of Isotopic
Ozygen Between Ooy-Anions and Water;
2 years; $14,300

Samuel Siegel, Department of Chemistry ;
Stereochemistry of Catalytic Hydrogenation
of Aromatic and Hydroaromatic Compounds ;
2 years; $15,000

K. H. Stern, Department of Chemistry ;
Thermodynamics of Ion Pair Formation; 2
years; $18,800

AUBURN RESEARCH FOUNDATION, INC., Au-
burn, Ala.; G. M. Kosolapoff, Department of
Chemistry ; Physical Constants of Orgamo-
phoephorus Compounds; 3 years; $18,500

BeANDEIS UNIVERSITY, Waltham, Mass.
8aul G. Cohen, Department of Chemistry ;
Chemistry of Free Radicals in Solution; 8
years ; $25,400
Harold Conroy, Department of Chemistry ;
Structure and Theoretical Biogenesie of
Alkaloide,; 8 years; $34,800

BricHAM YOoUNG UNIVERSITY, Provo, Utah.
Eliot A. Butler and Keith Anderson, De-
partment of Chemistry ; Detection of Molecu-
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lar Bpecies in Ionie Equilidria; 8 years;
$26,400

K. Lerot Nelson, Department of Chem-
istry ; Low Temperdture Kinetics in Aprotic

Sglvents; 2 years; $20,400

BrowN UNIVERSITY, Providence, R. I.

- Robert H. Cole, Department of Chemistry ;
Dielectric Properties of Imperfect Gases; 2
years ; $15,700

John Ross, Department of Chemistry ; Via-
cosity of Gases; 3 years ; $14,000

BRYN MAwR COLLEGE, Bryn Mawr, Pa.;
Ernest Berliner, Department of Chemistry ;
Relative Reactivities of Polynuclear Aro-
matic Systems; 3 years ; $11,100

UNivERrsiTY oOpF BurriLo, Buffalo, N. Y.;
Howard Tieckelmann, Department of Chem-
istry ; Synthesis of Compounds Related to
the Vitamin B; Pyrimidine;
$4,500

CALIFORNIA INSTITUTE OF TRCHNOLOGY, Pasa-
dena, Calif,
. John H. Richards, Department of Chemis-
try ; S8andwich Compounds of Ruthenium;
1 year; $2,200

John D. Roberts, Department of Chem-
istry ; Chemistry of Small Ring Compounds;
3 years; $21,200

UNIVERSITY OF CALIFORNIA, Berkeley, Calif.

Thomas L. Allen, Department of Chemis-
try ; Davis, Calif.; Thermodynamic Proper-
ties of Metallic Halides; 3 years ; $9,200

Robert K. Brinton, Department of Chem-
istry, Davis, Calif.; Hlementary Gas Phase
Radical Reactions; 8 years; $11,000

Joel H. Hildebrand, Department of Chem-
1stry ; Properties and Solubility Relations of
Nonelectrolytes; 2 years; $16,900

CARNEGIE INSTITUTE OF TECHNOLOGY, Pitts-
burgh, Pa.; Robert B. Carlin, Department of
Chemistry ; Fischer Indole Synthesis; 2
years; $14,100

CENTRAL STATE COLLEGE, Wilberforce, Ohio ;
E. Oscar Woolfolk, Department of Chemis-
try: Identification and Chromatographic
Separation of Colorless Organic Compounds;
2 years; $6,300

UNIVERSITY OF CHICAGO, Chicago, Ill.

Robert A. Clement, Department of Chem-
istry ; Bronsgied Rate Law Applied to Organic
Reactions ; 2 years; $13,000

R. 8. Mulliken, Department of Physics,
and W. G. Brown, Department of Chemistry ;
Structure, Spectra and Reactions of Molecu-
lar Complexres; 3 years; $58,000

Stuart A. Rice, Department of Chemistry ;
Configurational and Thermodynamic Proper-
ties aof Polyelectrolytes and Polar Polymers
3 years; $31,700

Henry Taube, Department of Chemistry ;
Chemistry of Ozygen and Oxy-Compounds;
3 years; $44,200

CLEMSON AGRICULTURAL COLLEGE, Clemson,
S. C.; P. 1. Brownley, Jr., Department of
Chemistry and Geology; Determination of
Fluoride ; 2 years ; $4,400

Coe COLLEGE, Cedar Rapids, Iowa ; Frank C.
Pennington, Department of Chemistry; New
Method of Synthesizing Indoles; 2 yedrs;
$6,600

UNIVERSITY OF COLORADO, Boulder, Colo.

Stanley J. Cristol, Department of Chem-
istry ; Mechanisms of Addition and Elimina-
tion Reactions; 3 years; $36,400
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3 months; |

John 8. Meek, Department of Chemistry ;
Bridgehead Compounds; 3 years; $16,200

CorNzLL CoLLEGE, Mount Vernon, Iowa

James B. Culbertson, Department of Chem-
istry ; Sieric Effecis With Subsiituied Cyclo-
hexane Compounds; 3 months; $1,600

James B. Culbertson, Department of Chem-
istry ; Steric Effects With Substituted Cyclo-
hexanes; 3 years; $8,500

Willilam A. Deskin, Department of Chem-
istry ; Spectrophotomeiric Studies of Metals;
3 months ; §1,400

William A. Deskin, Department of Chem-
istry ; Compleres of the Transition Metals ;
3 years; $10,500

CoRNELL UNIVERSITY, Ithaca, N. Y.
Equipment Grants for High Polymer Re-
search

UNIVERSITY OF DENVER, Denver, Colo.; Earl
A, BEngle and G. Howard McCormick, De-
partment of Chemistry; Determinaetion of
Zirconium, Iron Chelate Compounds; 3
months ; $3,500

DePavL UNIvERSITY, Chicago, Ill.; Eugene
Lieber, Department of Chemistry; Reaction
of Hydrazoic Acid With Ammono-Carbonic
Acids ; 2 years ; $5,600

Dukr UNIVERSITY, Durham, N. C.; C. R.
Hauser, Department of Chemistry; Rear-
rangements, Eliminations, Displacements
and Oondensationa; 8 years; $19,500

EMORY UNIVERSITY, Emory University, Ga. ;
R. A. Day, Jr.,, Department of Chemistry;
Anion Exchange Studies of Metal Complexes;
2 years ; $12,000

Fi1sK UNIVERSITY, Nashville, Tenn.; 8. P.
Massie, Department of Chemistry; 1,2-
Dianilinoethane and 1,3-Dianilinopropane
Derivatives; 18 months; $3,500

FLORIDA STATE UNIVERSITY, Tallahassee,
Fla. ; John B. Lefler, Department of Chemis-
try; Iodine as a RSubstituent; 8 years;
$21,700
UNIVERSITY OF FLORIDA, Gainesville, Fla.;
B. E. Muschlity, W, H, Cramer and T. L.
Bailey, Department of Chemistry; Negative
Ion Studies by Mass Spectrometry; 2 years;
$20,000
GEORGIA INSTITUTE OF TECHNOLOGY, Atlanta,
Ga.; Jack Hine, Department of Chemistry ;
Relative Acidity of Hydrocarbong and Other
Weak Acids; 2 years; $6,700
GRINNELL COLLEGE, Grinnell, Iowa ; William
A. Nevill, Department of Chemistry; Halo-
genated Cyclobutane Acids; 3 years;
$9,500
Harvarp UNIVERSITY, Cambridge, Mass.

George B. Kistiakowsky, Department of
Chemistry ; Unstable Intermediates in Gas
Reactionsg; 2 years; $15,000

Francigs G. Stone, Department of Chemis-
try ; Chemistry of Boron; 3 years; $24,100

Robert B. Woodward, Department of
Chemistry; RStructure and Synthesis of
Natural Products; 3 years; $62,100
HUNTER COLLEGE, New York, N. Y.; Horst
W. Hoyer, Department of Chemistry; FElec-
trophoretic Mobility of Micelles;, 2 years;
$12,000
UNIVERSITY OF ILLINoisS, Urbana, Ill.

Hquipment Grant for H.gh I’olymer Re-
gearch

David Y. Curtin, Department of Chemis-
try; Steric Control of Organic Reactions;
3 years; $20,900



H. 8. Gutowsky, Department of Chemis-
try ; Nuclear and Quadrupole Relazation;
2 years; $24,200
INDIANA UNIVERBITY B‘ounnuxon. Blooming-

ton, Ind.
V. J. Shiner, Jr., Department of Chemis-

----ppypIndiana University ; Effect of Deuterium

Substitution on Rates of Organic Reactions;
3 years; $20,300

Harrison Shull, Department of Chemistry,
Indiana University ; Theoretical SBiudies of
Atomio and Moleoular Struciure; 30 months ;
$43,700
JowA STATE COLLEGE OF AGRICULTURE AND
MECHANIC ARTS, Ames, Iowa.

