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THE DIRECTOR’S STATEMENT

Science and technology in our time have taken on a new
order of magnitude that promises bold new achievements and
poses problems of new dimensions. Nations have come to re-
gard scientific and technological achievement as essential not
only to national goals but as symbolic of national prestige and
the object of international competition. More and more the
responsibility for financing and often for operating research
and educational enterprises is being assumed by national govern-
ments. The scope of today’s research and development pro-
grams—some of them global and even extraterrestrial—have
created extraordinary requirements for both funds and skilled
manpower, thus making them the direct concern of govern-
ment. Science, and especially technology, have become the sub-
ject of long-range planning and special management techniques.
But the most important new dimension that science has ac-
quired—and the one most fraught with far-reaching social
problems—is its potentiality for creating radical or large-scale
changes in man’s environment.

The period since the war has witnessed in many countries a
resurgence of engineering and industrial technology, radical
and far-reaching advances in military research, and brilliant
discoveries in science itself. These developments have given
rise to large national undertakings in engineering and tech-
nology such as nuclear energy, nuclear-powered propulsion,
ballistic missiles, and space vehicles. Such projects require very
large budgets and engage the attention of management and
labor in unprecedented ways.

Of one thing we can be certain: the advancement of science
is inevitable and its consequences must be faced. Progress
would be retarded by a devastating war or by some natural
catastrophe, but it is. inconceivable that mankind would now
deliberately attempt to limit the forward march of science.
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The breathtaking acceleration of science and technology is a
phenomenon that carries with it a critical need for increasing
study and attention, first because of the urgent requirement for
planning that it forces and, second, as a social problem of
far-reaching significance. Certain problems can already be
identified that are of such magnitude, global significance, or
involvement in human survival as to preclude confinement
within national boundaries. Others will ultimately be forth-
coming. Besides, from the scientific viewpoint alone, there are
many aspects of modern basic research in which international
cooperation and consultation are highly desirable, even
essential.

On the planning side, one is necessarily concerned with objec-
tives, feasibility, efficiency, and economy. These points become
all important nowadays because of the necessity for overall
planning. In private enterprise, in business and commerce, the
element of competition has traditionally taken care of the quality
of this type of planning. When planning is national in char-
acter, one has to compensate somehow for the lack of the
corrective influence of this competitive factor. Unfortunately,
our experience with program planning has grown far less
rapidly than our organizations, so that the sheer task of collect-
ing and analyzing data on which so vast an entity as a modern
government can make decisions is one that is still to be solved.

Nevertheless, certain general considerations stand out. Rec-
ognizing the overall limitation in national terms with respect to
what can be done in science and technology, a study of priorities
indicates that a large proportion of the major undertakings
stem from military requirements, others from promising and
desirable commercial enterprises, still others from national
needs apart from defense, such as health, housing, transporta-
tion, and communications. As a relatively new factor in modern
times, there are increasingly insistent demands for elaborate
basic research programs and facilities, such as high-energy
nuclear accelerators, radio telescopes, high-altitude observations
by balloons and rockets, and studies of the deep crust and upper
mantle of the earth. Notable among such ambitious research
and development plans are the exploration of space and broad
programs such as oceanography and atmospheric sciences. All



have varying degrees of justification for other than purely sci-
entific purposes.

Any analysis of this huge and complicated problem should,
in principle, start with a consideration of objectives. In an
obvious but narrow sense, the objectives are clear, namely, mili-
tary defense, health and welfare and other national needs, com-
petitive trade, national prestige, and so on. Not so clear an
objective is the degree of emphasis and support for novel re-
search and determined probing into the unknown. The extent
to which a nation provides for this type of research will depend
upon its traditions, its maturity, and the state of its economy.

Closely related to the last point—the exploration of the un-
known in science—is the broad objective of cultivating liberal
and imaginative thought in science, not only for itself but as a
major aspect of the development of human progress and culture.
Because basic research in science is closely related to scholarly
work in all disciplines and to the arts, it is the mark of a mature
nation to allow full play to exploration of the mind in these
directions.

Although the desirability and importance of such an ideal is
surely understood by thoughtful people everywhere, it appears
to be one that is very difficult for a country to adopt as a national
objective. In the past, when science was not so closely related
to technology, this goal could be pursued by private institutions,
scientific and scholarly societies, and similar groups. However,
as nations have become increasingly dependent upon science and
technology, the outlook has altered radically. For one thing,
the central government tends to become the principal source of
support. For another, the sheer size of the effort, both in money
and in manpower, forces the following courses of action: careful
analysis of the specific objectives to be attained; appraisal of
their significance, feasibility and cost; and full attention to
planning and projections for the future.

The first major limitation to be encountered in the overall
planning process is the one of funding, which sets an upper
limit on the programs undertaken. Here the simplest solution
would appear to be to identify the immediate objectives; to
proceed, on the basis of careful studies of practicability, organi-
zation and procedures, with a selected series of undertakings;
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and finally, to base the support of all scientific and technological
activities, including the necessary basic research and allocation
of manpower, on these specific objectives. This approach has
its appeal from the standpoint of sound management practice
and efficiency.

On closer examination, however, it is obvious that this solu-
tion is too narrow in conception and far too limited in outlook.
It is, in fact, totally inadequate in a world of astonishing ad-
vances in knowledge, the development of new ideas, and truly
sensational insights into an understanding of man’s environment,
with still more impressive possibilities in the offing. An age
that has already embarked for the first time upon the explora-
tion of outer space, of the depths of the oceans, and of the
internal structure of the earth should surely include in its blue-
print for the future the pursuit of the fundamental knowledge
that such efforts uncover.

Thus our planning should encourage research in areas that
are highly significant from the scientific point of view whether or
not they appear to have any immediate practical application.
Basic research should also contribute to the achievement of fore-

secable objectives by providing aid along all lines that science

itself finds significant and feasible. As a corollary, our system of
education and our economy should, insofar as possible, be adapt-
able to profound changes with a minimum of dislocation. It is
reasonable to suppose that the achievement of such adaptability

will he oreatlvy enhanced if education is focused on fimdamentale
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and breadth as opposed to the narrow and specialized.

Financing is an important but by no means ultimate limiting
condition. Fundamentally the most important limitation on
planning is manpower. A firm upper limit is established at the
outset by the proportion of the population that has the ability to
enter the profession of science or engineering. The problem for
a free society is one of identifying and motivating the fraction
of the population who have such aptitudes and of providing for
their education and training. In general, motivation depends
primarily upon career opportunities. For the most highly gifted
individuals, however, motivation may largely be the intellectual
challenge of the field.
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The support and encouragement of future Ieaders of sci-
entific thought is not the whole story, however. Modern ad-
vances in science and technology require a host of skills for their
execution. Provision must be made for the training of scientists
and engineers at all levels of ability and for the education and
training of persons with other skills to be associated with these
large undertakings. Specifically, recent studies in this country
indicate that the advancement of science and technology in the
next decade requires at the least that the number of scientists
and engineers with advanced degrees be doubled. Surveys of
the distribution of abilities and current trends among the pop-
ulation indicate that this is entirely feasible. The problem is
to provide motivation on the one hand and opportunity for
training on the other. The primary requirements are provision
for financing in terms of competent teaching, physical facilities,
and payment of training costs.

Although planning requires attention to every stage of the
education process, accomphshment of this obJecuve, namely, the
doubling of the number of scientists and engineers during the
next decade, focuses attention upon the colleges and universities
and their graduate schools. Essential are construction of ade-
quate teaching and research facilities, provision of instructional
and research equipment, and provision for the needed increases
in research and teaching staff at institutions of higher educa-
tion. Finally, and most important of all, at least 40 percent of
students specializing in science and engineering should go into
academic careers in order to provide research and instruction
of the high quality that is required if the overall objective is to
be met.

But it is not the rapid growth and complexity of science and

technology that should concern us most deeply, nor the uncom-

fortable magnitude of the research and development effort in
money and in manpower. Neither is it so much the extent to
which progress in science and technology has captured man’s
minds and attention, though this comes closer to the point. It
is man’s new capacity to effect major changes in his environ-
ment and in himself. This is what should engage our most
serious attention. Although every age has probably felt itself

II"II’I o 1t fa + + y 3 3
tique, it seems safe to say that ours és unique in the sense that
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man’s challenge to nature and his increasing power over his
environment have reached critical proportions.

Certain types of scientific and technological activities have
existed throughout history. In the beginning, of course, man was
chiefly interested in using his new discoveries to improve his
subsistence, that is in applying them to crop and animal hus-
bandry, to the construction of dwellings, and to other practical
arts. Later, when men began to pursue science for its own sake,
the body of new knowledge thus acquired contributed in an
important way to technological innovation which has grown at a
constantly accelerating rate.

Man has achieved great success in turning the forces of
nature to his own use in everything from the simple water wheel
to the harnessing of nuclear energy for peaceful purposes. Until
recently, however, no technological advance has come even close
to promising such sweeping accomplishments as weather modi-
fication, unlimited commercial power, artificial food, explora-
tion and colonization of our sister planets, or to threatening
drastic and sudden change in our environment, such as extermi-
nation by nuclear warfare or by lethal air and water pollution.
It is true that failure to observe conservation practices with
respect to forests and agriculture has seriously affected local
living conditions in various parts of the world; but even here
evidence is lacking that such neglect has brought about marked
climatic changes (although admittedly it may have had long-
range serious effects upon the welfare of the resident popula-
tion).

Now, however, we find that within a relatively brief space
of time a number of technological developments directly influ-
ence our environment and that the potentialities for the fu-
ture—both good and bad—are even greater. One could cite
by way of example the small but steady increase in the carbon
dioxide content of the atmosphere resulting from fuel consump-
tion; widespread pollution, including radioactive fallout; serious
attempts at changing the weather; large scale experimentation
with the radiation and other layers surrounding the earth; and
suggestions for modification of ancient currents in the oceans.
These are only a few of the areas actually subject to study or
experiment; one must also take into account future develop-
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ments that will certainly materialize. One has only to look
at the progress in selected current research, such as genetics,
molecular biology, experimental psychology, development of
modem computers and the far-reaching implications of solid
state physics, nuclear physics and chemistry, and plasma physics,
to anticipate what some of the potentialities might be.

From the historical point of view, all of this may be regarded
as a new stage in the struggle for existence of man and society—
the stage where man has far more active and aggressive control
over his environment than ever before. One may well raise the
question as to whether in his new found freedom he is also giving
ample consideration to the potential consequences of his
experimentation.

The inescapable conclusion is that we should all be fully
aware of the dangers as well as the benefits that may ensue from
modern research programs. If every possible precaution is to
be taken in dealing with experiments and pilot operations on a
global scale, then it would seem indisputable that the careful
traditional process of research be observed, so that each forward
step in thought or procedure may be properly weighed and
tested.

International cooperation is a time-honored tradition of
science, and certainly there has never been a time in which such
cooperation could be more fruitfully brought to bear on the prob-
lems of science than now. The hazards inherent in radioactive
fallout, in nuclear explosions above the earth’s atmosphere, in
air and water pollution, and in the manipulation of weather and
climate are problems for the entire world. Therefore, all
nations should get together in the effort to determine the extent
of the hazards and the types of controls that should be
instituted.

Still other opportunities for fruitful cooperation are research
areas large in scope and immense in cost—the exploration of
space, upper atmosphere studies, meteorology, and oceanog-
raphy. The efforts of the scientists and engineers of many na-
tions are needed to maximize the accomplishments of projects
of this magnitude. In undertakings such as space exploration,
where the objectives must be weighed against what the economy
can bear, several nations might find it possible to cooperate on
projects that no single nation could afford to undertake.
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We already have precedent for international cooperation in
science in such highly successful ventures as the International
Geophysical Year and programs that grew out of it—the Ant-
arctic Program, the Indian Ocean Expedition, the International
Year of the Quiet Sun, and research on the upper mantle of
the earth’s crust.

Much of the strength and success of these programs lies in
the fact that they originated among the scientists themselves,
growing naturally out of the progress of science and at the same
time receiving the necessary support from the governments
concerned.

Other striking examples of successful international coopera-
tion in science are to be found in the regulatory and service
agencies of the United Nations, such as the World Health Or-
ganization, the Food and Agricultural Organization, and the
World Meteorological Organization. UNESCO has also
played an important role in science, especially among the under-
developed nations, to the extent of the funds provided by the
member nations. Thus we find abundant precedent for success-
ful international cooperation in solving some of the larger prob-
lems posed by modern scientific progress.

Necessity still mothers invention. But necessity as a primary
motivation is fast disappearing. For a long time in his upward
climb man was preoccupied with meeting his creature needs—
food, shelter, clothing, protection against his natural enemies.
When he acquired first technology and then science, he used the
skills and knowledge these afforded to meet these basic needs
more easily and efficiently. As he developed more sophisticated
societies, the satisfaction of such needs gradually became a part
of the social system and no longer required special attention
except in case of natural catastrophe such as drought, floods, or
epidemics that altered the normal course of things. In recent
times man has employed science and technology to improve his
material condition, increase his longevity, push back the fron-
tiers of knowledge, and improve the lot of less advanced peoples.
The question before him now is not one of further improvement
but of innovation on a constantly growing scale. Man asks,
both literally and figuratively: What new worlds can I conquer?
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Science provides knowledge and we have had abundant evi-
dence that knowledge is power. How are we going to use this
power? Are we going to select the most promising opportuni-
ties and in single-minded fashion concentrate upon them? We
must bear in mind that the more ambitious the program and the
more elaborate the effort, the fewer such efforts can we under-
take, Or, as a consequence of widespread pressures shall we
pay first attention to serious problems of human welfare and
existence?

Are we going to continue to exploit nature, including man,
for immediate practical objectives, with minimum regard for
possible long-range consequences? Will we go on ignoring con-
servation of natural resources? Isit likely that in the excitement
of the chase or in the heat of competition we may fail to recog-
nize certain risks or limitations, unforeseen at the outset? On
the other hand, perhaps as the result of some disastrous under-
taking, shall we become excessively timid about large-scale
innovations or exploration?

We must not lose sight of the fact that the greater the innova-
tion and the larger the effort, the heavier the responsibility for
a thorough study of such matters as purpose, motivation, and
consequence. Our aim should be not merely knowledge but
understanding, and to the extent possible, wisdom. Thus, no
matter to what degree we may commit ourselves to large and
daring enterprises, we should now more than ever cultivate the
basic research and concentrated study in science and other fields
of learning that can provide this understanding and set us on
the road to wisdom.

One thing is certain. Whatever major objectives or high
adventures mankind undertakes, the highest degree of original-
ity and the deepest insight will come from individual minds.
Accordingly, not only the progress of science but its meaning
and future promise are best fulfilled by ensuring the right and
the opportunity for individuals to pursue research of their own
choosing.

ArLAN T. WATERMAN,
Director, National Science Foundation.
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SUPPORT OF SCIENTIFIC RESEARCH

The National Science Foundation provides support for basic research
across the full spectrum of the physical, life, and social sciences, primar-
ily through grants to colleges and universities. Such grants are made
not only for specific research projects, but also for problems broad in
scope that often require collaboration of investigators in varied
disciplines.

In addition to grants for the actual conduct of research, the Founda-
tion also provides assistance for the construction of facilities essential
to the progress of the national research effort. These include graduate
research laboratories, major items of research equipment, and special-
ized scientific facilities, such as oceanographic vessels and nuclear
accelerators.

Three national research centers have also been established by the
Foundation—National Radio Astronomy Observatory at Green Bank,
West Virginia; Kitt Peak National Observatory at Tucson, Arizona;
and the National Center for Atmospheric Research at Boulder, Colorado.
Their facilities are available to all qualified scientists, and are operated
by non-profit corporations under contracts with the Foundation.

The Foundation has also been assigned the responsibility for the
support and administration of a number of national research programs
which involve the cooperation and participation of scientists of colleges
and universities, other private institutions, and various Government
agencies. These projects include the U.S. Antarctic Research Program,
Project Mohole, the Indian Ocean Expedition, and the Weather Modi-
fication Program.

The Foundation’s support of research is administered by the Division
of Mathematical, Physical, and Engineering Sciences, the Division of
Biological and Medical Sciences, the Division of Social Sciences, the
Office of Antarctic Programs, and the Office of Institutional Programs.

Basic Research Projects

CURRENT RESEARCH IN THE MATHEMATICAL, PHYSICAL,
AND ENGINEERING SCIENCES

The mathematical, physical, and engineering sciences are concerned
with man’s physical environment and encompass a wide variety of dis-
ciplines. Support is provided for research ranging from studies of dis-



tant galaxies to the rocks within the earth’s crust, from the movement
of air masses to that of ocean currents, from subnuclear particles to the
particles in the ionosphere that cause the aurora borealis, and from the
complex equation of turbulent flow to the mechanisms of chemical re-
action. Knowledge gained in one field often finds application in other
fields, with mathematics providing the basic language common to all
fields. Facilities and research tools needed vary considerably from
pencil and paper to oceanographic vessels to high energy accelerators
to giant radio telescopes.

Because of the broad spectrum of subject matter covered, the Di-
vision of Mathematical, Physical, and Engineering Sciences is organized
along traditional disciplinary lines paralleling the departmental organi-
zation of the universities where the research is accomplished. The Di-
vision, therefore, has six programs—Astronomy, Atmospheric Sciences,
Chemistry, Earth Sciences, and Physics—and one section, Engineering
Sciences, under which are a number of separate programs.

In addition, the Division is responsible for a number of national pro-
grams—Project Mohole for drilling under water through the crust of
the earth into the mantle, Weather Modification, and for the physical
science aspects of the International Indian Ocean Expedition. It is also
responsible for three national research centers, managed for the Founda-
tion by university corporations—Kitt Peak National Observatory, Na-
tional Radio Astronomy Observatory, and the National Center for
Atmospheric Research.

Astronomy

The astronomy program supports research dealing with all types of
celestial phenomena—the solar system, stars, comets, galaxies, inter-
stellar gas and dust, etc. Progress in this field has become ever more
rapid because of the development, in recent years, of radio telescopes,
the use of high-altitude balloons and space vehicles for observation, and
the development of electronic-image intensification which increases
manyfold the efficiency of existing optical instruments. Automation
techniques are being used increasingly in both optical and radio astron-
omy making data collection much faster and easier. The establishment
of two national observatories by the Foundation has made available
essential facilities to the nation’s astronomers which were beyond the
financial capacity of any one university.