Lawrence S. Bartell, Department of Chem-
istry ; High Precision Molecular Structures
by Eleciron Diffraction; 3 years; $28,700

George S. Hammond, Department of Chem-
istry; Diffusion Kinetics in Thermal De-
compositions; 2 years; $19,200

KarLaMazoo CoLLEGE, Kalamazoo, Mich.;
Kurt D. Kaufman, Department of Chemis-
try; Furocoumaring; 3 years; $12,000

KANSAS STATE COLLEGE OF AGRICULTURE
AND APPLIED SCIENCE, Manhattan, Kans.:
Jack L. Lambert, Department of Chemistry ;
Metal Complexes and Chelates of Aromatio
Acids; 3 years; $14,400

LEHIGH UNIVERSITY, Bethlehem, Pa.; David
M. Hercules, Department of Chemistry;
Luminescence of Orthohydroxy Aromatic
Acids; 3 years; $21,000

LoNe BrEacH STATE COLLEGE, Long Beach,
Calif. ; Robert B. Henderson, Department of
Chemistry; Summer Rescarch for High
School and College Chemistry Teachers; 3
months; $5,200

UNIVERSITY OF LOUISVILLE, Loulsville, Ky.;
J. P. Phillips, Department of Chemistiry;
Analytical Reagents Related to 8-Quinolinol;
3 years; $11,000

Loyora UN1vERSITY, Chicago, Ill.; John L.
Huston, Department of Chemistry; He-
change Reactions in Nonaqueous Ioniging
Solvents; 2 years; $13,300

LuTHER COLLEGE, Decorah, Iowa; Adrian
Docken, Department of Chemistry; OCon-
densed, Five-Membered Oarbocyclic Systems ;
1 year; $2,000

UNIVERSITY OF MAINE, Orono, Maine ; Robert
Dunlap, Department of Chemistry; Thermo-
dynamic Properties of Fluorocarbon Solu-
tions; 3 years; $18,300

UNIVERSITY OF MARYLAND,
Md.
William J. Balley, Department of Chemis-
try; Pyrolysis of Esters; 3 years; $43,800
Ernest F. Pratt, Department of Chemis-
try; Selective Reaction of Organic Com-
pounds Adsorbed on Solids; 1 year; $11,400

MasSsSACHUSETTS INSTITUTE OF TECHNOLOGY,
Cambridge, Mass.

Klaus Biemann, Department of Chemis-
try ; Boron Trifluoride as a Titrant in Or-
ganic Analysis; 3 years; $16,600

Arthur C. Cope, Department of Chemis-
try; Stereochemistry of the Reactants
Upon Ionic and Radical Reactions; § years;
$98,200

Herbert O. House, Department of Chemis-
try; Stereochemisiry of Hlimination Re-
actions Occurring on Metal Surfaces; 8
years; $16,200

College Park,

C. Gardner Swatn, Department of Chemis-
;?i 5%3“' Displacement Roactions; 8 yoars;

UNIVERSITY OF MABSACHUSETTS, Amherst,
Mass.; Richard 8. Stein, Department of
Chemistry ; Relationship Between Crystol
Morphology and Mechanical Properties of
Crystalline High Polymers; 2 years; $12,100
MELLON INSTITUTE OF INDUSTRIAL RESEARO,
Pittsburgh, Pa.; P. J. Flory, Hxecutive
Director of Research; Properties of Poly-
mers and Their Solutions; 1 year; $16,200

UNIVERSITY OF MINNESOTA, Minneapolis,
Minn. ; Maurice M, Kreevoy, Department of
Chemistry; Acid Clevage of Organomer-
ouriale; 2 years; $5,400

MississippPt Stare COLLEGE, State College,
Miss.; Lyell C. Behr, Department of Chem-
istry; Reactivity of Owxadiazoles in Subsii-
tution; 3 years; $6,400

MonMoUTH COLLEGE, Monmouth, IlL.; G. W,
Thiessen, Department of Chemistry; The
Kolbe Elecirolysis; 2 years; $12,200

NEWARK COLLEGE OF ENGINEERING, Newark,
N. J.; James A. Bradley, Department of
Chemlistry ; Sulfonation of Aromatic Com-
pounds; 3 months; $2,100

UNIVERSITY OF NEw HAMPSHIRE, Durham,
N. H.; Alexander R. Amell, Department of
Chemistry ; Kinetice of the Gas Phase Re-
action Between Nitrogen Pentowide and
Some Reducing Agents; 2 years; $10,000

New Mexico HiGHLANDS UNIVERSITY, Las
Vegas, N. Mex.; E. Gerald Meyer, Depart-
ment of Chemistry; Summer Research for
g:%’(‘) 0School Chemistry Teachers; 8 months;

New York UNIVERSITY, New York, N. Y.:
Benson R. Sumndheim, Department of Chem-
1stry; Dissociation Constants of Ewcited
Molecules; 3 years; $10,100

UNIVERSITY OF NORTH CAROLINA, Chapel
Hil, N. C.

J. C. Morrow, Department of Chemistry ;
Magnetochemical and Crystallographéc
Studies of Transition Metal Oompounds; 8
years; $17,200

Oscar K. Rice, Department of Chemistry ;
Decomposition of Azomethane; 2 years;
$15,900

UNIVERSITY OF NORTH DAKOTA, Grand Forks,
N. Dak.; Edward J. O'Reilly, Jr., Depart-
ment of Chemistry ; Vibrational Assignment
of Symmetrically SBubstituted Naphthalene-
D-4; 2 years; $10,900

NorTHWESTERN UNIVERSITY, Evanston, Ill,,
Fred Basolo, Department of Chemistry,
Nuclear Magnetic Resonance Rtudies of
Metal Complexes; 2 years; $17,100

UNIVERSITY OF NOTRE DAME, Notre Dame,
Ind.; Louis Plerce, Department of Chem-
istry; Molecular Microwave Spectroscopy;
2 years ; $18,300

OHIO BTATR UNIVERSITY, Columbus, Ohio.

Michael P. Cava, Department of Chem-
istry; The Benzocyclobutene Series; 8
years ; $39,800

Melvin 8. Newman, Department of Chem-
istry; Differentiation and Isolation of
Rotamers; 1 year; $8,200

Melville L. Wolfrom, Department of Chem-
istry ; Structural Investigation of Polysac-
charides ; 3 years ; $2i,000
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UNIVERSITY OF OKLAHOMA RESNARCH INSTI:
ToTe, Norman, -Okla.; Norman ¥ogel, De-
partment of Chemistry, University of Okla-
homa; Effects of Ionic Birengih on the
Dutrtbuuon of Species of Compler Ions; 2
years ; $10,400

OreaON StaTe CorLEeB, Corvallis, Oreg.
Brvin F. Kurth, Department of Chemis-
try; Conifer Bark Lignin Components; 8
years ; $17,700
W. H. Slabaugh, Department of Chemis-
try; Ion Fwochange of Graphite Oaxide; 2
years; $8,500

UN1vERSITY OF OREGON, Eugene, Oreg.; Ter-
rell 1. Hill, Department of Chemistry;
Theoretical Studies in Statistical Chemical
Thermodynamics; 8 years; $32,600

PENNSYLVANIA STATE UNIVERSITY, Univer-
sity Park, Pa.

Norman C. Deno, Department of Chemis-
try: Quantitative Theory Relating Acid-
Catalyzed Reaction Ranges to Acid Concen-
trations and Other Media Changes,; 3 years;
$17,200

Maurice Shamma, Department of Chemis-
try; Synthesis and Chemistry of Teirahy-
dropyridines ; 2 years ; $8,000

Harry D. Zook, Department of Chemistry ;
Nature and Reactivity of Enolates; 3 years;
$19,100

UNIVERSITY OF PENNSYLVANIA, Philadelphia,
Pa.; John G. Miller, Department of Chem-
istry ; Compressibility Factor Measurements
of Thermodynamic and Molecular Properties
of Gaseous Miwvtures; 1 year; $11,000

POLYTECHNIC INSTITUTE OF BROOKLIN,
*Brooklyn, N. ¥.; C. G. Overberger, Depart-
ment of Chemistry; Chemisiry of 1,1- and
1,2-Substituted Hydrazines and COyclic Azo
Oompounds ; 8 years ; $26,200

PoMoNA COLLEGE, Claremont, Calif.; Cor-
win Hansch, Department of Chemistry;
Summer Research for College Chemisiry
Teachers; 3 months; $5,800

PrINCETON UNIVERSITY, Princeton, N. J.

James R. Arnold, Department of Chemis-
try ; Natural and Induced Radioactivities; 1
year; $11,800

Charles P. Smyth, Chemistry Department ;
Rotational Isomerism and Intramolecular
Motéon ; 2 years ; $17,000
PUdRDUD ResEarcHE FOUNDATION, Lafayette,
Ind.

Robert A. Benkeser, Department of Chem-
istry, Purdue University; Organic Chemis-
try of Silicon, Germanium and Tin Com-
pounds; 2 years; $15,400

Robert A. Benkeser, Department of Chem-

istry, Purdue University; Reductions by
Idthium in Amine Solvents; 2 years;
$10,600

Norbert Muller, Department of Chemistry,
Purdue University ; High Resolution Nuclear
Magnetic Resonance Speciromeiry,; 3 years;
$34,000

J. M. Honig, Department of Chemistry,
Purdue University; Interaction Between
Metal Oaxides and Nitrogen Dioxide; 2
years; $17,500

R. L. Livingston, Department of Chemis-
try, Purdue Unilversity ; Molecular BSiruc-
ture of Certain Organic Oompounds by Elec-
tron Diffraction; 2 years; $12,800
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' RENSSRLAER Pom'rlcnmc IxaTITUTE, ‘I‘roy.

N. Y‘

.George J. Janz, Department of Chemistry ;
Raman Specira of Moltan Balis; 2 years;
$28,000

Robert L. 8Strong, Department of Chemis-
try ; Primary Photochemical Aot in Selu-
tion Reactions; 2 years; $11,000

RESEARCHE FOUNDATION OF STATE UNIVERSITY
or Npw Yorx, Albany, N. Y.; Michael
Szware, Department of Chemistry, College
of Forestry, Syracuse, N. Y.; O’hcmutry of
Free Radicals; 3 years ; $80, 200

UNIVERSITY OF ROCHESTER, Rochester,
N. Y.; A. B. F. Duncan, Department of
Chemistry ; Electronic Structure of Poly-
atomio Molecules; 2 years; $12,000

ROCKEFELLER INSTITUTE FOR MEDICAL RE-
SBARCH, New York, N. Y.; D. A. MacInnes,
Department of Chemistry; Redetermination
of the Value of the Faraday; 1 year;
$15,300

RUTGERS, Tap STATE UNIVERSITY, New
Brunswick, N. J.; Donald B. Denney, De-
partment of Chemistry; Organic Tri- and
Pentavalent Phosphorus Compounds; 2
years ; $12,000

St. Lours Uwiversity, St. Louis, Mo.;
George W. Schaeffer, Department of Chem-
istry; Reduction of Inorganic Substances
With Aqueous Sodium Borohydride; 8
years ; $10,500

SMmita CorLrLege, Northampton, Mass. ; Mil-
ton D. Soffer, Department of Chemistry;
Synthesis and Structure of Sesquiterpenes;
2 years; $15,500

UNIVERSITY OF SOUTH CAROLINA, Columbia,
8. C.

H. W. Davis, Department of Chemistry;
Summer Research for High School and Col-
lege Chemistry Teachers; 3 months; $3,000

DeLos F. DeTar, Department of Chemis-
try; Organic Reaction Mechanisms; 8
years ; $20,500

John L. Kice, Department of Chemistry;
Reactivity Toward Free Radicals of Non-
Benzenoid Aromatioc Hydrocarbone; 2
years; $15,000 :

UNIVERSITY OF SOUTHERN CALIFORNIA, Los
Angeles, Calif.

Jerome A. Berson, Department of Chem-
istry ; Stereochemistry of Biphenyl S8Sys-
tems,; 2 years; $16,800

Norman Kharasch, Department of Chem-
istry; Reaction of 8,4-Dinitrobenzenesul-
fenyl Ohloride With Phenylacetylene and
P-Bubstituted Phenylacetylenes; 3 years;
$10,300
SOUTHERN METHODIST UNIVERSITY, Dallas,
Tex.; John J. Banewicz, Department of
Chemistry ; Magnetic And Electrical Proper-
ties of Antiferromagnetic Semiconductors; 2
years; $9,600

STANFORD UNiveErsiTY, Stanford Calif.;
George 8. Parks, Department of Chemistry
and Chemical Engineering; Heats of Com-
bustion of Typical Oaygen Containing Or-
ganio Compounds; 8 years; $25,600
THIEL COLLEGE, Greenville, Pa.; Walter H.
Puterbaugh, Department of Chemistry;
Mechanism and Influence of Metallic Cation
in Organo-Metallioc Reactions; 2 years;
$5,000



Toraxe UniveamiTY OF LOUISIANA, New
Orleans, La.; Joseph H. Boyer, Department
of Chemistry; Reaction 0 C-Nitroso OUom-
pounds With Unsalurated Growups; 2 years;
$13,100

UnIvERSITY OF UTAH, Salt Lake City, Utah;
Henry Eyring, Department of Chemistry;
Theoretical and Experimental Study of Rate
Processes; 2 years ; $45,000

UNIVERSITY OF VIRGINIA, Charlottesville,
Va.: Thomas 1. Crowell, Department of
Chemistry ; Kinetic Studics of Amines; 8
years; $14,000

UNIVERSITY OF WASHINGTON, Seattle, Wash.

B. 8. Rabinovitch, Department of Chem-
istry; Homogeneous Isomerisation Reao-
téons; 8 years; $15,600

Kenneth B. Wiberg, Department of Chem-
istry ; Mechanisme of Oazidation Reactions;
5 years; $68,200
WaYNE StATE UNIVERSITY, Detroit, Mich,

Norman L. Allinger, Department of
Chemistry ; Conformational FEffects In
Medium Rings; 8 years; $15,300

Stanley Kirschner, Department of Chem-
istry ; Summer Research For High School
and Oollege Chemistry Teachers; 3 months;
$8,300

C. L. Stevens, Department of Chemistry;
Gem—Dihalides From the Hofmann Degra-
dation Reaction; 2 years; $15,400

WEST VIRGINIA UNIVERSITY, Morgantown,
W. Va.; Chester W. Muth, Department of
Chemistry ; Intramolecular Cyclization In-
volving a Nitro Group; 2 years; $9,600

WESTERN KENTUCKY STATE COLLEGE, Bowl-
ing Green, Ky.; Ward C. Sumpter, Depart-
ment of Chemistry; Identification and
Oharacterization of Indole Derivatives by
Fusion Methods; 2 years; $6,000

WESTERN MICHIGAN UNIVERSITY, Kalama-
zoo, Mich.,, Don C. Ifland, Department of
Chemistry; Chemistry of Azoacelates; A
New Class of Compounds; 3 years; $15,200

WHITWORTH COLLEGE, Spokane, Wash.;
James R. Brathovde, Department of Chem-
istry ; X-Ray Phase and Siructure Studies
of N-Aliphatic Amides; 3 years; $6,900

COLLEGE OF WOOSTER, Wooster, Ohlo;
Thomas B. Ferington, Department of Chem-
istry ; Kinetics of Vinyl Polymerization; 2
years; $5,200

DEVELOPMENTAL BIOLOGY

UNIVERSITY OF ARIZONA, Tucson, Ariz,;
John V. Slater, Department of Zoology;
Nucleo-Cytoplasmic Interactions During In-
tracellular Differentiation; 2 years; $8,000

BosTON DISPENSARY, Boston, Mass.; Ger-
hard Schmidt; Embryochemical Studies on
Lipides, Proteins, and Nucleic Acids; 2
years; $15,500

BRANDEIS UNIVERSITY, Waltham, Mass.;
Maurice Sussman, Department of Biology;
Morphogenesgis in the Cellular Slime Molds;
2 years; $11,500

BrOwWN UNIVERSITY, Providence, R. I.; Wil-
liam Montagna, Department of Blology;
Comparative Histology and Histochemistry
of the Bkin of Primates; 2 years; $10,000

UNIVERSITY OF CALIFORNIA, Berkeley, Calif.
William A. Jensen, Depariment of Bi-

ology; Barly Oell Wall Formaiion in the
Root Tip; 2 years; $12,100 )

Jullan L. Kavanau, Department of Zo-
ology, Los Angeles, Calif.; Chemioal Baok-

ground of Cell Division; 2 years; $13,500

CaNigios Corrrem, Buffalo, N, Y.; John L.
Blum, Department of Blology; Seauality {n
Botrydium and Protosiphon; 2 years;
$10,300 ) ,
CarLETON CorrxaE, Northfield, Minn.; Wil-
lHam H. Muir, Department of Blology; Dé/-
ferentiation in Plant Tissue Cultures of
Single Cell Origin; 2 years; $6,900
CENTRAL WASHINGTON COLLEGE OF EDUCA-
TION, Ellensburg, Wash.; Janet M. Lowe,
Department of Zoology; Farly Ohiok Em-
bryo Differentiation and Development; 2
years; $5,000

CORNELL UNIvERSITY, Ithaca, N. Y.; Perry
W. Gilbert, Department of Zoology; Siruo-
tural and Functional Relationahip of De-
veloping Young to Mother; 1 year; $38,000

CREIGHTON UNIVERSITY, Omaha, Nebr. ; Allen
B. Schlesinger, Department of Bilology;
Effect of Spatially Distriduted Yolk Oom-
ponents Upon Embdryonic Development; 2
years; $6,800

UNIVERSITY OF DpLAWARER, Newark, Del.;
Franklin C. Daiber, Department of Blologi-
cal Sciences; Reproductive Funotions n
Elasmobranch Fishes; 2 years; $10,000

FroripA BSTaTe UNIvERsiTY, Tallahassee,
Fla.; James R. Fisher, Department of Chem-
istry ; Cell Particulates én S8ea Urchin Eggs;
1 year; $3,000

GRINNBLL CoLLEGE, Grinnell, Iowa; Guil-
lermo Mendoza, Department of Blology;
Reproduoction in hte Goodeidae,; 3 years;
$13,300

UNIVERSITY OF IDAHO, Moscow, Idaho ; Lorin
W. Roberts, Department of Botany; A Hfs-
tochemical 8Study of Protein-Bound Bulf-
hydryl Groups in Wound Meristems; 2 years ;
$5,300

UNIVERSITY OF ILLINOIS, Urbana, Ill.; 8.
Meryl Rose, Department of Zoology ; Specific
Inhibition During Differentiation in Tudu-
laria; 1 year ; $15,000

INDIANA UNIVERSITY FOUNDATION, Bloom-
ington, Ind.:; Robert Briggs, Department of
Zoology, Indiana University ; Nuolear Differ-
entiation in Embryonic Cells; 8 years;
$26,000

JouNs HoprkiNs UNIVERSITY, Baltimore, Md.