The newly developing field of neutrino astronomy which owes its
existence to developments in nuclear physics is one that should have con-
siderable impact on our understanding of the important role played by
the exclusive neutrino, the least of all nuclear particles (without mass and
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without charge), in the evolution of stars and especially supernovae.
Neutrinos are created in the nuclear fires that generate the energy in-
side stars, travel with the speed of light, and have a mean free path
many times the size of the entire universe. Neutrinos are byproducts
of thermonuclear reactions in stars, such as the well-known proton-
proton reaction and the carbon cycle which both form helium out of
hydrogen by fusion.

Although the neutrinos thus produced pass through the star without
interference, they carry away only a small percentage of the energy
(3 to 7 percent). But if the neutrino flux of a star, e.g., our own sun,
could be detected, their energies and numbers would provide a direct
verification of the reactions in the solar nuclear furnace. Detecting
neutrinos is extremely difficult, because of the very slight interaction with
matter. However, equipment for observational neutrino astronomy is
under design by several investigators who plan to measure the sun’s flux
and the neutrino flux from supernovae.

An entirely new neutrino mechanism (electron-positron annihilation)
occurs in the very hottest stars where the central temperature is 600
million degrees Kelvin or more. In these stars the neutrino process
dominates all other modes of energy loss, and it provides a radically
different view of how a star becomes a supernova. This means that
such an extreme star can lose all its energy through neutrino emission
in a few days, and that is about as good a description as can be given
of a supernova.

Briefly, the new theory of supernovae has the following aspects.
With the central energy radiated away so drastically, the star has to
contract very fast. This quickly heats the central regions as well as
the outer layers and in a short time all the nuclear fuel in the star is
ignited, causing an explosion like a huge hydrogen bomb of stellar
dimensions. At the same time a shock wave, produced at the center
accelerates outwards. When this shock wave collides with the surface
of the star the whole menagerie of elementary particles can be produced.
Most of them soon decay into protons, electrons, and neutrinos with
energies of 10-20 billion electron volts. This may be the mechanism
for the creation of cosmic rays which later are accelerated again by
collisions with interstellar magnetic fields. Even in the present state
of detector technology, the neutrino flux of a galactic supernova can
be detected.

Atmospheric Sciences

The atmosphere is a thermally active hydrodynamic system, com-
pressible, non-homogeneous, viscous, and constantly in motion in non-
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linear response to a complex of internal and cosmic forces. It inter-
acts with the earth and ocean at its lower boundary and with the solar
atmosphere at its outermost reaches. It is driven by sources and sinks of
thermal energy which are caused by the variable reaction of the atmos-
phere to the sun’s radiant energy, the latent heat involved in phase
changes of water substance, the photochemical processes at upper levels
of the atmosphere, and the transfer of heat to and from the underlying
earth and ocean. An understanding of this exceedingly complex system
is the goal of the Atmospheric Sciences program. Such understanding
will surely assist in placing weather forecasting on a firmer scientific
basis and may eventually provide man with the ability to control the
weather.

Photochemical and electrical phenomena are being measured by
Foundation grantees; the energy processes that influence the behavior
of the atmosphere at the upper levels are being described; and light is
being shed on the manner in which the upper atmosphere links solar
activity with terrestrial phenomena. The ability to observe atmospheric
changes from meteorological satellites is being rapidly exploited; also
measurements employing indirect probes and isotope tracer techniques
are demonstrating their effectiveness. For the first time, an adequate
description of the atmosphere by physically significant measurements is
within our grasp. Such quantitative measurements are contributing
greatly to the rapid developments in theory and understanding of the
phenomena observed. Two examples may be cited:

First, the brilliant work in closing the gap between the theory of fluid
motions and the reality of nature as revealed in the synoptic representa-
tion of large-scale atmospheric motion systems. The successful blend-
ing of mathematical and physical insight, the power of the high-speed
computer, and the ability to simulate atmospheric movement in rotating
hydrodynamic tanks are contributing greatly to the determination of a
valid explanation of the general circulation of the atmosphere.

Second, progress toward a physical explanation of condensation and
precipitation phenomena. The physics of the condensation process, by
which the phase transition from vapor to liquid or solid, in the presence
of nuclei, now appears to be amenable to solution. The principal proc-
esses by which millions of cloud droplets come together to form pre-
cipitating elements are being treated quantitatively and the dynamics of
cloud and the role of electrical field have been brought under serious
study. Much remains to be done, but the rate of scientific progress fol-
lowing the classical work in modifying natural clouds has clearly demon-
strated that important advances can result from an augmented effort in
the field of cloud physics.
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One of the key factors limiting expansion of research in the atmospheric
sciences is the lack of sufficient numbers of trained investigators. Be-
cause rescarch in the atmospheric sciences requires an interdisciplinary
approach, not only are meteorologists needed but also chemists, physicists,
mathematicians, and engineers. The Foundation, through its many
support programs, is assisting in the augmentation of the needed man-
power by providing new opportunities for attracting and training able
and creative young scientists in this field.

The Weather Modification program is managed as an integral part
of the Atmospheric Sciences program (see page 52). The National
Center for Atmospheric Research, also supported through this program,
is described on page 56.

Chemistry

Chemistry support is extended largely to research in organic chemistry,
physical chemistry, inorganic chemistry, and analytical chemistry. Re-
search in theoretical inorganic chemistry continues to grow, especially
in coordination chemistry dealing with chelated metal ions because of
their increasing importance in biology and medicine and for industrial
applications; also in boron chemistry because of the possible value of
boron for synthetic fuels and thermally stable inorganic polymers.

Unfortunately interest in inorganic chemistry, particularly synthetic
inorganic chemistry, appears to be declining in this country. Because
of the vital importance of research in this area, the Foundation with
the advice of the scientific community established an ad hoc Committee
on Inorganic Chemistry. As a result of their recommendation, a sum-
mer institute was held, as part of the Foundation’s education program,
this past summer for college teachers and undergraduates. An exchange
program is being planned which will permit prominent European syn-
thetic inorganic chemists to spend a year or two in academic institutions
in this country teaching and conducting research and which also will
permit prominent American physical inorganic chemists to do the same
thing in European institutions. NSF is also providing increased sup-
port for inorganic chemistry. A Foundation-supported grantee pre-
pared a number of hexacoordinated silicon compounds and from one
of them a thermally stable phthalocyaninosiloxane polymer. This
polymer exhibits exceptional stability and may find application as a
high-temperature resistant material because the silicon-oxygen bridges
are shielded within the center of the molecule.

In organic chemistry, more than half of the grants were for physical
organic research—a concentration that has been aided by the avail-
ability of modern instrumentation. The projects include studies on the
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mechanisms, kinetics, and equilibria of reactions. Others were for syn-
thetic studies and investigations of new chemistry and new reactions;
synthesis and structure determination of natural products; and stereo-
chemical and conformational analysis studies. Of particular interest
was the synthesis for the first time of dilithium pentalenide, the first
derivative of the pentalenyl dianion. This work may pave the way to
pentalene itself, a bicyclic unsaturated compound that is of considerable

theoretical interest.
Research in analvtlcal chemistrv continues
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on the use of mstrurncntal methods and a physical chemical approach
to the solution of research problems. Radiography and chromatogra-
phy arc the areas of greatest current interest. Successful separation of
inorganic substances, especially metals, has been achieved through ex-
tension of the gasliquid chromatographic process. A Foundation
grantee has accomplished a quantitative separation of volatile chlorides
of tin and titanium. If it proves to have general applicability, this
technique may be of tremendous assistance in the solution of such diffi-
cult problems as the separation of the rare earth metals.

In physical chemistry, there was increased support for radiofrequency
and microwave spectroscopy, statistical and quantum mechanics, and
catalysis and adsorption. Continuing support has been provided for
research in the areas of thermodynamics, thermochemistry, reaction ki-
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chcmlstry, and crystal structure.

Earth Sciences

The Earth Sciences program supports basic research in geology, geo-
chemistry, geophysics, and oceanography, as well as in such related fields
as hydrology and soil science. In the solid earth sciences {geology, geo-
chemistry, and geophysics) much of the support went into geochemical
studies, particularly isotope research that was focused on geological prob-
lems. Increased interest was evident in geophysics, especially paleo-
magnetism and heat flow. Emphasis on the marine sciences was
continued with increased support for physical oceanography, marine
geology, chemical oceanography, and submarine geophysics.

In geochemistry the use of potassium-argon isotopes to date prehistoric
man showed that man as a tool maker was 1,750,000 years old, almost
twice as old as previously believed. In another geochemical study, sam-
ples from Gatun Lake ( Panama Canal Zone) dated by radiocarbon

‘f}“’“’d results ""ggeetms a xal.uu rise in sea level in the p per riod from 1 1,000

to 7,000 years before the present, followed by a much slower rise since
then. These data are consistent with the evidence compiled in the tem-



perate zones about the melting of the ice of the last great glaciation
11,400 years ago.

Research on tektites, which have become objects of more extensive
study with the advent of the Space Age, was continued to determine
whether these glassy bodies originated on the earth or came from outer
space. Recent work has shown or confirmed the following: (1) Tek-
tites are not fragments of larger pieces, but are essentially the same size
and shape as when they were formed. (2) The mineral composition,
magnetic properties, and low water content all indicate high temperatures
of formation. (3) Strain patterns are similar to those found in other
small bodies that are known to have cooled quickly from a molten state.
(4) The similarity of tektites in any one area suggests that each particular
group is related to an individual tektite shower that might have resulted
from sudden impact of a meteorite or other body. (5) Laboratory
analyses of Al*®, produced by exposure to cosmic radiation, showed that
tektites contain about as much of this element as do other terrestrial
materials. The low exposure of tektites to cosmic radiation is thus con-
sistent with a terrestrial mode of origin, but does not rule out completely
an extraterrestrial origin.

Geologic research involved a wide variety of studies including min-
eral research, physical and biostratigraphic studies of sedimentary rocks,
studies of pollen, petrographic research, studies of glacial ice structures,
and paleoclimatic and paleontological research. Based on mineralo-
graphic and X-ray study, one grantee has investigated the little known
and very complex, manganese ore minerals. In yet another study,
paleobotanical data show that the Sierra Nevada came into existence as a
major topographic barrier at the end of Pliocene time. Miocene floras
of deciduous hardwood species, collected from rocks that are today be-
tween 5,000 and 9,000 feet high, resemble modern forests in areas where
relief is generally less than 2,000 feet. Therefore, most of the summit
areas must have been relatively low in Miocene time. Paleoclimatic
data is also consistent with this interpretation.

In oceanographic research a grantee has discovered that the “tongue”
or radula of certain mollusks have “teeth” composed of magnetite, a
magnetic oxide of iron, and that the radula of some snails have “teeth”
of goethite, a hydrated iron oxide. These discoveries illustrate the com-
plex nature of oceanographic studies and open up new avenues of
research. 'There is, for example, a biochemical problem of how iron, a
trace element in sea water, can be metabolized and concentrated within
the organisms so as to be precipitated in concentrations up to 65 percent
iron oxide. There is also the geochemical problem of the fate of these
skeletal minerals after death of the organism and the problem of stability

9



of goethite which is not generally found in marine sediments and of the
instability of magnetite, usually considered to be resistant to natural
chemical dissolution processes.

Notable also in oceanographic research was a Great Lakes study in
which drilling operations from a floating barge penetrated hundreds of
feet of sediments and showed bedrock valleys to be present more than
1,000 feet below sea level.

Engineering

During the year the status of the engineering sciences was strength-
ened by the establishment of the Engineering Section which supersedes
and absorbs the Engineering Sciences program. Within the Section
there are now programs in engineering chemistry, energetics, mechanics,
materials, and systems.

Also, the National Science Foundation has adopted a policy which
clarifies the engineering research supportable by the Foundation by indi-
cating that intellectual pursuits at educational institutions intended to
advance significantly the basic engineering capabilities of the country
are eligible for support by the National Science Foundation as basic
research in the engineering sciences. Such work must be of a true
scientific nature and not routine engineering practice, and must meet
the usual NSF standards of originality and excellence.

This action recognizes that, in addition to the basic engineering science
research in the classical disciplines stemming from the physical sciences,
meritorious research along the following lines has been and will con-
tinue to be important: the development of principles and techniques
in systems engineering design, the development of principles and a phi-
losophy for creative engineering, interdisciplinary research such as bio-
medical engineering, the principles of generation and control of energy
systems and information systems, and the analysis and synthesis of proc-
esses and systems which contribute to the mastery of the environment.

A variety of engineering research has been supported by the Founda-
tion. There is a noticeable growth trend in the broad area of plasma
dynamics. Several projects have been motivated by the interest in space
research. In many cases, the results of a particular basic research study
may have future application in space activities as well as in other situa-
tions. For example, research on combustion, two-phase flow, heat trans-
fer, materials, structural mechanics, and control systems could have space
implications. One NSF-supported study of the effect of low-gravity
environment upon fluid configuration in containers has indicated that
short-duration experiments under low-gravity free-fall conditions may
lead to false conclusions. Short-duration, low-gravity experiments
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show, for example, that the air in a container partially filled with water
takes the form of a bubble in the center of the container. A theoretical
analysis (later partially confirmed during a space flight) indicates that
this condition will not prevail for a long-term experiment, and the air
would again be in contact with the wall. However, the liquid con-
figuration may be quite different from what would be expected under
normal conditions. The results of this research could help lead the way
to improved design of liquid-containing systems for use in space vehicles.

A significant advance over previous methods in chemical process con-
trol engineering has resulted from research conducted during the past
year under an NSF grant. These researchers have developed a system
for the control of a continuous chemical reaction which self-adjusts so
that optimization of cost or yield of product may be achieved directly
and continuously. Analysis of the response of the product yield to a
small periodic change in a process variable, such as temperature or flow
rate, provides the basis for automatic adjustment of the variable in such
manner that the process operates at maximum yield or minimum cost.
It is feasible to apply the control system to a catalytic reaction where
catalyst activity is changing in an unknown manner. So far the system
of control has been applied only to a simple chemical reaction.

Mathematical Sciences

Research in mathematics is extremely diversified, varying from ab-
stract symbolic logic to quite concrete applied mathematics. New fields
evolve continuously, and the old classifications become blurred by the
emergence of such hybrid subjects of study as algebraic geometry, differ-
ential algebra, algebraic topology, topological dynamics, and differential
topology. Even describing the subject matter of these varied disciplines
is difficult because of the relative unintelligibility of most of modern
mathematics to scientists well informed in other fields, yet all the physical
sciences, and increasingly the biological and social sciences as well, are
dependent on mathematics. Solutions to many of the problems which
arise require some of the most advanced mathematical techniques pres-
ently available.

Among the significant results of Foundation-supported research this
year are two cases of verification of conjectures that had been outstanding
for many years. At a time of intense activity, new problems are followed
by their solutions with great rapidity, and it is sometimes hard to gauge
the difficulty of results, because results often appear deceptively simple
in hindsight. It is therefore particularly heartening to see old problems
that have tried the talents of generations of mathematicians yielding
along with newer ones before the current concerted effort.
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In the field of algebra, group theory has assumed a central role, and
it has accordingly been the subject of a great deal of research over the
years. Yet some of the most refractory problems are still to be found
in the theory of finite groups, where, as in number theory, it is easy to
make plausible conjectures that are very difficult to prove. One such
conjecture, that all groups of odd order are solvable was confirmed this
year.

In the field of topology, successful inroads have been made upon
another famous conjecture. Around the turn of the century the great
French mathematician, Henri Poincaré, observed that every closed,
simply connected, two-dimensional manifold is a two-sphere, i.e., the
surface of a three-dimensional ball, or something which can be obtained
from it by stretching and shrinking without tearing or cutting. He was
guided by a remarkably fine geometric intuition to conjecture that the
analogous result holds true in the next higher dimension. More daring
moderns have conjectured that analogous results hold true in all higher
dimensions. The former is the original Poincaré conjecture; the latter,
the generalized Poincaré conjecture. Strangely enough, the original con-
jecture still resists proof, as does the next higher case, but this year two
independent proofs have been given for all dimensions thereafter. To-
gether these two breakthroughs have set the stage for much further
progress in differential topology.

Physics

At present, physicists are concentrating primarily on research into the
properties of the solid state, of elementary particles, of nuclear structure,
and of atoms and molecules. Consequently, most of the Foundation
support for physics is provided in these subdisciplines.

With the availability of increased funds for physics research in the
past year, university physicists have begun more and more to look to the
Foundation for assistance. Support of solid state physics has shown a
particularly large rate of expansion. In addition, the Foundation
established a program of support for nuclear research facilities, and also
was able to approve a number of grants of sufficient size to constitute the
principal support for major research groups. Such support is excep-
tionally expensive considering that the overall cost of conducting a single
significant experiment in high energy physics is roughly estimated at
$250,000.

The major accomplishments in physics during the past twelve months
have largely consisted of discoveries in elementary particles. Our Na-
tion’s considerable investment in multi-BeV accelerators has contributed
greatly to advances in this branch of physics; both the number of known
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particles and our knowledge of their interactions have increased to a
marked degree in recent months. The most exciting discovery, per-
haps, was that of two distinct kinds of neutrinos, one associated with
electron interactions, and the other with muon interactions. It seems
to be a major step toward understanding how the muon and electron
can appear to be identical even though the muon is 200 times heavier.

While NSF has not supported high energy accelerator laboratories
directly, the “users” program provides an appreciable and rapidly grow-
ing measure of support for elementary particle physics. This program
consists of making grants in support of university physicists who coop-
erate in conducting experiments at large accelerator laboratories, and
who later carry out analysis and interpretation of resulting data at their
home institutions. Through this program, NSF sponsorship has played
a role in recent important developments of elementary particle physics.
An example is the work of a group that analyzed the interactions of
positive pions with deuterium, and became among the first to discover
a new particle, the Eta meson, and to confirm the existence of the Omega
meson.

Notable work was done during the past year in low temperature
physics, particularly in work on the physical properties of liquid helium
(at temperatures 2.2° above absolute zero). It has been known for
some time that two types of waves can propagate through a liquid of
this nature, which is described as being made up of two interpenetrating
components—one a normal fluid, the other a superfluid without vis-
cosity. A pressure wave, known as “first sound”, propagates by oscil-
lating the two fluid components in phase with one another. A thermal
wave propagation, known as “second sound”, involves out-of-phase os-
cillation. Several years ago a grantee predicted the existence of another
form of wave disturbance in films of liquid helium. Termed “third
sound”, it would be one in which the superfluid component oscillates
while the interpenetrating normal component remains fixed. Within
the past year this investigator has demonstrated the existence of “third
sound”, and has measured its velocity as a function of the film thick-
ness. It may be noted that this work presents one of those gratifying
but infrequent cases where an investigator has carried out experimental
confirmation of his own theoretical conceptions.