Andre T. Jagendorf, Department of Biol-
ogy ; Chloroplast Growth Processes ; 8 years;
$23,000 .

Clement L. Markert, Department of Biol-
ogy; Biochemical Basis of Cell Differentia-
tion ; 8 years; $35,000

Malcolm 8, Steinberg, Department of Blol-
ogy; Chemical Bonds Between Vertebrate
Embryonic Cells ; 2 years ; $12,000

Loyora UN1verSITY, Chicago, Ill.; Boris B.
N. Spiroff, Department of Blological Sci-
ences ; Functions of the Pineal Body; 1 year;
$4,000

MARQUETTE UNIVERSITY, Milwaukee, Wis,
Walter G. Rosen, Department of Biology;
Chemotropism of Pollen Tubes; 2 years;
$12,000
John W, Saunders, Jr., Department of Bi-
ology ; Tissue Interactions During Organo-
genesis ; 8 years ; $27,000
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MASSACHUSETTS INSTITUTE OF TECHNOLOGY,
Cambridge, Mass. ; Robert J. Hansen, Depart-
ment of Civil Engineering; The Form and
Function of the Foot; 2 years; $16,000
Mian1 UNIVERSITY, Oxford, Ohio; John R.
Harrison, Department of Zoology; Growth
and Differentiation of Embryonic Chick Tis-
sues in Vitro ; 2 years; $10,300
UNIVERSITY OF Miami, Coral Gables, Fla.;
Charlotte J. Avers, Department of Botany;
Histochemical Studies of the Differentiating
Root Epidermis; 2 years; $13,800
UNiversiTY OoF NEw HamPS8HIRE, Durham,
N. H.; Charlotte G. Nast, Department of
Botany; FPertilization Studies of Angio-
aperms; 1 year ; $7,400
NorTH CABROLINA STATE COLLEGE OF AGRI-
CULTURE AND ENGINEBRING, Raleigh, N. C.;
Ernest Ball, Division of Biological Sciences;
Growth in Vitro of the S8hoot Apex of Certain
Seed Plants; 3 years; $23,000
NORTHWESTERN UNIVERSITY, Evanston, Il ;
Robert C. King, Cresap Laboratory of Biol-
ogy ; Radiation-Induced Ovarian Tumors in
Drosophila; 2 years; $18,000
OGLETHORPE UNIVERSITY, Oglethorpe Uni-
versity, Ga.; Arthur L. Cohen, Department
of Biology; Morphogenesis in the True
Myaomycetes ; 1 year; $1,700
UNIVERSITY OF PIPTSBURGH, Pittsburgh, Pa.

Casimer T. Grabowski, Department of
Anatomy ; Organization and Oellular Differ-
entiation in Embryos; 2 years; $12,000

Ian M. Sussex, Department of Biological
Sclences ; Morphogenesis in the Shoot of
Vascular Plants; 2 years; $17,300

PRINCETON UNIVERSITY, Princeton, N. J.;
Lionel I. Rebhun, Department of Biology;
Fertilization and Cleavage in Marine In-
vertebrate Eggs; 2 years; $8,900

UNIVERSITY OF ROCHESTER, Rochester, N. Y. ;
William B. Muchmore, Department of Biol-
ogy ; Immunochemical Studies of Muscle De-
velopment; 3 years; $24,000

SoUTHERN ILLINOIS UNIVERSITY, Carbondale,
I1l.; Frank J. Finamore, Department of
Physiology ; Nucleic Acid Metabolism Dur-
ing Early Developmental Stages; 3 years;
$15,000

StTANFORD UNIVERSITY, Stanford, Calif. ; Clif-
ford Grobstein, Department of Biological
Sciences; Oell and Tissue Interactions in
Development; 2 years; $33,100

UNIVERSITY OF WYOMING, Laramie, Wyo.;
Charles S. Thornton, Jackson Hole Biolog-
ical Research Station, Moran, Wyo. ; Amphib-
ian Limb Regeneration; 3 years; $6,200

TEXAS AGRICULTURAL EXPERIMENT STATION,
College Station, Tex.; R. O. Berry, Depart-
ment of Animal Husbandry and Dairy Seci-
ence; In Vitro Culture and Low Tempera-
ture Storage of Bovine Follicular Ova; 2
years; $6,600

TeExsS8 SOUTHERN UNIVERSITY, Houston,
Tex. ; Alberta J. Seaton, Department of Biol-
ogy ; Cytologicul Organization of the Egg;
1 year; $4,700

TrINITY UNIVERSITY, San Antonio, Tex.;
Tom P. Sergeant, Department of Bilology;
Growth Indtiating Subatances in “Condi-
tioned” Media; 2 years; $17,800

UNIVERSITY OF WASHINGTON, Seattle, Wash. ;
Arthur H. Whiteley, Department of Zoology ;
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Physiology of Formation and Development of
Eggs of Marine Invericbrates; 2 years;
$22,000
WaYNe STaTB UNIVERSITY, Detroit, Mich.;
Werner G. Heim, Department of Biology;
Changes in S8erum Proteins During Onlogeny
of Mammals; 2 years; $15,900
WESLEYAN UNIVERSITY, Middletown, Conn.;
Hubert B. Goodrich, Department of Biology ;
Color Pattern Formation in Two Teleost
Pish; 1 year; $2,900
YALE UNIVERSITY, New Haven, Conn.
HEdgar J. Boell, Department of Zoology ;
Developmental Changes in Mitochondria; 1
year; $7,000
John P, Trinkaus, Department of Zoology ;
The Potencies of Tissue Cells; 3 years;
$19,000

EARTH SCIENCES

KurT TEICHERT, U. 8. Geological Survey,
Federal Center, Denver, Colo.; Studies of
Sitratigraphy and Paleoecology in West Ger-
many ; 4 months ; $1,400

UNIVERSITY OF ALAsSKA, College, Alaska;
V. P. Hessler, Geophysical Institute; Earth
Potentials; 2 years; $13,800

AMHERST COLLEGEB, Amherst, Mass.; Bruce
B. Benson, Department of Physics; Oxygen
Isotope Variations in Ocean Water,; 1 year;
$15,000 -
UNIVERSITY OF ARIZONA, Tucson, Ariz. ; L. J.
Battan and A. R. Kassander, Jr., Institute of
Atmospheric Physics; Seeding of Summer
Cumulus Clouds; 1 year; $22,200

CALIFORNIA INSTITUTE OF TECHNOLOGY, Pasa-
dena, Calif.

R. H. Jahns, Department of Geology;
Laboratory Synthesis of Pegmatite Minerals ;
2 years ; $22,600

C. C. Patterson and T. J. Chow, Division
of Geological Sciences; Lead Igotopes in
the Oceans; 1 year; $10,350

W. B. Ray, Department of Geology; High
Pressure Polymorphs of Ice; 3 years;
$27,600

UNIVERSITY OF CALIFORNIA, Berkeley, Calif.

L. H. Adams and G. C. Kennedy, Institute
of Geophysics, Los Angeles, Calif.; Rapidly
Running Mineral Transistions; 1 year;
$20,000

M. N. Bramlette, Department of Geology,
Seripps Institution of Oceanography, La
Jolla, Calif.; Fossil Coccolithophorids; 3
years ; $29,000

Perry Byerly, Seismographic Station; &
Wave of Earthquakes; 2 years; $3,795

R. L. Hay, Department of Geology;
Weathering and Diagenesis in the Clarno
Formation; 2 years; $10,800

W. H. Munk, Scripps Institution of
Oceanography, La Jolla, Calif.; Chandler
Wobble; 3 years; $17,250

M. A. Murphy and P. Rodda, Department
of Geology, Riverside, Calif.; Cretaceous
Rocks of Northwestern Sacramento Valley;
2 years; $14,500

M. Neiburger, Department of Meteorology,
Los Angeles, Calif.; Cloud Drop Growth
3 years; $64,750

George Tunell, Department of Geology,
Los Angeles, Calif. ; Ore Forming Processes;
2 years; $22,600



J. B. Tyler, Secripps Institution of
" Oceanography, La Jolla, Calif, ; Volume Scas-
tering Function of Natural Waters; 2 years;
$24,000

UNIVERSITY oF CHICAGO, Chicago, Ill.

H. R. Byers, Department of Meteorology ;
Detection of Ice Nucleating Agents; 2 years;
£81.000

H. R. Byers and L. J. Battan, Department
of Meteorology ; Seeding of Summer Cumulusg
Clouds ; 1 year; $18,500
C1tY CoLLEGR, New York, N. Y. ; C. H. Kindle,
Department of Geology; Stratigraphy and
Fauna of Western Newfoundland; 8 years;
$16,800
CoLuMBIA UNIVERSITY, New York, N. ¥,

W. 8. Broecker, Lamont Geological Ob-
gervatory ; Radiocarbon Age Determinations;
8 years; $34,000

D. B. Ericson, Lamont Geological Observ-
atory; Ocean Sediment Cores; 1 year;
$13,000

John Imbrie, Department of Geology;
Evolution of Common Biofacies; 8 years;
$23,800
FRANKLIN AND MARSHALL COLLEGE, Lan-
caster, Pa.; Donald U. Wise, Department of
Geology ; Basement Structure and Tectonics
in Wyoming ; 2 years; $5,000
UNIVERSITY OF HAwAll, Honolulu, T. H.;
Thomas F. Bates, Department of Agronomy
and Soil Science; Parent Rock to Clay Min-
eral Alteration in the Hawaiian Iglands; 1
year ; $2,500
INDIANA UNIVERSITY FOUNDATION, Blooming-
ton, Ind.; J. B. Droste, Department of
Geology, Indiana University; Olay Minerals
in Evaporite Deposits; 2 years; $11,800
JoHNS HoPKINS UNIVERSITY, Baltimore, Md. ;
A. C. Waters, Department of Geology ; Iron-
Bearing Layered Silicates; 2 years; $26,000
LAWRENCE COLLEGB, Appleton, Wis.; W. F.
Read, Department of Geology; Subsurface
Studies of St. Peter Sandstone; 1 year; $900
L.0S AXGELES COUNTY MUSEUM, Los Angeles,
Calif.; Theodore Downs, Department of
Vertebrate Paleontology; Oenozoic Verte-
brates of Imperial Valley,; 2 years; $11,000
LOUISIANA STATE UNIVERSITY AND AGRICUL-
TUBAL AND MEgCHANICAL COLLEGE, Baton
Rouge, La.; G. E. Murray, Department of
Geology ; Stratigraphic Studies imn North-
castern Mexico,; 8 years; $24,000
UNIVERSITY OF MAINE, Orono, Maine ; P, H.
Osberg, Department of Geology ; Structure of
Pittsford Area, Vermont ; 6 months ; $350
MASSACHUSETTS INSTITUTE OF TECHNOLOGY ;
Cambridge, Mass.

W. F. Brace, Department of Geology and
Geophysics; Mineral Plasticity and Hard-
ness; 3 years; $20,000

M. J. Buerger, Department of Geology and
Geophysics ; Computational Work on Crystal
Structurcs; 1 year; $8,000

W. H. Dennen and Ely Mencher, Depart-
ment of Geology and Geophysics; Geochem-
ical Investigations of Sedimentary Rocks; 1
year; $11,000 .

H. G. Houghton, Department of Meteorol-
ogy; The Prosecution of Atmospheric Re-
search in the United States of America; 18
months ; $52,400
UNIVERSITY OF Miami, Coral Gables, Fla.

Cesare Emiliani ; The Marine Laboratory ;
Pleistocene Ocean Temperatures; 2 years;
$28,000

P. F. Kocsy, Marine Laboratory; Water
Magses of the Straite of Florida; 1 year;
$8,000
UNIVERSITY OF MICHIGAN, Ann Arbor, Mich. ;
A. N. Dingle, Department of Meteorology ;
Raindrop Size Spectra; 8 years; $40,000
UNIVERSITY OF MINNESOTA, Minneapolis,

A
JYARLAM .

S. 8. Goldich, Department of Geology and
A. O, C. Nier, Department of Physics ; Radio-
active Dating by K40/440 Method; 2 years;
$39,000

F. M. Swain, Department of Geology;
Bituminous Deposits; 1 year; $10,250

H. B. Wright, Jr., Dapartment of Geology ;
Pleistocene Limnology ; 2 years ; $17,000

MoNTANA Srtare UNIVERSITY, Miasoula,
Mont. ; John Hower, Jr., Department of Geol-
ogy : Genesis of Glauconite; 2 years; $16,500

NATIONAL ACADEMY OF SCIENCES—NATIONAL
RESEARCH COUNcCIL, Washington, D. C.;
William R. Thurston, Division of Barth Sei-
ences ; A Study of the Feasibility and Desir-
ability of Drilling a Hole to the Mohoro-
vicic Discontinuity; 1 year; $185,000.

NATIONAL BURBAU OF STANBARDS, Washing-
ton, D. C.; H. F. McMurdie; Stlver Iodide
Studies; 1 year; $20,000

UNIVERSITY OF NORTH CAROLINA, Chapel Hill,
N. C.; Virgil 1. Mann, Department of Geol-
ogy ; Gravity SBurvey in North Carolina; 2
years; $9,200

UNIVERSITY OF OKLAHOMA RESBARCH INSTI-
TUTE, Norman, Okla,; C. G. Dodd, Depart-
ment of Petroleum Engineering, University
of Oklahoma ; Clay Mineral Surface Chem-
istry; 2 years; $20,000

PENNSYLVANIA STATE UNIVERSITY, University
Park, Pa.

G. W. Brindley, Department of Ceramic
Technology ; Thermal Reactions in Ceramic
Systems ; 3 years ; $34,000

Robert N. Clayton, Department of Geo-
chemistry ; Extraction of Oxzygen for Isotopic
Analysis; 1 year ; $4,000

Rustum Roy, Department of Geochemis-
try ; Phase Rule in Subsolidus Siate Reac-
tions ; 3 years; $24,500

J. V. Smith, Department of Minerology
and Petrology; The Minerology of the Am-
phiboles; 2 years; $15,700

O. P, Tuttle, Division of Earth Sciences;
Weight Losses at High Temperatures and
Pressures; 1 year; $7,300

0. P, Tuttle, Division of Earth Sclences;
Melting Temperatures of Rilicates; 1 year;
$10,000

UNIVERSITY OF PENNSYLVANIA, Philadelphia,
Pa.; B. K. Ralph, Department of Physics;
Carbon 14 Half-Iife; 1 year; $2,800

PRINCETON UNIVERSITY, Princeton, N. J.

William H. Boninf, Department of Geo-
logical Engineering ; Sefismio Study of Fault-
ing Along the Beartooth Front; 2 years;
$16,360

Franklyn B. Van Houten, Department of
Geology ; Sedimentology and Paleomagnetism
of the Brunswick Shale and Lockatong Argil-
lite; 2 years; $14,000

RENSSBLAER POLYTECHNIC INSTITUTR, Troy,
N. Y.; Samuel Katz, Department of Geo-
physics ; Hlastic Qonstants and Density ai
High Pressure and Temperature; 6 months;
$3,450
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T:xu Aoucvmun AND MECHANICAL Rm-
BRARCH FOUNDATION, College Station, Tex.
Richard Q. Bader, Department of Oceanog-
raphy and Meteorology; Bathymetry and
:;d&ogsoenu of the Bay of Campeche; 1 year;
,000
. D. W. Hood, Department of Oceanography
and Meteorology ; Calcium Carbonate Solu-
bildty Hquilibrium in Sea Water; 1 year;
$10,000

UNIVERSITY OF TrXAS, Austin, Tex. ; Edward
C. Jonas, Department of Geology ; Effect of
Brackish-Water Organisms; 2 years; $12,809

Univeesiry oFr UranH, 8alt Lake City, Utah.
J. W. Berg, Jr. and K. L. Cook, Depart-
ment of Geophysics; Deep Seismic Refrac-
tion Studiecs; 1 year; $11,000
K. L. Cook and J. W. Berg Jr., Depart-
ment of Geophysics; Geophysical Studies in
Utah and Nevada; 2 years; $32,5600

WASEINGTON AND Lep UNIVERSITY, Lexing-
ton, Va.; H. W. Spencer, Department of
Geology ; Deformation of Madison Range,
Montana; 3 years; $16,000

WASHINGTON UNivErsiTY, St. Louis, Mo.;
H. N. Andrews, Jr., Henry Shaw School of
Botany ; Paleozoic Plants; 8 years; $10,250

S8TATE COLLEGE OF WASHINGTON, Pullman,
Wash. ; C. D. Campbell, Department of Geo!l-
ogy : Magnetization of Basalt Lavas; 1 year;
$6,000

UNIVERSITY OF WASHINGTON, Seattle, Wash. ;
T. G. Thompson, Department of Oceanogra-
phy ; Organic Compounds in Sea Water,; 2
years ; $15,500

UNIVERSITY OF WISCONSIN, Madison, Wis.;
H. H. Lettau, Department of Meteorology ;
Convective Energy Transfer; 15 months;
$22,000