In atomic and molecular physics, one of the advances reported may
supply the basis by which space scientists may determine the quantity
of hydrogen in the atmosphere of the various planets of the solar system.
Through the use of precision infrared spectroscopy, an important new
band (the “forbidden” 1-0 band) has been observed. It is ten times



brighter than had been predicted. The intensity of the band is propor-
tional to the amount of hydrogen between the source and the observer.

CURRENT RESEARCH IN THE BIOLOGICAL AND MEDICAL
SCIENCES

Developments in the biological and medical sciences over the past
several years have moved with such rapidity and been of such major
importance as to constitute a revolution. The emphasis in the biological
field has shifted markedly from studies of the whole organism to inves-
tigations at the cellular and subcellular levels. The chemical and phys-
ical aspects of life processes have become much more clearly understood,
in part through the application of outstanding technological advances,
such as those made possible by the electron microscope, for example,
and important breakthroughs in our knowledge of the hereditary proc-
esses. Much fuller understanding of the nature of life itself is now
foreseeable, and the implications of this progress in terms of man’s wel-
fare are great.

The impact of this revolution on biology as a whole is profound, also.
The biochemical and biophysical discoveries in biology at the molecular
level, the startling advances in knowledge of gene-chromosome rela-
tionships, and the use of computer techniques have enriched the whole
discipline. It is significant that the biological scientist today, whether
he is working with the intricacies of the life processes going on within
a single cell or with the whole organism or a community of organisms,
is calling more and more for an interdisciplinary attack on his problems.

In performing its primary task of supporting basic research in the
biological and medical sciences, the Division of Biological and Medical
Sciences is organized on a functional basis which covers the total spec-
trum ranging from classical biology to the most modern experimental
problems. The Division covers this spectrum under the following eight
programs: Molecular Biology, Genetic Biology, Developmental Biology,
Metabolic Biology, Regulatory Biology, Environmental Biology, Psycho-
biology, and Systematic Biology.

Support is provided primarily for research on an individual project
basis, but occasionally, where feasible, it has been extended to cover
broader coherent areas of research activity of several outstanding scien-
tists. Such grants have been made, for example, in support of research
programs in molecular genetics, somatic cell genetics, and evolution.
Foundation assistance is also provided for specialized biological facilities,
such as oceanographic research vessels, field stations, controlled environ-
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ment installations, natural history museums, as well as for the acquisition
of complex equipment needed for modern research.

Encouragement is also given to the development of research programs
in neglected biclogical areas or in those showing particular promise.
An example is tropical biology, which is at the same time both a ne-
glected field and one of special promise. The Foundation is encour-
aging a noticeable upturn of interest in the New World tropics on the
part of biologists in a number of American institutions.

Molecular Biology

The Molecular Biology program is concerned with investigation of
biological systems at the molecular level. This involves the isolation,
determination of structure, and the study of the reactivity of the com-
pounds which make up such systems. It deals with research into the
manner of organization of these molecules into the more complex
aggregates which are the basis of biological structures; also with the
dynamic aspects of the interactions between molecules which permit
biological systems to persist in the face of their inherent instability, to
reproduce themselves, and to maintain the same structure over many
generations while concomitantly evolving into new forms over longer
periods of time.

Molecular biology is concerned primarily with providing the means
for the solution of biological problems rather than the solutions them-
selves. It is interdisciplinary in nature, not only within the biological
sciences but also between the biological and physical sciences. It pro-
vides the meeting ground where the new approaches and techniques
of chemistry, physics, and mathematics are applied to biological research.

Molecular biology has achieved some of its objectives, e.g., the delinea-
tion of the major aspects of structure of such biological macromolecules
as DNA and protein, thereby contributing to the significant recent ad-
vances in understanding genetics and protein synthesis. Nevertheless,
these advances have served only to emphasize the need for more detailed
understanding of these molecular components. Consequently, the gen-
eral areas of research support continue to be much like those making
up the program in the past.

Certain research deals with the isolation and characterization of pro-
teins, lipids, carbohydrates, nucleic acids, and with the investigation
“of some new types of compounds. One investigator has been develop-
ing information about the sulfolipids, which appear to play an important
role in the structure of biological membranes. Another research effort
is directed toward improving methods for investigating the precise se-
quence of bases in nucleic acid structures.
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A second area of research deals with the nature of interactions be-
tween molecules of the same kind or between molecules of different
kinds. Biological structures are aggregates of molecules, whose asso-
ciation must be directed by quite specific types of interactions at a molec-
ular and electronic level. Other highly specific reactions are involved
in the action of hormones, enzymes, or antigen-antibody reactions. One
investigator has developed a new reagent for investigating the active
site of trypsin, a protein-digesting enzyme. Another has been able to
separate an antibody molecule into component subunits and then re-
combine them to obtain active antibody again.

A third major category of grants supports studies of subcellular struc-
tures. Attempts are being made to understand the molecular organiza-
tion of such complex cellular structures as membranes, mitochondria,
microsomes and ribosomes, lysosomes, walls, and muscle fibrils. One
example, also related to functional behavior, would be studies of mito-
chondria and the chemical factors which influence the contraction of
the mitochondrial membrane. Other studies are concerned with the
optical properties of muscle and still others with refinement of tech-
niques of electron microscopy.

A fourth broad area relates to the interactions of living systems with
energy. These range from studies of the basic biophysical process of
photosynthesis to studies of the mechanisms of specific and active trans-
port of molecules and ions through membranes. Answers are being
sought in part by the study of biological systems and in part by the study
of appropriate chemical systems. Some current studies deal with visual
pigments, their modification by light, and attempts to relate these proc-
esses to the generation of the nerve impulse. At another extreme, an
investigator has obtained evidence that the transport of sugar and of
sodium across the intestinal membrane may be linked processes.

The investigation of biological problems at the molecular level has
depended upon the application of new and more powerful methodology
and instrumentation. Support of further developments in polarization
microscopy, the perfection of a magnetically suspended ultracentrifuge
rotor, the use of lasers in photoreactive processes, and the application of
temperature-jump methods to very rapid biological reactions are all in
keeping with this effort to maintain a rapid advance in the application
of new technologies to biological problems.

Genetic Biology

The Genetic Biology program supports a variety of research projects,
including preliminary and general investigations, studies of the nature
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and action of the genetic material, research in quantitative and mathe-
matical genetics, and evolutionary studies.

The preliminary and general studies are concerned with establishing
the existence of a genetic basis for observed variation, finding new heredi-
tary traits, and the location of genes on the chromosomes.

Investigations of the transmission, chemical nature, and action of the
genetic material comprise a large segment of the research now supported
by the genetics program. A major breakthrough has resulted in the
determination of the genetic code for certain amino acids (protein build-
ing blocks). Long strides have been made in studies on the details of
gene-enzyme relations and the mechanisms of information transfer in
micro-organisms. The techniques involved in answering the many un-
solved problems in these areas are becoming clearer and the program is
making great efforts to support this area while maintaining a balance in
itssupport for all areas of genetic biology.

The extension of the detailed analysis of mutant protein structure to
higher organisms and the correlation of these with specific changes in
the hereditary material are important recent developments.

The course of genetic biology is also being profoundly influenced by
investigations on the way in which certain elements within the genetic
material function as regulators of the activity of “structural genes.” A
synthesis of knowledge is taking place concerning seemingly diverse phe-
nomena in bacteria, higher plants, and insects which have in common
controlled changes in gene activity. In addition, detailed morphological
and biochemical studies of development in different genetic types are
continuing. There appears a reasonable hope that these diverse ap-
proaches will lead to a new and highly fruitful attack on one of the
most important problems in modern biology—differentiation.

Investigations of the nature of the hereditary material itself are being
integrated in many cases with studies of gene-protein relationships and
“regulatory” genetic elements. However, studies of genetic fine struc-
ture by means of rare recombinational events and investigations of the
mechanisms underlying irradiation and chemical mutagenesis are con-
tinuing on a wide variety of organisms.

Studies on quantitative genetics and studies of continuous variation
are still an important part of the program. These studies involve in-
breeding, outcrossing, and selection. Mathematical theory and statisti-
cal methods relate to quantitative genetics; some studies require appli-
cations of electronic computers.

Projects on the genetic basis of evolutionary phenomena provide the
remaining grants made in this program. Such studies are concerned
with genetic differences between species and natural populations and
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include investigations of chromosome and gene variation, reproductive
isolation, and hybridization. Grants in this area support studies on
a wide variety of animals and plants—protozoans, marine invertebrates,
insects, fishes and amphibians, a few lower plants, and numerous seed
plants.

Metabolic Biology

Investigators supported through this program study the biochemical
reactions by which the substance of living organisms is built up and
broken down. Generally speaking, they observe the activities of en-
zymes and the changes which these organic catalysts bring about in the
biochemical materials on which they act. Typical of the problems they
are interested in: What happens to such a material, and what are the
effects on the host organism of the new substance produced from it?
What brings about an increase or decrease in the amount of a particular
enzyme or the rate of its activity? Where in the cell do these changes
take place?

Of continuing importance are complete determination of the se-
quences of enzyme action which lead to a given end product and show
how a given biochemical is used in the living cell. For example, al-
though it has long been known that sulfur and nitrogen are metabolized
by certain bacteria, the enzymes involved and the intermediates formed
in the process are only being determined now.

An integral part of metabolic processes is the conversion of energy
to a usable form during the breakdown of foodstuffs. Thus, one grantee
is trying to explain the reduced utilization of the sugar, glucose, when
body temperature is lowered, as during surgery. Another investigator
is studying the changes in size, characteristics, and activity of the sub-
cellular elements, mitochondria, in relation to the ion absorption capac-
ity of plant storage tissue during washing. It is on mitochondria that
respiration (oxidation), one of the main energy-producing activities
of the cell, takes place.

Significant research is being done on control of the operation of
metabolic pathways by hormones, substrates, environmental factors,
subcellular organization of enzymes, and biochemical intermediates.
These factors may act in various ways; for example, by affecting per-
meability of the cell wall, by inhibiting enzyme activity through the
socalled feedback mechanism, or by competing with the normal sub-
strate for the active site on an enzyme. Another factor which controls
metabolism—parasitism—is being intensely studied at present. In-
cluded are studies of infection by such organisms as rickettsiae and viruses
which have few or no enzymes of their own. The investigators are
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striving to determine such things as the materials which a parasite re-
quires from its host cell and the effect of the deoxyribonucleic acid
(DNA) or ribonucleic acid (RNA) of the parasite on the replication
of these substances in the host cell.

The synthesis of protein, particularly enzyme protein, is naturally
of great interest. One NSF-supported researcher is conducting studies
of the structure of the enzyme, alkaline phosphatase, in the bacterium
E. coli as it is affected by mutational changes in the bacteria. Another’s
work is concerned with genetic and nongenetic mechanisms which con-
trol the rate of synthesis of the enzyme, beta-galactosidase.

In some of these projects, a possible medical application is apparent.
For example, a grantee is studying the production and destruction of
histamine, the substance which gives rise to allergic symptoms. An-
other is trying to synthesize a compound which will prevent the abnormal
glycogen storage in the liver due to absence of a certain enzyme con-
cerned with conversion of glycogen to glucose.

Developmental Biology

Developmental biology as a substantive discipline bridges a complete
gamut of conceptual levels ranging from the whole organism, through
its organs, cells, and intracellular constituents, down to the molecular
level. At each of these levels, our concept of differentiation has a very
different emphasis. As one NSF grantee has expressed it, in the whole
organism (holodifferentiation), emphasis is on increasing heteroge-
neity—the origin, localization, and amplification of differences within
an originally relatively homogeneous system. The early embryo
acquires its heightened diversity and complexity through such proc-
esses as polarization, regionalization, and organogenesis. “In the proc-
ess there are drastic changes of properties at all subordinate levels—cell
groups, individual cells, cell organelles, states of molecular aggregation,
molecular species. When the focus drops to the cell—cytodifferentia-
tion—emphasis is on change of cell properties, appearance of ‘new’
cell types. ‘Holodifferentiation’ connotes diversification, ‘cytodifferen-
tiation’ connotes change and stabilization of cell properties—frequently
with decreasing rather than increasing diversity within the cell. Sub-
cellular differentiation, on the other hand, emphasizes specialization, the
concentration of diverse activities toward particular ones—especially
those which lead to new synthetic products, sometimes ‘exported’ as
secretion, sometimes accumulated as ‘structure’ between or within the
producing cells. The general term ‘differentiation’ denotes any of these
things at all of these levels, but it has special and different connotation
with respect to each.
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“In studying most biological phenomena, approaches are made at
several levels, and questions frequently arise as to the rclationship
between the conclusions drawn at each of ithese levels. But in uévemp-
ment the organism passes from level to level, and the conceptual prob-
lem, in part, precisely is to understand the process of conversion of
properties at one level into those of the next.” (Grobstein. 1962
Amer. Scientist. 50: 46-58.) However, it must be emphasized that
although embryos invariably progress from one level to another, each
of the three levels requires separate conceptual and technological
approaches and that extrapolation of knowledge from the molecular
level to the supracellular level must be done either with great caution or
not done at all.

Investigations of differentiation at the molecular level, many of which
are supported by this program, frequently attempt to elucidate mecha-
nisms whereby enzymes, mucopolysaccharides, or morphogenetically
characteristic proteins are regularly “caused” to appear within the cell
during the course of development. The recent elaboration of the gene
information theory (DNA-RNA-protein) has done much to clarify the
role that has been and will be played by the embryologist. Integration
of know lﬁdge about differentiation at the molecular and buPi‘&CéHulax
levels must ultimately be based upon a reverse-information theory
whereby the receptive cell (including its genome) receives messenger
service both directly and indirectly from neighboring cells and tissues.
Such a concept of information circulation is helpful because it formulates
the old embryological principles such as “organizer” and “inductor” in
today’s more specific language, and it postulates that the DNA-RNA-
protein doctrine is actually one segment of a cycle that extends from

the DNA strand into the rvfnn]aqm (cmnr»\fm 1nfnrrnahnn\ and ulti-

mately into extracellular spaces. Feedback of dcvclopmcntal informa-
tion arising from cell interactions occurs in the opposite direction. Many
studies aimed toward elucidation of this information circulation are
currently supported by this program.

Rpaulnlnrv Bio l

The Regulatory Blology program deals with research on the whole
organism and its organ systems. Consequently, proposals submitted to
this program originate from a very broad spectrum of the basic scientific
disciplines. Not only are the classical areas of general and plant physi-
ology represented, but such fields in the agricultural sciences as horti-
culture, agronomy, soil science, plant pathology, and veterinary medi-
cine. Also, basic research in the field of the medical sciences, such as

20



pharmacology, surgery, pathology radiology, neurology, microbiology,
and endocrinology, is supported.

One area of support in particular is deserving of special mention—
neurophysiology. Some of the advances made here by Foundation-
supported investigators have been so great that what was originally
pure exploratory research has now become an area of tremendous scope
involving many disciplines.

Recent findings deal with the: (1) anatomy and functional organi-
zation of the nervous system, (2) nature of the origin and output of
rhythmic impulses, (3) regulatory role played by feedback circuits and
of central autogenic discharges, (4) nature of coding mechanisms in
receptor and central neurons and its implications, (5) the nature of the
nerve impulse, as well as chemical characteristics of the nerve cell, (6)
central mechanisms controlling food intake, (7) interrelations with the
endocrine system, and (8) neural control of behavior. They strongly
suggest that continued support of a broad and concerted attack, involv-
ing many biological and physical disciplines, will soon result in out-
standing discoveries regarding brain function.

Studies of the symbiotic relationships between animals are also being
supported through this program and are being made by zoologists, medi-
cal scientists, and agricultural scientists. Of all such relationships the
most fascinating and least understood is parasitism. While most ani-
mal parasites belong to the invertebrate phyla, these organisms affect
practically all species of vertebrates investigated. 'The origin and evolu-
tion of parasitism is a matter of speculation. From the standpoint of
natural selection it seems possible that out of populations of free-living
forms in a common environment, altered individuals have emerged and
associated together as host and parasite. In other words, certain in-
vertebrates with parasitic potentials found vertebrates with host capaci-
ties. An NSF grantee has advanced a relatively new concept with
respect to the origin and evolution of host-parasite relationships, the
concept of acquired immunological tolerance. He was stimulated by
the observation that if foreign antigens are allowed to make suitable
contact with a test animal during an early period of life, this animal will
acquire an immunological tolerance to a later contact with this antigen.
If a vertebrate can be induced to regard invertebrate protoplasm or
metabolites as compatible rather than foreign substance, then, in the
absence of host reactivity, the invertebrate will be placed in a more
advantageous situation to become a parasite.
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Psychobiology

This program is concerned with studies of the integrated behavior of
organisms, human and animal, and of the physiological and neurological
processes underlying behavior. About 20 percent of the grants awarded
in 1962 were for studies of animal behavior invloving fieldwork or a
combination of field and laboratory research. Most of the remaining
grants were for experimental laboratory studies—half with human and
half with a variety of other laboratory animals.

Within the studies of animal behavior, the topics of widest interest are
social behavior and communication. A number of the investigators
conduct parts of their studies in the field, but then transport animals
back to their laboratories for controlled experimentation and breeding.
Examples of such studies include one on the behavior of Iguanid lizards
and giant tortoises on the Galapagos Islands (techniques used include
time-motion analyses, the use of models, and controlled contact of indi-
viduals) and one on the behavior of tree shrews, man’s most primitive
mammalian relatives. Other studies use physiological and experimen-
tal techniques to elucidate various aspects of the social behavior of ants
and termites, including their communication and orientation. The
variables controlling the evolution and maintenance of mimicry in but-
terflies are also being investigated. Studies are being made of the visual
acuity of the dolphin beneath the water and in the air above, and of the
social organization and behavior of primates in outdoor enclosures.

The more conventional laboratory studies deal with a much nar-
rower range of species than do the field studies, because attention is
directed to generalizations about such topics as learning, conditioning,
sensory processes (chiefly vision), motives or drives, and social behavior.
Examples include studies of the motor conditioning of dogs, the develop-
ment of social behavior in rats, the visual system of the goldfish, central
changes occurring under various conditions that produce impaired atten-
tive behavior in monkeys, behavioral changes as a function of infusing
micro-amounts of alcohol into the cerebral spinal fluid of rats, and the
relationship between intensity of illumination and schooling behavior in
fresh water fishes.

Laboratory studies of humans show interest in conditioning and learn-
ing, including verbal learning and concept formation. Examples are the
processes followed by people in solving mathematical problems, the rela-
tionship between experimentally acquired verbal skills and performance
in the identification of concepts, and the effect of various kinds of sensory
deprivation upon different kinds of productive mental activities where
intelligence is not a factor.
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Environmental Biology

The Environmental Biology program is concerned with research deal-
ing with the interactions of organisms with each other and with the
physical, chemical, sociological, and other biological features of their
environment. In terms of disciplines, this covers plant and animal
ecology, including those areas sometimes identified more specifically as
environmental physiology, paleoecology, palynology, limnology, biologi-
cal oceanography, macro- and micro-bioclimatology, phytosociology,
animal community and population dynamics, bioenergetics, life history
studies, orientation and behavioral studies, environment-controlled dis-
tribution of organisms, biological productivity, and certain features of
mycology and parasitology.

The following samples of research currently being supported will give
an idea of the diversity of research which falls within the purview of the
program.

One grantee who has established that alder trees contribute signifi-
cantly to the natural productivity of lakes is now continuing his efforts
to establish the role of trace elements in limiting the basic productivity
of high altitude lakes. A number of studies of the factors which control
bird migration are being supported by the program. One, in particular,
deals with the further investigation of the environmental and behavioral
influences associated with pre-migratory restlessness and navigation abil-
ity of birds. In a ready-made outdoor laboratory, the basic biological
interactions of plant and animal communities of an isolated island have
been under investigation. Earlier investigations, which were concerned
with the major predator (wolves) and prey (beaver) animals in relation
to vegetation and other ecological factors, are to be supplemented by a
thorough examination of the role played by the other major animal
population which is preyed upon (moose).

Research with a somewhat different objective is being supported to
increase the geographical scope of certain moisture computations and
thus lay the groundwork for the preparation and production of new and
more realistic world maps revealing classification of climates based upon
distribution of vegetation and soils. This investigation will be followed
by scientists and national leaders who have become aware of the impor-
tance of more exacting investigations of the inter-relationships of plants
and animals (including man) and macro- and micro-climatic conditions.

Support of biological oceanography continues to be one of the major
activities of the program. A grant to continue and expand concerted
investigations of the metabolism and food relations of certain marine
zooplankton with respect to features in their life cycles exemplifies one
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type of assistance provided to the currently extensive U.S. effort. A
purely basic investigation on the ecological implications of root grafting
and the exchange of food and auxin between vigorous and suppressed
tree “partners” may provide fundamental information useful in the inter-
pretation of the role of root grafts in the transmission of diseases of eco-
nomic importance, such as the Dutch elm disease. An attempt to cor-
relate certain aspects of population genetics with population ecology
should provide basic information on the evolutionary potential of a popu-
lation and the closely intertwined genetic and ecological influences on
natural selection. Specifically, the investigation will be concerned with
the role of genetic variation in the population development of Tribolium
castaneum (flour beetle).

The physiological adaptations of animals in counteracting extremes
of environment is an area which is just opening up to study. At the
forefront of such investigations is an analysis of the influences of ambient
temperature on the physiological activities of reptiles which are active
in nature at body temperature equaling or exceeding those of birds and
mammals in comparison to such influences on reptile species in which
heat resistance is much less highly developed.

Representative of a number of studies on the interpretation of vege-
tation and climate in earlier geological periods is a grant for the investi-
gation of the early climatic and vegetational history of unglaciated humid
and arid tropic regions. A major related objective in these African
studies is an analysis of the development of equatorial lakes as ecological
systems on the basis of chemical and biological information to be de-
rived from examination of sediments and fossil materials contained in
cores taken from such lakes.

The increasing cooperation of scientists trained in different disciplines
in the biological sciences is exemplified by an interdisciplinary study de-
signed to elucidate the subtle interactions which occur in a host-parasite
relationship with a “controlled environment ecosystem.” The investi-
gators, in this case, use the host animal as an ecosystem in which the
various genetic, physiological, nutritional, and other influences can be
regulated to reveal the response in the parasite populations.

Systematic Biology

The field of systematics focuses attention on organisms themselves—
their kind and diversity, and relationships among them. In order to
understand organisms the systematist gathers, utilizes, and interprets
data from comparative morphology, comparative physiology, compara-
tive biochemistry, and comparative psychology, as well as from bio-
geography and ecology. Systematists are concerned with the origin of
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species and units of classification, and with the processes that govern
their origin. This interest in evolutionary processes allies them with
geneticists and ecologists, on the one hand, and with comparative mor-
phologists, anatomists, and paleontologists, on the other. The formal
classification of organisms and study of the methods and theoretical bases
of classification fall within the scope of systematics. Systematists thus
provide for the use of other biologists an organized arrangement of all
forms of life.

A consideration of the range of projects that are supported by the
program for Systematic Biology suggests something of the breadth and
depth of systematic biology. Projects are diverse in regard to organisms,
to habitat and geographic area, and to geologic time interval. The
methods and approaches of systematists are likewise varied. An appre-
ciation of this diversity can be gained from the following sample of
projects being supported by this program: marine algae of Puerto Rico;
moss flora of the Pacific Northwest; cytology and morphology of palms;
cytogenetics of speciation in pines; biometric studies of butterfly weed;
fossil and modern fern spores; fossil forests of Panama; revision of
North and South American tortricid moths; ingestive and digestive or-
gans of carabid beetles; paleontological studies of insect-bearing amber;
larvae and juveniles of Western Atlantic flying fishes; biochemical sys-
tematic studies in the Leguminae, functional morphology of squamate
reptiles; protein structure as evidence of relationships in birds; variabil-
ity and evolution of dental and osteometric traits in rodents; principles
of numerical taxonomy.

Representative of the sort of problem attacked by systematists is a
grant-supported project for investigation of a glacial refugium (area not
glaciated) on Kodiak Island. Two investigators had come independently
to the conclusion, one on geological and the other on botanic grounds,
that a major refugium existed on Kodiak Island during part of the
Pleistocene. These scientists have been joined by two entomologists
and a parasitologist, and the team is engaged in sampling the living
biota of the refugium and surrounding areas and in searching for fossils
from critical areas. The soil fauna will be of special interest, because
soil-bound insects and other organisms often reflect accurately the his-
tory of a biota. Analysis of the collections will be aimed at evaluating
the impact of this major glacial refugium on the regional flora and
fauna.

Among the reports of results received during the past year from
grantees, two may serve to illustrate further the scope of research sup-
ported by this program. Speciation of western newts has been the sub-
ject of a report by one grantee. Hybrids between species of these newts
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have been produced artificially, no hybrids being known in nature.
Fertility of these hybrids and viability of the second generation offspring
were generally high. Results of the breeding experiments thus suggest
that speciation in western newts and preservation of the distinctness of
species have been achieved through behavioral and other isolating
mechanisms without development of basically incompatible genetic
backgrounds. Characteristics which distinguish between species of
western newts seem to be referable to a very limited number of genes.
Important information on terrestrial vertebrate fossils from the Permian
period (200 million years old) has been reported by another grantee.
Previously the history of Permian terrestrial vertebrates was based in
large part on early Permian fossils from North America and later Per-
mian fossils from Russia and Africa. The picture was incomplete, how-
ever, due to a temporal gap between early and late Permian faunas.
New discoveries in North America have brought to light faunas that
are helping to bridge the former gap. These discoveries are shedding
light on such phylogenetic problems as the evolution of mammal-like
reptiles, those reptiles from which the mammals took origin, as well as
Old and New World faunal resemblance; and on understanding of
intercontinental correlation and of vertebrate faunal arrays character-
istic of ancient terrestrial environments.

CURRENT RESEARCH IN THE SOCIAL SCIENCES

The expansion last year of the social sciences to full-fledged divisional
status signified the importance attached by the Foundation to the social
sciences. In the same way, the inclusion of the behavioral sciences
within the purview of the President’s Science Advisory Committee
signified recognition on a national scale of the importance of the sci-
entific study of behavior; the issuance of its publication “Strengthening
the Behavioral Sciences” was a most significant event with clear implica-
tions for the future conduct of the Foundation’s programs in support of
behavioral science. It seems quite evident that the Foundation’s en-
couragement of the social and behavioral sciences contributed greatly
to the position expressed in the Committee’s report.

The Division of Social Sciences is organized into four programs:
Anthropological Sciences—including physical anthropology, archaeology,
linguistics, and social and cultural anthropology; Economic Sciences—
including econometrics, mathematical economics, economics of science
and technology, economic and social geography, research of basic sci-
entific nature on other economic topics, as well as research involving
development or use of theories and methods of a non-mathematics char-
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acter; Sociological Sciences—including demography, social psychology,
sociology, psycholinguistics, and the sociology of science; and History
and Philosophy of Science.

Anthropological Sciences

From the methodological point of view, the research supported in-
cludes accumulation of basic data (often from societies or groups under
the threat of exinction in the near future), the investigation of ongoing
social and biological processes, the recovery of past cultural events for
the elucidation of time-ordered processes, and the development and
testing of new research techniques. Perhaps the outstanding contribu-
tion of the program in the past and present has been the support of
broadly oriented, coordinated studies of the many social and natural
variables which interact to produce the cultural configuration of a par-
ticular society.

Each of the societies, past and present, in which man has lived repre-
sents an experiment in cultural adaptation, and, as modern societies are
altered by contact with western civilizations, living evidence of man’s
variability is disappearing. Several studies supported by the program
combine the coordinated approach with the realization that truly primi-
tive peoples are fast vanishing and that it is urgent to collect data about
them. In New Guinea, regions along the upland rivers and in high-
altitude rain forests have been relatively undisturbed by influence from
more complex societies and are just being opened to anthropological
research. Careful investigation of demographic features, of systems of
land use, and of concomitant social features will provide the foundation
for important analyses of cultural adaptations of a primitive horticultural
population to its environment and of cultural changes related to the
forced elimination of certain aspects of former adaptations. For exam-
ple, cross-cultural studies suggest that headhunting raids of primitive
groups may have the functions of population dispersion, adjustment of
male-female and age ratios, and prevention of over-exploitation of
resources resulting from population growth. If warfare has similar
functions in New Guinea, careful observation of the early effects of ad-
ministrative suppression of headhunting should reveal either ready
development of functional alternatives or anxiety and disorganization.
Another research project having as its focal point the aboriginal peoples
of New Guinea seeks through the study of population genetics, linguistic
interrelationships, and cultural and psychological variation and change
to clarify the interrelationships of language, culture, and biological
properties.

Experimental investigation of ethnological problems is not possible
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because of the difficulties inherent in trying to control cultural variables.
However, fortuitous circumstances in the Pacific make possible the study
of continuities and change in five matched pairs of population units that
have been forced to move from their homelands. These societies pro-
vide, in effect, natural experiments. In some instances the population
unit was, before and after its removal, a single relatively self-contained
and autonomous community; in others it became such only after mem-
bers of different but related communities were assembled and transported
to their new home. All have been relocated because of impending
threats, such as over-population or natural disaster, or for political rea-
sons, or both. The study of the outcomes of these several relocations
differs from many other studies of change and stability in which the focus
is more narrowly upon the transformation of single cultural traits, insti-
tutions, or complexes. Its results will contribute to the understanding
and the theory, not only of cultural change, but also of community stress
and viability, cultural diversification, environmental adaptation, and re-
settlement planning for future displaced populations in the Pacific and
elsewhere.

The Pacific area is also being investigated archaeologically. Because
of their extreme isolation in prehistoric times, the islands of the Pacific
form a unique situation for the study of man and his culture. The
project will provide the time-space framework for future investigations
in Polynesia by giving special attention to prehistorical ecology. By
uncovering what lies beneath the surface in east-central and western
Polynesia, the origins of the Hawaiian, central Polynesian, and Maori
cultures may be traced and cross-oceanic influences determined.

Support for anthropological linguistics covers projects on the languages
of the Taos and Sioux Indians, and on Cherokee documents written in
the Sequoyah syllabary. Testing of the lexicostatistical classification
of related languages involves machine calculation of the percentages
of cognates in each of many 100 word lists collected in Malayo-Poly-
nesian languages. Classification of a large number of languages and
study of significant indices of relationships will test the postulate that
languages which exhibit significantly higher percentages of cognates in
a basic vocabulary list are most closely related to each other. Statistical
runs on Indo-European language relationships will further test the
methods of lexicostatistical classification.

Economic Sciences

One of the youngest of the Foundation’s programs, support of basic
research in economics is developing rapidly both in size and in variety
of projects.
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A sampling of the grants made this year illustrates a variety of re-
search methods. One theoretical analysis is directed toward discover-
ing bargaining solutions for noncooperative games, and another will
attempt to extend the usefulness of general equilibrium analysis in inter-
national trade. Still other research seeks resource allocation mechan-
isms of improved informational efficiency, combining welfare and
organization theory. Several investigators will employ experimental
techniques as yet less utilized in economics than in other social sciences
or, of course, the natural sciences. One project of this kind will use ex-
perimental competitive markets; another will attempt by experimental
means to amplify a simultaneous theoretical attack (along Bayesian
lines) on statistical decision theory.

Simulation, a new technique made possible by the speed of the modern
computer, may provide economics with a semiexperimental approach to
certain classes of problems. The method is being employed, with the
aid of grants, by several investigators. One economist is using this de-
vice to “shock” a basic econometric model which previously was in-
capable of generating economic fluctuations.

Research on the economic causes and effects of scientific and tech-
nological change is sponsored not only because of the special interests
of the NSF in the area but also because of their significance in the
American economy and their relationship to the theory of economic
development. One grantee, who has undertaken a detailed study of
patents in railroads, petroleum refining, and other fields, has reported
evidence suggesting the historic shifts in inventive attention are intimately
associated with unfolding economic needs and opportunities arising out
of a changing social order. These research results would modify the
familiar belief that technological progress is an independent cause of
socioeconomic change. Though “cultural lags” (instances in which
social arrangements are made obsolete by technological changes) un-
doubtedly exist, there also are chronic tendencies of technology to lag
behind demand—*“technological lags.”

Sometimes new technology enters the economy through new capital
formation, and even where this is not the case the investment rate is
both a determinant of economic growth and a cause of economic fluc-
tuations. To gain knowledge of this subject, grants have been made to
several investigators. One will combine empirical and theoretical meth-
ods in attempting to explain inventory fluctuations, important causes of
post-war business fluctuations in the United States. Foundation sup-
port will enable another economist to attempt to link capital theory
and investment theory using randomly affected lags.
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Sociological Sciences

Social scientists have long been aware of the limitations of research
results based on small and fortuitious samples of Americans in some
readily accessible locality. Several grants have been made by the pro-
gram in previous years for studies involving comparative data from more
than one nation. For example, one study involves the automobile indus-
tries and workers of Lansing, Michigan, and Turin, Italy. These two
communities are similar in being dominated economically by the auto-
mobile industry, but differ in cultural setting. Comparisons will be
made concerning the informal social structure of the factories, the occu-
pational involvement and job satisfaction of employees, and the social
integration of the communities and neighborhoods. These comparisons
will help clarify which generalizations about American industrial plants
and communities are culture-bound and which are more widely
applicable.

A sociologist who has developed a theory of societal structure, is
engaged in a test of aspects of his theory in Tokujawa, Japan. The
theory was developed largely from studies in the United States, and a
test in a very different culture, such as Japan, will challenge the generality
of the theory.

A number of new grants during this fiscal year greatly extend the
effort to differentiate between culture-bound generalizations about the
U.S. and those that hold more broadly for social organizations and be-
havior. A grant was made to a team of investigators for a study of the
effects of various child-rearing practices in the United States, Switzer-
land, and the Soviet Union. Many aspects of the personality and be-
havior of children will be studied in relation to the extent of training
in the family, in boarding schools, and in semi-autonomous peer groups.

The International Sociological Association and UNESCO have co-
operated in organizing a major cross-cultural study of mass communi-
cation. The study will examine, by careful objective methods, the con-
tent of motion pictures in at least 10 countries in Europe, Asia, and
North and South America. Empbhasis in the study is placed up the por-
trayal of film heroes, who are regarded as idealized images of the preva-
lent cultural values and also as an influence that may shape cultural
values. Exactly comparable procedures of analysis will be used in all
countries with NSF providing support for the United States portion.

These studies are examples, among others, of a strong trend in socio-
logical research toward generalizing American studies by obtaining com-
parable data from other countries. This type of research should help
clarify the extent to which findings of United States sociology are cul-
ture-bound.
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The closely related effort to obtain more representative behavioral
data within the United States has not progressed as far. One major
difficulty in obtaining a representative United States sample for many
kinds of studies is the massive cost and time commitment involved. It
is not possible for each researcher, individually, to build up the elaborate
research organization necessary for this purpose, and the duplication in-
volved would be prohibitively expensive in any case. Hence, a special
grant was made to the National Opinion Research Corporation to es-
tablish a national survey research facility with its services available to
researchers all over the country. A periodic survey, on a carefully drawn
representative sample, will be conducted to which individual researchers
may append questions so as to obtain data needed for various studies.
This will make it possible, at more modest cost, for an individual re-
searcher to test hypotheses on a sample that gives surer grounds for in-
ferring generality of his results.

One of the objectives of the program is to encourage studies that use
a variety of methods, experimental and nonexperimental, in a concerted
attack on some defined substantive area. Most proposals still use only
experimental methods or only survey methods. An illustration of a
more varied approach is a major project directed at empirically based
formal theory of authority structures in organizations. The empirical
aspect of the project makes use of surveys and observations in two large
organizations—an industrial plant and a medical center—and simple
laboratory experiments that are constructed as analogs of authority
structures found in the large organizations. Survey data and observa-
tions in outside “real” organizations will be used to suggest hypotheses
and designs for experiments, new independent variables that should be
introduced in the laboratory, and changes in the theoretical models.
Thus, the strategy is to work back and forth between the restricted but
well-controlled environment of the laboratory and the richer, less-con-
trolled environment of real organizations. In this way, it is hoped
precise, mathematically expressed theory will be developed that can
predict the more controlled experiments while still maintaining maxi-
mum relevance to the richer, uncontrolled real organizations.