YALg UNIVERSITY, New Haven, Conn,

K. K. Turekian, Department of Geology;
Orustal Abundance of Nickel, Cobalt and
Chromium; 2 years; $19,900

K. M. Waage, Department of Geology;
COephalopod Faunas of Fox Hills Formation;
'8 years; $8,700

BCONOMIC SCIENCES

ANTi0CH COLLEGE, Yellovi Springs, Obhlo;
Julian H. Blau, Department of Mathematics ;
Mathematical Economics; 8 years; $10,500

UNIVERBITY Oy CHiCA@Oo, Chicago, Ill.; Zvi
Griliches, Department of Economies ; Econo-
metric Investigations of Technological
Ohange; 2 years; $16,800

UNIVERSITY OF MINNES8OTA, Minneapolis,
Minn. ; Jacob Schmookler, School of Business
Administration; The FEconomics of Inven-
tion; 2 years; $19,000

NATIONAL BUREAU OF ECONOMIC RESEARCH,
New York, N. Y.:; Millard Hastay; Use of
Computers in Economic Analysis,; 2 years;
$40,000

ENGINEERING SCIENCES

ALFRED UNIVERSITY, Alfred, N. Y.; Charles
H. Greene, Department of Glass Technology,
New York State College of Ceramics; Dis-
tridbution and Nature of Flaws in Glass; 2
years ; $22,000
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CALIFOBNIA INSTITUTE OF  TECHNOLOGY,
Pasadena, Calif.; George W. Housner and
Donald E. Hudson, Division of Hngineering;
Local Ground Motions of RStrong-Motion
Earthquakes; 3 years; $25,300

UNIVERSITY OF CALIFORNIA, Berkeley, Calif.

Werner Godsmith and Don M. Cunning-
ham, Department of Engineering Design;
Investigation of Penelration; 2 years;
$21,800

W. D. Hershberger, Department of Engl-
neering, Los Angeles, Calif.; Paramagnetic
Resonance and the ‘“Maser” Principle; 8
years $43,300

Ralph Hultgren, Department of Mineral
Technology ; Heat Capacity of Alloye; 8
years ; $206,000

J. W. Johnson, Department of Engineer-
ing ; Waves Generated by o Moving Pressure
Area; 2 years; $15,900

R. B. Seban, Department of Mechanical
Engineering, Institute of Engineering Re-
search ; Heat Transfer From a Flat Plate;
2 years, $25,500

C. J. Vogt, Department of Mechanical
Engineering ; Liquid Hydrocarbons at Ele-
vated Temperatures and Pressures; 1 year;
$7,800
CARNEGI®R INSTITUTE OF TECHNOLOGY, Pitts-
burgh, Pa.; Robert F. Mehl, Metals Re-
search Laboratory ; Recovery and Recrystal-
lization Oharacteristics of High Purity Iron ;
2 years; $17,600

CENTRAL INSTITUTE FOR THE DrAP, St. Louls,
Mo. ; Jerome R. Cox, Jr.; The Production of
Acoustic Transients; 2 years, $21,300

CoLorApO STATE UNIVERSITY, Fort Collins,
Colo.

Jack B. Cermak, Department of Civil
Engineering; Atmospheric Surface Layer
Phenomena; 2 years ; $28,000

A, T. Corey, Department of Civil Engi-
neering; Distribution of Fluid Phases in a
Porous Field; 1 year; $8,000

CorLuMBiA UNIVERSITY, New York, N. Y.;
Elmer L. Gaden, Jr., Department of Chemi-
cal EBnginering; Kinetica of Fermentaﬂon
Procesgses; 3 years; $32,500

UNIVERSITY OF FLORIDA, Galnesville, Fla.

Ralph W. Kluge, Department of Civil En-
gineering ; Torsional Strength of Prestressed
Concrete; 2 years; $10,600

Frank H. Richart, Department of Civil
Engineering ; Arching in Granular Elastio
Media; 1 year; $7,400

John H. Schmertmann, Department of
Civil Engineering ; Shear Strength of Olays;
1 year; $9,600
GpoRGIA INSTITUTE OF TECRNOLOGY, Atlanta,
Ga.; Charles W. Gorton, School of Mechani-
cal Bngineering; Velocity Profiles in Non-
Isothermal Flow; 2 years; $6,500

HARVARD UNIVERSITY, Cambridge, Mass.;
R. W. P. King, Department of Engineering &
Applied Physics; Electrohydrodynamics and
Related Phenomena; 2 years; $17,200

InLIiNoIS INSTITUTE OF TBCHNOLOGY, Chi-
cago, Ill.

Lloyd H. Donnell, Department of Me-
chanics; Large Shell Displacement Theory;
2 years; $8,400

August J. Durelli, Department of Civil
Enginering; ZEmbedded Grid Method of
Biress Analysie; 2 years; $16,500



Philip G. Hodge, Jr., Department of Me-
chanics; Theory of Pmiu Linear Plas-
tioily ; 2 years; $28,000
UNIVERSITY OF ILLINOIS, Urbans, IIl. ‘

Clyde B. Kesler, Department of Theoreti-
cal and Applied Mechanica; Acoumulative
Patigue Damage 4n Conoreie; 8 years;
$63,000 :

Ralph Peck, Department of Civil Engl-
neering ; Illite and Illitic Soile; 2 years;
$16,500
STATE UNIVERSITY O Iowa; Jowa City,
Jowa ; Hunter Rouse, Institute of Hydraulic
Research, Irrotatiomal Flow at Weirs and
Conduit Outlets; 2 years; $8,400
JoraNs HoPKINS UNIVERSBITY, Baltimore, Md.

Stanley Corrsin; Department of Mechani-
cal Engineering ; Motion of Particles in Tur-
bulent Flow ; 2 years; $15,000

Stanley Corrsin, Department of Mechani-
cal Engineering; Isotropic Turbulence; 8
years ; $66,000

8. K. Friedlander, Department of Chemi-

cal Engineering; Chemical Reactions 4n
Plowing Aqueous Solutions; 2 years;
$16,900 '

MARQUETTE UNIVERSITY, Milwaukee, Wis.;
Richard C. Kolf, Department of Engineer-
ing; Vorticity in Horizontal Orifice Flow;
2 years; $12,000
MASSACHUSETTS INSTITUTE OF TECHNOLOGY,
Cambridge, Mass.

Alan 8. Michaels, Department of Chemi-
cal Engineering ; Gas Transmissfon Through
Polymer Films; 2 years; $13,000

Edwin R. Gillilland and Raymond F.
Baddour, Department of Chemical Engineer-
ing; Flow of Gases Through Microporous
Solids; 2 years; $19,000

Warren M. Rohsenow, Department of

Mechanical Engineering; Mechanism of
Gaseous [Freeze-Oul Processes; 2 years;
$14,800

UNIVERSITY OF MICHIGAN, Ann Arbor, Mich.
Lloyd L. Kempe, Department of Chemical
Engineering; The Effects of Agitation on
Mass Transfer in Aerobic Fermentation; 2
years; $7,500
Gordon J. Van Wpylen,

Department of
Mechanical Engineering;

Limit Line of

Superheated Nitrogen Vapor;, 2 years;
$16,900
UNIVERSITY OF MINNBSOTA, Minneapolis,
Minn.

W. F. Brown, Department of Electrical
Engineering ; Rigorous COalculation of Fer-
romagnetic Microstructure; 2 years; $25,000

James P. Hartnett, Department of Me-
chanical Eingineering; Free Convection of
Liquid Metals; 2 years; $10,800

Robert F. Lambert, Department of Elec-
trical Engineering; Sound Propagation in
Moving Media; 2 years; $16,800

Edgar L. Piret, Department of Chemical
Engineering ; Crushing and Grinding Ener-
getice; 2 years; $19,900

UNIVERSITY OF Missour1, Columbia, Mo.

George B. Clark, Department of Mining
Engineering, School of Mines and Metal-
lurgy, Rolla, Mo. ; Stresses in Helerogeneous
Geological Bodies Under Gravitational
FPorces; 3 years; $29,000

Donald L. Waldelich, Department of
Electrical Engineering; Impedance and
Equivalent Circuit of a Probe Cofl Near a
Plane Conductor; 2 years; $14,400

Momwu Srare Coriues, Bozeman, Mont.
Lewis G. Mayfield, Department of .Chemi-
cal Engineering: Kinetice of Desiruciive-
ﬁﬁdwm of Quinoline; 3 yoars;
Donald K. Weaver, Jr., Blectrical Engt-
neering ; Quadrature Bignal Functions; 1
year; $5,100

NEw YORK UNivemrsiTy, New York, N. Y,
John Happel, Department of Chemical
Bngineering ; Catalytic Vapor Phase Dehy-
drogenation of N-Butane; 2 years; $17,400
Polykarp Herasymenko, Metallurgical
Laboratory; Titanium-Aluminum and T4
tanium-Manganese Alloys; 2 years; $18,800

NORTH CAROLINA STATRE COLLEGE OF AGRI-
CULTURE AND ENGINERRING, Raleigh, N. C.;
J. F. Lee, Department of Mechanical Engl-
neering; Condensation Shock; 2 years;
$22,800

NORTHWESTERN UNIVERSITY, Evanston, Ill.