A second major program objective is the development of more formal,
empirically relevant theory. Several studies are aimed at developing
mathematically based theory. One investigator has developed a com-
plex model of interaction and discussion preceding an individual’s
decision, and is developing other models that may represent a variety
of social processes, such as addiction, fashion, technological replace-
ment, and social mobility. All of these models will be realized in
computer programs.
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A mathematically trained sociologist is undertaking research on inter-
generational social mobility, with theories expressed in a mathematical
model based on the theory of restricted permutations. The model is
aimed at inferring causes of observed inequalities of mobility rates in
different social strata. Preliminary research, applying the model to
data from Denmark and Great Britain, suggests that, within the rather
stringent assumptions of the model, occupational inheritance adequately
explains observed unequal opportunities for mobility. Work is progress-
ing toward relaxing the assumptions of the model and extending it to
deal with such matters as social mobility through marriage, effects of
innovations on mobility, and the chain of job changes precipitated by a
single change.

A third investigator is conducting research aimed at analyzing social
structures with computers and then simulating them in computer pro-
grams. Characteristics of persons at each point in a structure are pro-
grammed and the characteristic functioning of the structure is then
determined. Also various theoretically significant elements of a social
process (e.g., worker-management relations, communication nets, status
systems) are programmed and stable states (if any) of these theoretical
processes are determined by computer runs. The results from computer
simulations are compared with data from studies of such varied topics as
rebellious behavior in high schools, interaction in three-person groups,
reward and participation in formal organizations, and the like.

Improved research methods, as has been pointed out, are of critical
importance, and NSF has supported a number of projects which involve
methodological innovations or developments. A recent grant will assist
research on the role of reinforcement in the development of group struc-
ture. An ingenious experimental approach is employed in which groups
are brought together for a discussion, with members being differentially
reinforced for leadership behavior or some other selected class of role
behavior. Reinforcement is given to each member without any mem-
ber’s knowing when others are reinforced. The design is unusual (for
an experiment on this topic) in that there are no confederates in the
experiment—all of the subjects are naive. Thus, the experimenters
can alter behavior of a selected group member for experimental purposes
without the directing and possibly distorting effects of programmed be-
havior by an experimental confederate in the group. The development
of the technique may be quite valuable in experimental studies of small
groups, social perception, role differentiation, and other areas.

Another grant in this area concerns the methods and costs of survey
research. An attempt will be made to assess the costs involved in the
various operations and methods of data collection and analysis currently
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in use. The aim is to determine which methods will yield the highest
quality data for the lowest possible cost. The findings of this research
should go a long way in encouraging the best use of financial and meth-
odological resources in survey research.

History and Philosophy of Science

Support for the history of science ranges from studies of the works
of individuals to studies of whole eras of scientific development. The
latter often furnish the framework for the former, and thus support of
both types is vital to the advance of the history of science. However,
if the type of request received by the Foundation is indeed a valid indi-
cator of research trends, historians of science have become increasingly
interested in the broad aspects of scientific development. Projects sup-
ported by the program range in time from the early Greek mathemati-
cians to the development of biological theory in modern Russia. Periods
of greatest activity are, of course, of most interest. For example, science
flourished in France and in England during the eighteenth and nine-
teenth centuries, and three grants awarded during fiscal year 1962
take this period of efflorescence as their major focus. One is concerned
with the communities of intellectuals in England which encouraged and
influenced the development and exchange of scientific ideas. Another
will study scientific developments in Revolutionary and Napoleonic
France, when analytical and celestial mechanics, chemistry, comparative
anatomy, and experimental and clinical biology assumed essentially mod-
ern form in the hands of the great French scientists. The third links
the exceptional scientific productivity of French pharmacology with
the nineteenth century applications of chemistry to fields such as biology,
hygiene, therapeutics, and toxicology.

Projects concerned with the influence of individuals on the course
of scientific development include one in which the writings of Ptolemy
will be translated and critically analyzed. A similar treatment of the
writings of Erwin Schrodinger will result in a monograph which will
deal not only with his development of wave mechanics but also with
his interpretation of quantum mechanics and analyses of Darwinian
and Greek philosophical concepts.

Although the philosophical foundations of science are a subject of
basic importance to both the scientist and the philosopher, there are
few workers in this field, a condition that is reflected in the relatively
small number of grants awarded for philosophy of science. One re-
searcher is receiving support for his continuing efforts to develop a new
theory of probability based on the concept that all non-deductive infer-
ence is probability inference. The system constitutes an inductive logic,
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constructed on the basis of symbolic logic and measure theory. It also
embraces a new theory of statistical inference, estimation, and amount
of information. Thus the project belongs to the boundary region be-
tween logic, mathematics, and methodology of science.

An investigation of meaning, belief, and behavior is concerned pri-
marily with a method for the semantic analysis of meaning. Another
grant, for a joint research program of five eminent philosophers of
science, is concerned with the basic concepts of current atomic and
quantum theory, including the theory of measurement. Because of
the diversity of views of the five participants, the joint effort will be
mutually stimulating and may result in new understanding of the logical
bases of physical theories, probability, induction, and statistics.

Because the philosophical bases of geology have until now been
largely ignored in modern texts and anthologies of the philosophy of
science, a grant has been awarded to prepare an annotated bibliography
and index of philosophical concepts pertaining to geology, to be drawn
from existing geological literature.

SIGNIFICANT RESEARCH DEVELOPMENTS

GeNETIC CopE DETERMINED FOR PRODUCTION OF SPECIFIC AMINO ACIDS
IN ENzyME MoLECULE—One of the most dramatic developments in
biology today is the unraveling of the genetic code for the amino acids.
During the last year, evidence has accumulated that the coded informa-
tion for each amino acid in an enzyme molecule consists of triplets of
the smallest subunits (nucleotides) of DNA (the hereditary material).
Moreover, it has been possible to specify the nucleotide composition of the
coding units for specific amino acids. The initial “cracking” of the code
came from an in vitro system in which relatively simple combinations of
amino acids were formed. In a brilliant combination of genetic experi-
ments and biochemical studies, an NSF-supported investigator extended
genetic coding to gene-enzyme relationships in a living system.

These experiments were conducted on normal and mutant forms of
an enzyme, tryptophane synthetase, from the bacterium Escherichia coli.
They indicate that genetic mutations which affect the same coding unit
result in replacement of the same amino acid. If different sites within
the same coding unit are changed by recombination in genetic experi-
ments, different amino acids replace the original one in the enzyme.
Moreover, each amino acid replacement observed so far can be ex-
plained as the consequence of a single nucleotide change in the cor-
responding coding unit, as worked out from the simpler, in vitro system.

The significance of these pioneering experiments extends beyond the
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present accomplishments. They indicate the road which will un-
doubtedly lead to the answering of many unsolved problems concerning
the operation of the genetic code in directing enzyme synthesis.

* ¥ ¥

GeNETIC CoDE PROBABLY NOT UNIVERSAL BECAUSE OF EVOLUTIONARY
CHANGES IN TRANSLATION MACHINERY—One of the general assump-
tions of investigators studying the mechanism of heredity has been that
the genetic code is universal, i.c., that the meaning of a coding unit will
remain the same for all organisms. However, this view assumes that
the complex “translation machinery” for the information coded in DNA
will remain permanently unchanged. Recent evidence has shown that
mutations can occur in this translation machinery, which, in effect, alter
the interpretation of the coded information.

The suggestion that such mutations do occur came from studies of
certain mutants at a single “locus” of the T4 bacteriophage which in-
fects the bacterium Escherichia coli. It has been found that these
mutants, which all involve a simple change within one coding unit, may
be inactive in infecting one strain of the bacterium, but may be active in
an altered strain. The most reasonable explanation is that the altered
bacterial strain carries a mutation in the translation machinery for the
genetic code which changes the interpretation of the phage mutant
coding unit from “nonsense” to an order for a specific amino acid. This
would appear to be a very simple case of an inherited change in the
translation machinery.

The discovery that mutations in the translation machinery probably
occur led to a preliminary testing of the similarities and differences in
the translation mechanisms from three widely separated forms—a bac-
terium, yeast, and rabbit. These tests involved isolating the essential
ingredients of the translation machinery from the organisms involved
and forming “mixed” in vitro systems. The ability of these systems to
translate for specific amino acids was tested. Striking quantitative dif-
ferences were found with certain amino acids. In these cases the
“mixed” systems were much. less effective in translating for the amino
acid than the control systems where all the ingredients came from one
organism.

Thus, differences in the translation machinery do exist and must be
taken into account, although the fact that the mixed systems function
at all suggests that the variability may be limited.

* * *

DNA or Virus Forces INFEcTED CELL TO SYyNTHESIZE VIRAL RNA
Rataer Tuan NormMar RNA—For a number of years, evidence has
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been accumulating that a virus which infects a cell takes over much of
the machinery of the cell and uses it for its own reproduction. This
has been shown very directly for the synthesis of ribonucleic acid (RNA)
by an NSF grantee. Following virus infection, the cell stops making the
RNA which it needs for its own survival and makes a new kind of RNA
which is concerned with virus multiplication. Such new RNA has been
isolated in purified form and its chemical structure shown to be different
from that which the cell would normally make.

Since the virus used was of the deoxyribonucleic acid (DNA) type,
these studies are also of great importance in the field of genetics. The
virus can be regarded as a kind of counterfeit gene which not only is
accepted as legal tender but drives the genuine currency out of circula-
tion. The experiments very clearly support the current hypothesis that
the DNA of the gene controls the synthesis of RNA which acts as the
messenger to convey information to the cell as to what to make. How-
ever, they go farther and provide direct evidence for the theory that this
messenger RNA is formed by using the DNA of the gene as a pattern.
The RNA is not a copy of the DNA, but has more the relation of a print
made from a photographic negative. Physico-chemical studies show
that the new RNA formed under the influence of the virus DNA matches
the DNA in this sense.

* * %

IsoraTioN oF CeLL-FREE ExTrACTS THAT Frx NrrroceN Opens Com-
PLEX ENzyME SysTEM TO BrocmEMICAL ANALysis—Next to photo-
synthesis, by which atmospheric carbon dioxide is fixed, biological
nitrogen fixation is the most important process in the incorporation of
inorganic elements into the economy of the living cell. The basic proc-
ess involved here is entry of molecular (atmospheric) nitrogen into a cell
and its conversion to ammonia by reduction (addition of hydrogen).
Ammonia nitrogen is then converted into various inorganic and organic
substances such as nitrites, nitrates, and amino acids. Two NSF grant-
ees are trying to unravel the biochemical details of these complicated
processes.

Using whole-cell preparations of such nitrogen-fixing organisms as
bacteria found in the roots of leguminous plants, they have confirmed the
cell’s need for the trace metal cobalt for maximum growth when any of
several inorganic substances are used as the nitrogen source.

The isolation by these investigators of cell-free extracts which fix nitro-
gen opens the complicated enzyme system operating here to direct bio-
chemical attack. It has been impossible, so far, to isolate and purify
the individual enzymes involved, for these have proven to be very labile
% C eErw

E2S



and very oxygen sensitive. However, the complex has been obtained
in two parts, namely a nitrogen-activating portion and a pyruvate-
metabolizing portion.

Pyruvate metabolism must take place concurrently for nitrogen fixa-
tion to occur. Apparently pyruvic acid serves as an energy source and
as a hydrogen donor for the reduction of nitrogen. The intermediates
formed from pyruvate have already been determined through the use of
cell-free preparations. A very careful search has also been made with
such preparations for intermediates between nitrogen and ammonia.
The fact that free intermediates were not found, even when using whole
cells, lends credence to the idea that nitrogen remains bound to an en-
zyme during its reduction. Various other facets of the fixation process,
such as enzyme inhibition and the influence of atmospheric nitrogen
pressure, have also been studied. It is interesting to note that light had
no influence on nitrogen fixation in cell-free preparations of a photo-
synthetic bacterium.

* %X *

TECHNIQUE DEVELOPED FOR IDENTIFYING AND CHARACTERIZING SuB-
STANCES WHICH INFLUENCE CELL DIFFERENTIATION DUurING EMBRY-
oNi¢ DeveLoPMENT—Embryonic development starts with the
fertilization of a single egg cell. Through cell division, growth, and
differentiation, the embryo develops into an amazingly complex
organism composed of a great variety of highly specialized cells, such
as liver, bone, lung, and nerve. The differentiation of the original
fertilized egg cell into these various specialized cells is controlled by the
chromosomes in the nucleus through blocking and/or triggering
chemical reactions.

An NSF grantee experimenting with frog embryos injected albumin
extracted from the nuclei of liver cells into recently fertilized frog eggs.
He found that these cells divided and the embryo developed normally
up to the gastrulation stage when cell differentiation begins. At that
point cell division and development stopped—the embryo died.

He then went one step further and through microdissection removed
the nucleus from a cell of one of the albumin-injected embryos just
prior to cessation of development. The nucleus was transplanted into a
newly laid unfertilized egg from which the native nucleus had been re-
moved. This combination grew normally up to the gastrula stage and,
as previously, stopped. These tests were repeated and the “blocked”
nuclei were transplanted through seven generations of embryos. In
each generation, development stopped at the same embryonic stage.

The conclusion is both inescapable and highly significant. The orig-
inal macromolecules of albumin (contaminated with a small amount
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of RNA) produced an effect in the nuclei, or in the adhering cytoplasm,
that persisted and consequently blocked development at a specific stage
of embryogenesis. Such developmental blocks have been demonstrated
repeatedly, but for the first time an approach has been developed that
permits chemical characterization of specific molecules influencing a
replicating system in the embryo.

* % %

HeaviesT RaiNFALLs Occur IN FIRsT AND THIRD QUARTERS OF
Lunar CycLe—Statistical proof of the existence of a lunar effect on
precipitation has been obtained by an NSF-supported researcher. He
investigated the dates of excessive precipitation—wettest days—through-
out the United States over a period of about 90 years. When these
wettest days were plotted against the angular difference between the sun
and moon, there was a conspicuous departure from the expected normal
distribution.

The dates of extreme precipitation were recorded near the middle of
the first and third quarters of the lunar cycle. The second and fourth
weeks of the cycle were correspondingly deficient in heavy precipitation.
The dates of the most extreme widespread rainfalls in the history of
official U.S. meteorological observation were three times as frequent
during the cyclic peak periods as during the cyclic trough periods.

It is not yet possible to advance a physical explanation for this
phenomenon.

* ¥ ¥

New FieLp oF CHEMISTRY MAY OPEN As RESULT OF SYNTHESIS OF
FirsT AroMATIC SiLicon CoMPOUND—ARN overwhelming percentage of
all the chemical compounds occurring naturally or produced in the
laboratory have the element carbon as their fundamental building
block—gasoline, protein, sugar, plastics, rubber, etc. This results from
the unique character of the carbon atom; it can join with other carbon
atoms for open chains or for closed rings. Carbon chemistry is called
organic chemistry, and the completely unsaturated ring compounds are
called aromatic.

Silicon with a chemical structure similar to carbon has in the last
decade or so been substituted for carbon in a number of chain com-
pounds, such as the silicones, which have proven of great industrial
value.

During the past year, a most significant discovery was made by an
NSF grantee—the synthesis and characterization of the anion of sila-
cyclopentadiene, the first aromatic compound containing silicon. This
successful laboratory development paves the way for the synthesis of
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other aromatic silicon compounds, such as silabenzene, the silicon analog
of benzene. A complete new field of chemistry with great potential
thus becomes possible.

* ¥ ¥
QUANTITATIVE DETERMINATION OF RELATIONSHIP BETWEEN MACHIN-
ABILITY AND PHyYsicAL ProPErRTIEsS OF MATERIALS MAKES Pos-
SIBLE A MORE ErriciENT AND EconomicaAL MACHINING PrROCESS—
An NSF grantee has derived and experimentally verified a mathe-
matical correlation between machinability and the physical properties
of materials. He has found that he can evaluate or predict the quan-
titative measure of machinability, that is, the cutting speed in feet per
minute that the work material may be moved by the cutting tool for
a specified tool life (the length of time for the tool point to be worn
away). The application of this mathematical correlation in place of
expensive and time-consuming experiments will permit a more analytical
approach to the problem of improving composition, choosing appro-
priate heat treatments, and recommending the best processing methods
to ensure the most economical machining in metal-working industries.
The machinability of a material is defined by three physical properties:
(1) the percent reduction of area in a tensile test, (2) the Brinell
hardness, and (3) the thermal conductivity. The derived relationship
has been verified with experiments on a variety of different metals and
alloys.
* % ¥

SURFACE TEMPERATURES OF PLANETS OBTAINED AT NATIONAL RaDIO
AsTroNoMY OBservaTORY—The surface temperature of Venus is far
hotter than the boiling point of water, while that of Saturn is below the
freezing point. Very accurate observations of radio radiation from
these planets, at a wavelength of 10 cm., have been made at the National
Radio Astronomy Observatory, Green Bank, W. Va., to provide new
values for the temperatures of these two planets. Convincing evidence
was obtained that the temperature of Venus is a rather surprising
610°K=+50°K, or about 340°C. The comparable values for Saturn
were 196°K +=60°K, which is well below the freezing point of water.

National Research Programs

These programs include scientific research endeavors that are best
planned, coordinated, and funded on a national program basis because
of the scope of the projects. Such factors as geographic location and
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need for coordinating the research efforts of various Federal agencies
and/or universities are involved.

U.S. ANTARCTIC RESEARCH PROGRAM

The United States Antarctic Research Program (USARP) enables
scientists of the Nation’s colleges, universities, and research centers to
carry out a wide variety of basic research in Antarctica in all the
sciences.

Biological investigations are concerned with studies of the life of
the land area as well as marine biology in the surrounding oceans. In
the earth sciences, research is being carried out in geology and glaciology,
including seismic, gravity, and magnetic observations to determine
thicknesses of the ice cap and rock strata. Meteorology and upper atmos-
phere physics programs cover studies of aurora, cosmic radiation, and
similar phenomena. Aboard the USARP research vessel USNS El-
tanin extensive programs are carried out in meteorology, upper atmos-
phere physics, biology, oceanography, and submarine geology.

The National Science Foundation plans, manages, coordinates, and
funds the USARP through its Office of Antarctic Programs. The
Foundation arranges for long-range and yearly scientific programs, and
provides management and coordination for research programs in the
field as well as in United States laboratories.

Serving in an advisory capacity to the Foundation is the Committee
on Polar Research of the National Academy of Sciences. This com-
mittee represents the United States on the Scientific Committee on
Antarctic Research (SCAR) of the International Council of Scientific
Unions (ICSU). The Department of Defense provides logistic support
to the scientific program in Antarctica.

International Antarctic Activities

Antarctic Treaty—The international cooperative scientific effort that
proved so successful in enhancing the knowledge of the geographical
and geophysical aspects of Antarctica during the International Geo-
physical Year prompted the 12 nations cooperating subsequent to the
IGY to sign the Antarctic Treaty in June 1961. The treaty provides
that the Antarctic shall be used only for peaceful purposes and that
freedom of scientific investigation shall continue in this spirit of inter-
national cooperation. Under the Treaty the United States participates
in exchanges of scientific personnel and information with other nations.

Scientific Exchange Program—The scientific exchange program with
the Soviet Union, begun during the IGY, continues. In the present
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program in which personnel are now wintering over in the Antarctic, a
U.S. biologist from Ohio State University has joined the Soviet expedi-
tion and is carrying out biological studies in the vicinity of Mirnyy Sta-
tion. A Soviet scientist spent the 1961-62 austral summer at McMurdo
studying meteorological data. Plans are also being explored with the
Soviet Union to expand U.S.-Soviet Antarctic cooperative research activi-
ties between respective research vessels, for the exchange of additional
scientific personnel between the expeditions and for better exchange of
data and results. Arrangements are also being considered whereby
scientists of Japan, Norway, Belgium and Chile may cooperate with U.S.
scientists on an exchange basis.

Joint Scientific Program—A variety of joint activities are carried out
cooperatively by the United States with other countries signatory to the
Antarctic Treaty. With Australia and Argentina, the United States
maintains programs at Wilkes and Ellsworth Stations respectively as
cooperative stations. Scientific personnel are provided by both parties to
this agreement. Australia and Argentina provide the logistic support
at these stations and the United States provides scientific equipment and
some personnel.

New Zealand provides the United States with a staging point for
Antarctica which is helpful to the United States in maintaining its activi-
ties. In return for this service, the United States assists New Zealand
by providing transportation of supplies and personnel for New Zealand
to McMurdo Sound for the New Zealand Scott Base. This coopera-
tion with New Zealand includes also the joint maintenance of scientific
programs at the U.S. Hallett Station.

Australia has provided the United States with support of scientific
parties on Macquarie Island, making possible certain programs in cosmic
ray studies and biological observations. During the past year, Chile
supported U.S. geologists in the Palmer Peninsula area. The United
Kingdom provided support by which U.S. ornithologists carried out ob-
servations near South Georgia. Also, U.S. oceanographers cooperated
with research personnel from Argentina in an oceanographic study of
the Drake Passage.

Scientific Programs

During the 1962 fiscal year the Foundation supported 45 active field
projects. Seventy-one per cent of the field projects represented work
conducted by university groups. The following table shows the distri-
bution of effort by discipline in terms of identifiable projects and people.
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U.S. Antarctic Research Program—1962

)
Active Number
Program field of
projects people

Biology.. ... ... 17 25
GEOlogY . .« ot e e 8 31
GeophySiCS. ...t e e 1 10
Glaciology. . ... ... 3 15
Gravity. ... ...ttt e e 1 1
Meteorology. . .. ... L 2 35
Oceanography....... ... .. i 3 6
Seismology/Geomagnetism . . . ..... ... ... .o 1 6
Upper Atmosphere............. ... ... ... . i ... 8 31
Cartography. . . ... ... ... . . 1 8
Total...... . ... ... 45 168

BIOLOGY

Of the disciplines listed, biology has shown the most continued growth
in programs and workers. The total of 17 active programs is being
conducted through 9 universities involving a total of 25 scientific work-
ers. Biological research was largely concentrated at McMurdo Station
because of the well-equipped biological laboratory essential for the
development of many of these field studies.

Three phases of Stanford University’s continued investigations of
the marine biology of McMurdo Sound were brought close to termina-
tion. Data collected over the past three years has provided information
on the ecology of marine benthic communities, ecology and physiology
of plankton, and the relation of invertebrate reproduction to biochemical
aspects of food reserve cycles. Studies of fish metabolism and growth
continue, utilizing tanks, aquaria, and metabolism chambers available
at the McMurdo laboratory.

Functional morphology and histological work on the pycnogonids, or
sea spiders, was carried out by scientists from the University of the Pacific.
The Virginia Fisheries Laboratory shore-based marine program of para-
sites from fish, mainly the Nototheniidae, was completed this year with
collections from Wilkes Station.

Two microbiological programs were undertaken in the McMurdo and
Hallet Station area. An Ohio State University group made an eco-
logical survey of soil bacteria at several different locations during the
summer, with particular attention to quantitative reactions of the nitrogen
cycle. In the wintering University of Texas program, aerobiological

42



studies, viability and longevity studies, microbiology of an Antarctic
saline pond, soil microorganisms, and skin flora of the isolated wintering
personnel were included. An interesting result of culturing samples
of 50-year-old yeast and tinned foods cached at Captain Scott’s base
camp was the surprising number of contaminant microbes that were still
viable. The presence of microorganisms in soils was found to be highly
variable, some soils yielding almost no organisms while others gave
several hundred thousand per gram.

Interesting results were obtained by the University of California re-
searchers studying the summer energy budget of Antarctic ponds and
lakes in the dry valleys. Positive photosynthesis was evident in the dry-
valley lakes beneath as much as 15 feet of ice, confirming similar findings
in studies of plankton productivity under arctic sea ice. In the lakes
studied, high light intensity is severely inhibiting for algae during mid-
summer. Productivity in the littoral zone, however, was appreciable
higher than that recorded in the deeper parts of the lakes. Physical
limnological and geochemical work was done at these lakes by the Uni-
versity of Kansas resarchers, who spent the field season mapping the
lake bottoms, obtaining temperature profiles and water samples, and
attempting to measure thermal conductivity of the bottom material.
Both lakes showed high stratification, with relatively pure water just
under the ice changing to much warmer, highly saline water near the
bottom. More accurate measurements in Lake Bonney this year showed
a bottom temperature of 77.9 degrees Fahrenheit.

In a botanical program, an Ohio State University investigator initiated
a long-term study of algae, moss, and lichen growth rates at Hallett Sta-
tion, by staking out numerous plots and thoroughly mapping the vegeta-
tion. The plots will be resurveyed in the coming seasons. Growth rate
of individual lichen plants proved too small for determination in a single
summer period.

The USARP bird-banding program by Johns Hopkins University was
active at Hallett and McMurdo Station areas and on Bird Island near
South Georgia in the Falkland Islands. At Bird Island two men began
a long-term study of albatrosses by banding 10,196 birds and taking
samples of stomach contents and blood sera. Routine banding, census-
taking, and observing previously banded birds continued on the conti-
nent. Ina homing experiment one of six skuas transported to the South
Pole from the nesting area at Cape Crozier, returned from the Pole,
having covered a distance of 825 miles. ‘This is believed to be the longest
distance ever covered in an experimental demonstration of homing by
oceanic birds.
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A Bernice P. Bishop Museum report on the zoogeography of Pacific
and Antarctic insects summarizes the results of three years of insect trap-
ping and collecting on the continent and from airplanes and ships within
the limits of sub-Antarctica. Of the 50 recorded species of terrestrial
arthropods of Antarctica, about one-half are biting lice on birds or
suckling-lice on seals. The other half are ticks, mites, springtail fleas,
and chironomid flies. Free-living insects and mites are found on ex-
posed rock surfaces, generally associated with lichens, algae, or mosses,
and usually hide in the plants or below the rocks. The researchers
consider that a majority of the insects probably represent post-Pleistocene
immigration, although the possibility that some are relics from an
ancient temperate fauna cannot be discounted.

EARTH SCIENCES

Four major geological parties continued investigations of the vast
ice-free mountain ranges of West Antarctica and the Transantarctic
range. The first visit to the Sentinel Range of the Ellsworth Moun-
tains, perhaps the most extensive of the world’s unvisited mountain
ranges, was made in the 1961-62 summer by a University of Minnesota
party. Most of the rock outcrops visited are metasedimentary with
large sills of basic igneous rock. Stratigraphic units of the northern
part of the Sentinels included thick sequences of graywacke, slate, quartz-
ite, and possibly tillite—all without fossils. A party from the U.S.
Geological Survey completed work on the Thiel Mountains forming the
easternmost range of the Transantarctic mountains that has been in-
vestigated. These mountains consist of a large flat-topped massif joined
by an escarpment to a group of high nunataks. The most widespread
rock is a quartz monotite porphyry. Flat-lying sedimentary and meta-
sedimentary rocks, chiefly quartzite and argillite, are exposed in several
of the peaks. A unique “siderolite” meteorite, in two pieces totaling
about 70 pounds, was found by this party. Ohio State University com-
pleted the study of the Central Horlick Mountains where several sec-
tions in the highly fossiliferous Beacon formation were studied. The
carboniferous tillite formation was about 800 feet thick, and some fossil
assemblascs were located in the Horlick formation of the lower Devonian
rocks between the tillite and the basement rocks. A coal bed about 10
feet thick was located in this area.

A series of previously unknown mountains and nunataks was discov-
ered by the University of Wisconsin Ellsworth Land Traverse, at the
base of the Peninsula. The locations of the outcrops, the configura-
tion of the ice surface, and the seismic depths of the buried rock surface
suggest that these nunataks are on an extension of the Peninsula Moun-



tains. Near the Chilean Base O’Higgins another group from the Uni-
versity of Wisconsin investigated the stratigraphic and tectonic relation-
ship of the peninsula area to the Andean Cordillera.

Three geological projects were active in the McMurdo Sound area.
An Ohio State investigator worked on the glacial morphology of the dry
valleys, collecting samples of algae which may be used to date recent
glaciations.  Soil scientists from Rutgers University determined in initial
pedological reconnaissance that genetic soils do exist in Antarctica, most
of them forming in an abiotic system though chemical and physical
weathering was common. Findings of the University of Wisconsin
geologists working with sand and ice-wedge polygons corroborated tenta-
tive conclusions that patterned ground is ubiquitous in the ice-free areas
of the continent and should be useful for dating recent glaciations.

During the University of Wisconsin traverse, gravity measurements,
magnetics recordings, seismic soundings, and glaciological studies were
carried out in an area at the base of the peninsula. A large area north
of the Ellsworth Mountains was found to have bedrock lying below sea
level. Thus, a sub-ice channel between the Ross and Weddell Seas
appears to be a reality, though this channel follows a circuitous route
northeast and east of the Ross Sea skirting the northern edge of the Ells-
worth Mountains. Another geophysical program of the University of
Wisconsin was the interstation gravity network in which observers with
portable gravimeters flew from place to place with resupply flights, mak-
ing a total of 32 gravity ties from McMurdo Station to numerous inland
points. The U.S. Coast and Geodetic Survey has been carrying out
seismic studies since the International Geophysical Year, and following
recommendation of SCAR, is now issuing quarterly reports on the earth-
quake epicenters located by the Antarctic station seismograph network.

UPPER ATMOSPHERE PHYSICS

Logistically and scientifically the highlight of the 1961-62 summer
season was the establishment by air of a temporary station (Sky-Hi)
near 75° S, 77° W, about 1400 miles from McMurdo Station and
600 miles east of Byrd Station. This was operated for approximately
two months by upper atmosphere physicists. Studies of the ionosphere,
geomagnetic variations, and very-low-frequency emissions showed re-
sults at considerable variance with those from the Byrd Station. Analy-
sis of comparative data from Ski-Hi and its magnetically conjugate
station near Quebec, Canada, by the National Bureau of Standards
revealed a number of interesting items. Ionospheric absorption events
were well correlated in time and intensity at the two ends of the field
line though an exception to this was a sudden-commencement magnetic
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storm followed by a major absorption event at the southern end only.
The amplitude of the absorption events at the two ends of the field
line were unexpectedly equal. New information on the size of the
conjugate area in Canada was gained by operating 3 riometers simul-
taneously at 80-km spacings. Very-low-frequency events were generally,
though not always, similar at both conjugate points. The VLF emis-
sions offer clear evidence of an acceleration mechanism which is ap-
parently capable of continuously perturbing a small fraction of the
existing ionosphere particles and then causing their dumping in the
upper atmosphere approximately equally at each end of a magnetic
field line. This site complements the present United States Antarctic
station network as it is the only one lying outside the auroral zone.
Plans are under way to make this facility a year-round base—the Eights
Station—which will play a large role in the coming studies during the
International Quiet Sun Year, 1964-65.

In the aurora and airglow program of the Arctic Institute of North
America, research with auroral spectra has shown close correlations
between auroral displays and variations of cosmic noise absorption
measured at a frequency of 30 mc. Analysis of data from Byrd and
Ellsworth Stations indicates further that auroral emissions have a high
magnetic dependence in the auroral zone.

Other ionospheric physics programs included the investigation of
whistlers and other VLF radio noise emissions by Stanford University,
the U.S. Coast and Geodetic Survey’s operation of magnetic recording
stations, cosmic ray counting by the Bartol Research Foundation and
the University of Maryland, and the vertical incidence ionosphere sound-
ings by the National Bureau of Standards.

METEOROLOGY

Surface and upper air observations were continued in the meteoro-
logical field where radiometersondes were introduced, obtaining radiation
parameter variations with altitude. Also a new program was initiated
at McMurdo by Texas Western College for the explorations of the
temperatures and winds at high altitude with meteorological rockets.
At the U.S. Weather Bureau in Washington, several analysis studies
using glacial, oceanographic, and meteorological data are under way.
The meteorological feasibility of transosondes (constant-altitude bal-
loons) is also being investigated. Winter radiation and heat exchange
measurements at the South Pole in the 1961-62 summer provided infor-
mation useful in a more accurate estimate of the continent’s heat ex-
change. It appears that the atmosphere provides about twice as much
heat to the snow surface during the polar night as during the six months
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of light, and that the light season warming of the air is not the result of

warming from below but rather the result of vertical and horizontal

atmosphere movements and direct atmospheric absorption of solar

radiation. -
SHIPBOARD PROGRAMS

During the year the USNS Eltanin, a 266-foot former ice-strength-
ened cargo ship, was converted to an Antarctic research ship. Shake-
down cruises in the North Atlantic were completed in early 1962 and
the ship started her first Antarctic cruise out of Valparaiso, Chile, in
early summer 1962, working in the western Drake Passage and the Bel-
lingshausen Sea. Thirteen research agencies are represented aboard
the Eltanin.

Upper atmospheric physics work on the Eltanin includes operation
of an airglow photometer and a riometer by the University of Alaska,
Bartol Foundation’s high-counting-rate plastic scintillator and meson
telescope, a VLF-ELF and HF radio noise study in eight frequencies
in the transmitting band by the U.S. Bureau of Standards. More em-
phasis will be placed on conjugate point studies when the route of the
ship becomes conjugate to accessible land sites of northern United States,
Canada, and Alaska.

The marine science activity includes Lamont Geological Observa-
tory’s current measurements by standard dynamic methods and by
current meters on an anchored buoy system, and primary productivity
studies. The University of Southern California biology program covers
the biota of deep basins and trenches, deep benthic fishes, mid-water
fauna, and surface primary productivity.

The California Institute of Technology has a grant to investigate
the biogeochemistry of skeletal carbonates in a paleoecological study.
Bernice P. Bishop Museum is using the ship as a moving platform for
insect-trapping nets in an effort to learn more about insect transport
to the continent from southern islands. v '

The U.S. Navy Hydrographic Office oceanographic work, concen-
trated on the USS Burton Island, included all standard physical ocean-
ographic observations plus bottom coring, sediment grabs, plankton tows,
and geomagnetic recording. Florida State University continued exami-
nation of ocean bottom cores. The Texas A & M researcher measured
surface current profiles in the Drake Passage aboard an Argentine vessel.
A grant to the Lamont Geological Observatory (Columbia University)
provided support for a systematic oceanographic survey in the Drake
Passage and in the South Antillean Sea on the R/V Vema.

In the United States, continued effort goes into the reduction and

662299—88——5 47



analysis of the data from the Antarctic. While most university research
is undertaken by the field investigative groups, separate grants have been
made for studies in meteorology, upper atmospheric physics, and glaci-
ology. Support for the team approach to some of the major problems
has been assisted by funds for continuation of polar centers at two major
universities. To encourage analysis and presentation of data and to
fulfill international obligations of data exchanges, plans are in hand
for an antarctic monograph series, an antarctic series of folios, antarctic
bibliography, and periodic publications of general interest regarding the
nature, extent and personnel involved in antarctic research.

! CARTOGRAPHY

The year 1962 was a notable one for Antarctic mapping. New field
control techniques were tried and proved successful. Substantial prog-
ress was made in the preparation of maps in the 1:250,000 series and a
new continental map was produced. United States Geological Survey
topographic engineers, working with the Army helicopters supported
by the Navy, successfully completed Topo North and South, a 1,100-
mile topographic traverse in the mountains between Cape Adare and the
Beardmore Glacier using electronic distance-measuring devices. The
use of this technique resulted in the establishment of field control making
possible the mapping of a 100,000-square-mile area. ~Another important
development was the testing and proving of a technique to use daylight
stars as a basis for position determination.

A new 1:5,000,000 scale map of Antarctica was produced by the
American Geographical Society, undoubtedly the best map of the conti-
nent to date. Preparations were started that will result in the printing
of a 1:3,000,000 scale map of Antarctica in four colors.

Compilation was completed and a contract was let by the Geological
Survey for the preparation of a two-layer plastic relief model of Antarc-
tica. Support was continued to the Office of Geography of the Depart-
ment of Interior which is actively engaged in the naming of geographic
features in Antarctica, coordinating this effort with similar groups in
other countries.

Arrangements were begun for the production of an Antarctic Map
Folio Series. Each folio, representing a special field of activity, will
include maps, narrative, graphs and photographs to be used as a work-
ing tool for scientists.

INTERNATIONAL INDIAN OCEAN EXPEDITION

The International Indian Ocean Expedition (IIOE) is a scientific
project of broad scope and magnitude designed to investigate one of the
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world’s least-explored oceans. The Indian Ocean’s 28 million aquare
miles cover about 14 percent of the earth’s surface and are surrounded
by some of the world’s most densely populated countries, yet between
1873 and 1957 fewer than 30 vessels carried out oceanographic investiga-
tions in its waters.  Although there is intriguing evidence that the biologi-
cal productivity of the ocean is high—higher than cither the Atlantic or
Pacific, almost half of its area has not ever been sampled biologically,
and while a possible food resource washes over their doorsteps, many
inhabitants of the surrounding region suffer from severe dietary protein
deficiency.

The Indian Ocean is of great interest also to physical scientists. The
basin’s structure is virtually unknown. Moreover, as it is landlocked
in the north, west, east, and cut off by equatorial currents on the south,
the northern half of the Indian Ocean is the only body of water where
there is a complete seasonal reversal of the prevailing wind. It is, there-
fore, a huge natural laboratory for observing the effects of wind stress
on oceanic currents.