J. O. Brittain, Department of Metallurgy ;
Imperfections of Metals at Elevated Tem-
peratures; 2 years; $25,400

D. F. Mason and George Thodos, Depart-
ment of Chemical Engineering; Studies in
the Oritical Region for Pure (Componenis
and Miztures; 2 years; $20,600

J. M. Smith, Department of Chemical Hn-
gineering ; Heat Transfer, Mass Transfer
and Chemical Reaction in Flowing Gas; 8
years; $16,800

UNIVERSITY OF OKLAHOMA Rnsuncn IX-
STITUTE, Norman, Okla.

0. K. Crosser, Department of Chemical
Engineering, University of Oklahoma ; Ther-
mal Conductivity of Saturated Liquids and
Vapors; 2 years; $8,800

C. M. SHepcevich, Department of Chemi-
cal Engineering, University of Oklahoma ;
Dynamic Response Characteristics of a Con-
tinuous, Agitated Reactor; 8 years; $25,000

OrEGON S8StaTd CorLmgp, Corvallis, Oreg.;
James G. Knudsen, Department of Chemical
Engineering ; Heat Transfer and Flow Ohar-
acteristics of Two Immiscible Liquide; 8
years; $22,000

PENNSYLVANIA STATE UNIVERSITY,
sity Park, Pa.

Arthur Rose, Department of Chemical En-
gineering; Vapor-Liguid Equilidrium and
Distillation of Fatty Acids, Hsters and
Alcohols; 2 years; $16,600

A. W. Taylor, Department of Ceramic
Technology ; Influence of Wetting Agents on
Clays; 2 years; $9,100

George J. Young, Department of Fuel
Technology; Adsorption 4n the Cardon-
Water System; 8 years; $16,600
UNIVERSITY OF PITTSBURGH, Pittsburgh, Pa.;
J. Q. Bassett, Department of Metallurgical
Engineering ; Behavior of Hydrogen in Steel ;
2 years; $23,800
POLYTECHNIC INSTITUTE OF BROOKLYN,
Brooklyn, N. Y.; Ernst Weber, Vice Presi-
dent for Research; The Linear Algebra and
Topology of Kirchoff Networks and SBwitch-
ing Circuits; 15 months; $10,400
Purbus RESPARCH FOUNDATION, Lafayette,
Ind.

Leslie C. Case, Department of Chemical
Engineering, Purdue University; Oross
Linking in Hlastomers; 8 years; $14,500

R. J. Grosh, Department of Mechanical
Engineering, Purdue University ; Theory of
Moving Heat Sources; 2 years; $18,000
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George A. Hawkins, Director, Engineering
Bxperiment Station; Concepiual Study of a
Nuclear Research Reactor; 1 year; $30,000

G. A. Leonards, Department of Sofl Me-
chanics; Oonsolidation Oharacteristics of
Artificielly BSedimented Olays; 2 years;
$8,700

G. A, Leonards, Department of Civil En-
gineering; Freezing Phenomena in Fine-
Grained Soils; 2 years ;- $15,400.

J. C. S8amuels, Department of Engineering
Sclences ; Properties of Stochastic Systems ;
3 years; $20,200

J. L. Waling, Department of Civil Engi-
neering, Purdue University ; Dynamic Re-
sponge of Reinforced Concrete Slabs; 8
years; $36,800
ROCKY MOUNTAIN HYDRAULIC LABORATORY,
Allenspark, Colo.; R. W. Powell and C. J.
Posey; Open Channel Flow Research; 2
years; $9,800
STANPORD UNIVERSITY, Stanford, Calif.

Stephen J. Kline, Department of Mechani-
cal Engineering; Flow Models in Turdbulent
Boundary Layers; 2 years; $22,900

Ray K. Linsley, Department of Civil Engl-
neering; Characteristics of Streamflow
Hydrographe for 8Small Drainage Basgins;
2 years; $20,000

William H. Schwarz, Department of
Chemistry; Turbulent Mizing, 2 years;
$21,300
STEVENS  INSTITUTE OF TECHNOLOGY,

Hoboken, N. J.; Sidney F. Borg, Depart-
ment of Civil Engineering; Wedge Entry
Into a Oonical Viscous Fluid ; 1 year ; $6,800

Syracusg UNIVERSITY, Syracuse, N, Y.

B. E. Drucker and XK. N, Tong, Mechanical
Engineering Department; Thermodynamic
Behavior of Initially Saturated Vapors; 2
years; $22,700

C. 8. Grove, Department of Chemical En-
gineering ; Mass Transfer in Liquid Metal
Systems; 2 years; $16,900

TExAS AGRICULTURAL AND MECHANICAL RE-
SEARCH FOUNDATION, College Station, Tex. ;
Warren Rice, Department of Mechanical En-
gineering ; Transfer Coefficients in the Turbu-
lent Boundary Layer; 2 years; $17,300

UNIVERSITY OF TEXAS, Austin, Tex.
. David M. Himmelblau, Department of
Chemical Engineering ; Study of Ionization
Constants Using Radioactive Tracers; 2
years; $11,000

Kenneth A. Kobe, Department of Chemi-
cal Engineering; Solubility of Gases in
Liquids ; 3 years; $13,300

Enrico Volterra, Department of Engineer-
ing Mechanics ; Internal Constraints Applied
to Dynamic Problems; 2 years; $19,000

UNIVERSITY OF VERMONT, Burlington, Vt.;
Arthur R. Eckels, Department of Electrical
Engineering ; Feedback Techniques in Elec-
troballistocardiography; 1 year; $5,200
UNIVERSITY OF VERMONT AND STATE AGRI-
CULTURAL COLLEGB, Burlington, Vt.; J. O.
Outwater, Mechanical Engineering Depart-
ment ; Fiber Reinforced Materials; 2 years;
$14,900
UNIVERSITY OF WASHINGTON, Seattle, Wash.

Morris E. Childg, Department of Mechani-
cal Engineering ; Turbulent Two-Dimensional
Jet Mizing; 2 years; $17,900

A. B, Harrison, Department of Klectrical
Engineering; Traveling-Wave Microwave
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Tubes—Alodulation Characteristics; 2 years ;
$22,800

UNIVERSITY OF WISCONSIN, Madison, Wis.;
Vincent C. Rideout, Department of Electrical
Engineering; Computer COorrelation of
Linear and Nonlineor Systems; 8 years;
$44,200

YarLe UNivERrsITY, New Haven, Conn.;
Robert B. Gordon, Department of Metal-
lurgy ; Plasticity of Ionic Crystals; 2 years;
$15,500

ENVIRONMENTAL BIOLOGY

UNIVERSITY OPF ALASKA, College, Alaska ;
Laurence Irving, Biologist; Adaptation to
Cold in Arctic Inhabitants; 1 year; $17,300

AMEBRICAN GEOGRAPHICAL SoCIETY, New York,
N. Y.; Calvin J. Heusser ; Radiocarbon Dat-
ing of Peats; 1 year; $2,900
AMERICAN MUSEUM OF NATURAL HISTORY,
New York, N. Y.
Jack McCormick; Vegetation of the Ohiri-
cahua Mountains,; 3 years; $20,000
Richard G. Zweifel, Department of Am-
phibians and Reptiles; Embryonic Tempera-
ture Adaptation in Anurans; 3 years; $5,500

UNIVERSITY OF ARIzONA, Tucson, Ariz.

E. Lendell Cockrum, Department of Zool-
ogy ; Btology of Southwestern Chiropterans;
8 years; $18,900

Robert R. Humphrey, Department of
Agronomy and Range Management ; Analysis
of Annual Ring Patterns in Desert Shrubs;
3 years; $36,600

Terah L. Smiley, Geochronology Labora-
tories ; Postglacial Pollen Sequence in the
Southwest; 2 years; $32,600

BowpoiN COLLEGE, Brunswick, Maine
Charles BE. Huntington, Department of
Biology ; Mortality and Reproductive Rates
in Ocenodroma; 5 years; $17,900
James M. Moulton, Department of Blology ;
Relations of Sound to Behavior of Fishes
2 years; $12,000

BRADFORD JUNIOR COLLEGE, Bradford, Mass. ;
Norman S. Bailey, Department of Natural
Sclences; Bio-Ecological Studies of New
England Tingidae; 2 years; $5,300

UNIVERSITY OF CALIFORNIA, Berkeley, Calif.

William L. Belser, Scripps Institution of
Oceanography, .La Jolla Calif.; Bioassay
Technique for Organic Materials in Sea
Water,; 2 years; $10,000

Brian P. Boden, Scripps Institution of
Oceanography, La Jolla; Sonic-Scattering
Layer Research; 1 year; $2,000

Theodore H. Bullock, Department of
Zoology, Los Angeles, Calif.; Physiological
Ecology of Marine Invertebrates; 1 year;
$5,600

Wilbur W. Mayhew, Division of Life
Sciences Riverside, Calif.; Climatic Stress
Effects on Desert Vertebrates; 3 years;
$15,200

Robert H. Parker, Scripps Institute of
Oceanography, La Jolla, Calif.; Marine
Macro-Invertebrate Zoogeography as Related
to Depositional Environmenis; 2 years;
$11,800

Fred B. Phleger, Scripps Institution of
Oceanography, La Jolla, Calif.; Forami-
nifera and Sedimentology; 3 years; $39,900



CarLeTON CorLzes, Northfield, Minn.; J.
Bruce Guyselman, Department of Zoology ;
Persistent Rhyithms of Locomotor Activily
in Orustaceans; 2 years; $5,700
CoLORADO STATE UNIVERSITY, Fort Collins,
Colo.

Robert R. Lechleitner, Department of Zo-
ology ; Distributional Ecology of Cynomys;
3 years; $14,900

Richard T. Ward, Department of Botany
and Plant Pathology ; Ecology of Reproduc-
tion in Fagus Grandifolia; 2 years; $4,000

UNIVERSITY OF COLORADO, Boulder, Colo.;
Gordon Alexander, Department of Biology;
Influence of Altitude Upon Orthopiera; 3
years ; $20,100

CORNELL UNIVERSITY, Ithaca, N. ¥, ; Lamont
C. Cole, Department of Zoology; Effects of
Movements on Rodent Population Structure;
2 years ; $13,900

DukeE UNIVERSITY, Durham, N. C.

W. Dwight Billings, Department of Bot-
any ; Alpine Vegetation in Relation to Soil
Development and Snow Patterns; 2 years;
$3,000

C. G. Bookhout, Department of Zoology ;
Environmental Influences in the Develop-
ment of Balanus Nauplii; 3 years; $26,000

F. John Vernberg, Department of Zo-
ology ; Comparative Ecology of Tropical and
Temperate Zone Crustaceans ; 1 year ; $5,400

BARLHAM COLLEGE, Richmond, Ind.; James
B. Cope, Department of Biology; Distribu-
tion, Migration and Orientation of Chirop-
terans; 8 years; $17,300

FLORIDA STATE TUNIVERSITY, Tallahassee,
Fla.; A. W. Ziegler, Department of Biologi-
cal Sciences; Factors Influencing Seasonal
Occurrence of Water Fungi; 2 years; $9,500

UNIVERSITY OF FLORIDA, Gainesville, Fla.;
Archie Carr, Department of Marine Che-
lonia; Reproductive Ecology of Marine
Chelonia ; 2 years; $15,500

UNIVERSITY OF Hawarl, Honolulu, T. H.
Henry A. Bess, Department of Zoology
and Entomology; Insect Population Dy-
namics; 2 years; $12,200
Leonard D. Tuthill, Director of Research ;
Biology of Marine Midges; 1 year; $4,700

UNIVERSITY OF ILLINOIS, Urbana, Il

Lawrence C. Bliss, Department of Bot-
any; Productivity of Alpine Plant Com-
munities ; 2 years; $5,100

8. Charles Kendeigh, Department of Zo-
ology ; Physiology and Ecology of Certain
RubeArctic and Tropical Fauna; 1 Yyear;
$7,300

IowA STATE COLLEGE OF AGRICULTURE AND
MECHANIC ARTS, Ames, lowa; Paul L. Er-
rington, Department of Zoology and Ento-
mology ; Population Phenomena in Higher
Vertebrates; 1 year; $6,000

State UNIVERSITY OF JIowa, Iowa City,
Iowa; G. Edgar Folk, Jr., Department of
Physlology ; Influence of Environmental Fac-
tors on Mammalian Activity Rhythms; 2
years ; $11,100

UNIVERSITY OF KANSAS, Lawrence, Kans. ; A.
W. Kuchler, Department of Geography;
Natural Vegetation of the United States; 8
years ; $36,500

KENTUCKY RESEARCH FOUNDATION UNIVER-
srry StaTiON, Lexington, Ky.; Richard C.
Dugdale, Department of Zoology, Univer-

sity of Kentucky; Nufrient Supply of Cer-
tain Alaska Lakes; 1 year; $8,100

L. 8. HATHEWAY SCHOOL OF CONBERVATION,
South Lincoln, Mass.; Willlam H. Drury,
Jr., Director ; Activity Patterns and Migra-
tion; 8 years; $13,000

MacarLesTeR CoLLEGE, St. Paul, Minn,;
Waldo S. Glock, Department of Geology;
Tree Growth and Rainfall; 8 years; $8,500

UNIVERSITY OF MAINE, Orono, Maine ; George

M. Woodwell, Department of Botany; Up-

l$aznd Deciduous Forests of Maine; 2 years;
,600

MaRQUETTE UNIVERSITY, Milwaukee -Wis.;
Rtalph L. Dix, Department of Blology;
Phytosociological Study of Grasslands; 8
years; $13,000

JNIVERSITY OF MiaMmi, Coral Gables, Fla.;
samuel P, Meyers, Marine Laboratory; Ma-
rine Yeasts of Biscayne Bay; 1 year; $5,300

‘{ICHIGAN STATE UNIVERSITY OF AGRICUL-
TURE AND APPLIED SCIENCE, East Lansing,
Mich.

G. W. Prescott, Department of Botany;
Ecological Faotors in the Distribution of
Tropical Algae; 1 year ; $19,200

George C. Willilams, Department of Nat-
ural Sclences; Movemenits of Early Stages
of Marine Fishes; 1 year; $4,200
UNIVERSITY OF MICHIGAN, Ann Arbor, Mich.

W. S. Benninghoff, Department of Botany ;
Phytosociological Survey in Michigan,; 8
years; $23,500

L. B. Slobodkin, Department of Zoology:;
Predation, Immigration, and Environmental
Variation in Laboratory Populations; 2
years; $23,600
UNIVERSITY OF Missouri, Columbia, Mo.;
W. H. Elder, Department of Zoology; Popu-
lation Dynamics of Myotis Species; 2 years;
$6,700
MONTANA STATE UNIVERSITY, Missoula,
Mont. ; Richard D. Taber, School of Forestry,
and Robert 8. Hoffman, Department of Zo-
ology; Ecology of Alpine Communities; B
years; $13,000
UNIVERSITY OF NEwW Mgixico, Albuquerque,
N. Mex.; C. Clayton Hoff, Department of
Biology ; Pseudoscorpions of the Rocky
Mountain Region; 2 years; $4,400

NEw YORK ZOOLOGICAL So0cIETY, New York,
N. Y.; William Beebe, Department of Tropi-
cal Research ; Biology of Tropical Avifauna;
8 years; $16,200

UNIVERSITY OF NORTH CAROLINA, Chapel
Hill, N. C.; William E. Fahy, Institute of
Fisheries Research; Meristio Structures in
Fishes; 8 years; $19,600

NorTH DaxoTra STtATE CoLLEGE, Fargo,
N. Dak., Gabriel W. Comita, Department of
Zoology and Physiology; Life Cycle of a
Cyclopoid Copepod,; 2 years; $4,800
UNIVERSITY OF NORTH DAKOTA, Grand Forks,
N. Dak. ; Paul B. Kannowski, Department of
Biology ; Ant Distribution in Relation to En-
vironmental Factors; 2 years; $5,400
RESEARCH FOUNDATION, Oklahoma State
University of Agriculture and Applied
Science, Stillwater, Okla.; Troy C. Dorris,
Department of Zoology, Oklahoma State
University ; Productivity of an Aquatic Com-
munity ; 1 year ; $4,000

UNIVERSITY OF OKLAHOMA RESDARCH IN-
STITUTR, Norman, Okla; Elroy L, Rice and
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Willlam T. Penfound, Department of Plant
Sclences, University of Oklahoma, Micro-

climate of Devils Canyon; 1 year; $15,100
OrpGON StaTe CoLrLuGm, Corvallls, Oreg.

© H. Irgens-Moller, Agricultural Experiment
 Station ; Ecotype Variation in Douglas-Fir;
8 years; $12,400

Robert M, Storm, Department of Zoology ;
Herpetofauna of a Primitive Forest; 2 years;
$6,5600
UNIVERSITY OF OREGON, Eugene, Oreg.

Peter W. Frank, Department of Blology,
Analysis of Predictions of Population Num-
ders; 2 years ; $9,000

R. W. Morris, Department of Biology;
Environmental Relationships of Bome Marine
Cottid Fishes; 3 years; $15,500

PurDUN REsSEARCH FOUNDATION, Lafayette,
Ind.; Durward L. Allen, Department of
Forestry and Conservation ; Ecology of Canis
Lupus ; 8 years ; $11,800

RESEARCH FOUNRDATION OF STATE UNIVERSITY
orF New YORK, Albany, N. Y.; John G. New,
Science Department, State University Teach-
ers College, Oneonta, N. Y.; Life History of
P;rclni Peltata Peltata (Stauffer); 2 years;
$2,200

RuTcERS, THE STATE UNIVERSITY, New
Brunswick, N, J.; George K. Reid, Depart-
ment of Zoology: Effects of COonservation
Measures Upon Riream Hcology; 2 years;
$12,200

CoLLEGE OF ST. THOMAS, St. Paul, Minn.;
Lester J. McCann, Department of Biology;
Bird Distribution and Nuirition; 1 year;
$1,100

UNIVERSI