The above features and the lack of scientific attention to them are
evidence of the need for a thorough exploration and analysis of the
ocean’s contents, structure, and relationship to the atmosphere above
it. This need will be met by the 25 nations and 44 vessels participating
in the IIOE; from 1962 through 1965 they will conduct broad system-
atic surveys as well as detailed individual investigations in such varied
fields as biology, geology, chemistry, geophysics, bathymetry, and
meteorology.

History and Organization of the U.S. Program

Initiated in 1958 under the auspices of the International Council of
Scientific Unions and its Special Committee on Oceanographic Research,
the IIOE is now coordinated by the Office of Oceanography of
UNESCO. Initial planning for this country’s participation was per-
formed by the Committee on Oceanography of the National Academy
of Sciences. United States participation was approved by the Presi-
dent in June 1960, and the National Science Foundation has been
assigned full scientific responsibility for the U.S. program. NSF has
encouraged research institutions in this country to submit proposals for
projects connected with the IIOE, and in some cases has transferred
funds to enable other Federal agencies to carry out urgent, related
programs,.

Although the participating scientists represent more than 100 colleges
and universities, the actual conduct of the expedition is centered in
those few institutions experienced and qualified in the logistics of ship
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operation. Thus, the biological sciences program is coordinated
through the Woods Hole Oceanographic Institution; the physical sci-
ences program is managed by the Lamont Geological Observatory, the
Narragansett Laboratories of the University of Rhode Island, Scripps
Institution of Oceanography, and Woods Hole; and the meteorological
efforts are under the direction of the University of Hawaii, cooperating
with Woods Hole and the Universities of Michigan and Washington. -
Taking a leading part in the U.S. program will be Atlantis I1, one of
only two major vessels under the U.S. flag especially designed for
research tasks. The former Presidential yacht Williamsburg, now
renamed the Anton Bruun, will also be operated as a public vessel by

Woods Hole; aboard this ship much of the biological work of the
expedition will be carried out.

Scientiflc Programs

The study involves three major programs: biological, physical, and
meteorological. The biological program is designed to increase knowl-
edge of the abundance and distribution of living organisms and to gather
information leading to a better understanding of the biological resources
of the Indian Ocean. All U.S. ships will be equipped to sample plank-
ton and observe surface biological phenomena; some will measure pri-
mary productivity as well.

The physical oceanography program will include chemical and iso-
topic analyses of water samples, measurement of current flow at various
depths, and geophysical studies to aid in comprehending the nature of
the sea floor and the crustal structure,

The meteorological studies will be concerned with the interactions
between the ocean and the atmosphere. Essential to this will be a large-
scale circulation study employing not only standard wind and weather
observations from ship and shore stations and from two special Weather

Bureau aircraft, but also new and special devices including an extensive
series of meteorological rockets.

PROJECT MOHOLE

The ultimate objective of Project Mohole is to drill through the crust
of the earth beneath the ocean to provide the first samples and direct
measurements of the deep crust and the underlying mantle. The project,
which is supported and administered by the National Science Founda-
tion, is a cooperative plan by scientists throughout the country, organized
under the National Academy of Sciencess AMSOC Committee.

Probably no single project within the scope of present technological
capabilities would provide more information on a number of critical
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questions in geophysics. Samples of the deep crust and upper mantle

would, for example, (1) render much more accurate the determinations
of various rock lavers. 1 9\ establish the chemical comnasition and
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mineralogy of the top of thc mantle to aid experiments in high-tempera-
ture, high-pressure mineralogy, (3) help determine possible causes of

the anomalmnlv hm-h heat flow from the floor of the geean (4\ 3
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data about th,c ongmal isotopic composition of pnmondlal lead and
uranium, and (5) increase understanding of early stages of earth history.
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drilled at sea, would provide a nearly continuous sedimentary record
from the floor of the ocean down through the first rocks deposited in

that part of the ocean basin, In addition. much evidencs of the avnhi-
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tmnary process would be provided by fossil remains in the various
sedimentary layers.

The rapid development of deen-drilling technigues by the natraleum
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industry in recent years has indicated the possibility of drilling to the
mantle through the oceanic crust. Beneath the continents the Moho-
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mantle, lies at depths of from 25 to 40 kilometers (3 to 5 miles). Thus,
drilling to the “Moho” at sea would take advantage of the fact that
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Drilling in deep water: from unanchored vessels had never been
attempted until the expen'mental drillings, conducted by the AMSOC
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Guadalupe Island, Mexico, in early 1961. These tests proved the
feasibility of drilling at sea using a specially conceived dynamic position-
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its own power for prolonged periods under severe wind and wave
conditions. Drilling at La Jolla, on the edge of the San Diego T;ough
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feet, obtaining important scientific results in the form of the first samples
of oceanic sediments from significant distances below the sea floor. Flve
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mum of 601 feet into the bottom. Samples were obtained for the
first time of the second layer of the oceanic crust, found to be basalt at
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recommendations to attempt the second phase of drilling all the way
to the upper mantle.

Under Foundation support and administration, the second phase of
Project Mohole was begun with the selection of Brown and Root, Inc.,
Houston, Texas, as the prime contractor for management, operations,
and logistic support. Detailed engineering and feasibility studies are
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in progress. The project is expected to require between 3 and 5 years
to complete.
WEATHER MODIFICATION

The National Science Foundation has supported a special program of

research in the ficld of weather modification over the past four years,

following passage of Public Law 85-510 of July 11, 1958. By that law,
NSF was directed to “initiate and support a program of study, research
and evaluation in the ficld of weather modification.”

Since then the Foundation has not only supported a significant pro-
gram of weather modification research, but in a larger sense it has main-
tained a central position of leadership in stimulating adequate and perti-
nent research throughout the scientific community, in the universities,
and within the various laboratories of the Federal Government. Fol-
lowing the usual pattern of Foundation operation, the program is admin-
istered principally through grants and contracts with universities and
other research groups. At the Government level this includes joint re-
scarch cfforts in the various Federal agencies concerned with weather
modification, for example, the NSF-Weather Bureau-Navy hurricane
modification program.

Under the NSF program a full range of laboratory and field experi-
mental work along with theoretical studies is being pursued under the
direction of research physicists, chemists, mathematicians, and engineers,
as well as meteorologists. The problems of weather modification are
interdisciplinary in nature and trained scientists from many fields find
challenging and worthwhile problems to undertake. The program is
managed as an integral part of the much broader program for atmos-
pheric sciences, for weather modification is inseparable from the field of
meteoyology as a whole.

Under the NSF Weather Modification program some 37 individual
research studies are now underway, mostly at university research centers.
They range from a carefully designed field research effort at the Univer-
sity of Arizona where the objective is to determine whether aerial silver-
iodide seeding can modify the cumulus clouds that form over the Santa
Catalina Mountains of southeastern Arizona, to a planning conference
at the South Dakota School of Mines and Technology where scientists
and educators outlined a program of weather modification research for
the Black Hills area of South Dakota. Other projects supported include
a U.S. Weather Bureau investigation of the number and variation of
freezing nuclei in the atmosphere and their relationship to global pat-
terns of heavy rainfall, and a series of experiments by scientists from



Arthur D. Little, Inc. and the University of Illinois to find out how
artificially induced electrical space charges affect the growth of cumnlus
clouds during the summer over an extensive weather station network in
central Illinois.

Countries other than the United States are also conducting research
and attempting to develop methods and techniques of weather modifica-
tion suitable to their problems. For the first time all the known activity
throughout the world was described and published in the NSF Third
Annual Report on Weather Modification. The material for each of
the national program reviews was supplied for the most part by sci-
entists conducting research work in the countries themselves. Informa-
tion on the USSR and Communist China was derived from scientific
articles published in the open literature.

In fiscal year 1962, fifteen grants totalling $1.3 million were awarded
for research in weather modification. The fourth annual report on
weather modification, covering fiscal year 1962 activities, will be re-
leased shortly.

National Research Centers

Major national rescarch centers are maintained by the Foundation
in three important and rapidly developing fields of science—optical
astronomy, radio astronomy, and atmospheric sciences. These centers
have been established to provide essential facilities that U.S. colleges
and universities, for reasons of cost or location, could not provide. Gov-
ernment installations funded through the Foundation, the three centers
are managed by independent nonprofit corporations made up of groups
of universities; they are available to all qualified United States scientists,
and to visiting foreign scientists, subject to priorities based on scientific
merit and feasibility of the proposed research. The centers provide
facilities for both staff scientists and for university scientists who wish
to supplement their campus-based research.

KITT PEAK NATIONAL OBSERVATORY

A considerable amount of major construction was completed during
the fiscal year at this optical observatory, including most notably the
300-foot solar telescope, largest and most advanced such telescope ever
built. The first solar image, 34 inches in diameter, was obtained on
October 31, 1962, just two days before the dedication of the instrument.
(See photo, page 68.)



- This instrument has been named the Robert R. McMath Solar Tele-
scope, in memory of the famous University of Michigan astronomer
who, as first chairman of the Association of Universities for Research
in Astronomy, Inc. (AURA )—the organization that operates Kitt Peak
for NSF—was largely responsible for conceiving and bringing to fruition
this project. The structure consists of a 110-foot high pedestal, a 500-
foot inclined tunnel, much of which is underground, and an under-
ground observing room with 70-foot deep pit for vacuum spectrographs.
The telescope is equipped with preliminary optics including a 63-inch
quartz flat for the heliostat and a 63-inch concave aluminum image-
forming mirror with a 300-foot focal length.

. Ten months. of polishing and figuring on the primary mirror for an
84-inch stellar telescope came to a successful end during the year, and
the mounting for the instrument was installed in the dome atop Kitt
Peak. The mirror has been shown in shop tests to be extremely accu-
rate—good to 1/20 wavelength up to its extreme edge. Additions to
the Tucson headquarters building of the observatory were also finished
during the year, and occupied by the solar and space divisions. A pub-
lic highway to the observatory, designed and built under the auspices of
the U.S. Bureau of Public Roads, was also completed.

The 36-inch telescope was during fiscal year 1962 the major instru-
ment in operation at Kitt Peak. It has been used primarily for photo-
metric studies. A 16-inch telescope was also installed on the peak, and
is now in regular use in programs of photoelectric photometry.

Time for obsérving runs on the 36-inch telescope was scheduled for 13
visiting astronomers and 5 graduate students (202 nights), with staff
astronomers and assistants assigned 153 nights. Among the programs
carried out by visiting scientists were the observation of nearly 100 cali-
bration stars and 20 galaxies in 12 spectral regions as part of a University
of California project; the establishment of photometric standards by an
astronomer from The Observatories, Cambridge, England, in regions
of the Praesepe and Coma clusters; and photoelectric photometric ob-
servations by a visitor from the Institute for Advanced Study, Princeton,
New Jersey. Close cooperation was maintained with visiting astronomers
from the nearby University of Arizona, with four projects being carried
on at Kitt Peak during the year by members of the Steward Observatory
staff.

Spectroscopy and photometry occupied the major portions of the ob-
serving time of the staff astronomers. In addition, the Observatory’s
digital computer was used in an investigation of optical designs for tele-
scope mirror systems and for astronomical instrumentation. A new
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spectral atlas is being compiled jointly by a Kitt Peak astronomer and
an astronomer from the Steward Observatory of the University of
Arizona.

Preliminary design and engineering studies of a 150-inch reflecting
telescope are under way, and a program of rocket astronomy using
Aerobee-borne photometers and spectrometers is planned. Instrument
packages are also being prepared for inclusion in deep space probes of
the National Aeronautics and Space Administration.

NATIONAL RADIO ASTRONOMY OBSERVATORY

Located at Green Bank, West Virginia, this scientific laboratory is
presently operating a 300-foot radio telescope (completed in September
1962), an 85-foot fully steerable radio telescope, and several smaller
instruments including a 40-foot automated dish, a 20-foot telescope,
a 12-foot telescope, and a 120-foot standard-gain horn antenna. A 30-
foot instrument is used for continuing interference measurements. Con-
struction of a 140-foot fully steerable radio telescope was resumed in
May 1962, with award by Associated Universities, Inc., which operates
the facility for NSF, of three contracts for fabrication and erection of
components for the instrument.

In September 1962, Dr. D. S. Heeschen was appointed Director of
the Observatory. Dr. Heeschen had previously served as Acting Di-
rector following the retirement of Dr. Otto Struve in December 1961.

Successful completion of the 300-foot “transit” telescope has given
scientists at NRAO the world’s largest movable radio telescope. Not
a fully steerable dish, the parabolic reflector can be moved in a north-
south direction only. Observing procedure is to point the instrument
at the area of sky to be studied, and allow rotation of the earth to carry
the radio source through the telescope’s beam. During this “transit”,
the data are automatically recorded on paper charts, printed out, and
punched at high speed onto tapes for subsequent analysis in a digital
computer.

Test observations with the telescope began September 20, 1962, and
were so successful that a full program of research was immediately
started. For the first series of observations, instrumentation has been
installed to make possible the recording of two radio frequencies
simultaneously.

The 40-foot transit telescope was completed during the winter, and
regular daily observations began in March 1962. The telescope, re-
ceivers, and calibration signals are all automatically controlled by a
digital control system.



Research programs carried out by the observatory staff included plane-
tary observations (Venus, Saturn, Jupiter) galactic studies, atmospbmc
effects, and work on information theory.

The full time scientific staff of the observatory reached 10 on June 30,
1962, with additional staff in engineering, operation of telescopes, re-
search assistants and technicians, operation, maintenance, clerical, and
administrative employees. Approximately 30 graduate and undergrad-
uate students in astronomy, mathematics, physics, electronic engineer-
ing, and related fields spend an average of three months each at the
Observatory during the year, in addition to the frequent visits by estab-
lished scientists for rescarch purposes utilizing the NRAO facilities.

NATIONAL CENTER FOR ATMOSPHERIC RESEARCH

During fiscal year 1962 the National Center for Atmospheric Re-
search, at Boulder, Colorado, made a vigorous beginning toward ful-
filling its role in the advancement of atmospheric science research.
Operated for the Foundation by the University Corporation for Atmos-
pheric Research, it is designed as a center for interdisciplinary investi-
gation of fundamental processes in the atmosphere, including influences
on it from below (the ocean and ground surfaces), and from space
(particularly the sun).

As an institution in which men with many varying scientific special-
ties work in close cooperation and proximity, NCAR hopes to achieve
substantial progress in improving existing theory concerning the at-
mosphere and its behavior, essential prerequisite to a better understand-
ing of the factors affecting changes of weather and climate over various
time periods. Such a theory is also essential to a realistic assessment of
the extent to which weather modification or control may be possible.
Long-range research programs now under way at NCAR may also
produce theoretical bases that will assist researchers in attaining solutions
of other atmospheric problems.

The research program of NCAR is pursued in two closely affiliated
laboratories: the Laboratory of Atmospheric Sciences, which was estab-
lished during fiscal year 1962, and the High Altitude Observatory, which
was founded in 1946 and merged with the University Corporation for
Atmospheric Research in December 1961. Within these laboratories,
research efforts are organized around the work and interests of individual
senior program scientists.

In the Laboratory of Atmospheric Sciences, research efforts under the
direction of seven senior scientists and their assistants are now under way.
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The laboratory’s research is divided into four broad problem-area cate-
gories: dynamical aspects; thermodynamical, chemical, and physical
aspects; interaction between the atmosphere and the underlying ground
or ocean surface; and interaction between the terrestrial atmosphere and
astrophysical phenomena. During the summer of 1962 a visitor pro-
gram was carried out, with 18 scientists participating.

The High Altitude Observatory brings to NCAR an outstanding
group of scientists whose chief research efforts, on solar-terrestrial effects,
will complement and extend the work of the Laboratory of Atmospheric
Sciences. HAO has a staff of about 75 persons, of which 15 are inde-
pendent program scientists at the Ph. D. level or equivalent, and an
additional 35 in the scientific and professional category. HAO operates
an observing station at Climax, Colorado, a radio astronomy observing
site north of Boulder, and a central headquarters on the campus of the
University of Colorado. It is supported by a variety of private and
Government sources.

The Center moved into new temporary quarters in Boulder in May
1962, in a building leased from the University of Colorado. Architec-
tural plans are being prepared for construction of a permanent facility
on the Table Mountain site just outside Boulder. This beautiful site of
570 acres was donated to the Foundation by the people of the State of
Colorado, through their State legislature, as a permanent site for the
NCAR headquarters.

The first of the NCAR national programs, the scientific balloon pro-
gram, is approaching a level of operation where it can make significant
contributions to a national scientific need. A year-round facility de-
voted exclusively to scientific balloon flights has been constructed at
Palestine, Texas, and is known as the National Scientific Balloon Flight
Station. Completed during the summer of 1962, it will be the location
of the STRATOSCOPE II balloon-borne telescope flights of Princeton
University in 1963 and following years, as well as other scientific balloon
projects now planned by a number of institutions. The station was
established as an integral part of a program to stimulate improvement in
balloon technology for use in scientific experiments, and to make balloons
more readily accessible to scientists who need their unique ability to float
a large platform for heavy instruments at high altitudes over a long
period of time.

A two-story prefabricated operations and laboratory building and
asphaltic concrete launching area was completed during 1962, and a
“Stratoport” erected to house the Princeton University 36” Stratoscope
telescope.
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Facilities
GRADUATE-[EVEI. RESEARCH FACILITIES

Graduate laboratories are used principally by faculty members and
their research associates for the conduct of their scientific investigations.
They have a further important use in that they serve the needs of grad-
uate and postdoctoral students working on thesis or independent research
problems. A considerable portion of the research supported by the Fed-
eral Government is conducted in these laboratories. Therefore, with
the increasing level of Federal research support being provided, and the
growing need for scientific knowledge and research training that results
from investigations being conducted in these laboratories, it is of utmost
importance that they be maintained at maximum productivity.

Most of the laboratories for graduate-level research, however, are out-
moded and overcrowded. The rapid technological advances of the last
few years, the tremendous increases in the volume of research being con-
ducted, and the growing numbers of students striving to enter graduate
training in the sciences have combined to tax existing facilities far beyond
their operational capacities. At the same time the financial resources of
most institutions of higher learning are being strained to the utmost to
meet the constantly rising costs of operating their total educational pro-
grams. The result is that these expanded facility needs cannot be pro-
vided from funds now available to the institutions; additional outside
assistance is urgently required. The Foundation, through this program,
is providing limited support to colleges and universities so that they can
partially undertake the needed expansion and upgrading of these grad-
uate facilities. ‘

Initially, only university departments with on-going doctoral training
in science or engineering were eligible for support. In January 1962,
the program was expanded to include: (1) institutions offering the mas-
ter’s degree with the requirement of research participation and a thesis,
and (2) non-profit research institutions having arrangements for grad-
uate training with degree-granting institutions. ~Provision was also made
for general purpose laboratory equipment in an amount not to exceed
10 percent of allowable construction costs.

In fiscal year 1962 a total of $26 million was awarded for graduate-
level facilities.

In the life and social sciences, the major portion of the grants were
made in the animal and plant sciences, while in the physical sciences
by far the greatest share was for chemistry, physics, and engineering.



The number of proposals for new construction as compared to those for
renovation shows a continuing upward trend. Facilities being planned
seem to involve to a great extent construction of large buildings.

The size of requests cover a wide range from $1,100 for fixed equip-
ment for a two-room botany laboratory and $2,000 for the remodeling
of one room for work in atmospheric sciences to $2.2 million for construc-
tion of a building for the behavioral sciences and $3.1 million for an
addition to a chemistry building. ;

Well over half of the 1962 fiscal year grants were for amounts of less
than $50,000. The two largest grants were $1.6 million for the con-
struction of a 7-floor life sciences building and $1.4 million for the
construction of a 15-story behavioral sciences building.

SPECIALIZED BIOLOGICAL AND MEDICAL SCIENCES
RESEARCH FACILITIES

This program is designed to support installations that are unique in
the sense of geographical location, purpose, regional usage, or a combi-
nation thereof, and that are not usually a part of the normal depart-
mental organizational structure of colleges or universities. There is no
fixed requirement as to the amount of funds which the institution must
itself raise before becoming eligible. In some instances the Foundation
provides the full cost.

The specialized facilities program provides support for: (1) main-
tenance of research materials, including museum research collections,
genetic stock centers, and repositories for special research materials;
(2) maintenance and operation of research installations, including field
stations, marine biology stations, special university laboratories or insti-
tutes, and other private nonprofit laboratories; and (3) development of
new facilities, including unique designs of existing types of facilities,
special applications of such complex tools as computers and reactors,
and new departures.

Twenty-eight grants totaling $3.1 million were awarded during 1962
in this program. The following are examples of the awards made. A
grant was made to the University of Michigan to establish a major facil-
ity for research in animal biosystematics. The facility will consist of a
31,000-square foot wing addition to the existing Museum of Zoology.
This wing will contain controlled environment, photo-period, and
acoustical rooms, animal maintenance facilities, biochemical labora-
tories, and other special features designed to permit application of the
latest techniques of biochemistry, physiology, genetics, and behavioral
science to the field of systematics.
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Two grants were made for special research facilities at the University
of California, Davis, and at Washington State University. The first
is for an animal centrifuge laboratory designed to permit study of chronic
acccleration effects. The second is for a controlled-environment irradia-
tion facility for the study of the effects of radiation on plant structure
and function. Two biological field stations received grants for construc-
tion and improvement of their research facilities: Mountain Lake Bio-
logical Station of the University of Virginia and the University of Col-
orado Science Lodge. In both instances the additional facilities will
permit a modest expansion of the research programs involving both local
and visiting scientists.

Grants were made to small marine stations, the University of Florida
Marine Station and the Walla Walla College Biological Station, for
acquisition of motor boats in the 32 to 40-foot range for marine biological
research. One will be newly constructed and the other converted from a
fishing vessel.

In addition to such aid to small marine stations, two grants were made
for the development of the biological phases of marine and ocean-
ographic research. (For details see section on “Oceanographic Re-
search Vessels and Facilities”, page 61.)

UNIVERSITY COMPUTING FACILITIES

This program provides partial support for the rental or acquisition
of high-speed computers of advanced design at universities for use in basic
research and available to all departments of the university. Computers
are proving of ever-increasing value as tools for research and training
in virtually every imaginable scientific field. The need for these tools
is accelerating rapidly, for as the speed and power of computers rise,
problems previously insoluble because of their complexity and magnitude
become susceptible to solution. :

The Foundation has made grants to assist our educational institutions
to acquire computers of all sizes—from the small to the very large.

In selecting institutions to support under this program, the Founda-
tion uses the following criteria: (1) weighing the capacities of the
institution’s staff to develop the proposed computing center as an
important adjunct to basic research; (2) selecting institutions with
due regard to achieving good geographic distribution in terms of the
needs of the scientific community; and (3) requiring institutions to
indicate a plan for self-support of the facility as well as to demonstrate
a capacity to provide the other capital funds needed.

In fiscal year 1962, 11 grants were made totalling $2,975,000.



UNIVERSITY NUCLEAR RESEARCH FACILITIES

Recent advances in the theoretical description of the atomic nucleus,
together with recent design improvements in cyclotrons and Van de
Graaff accelerators, have resulted in the development of a program for
establishing and improving low-energy nuclear physics research facilities.

~ The theoretical advances have resulted in a need for refined measure-
ments of energy levels, spin assignments, and other characteristics of
the nucleus so that the synthesis of current theoretical models can be
further advanced. Many of these refined measurements are now possible
through extension of Van de Graaff accelerator ranges to particles with
energies of up to 20 MeV (million electron volts), and improvements
in cyclotron design to permit well-controlled beams up to 40 MeV.
Until about five years ago Van de Graaff accelerators were restricted
to energies less than 8 MeV.

This year the Foundation made a group of 8 grants, totalling $6.2
million, in furtherance of the new program. These eight accelerators
are expected to play an important role in the Nation’s effort in nuclear
structure physics.

OCEANOGRAPHIC RESEARCH VESSELS AND FACILITIES

The 210-foot research vessel, Atlantis I1, launched in September 1962,
is one of the very few designed specifically for oceanographic research.
The ship, built with funds provided by the National Science Foundation,
is to be used by the Woods Hole Oceanographic Institution. After a
few trial cruises, it will be assigned for duty in the Indian Ocean as part
of the International Indian Ocean Expedition.

Approximately $6 million was provided in fiscal year 1962 for smaller
craft, shore facilities, and buoy systems. Grants were made to the
Scripps Institution of Oceanography for a special biological research
vessel and a related shore laboratory which will contain a circular towing
tank for underwater studies of marine organisms and man, also for a
hydraulic laboratory; to Johns Hopkins and Oregon State universities
for oceanographic laboratory buildings; to A & M College of Texas for
conversion of an Army freighter (FS) into an oceanographic research
vessel; and to Woods Hole Oceanographic Institution for a laboratory
of chemical and biological oceanography.

The USNS Eltanin joined the U.S. Antarctic Research Program
during the fiscal year. Owned and operated by the Military Sea Trans-
portation Service, the former cargo ship was converted by the Founda-
tion into a multi-discipline research vessel. A description of its role
in Antarctic research is described on page 47.
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Fiscal Analysis of Research Programs

' Grants for support of basic research totaled 2,572 in fiscal year 1962
and were awarded to 381 institutions throughout the United States and
its possessions. Research obligations amounted to $157 million—$96
million for research grants, $47 million for facilities, $10 million for na-
tional research centers; plus $4 million for the Indian Ocean Expedition
and Project Mohole.

Research grants in 1962 averaged $36,822 for a period of slightly
less than 2 years.  Grants in the mathematical, physical, and engineering
sciences averaged $41,616; in the social sciences, $34,389; and in the
biological and medical sciences, $31,842.

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

DIRECT COSTS SALARY COSTS

——
——
——
—— —
.
——

Permanent
Equipment

$5,236 Salaries
16.7% $19,812
o

3R S AT

o — ——
o ——
.
o

Indirect Costs of $5,487 = 17,5% of Total Direct Cost

Note: Based on Average grant of $36,822.

Figure 1. Distribution of Research Grant Funds, by Type of Expenditure,
Fiscal Year 1962.
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Fiscal Year 1962

Table 1.—National Science Foundation Grants, By Fields of Science,

Field Number Amount
Biological and medical sciences:
Developmental biology. .................. ... ..... 83 | $3,012,300
Environmental biology....................... ... ... 144 3, 961, 400
Geneticbiology. .. ......... ... ..o i 80 3, 149, 212
Metabolic biology. . ....... ... ... ... ... 119 4, 365, 850
Molecular biology. ............. ... ... .. 161 6,977,100
Psychobiology............ ... ... . ... .. ... .. .... 98 2, 545, 700
Regulatory biology. .. ............................. 150 4, 599, 600
Systematic biology. . ......... ... ... ... . 186 3, 149, 850
General biology. . ............... FE 20 1, 390, 070
Subtotal . .............. .. oo 1,041 | $33, 151,082
Mathematical, physical and engineering sciences:
ASEronoOmY . . . ..o e 73 3, 332, 600
Atmospheric sciences (including weather modification). . 74 5, 395, 412
Chemistry. ... ...t i i 259 8, 003, 285
Earthsciences........... ... ..., 17 6, 313,130
Mathematical sciences.............................. 203 7, 054, 245
Physics. .. .o e 170 } 10, 745, 300
Engineering sciences. . ............... ... .. 242 8, 844, 825
Subtotal .. ... ... ... 1,192 | $49, 688, 797
Social Sciences:
Anthropological sciences. . ................... . ... 94 2, 184, 545
EcOnOmic SCIeNCeS. . .. .. ovviir i iie e 36 1, 995, 550
History & Philosophy of science..................... 27 668, 100
Sociological sciences. . ...... ... oo i 65 2, 945, 950
Subtotal . ........ ... . L. 222 | $7,744,145
Antarctic research (life & physical sciences)............... 117 5, 448, 516
TOTAL. .. e e 2,572 | $96, 082, 540
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INSTITUTIONAL GRANTS

Institutional grants assist colleges and universities in developing and
balancing their programs of research and education in the sciences.
These grants provide flexible support, which enables institutions to move
freely in the strengthening of neglected or emerging areas of their scien-
tific activities and to correct imbalances that result from the large amount
of Federal money granted for specific research projects.

The Foundation recognizes that a college or university is in the best
position to determine the means by which it can strengthen its scientific
endeavors and thereby contribute to the progress of science. Educa-
tional institutions must have independence of choice and economic ca-
pability in order to reach their educational goals. The responsibility for

tha adminigtrntinn nf inctitntinnal orante tharafarae wagidag in tha ~nl
LIV QGQULIILMIIWWU ALIVIL Vi liDuivuiuaviiaz 5la.uw, u.u,l\,lunb, ADIALY M UL LUt

leges and universities which receive them. With the limitation that they
must be cxpended for science and science-related activities, institutional
grant funds may be used at the discretion of recipient institutions.

Preliminary reports from the recipients of 1961 institutional grants
show three main kinds of uses of the funds: (1) faculty research grants,
(2) purchase of equipment for rescarch and teaching, and (3) provi-
sion for institution-wide scientific needs. The reports testify to the value
of the new program and commend the Foundation for its recognition of
the principle of institutional freedom and its simplified procedures for
the administration of the grants.

In 1962 colleges and universities receiving basic research grant pay-
ments from the Foundation during the year April 1, 1961-March 31,
1962 were eligible to apply for Institutional Grants. The following
formula was used for computing grants made during 1962: 100 percent
of the Foundation’s basic research grant payments up to $5,000, plus
5 percent of such payments in excess of $5,000. The maximum grant

to anv gne institution was limited to €50.000

VW aily ULIU MHISULULIULL 17 60 211U WU Yguvyvvve

Grants totaling $3,730,634 were made to 302 institutions in 1962.
Grants were made to colleges and universities in every State, the District

of Coiumbia, and Puerto Rico. Seventeen of the granis were for the
maximum amount. More than half (167) were for $6,000 or more.
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Special Microscope Shows Living Cells in Process of Division

Mitotic division, the process whereby a cell divides and the genetic material is
transferred from the old cell to the two new cells, is shown clearly in this remarkable
plate obtained by an NSF grantee Shinya Inoué of Dartmouth College. Using a
special polarizing microscope, the photo shows a living cell (isolated from the fruit
of the African blood lily) actually undergoing nuclear division. The dark chromo-
some pairs that are just about to separate, and the bright spindle fibers that will pull
the chromosomes apart, can both be clearly seen.

Time-lapse motion pictures of these cells taken through the polarizing microscope
show how the molecules in the spindle fibers behave during cell division.
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Important New Research Tools for Astronomers

Completion of the 300-foot transit radio telescope (above) at the National Radio
Astronomy Observatory in September 1962, was followed by a short testing period
after which a full research program was immediately started. At present the
largest movable radio telescope in the world, it is instrumented to record two radio
frequencies simultancously, and began observations on the planct Jupiter.

On Oct. 2, 1962, the 300-foot solar telescope at the Kitt Park National Observ-
atory was dedicated (photos at left). Also the largest instrument of its type in
the world, it produces images of the sun 34 inches in diameter in its underground
observing room; one of the first of such images is shown in the lower photo, being
observed by astronomers and visitors on dedication day. It is hoped that with
this instrument, the true physical properties of the small-scale structure of the
sun can for the first time be determined.

The National Radio Astronomy Observatory is located at Green Bank, West
Virginia, and the Kitt Peak National Observatory is near Tucson, Arizona. Both
are national rescarch laboratories sponsored and funded by the Foundation. For
further information, see page 53.
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Field Institute in Anthropology

Photos taken in a New Mexico Navaho
community, as part of a study conducted
by the Harvard-Columbia Special Field
Institute  in  Anthropology. Graduate
students in ethnology and social anthro-
pology spent three months under the

guidance of a senior scientist, working on

the history, habits, cultures, and reli

ceremonies of Navaho, Zuni, Lagun 1,
Acoma, and Hopi Indians. Interviews
with the Indians, who received remuner.-
tion in return for their information and
assistance, were carried on with the aid
of an interpreter. These photos show
preparation of a sheep hide (left) and a

family group during mealtime.




Sea Turtles Provide Clues to Under-
standing Animal Orientation

The marine green turtle appears to be
one of mnature’s champion navigators.
Turtle migration throughout the Carib-
bean, and between Brazil and tiny, iso-
lated  Ascension Island in the south
Atlantic, probably involves celestial navi-
oation. Work on the behavior, move-
went, and ecology of the five genera of
<. turtles indicates that there is much
to be learned about their highly devel-
oved  travel-orientation  senses.  These
photos show the NSF grantee tagging a

ar-old specimen (top right), and female

cen turtles trudging toward the sea after
1 sting, on Ascension Island.




Arithmetic by Television: Teacher

A Project Associate and Television
Teacher presents scts of equivalent num-
ber pairs, for a fourth grade arithmetic
class in Madison, Wisconsin. This is
part of an effort to establish a sound
basis for teaching a modern arithmetic
curriculum  in  elementary  schools
through the use of television.

Arithmetic by Television: Students

A fourth grade arithmetic class at Nichols School, Madison, Wisconsin, watches a
television lesson in arithmetic. Sets of equivalent number pairs are being discussed.
The program. an NSF-sponsored project of the University of Wisconsin. is also used
in grades 5 and 6. Telecast in Madison and Milwaukee, it has also been used in
Racine and other Wisconsin cities, with the cooperation of WHA-TV and WMVS.
In view of the vast number of elementary schools and teachers, it is believed by the
project participants that television is an excellent medium through which new
concepts can be presented directly in the classroom.




Laboratory and Classroom Afloat

Formerly the Presidential yacht Williamsburg, the newly named Anton Bruun
(above) has been made available to NSF as a floating biological research laboratory
for the International Indian Ocean Expedition. The Te Vega (below), a 135-foot
schooner formerly used in the West Indies as a pleasure yacht, has been chartered
by Stanford University as a floating classroom for the graduate training-research
program of the Hopkins Marine Station, with the aid of NSF grants.




Modern Workers in World’s
Coldest Coal ‘“‘Mine”

These four “miners,” members
of a field party in the Central
Horlick Mountains, Antarctica,
carried out a geological recon-
naissance project as part of NSI’s
7.S. Antarctic Research Pro-
gram. In a coal bed about 350
miles from the South Pole, they
excavated to a depth of about 20
feet and recovered coal samples
less weathered than any hitherto
taken in the Antarctic.
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Antarctic Research at Sea

The USNS Eltanin, converte:l
to a seagoing rescarch laboratory,
has begun a series of scientific
cruises during which scientists
from many different institutions
and many different disciplincs
can undertake fundamental re-
search. This photo shows a huge
beam trawl hauled aboard, from
a depth of 20,000 feet, to be
emptied for specimens of ocearn

. bottom sediment and marine lifc

The nets in upper left are par
of , another project, investigatin:
zlir‘tbome insect distribution.



EDUCATION IN THE SCIENCES

The Division of Scientific Personnel and Education continued in 1962
to support those activities which appear to have the greatest potential
for improving science education in the United States. These include:
further training of scientists and science students, supplementary train-
ing for teachers of science, mathematics, and engineering, improved
course content and instructional materials, and various special projects
in science education designed to assist individuals and institutions in
improving their capabilites.

Continued and- increased support was provided for established pro-
grams; new programs were introduced; the level of support was raised
for promising experimental projects; and greater emphasis was placed
on exploring and planning new approaches for existing institutions in
upgrading science education. Approximately $88 million was obligated
in fiscal year 1962 for education programs. Participation of institutes,
teachers, and students in these programs increased considerably during
the year. A total of 625 institutions, scientific societies, and comparable
organizations were awarded grants to conduct such programs. Fellow-
ships offered increased to 4,800. Approximately 40,800 opportunities
for scientific study were made available at teacher-training institutes.
A total of 15,000 undergraduate college and high school students par-
ticipated in various NSF-supported training programs during the year.

Among the special projects in science education receiving noteworthy
attention during the year was the new Undergraduate Instructional
Scientific Equipment Program. This program was designed to assist
institutions with the purchase—on a matching fund basis—of new and
modern scientific equipment for improvement of science teaching at the
undergraduate level. The demand for such funds far exceeded the
supply.

The success of course-content improvement projects at the secondary
school level has stimulated great interest in similar efforts for the ele-
mentary, junior high school, and college levels, and for certain specialized
fields of science. The Foundation during 1962 has been conducting
exploratory and feasibility studies before embarking on major programs
in this area.
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Special Projects in Science Education

The Foundation’s efforts in experimental testing and development
of promising new directions in science education are centered in the
activities of Special Projects in Science Education. Here new ideas
are constantly being conceived, designed, developed, tested, and eval-
uated. Even those current activities which have become well estab-
lished, with comparatively long histories and national acceptance, have
either experienced major changes this year or will undergo major changes
next year.

Four major program categories are administered under Special Proj-
ects in Science Education: Undergraduate Science Education Pro-
grams, Research Participation and Scientific Activities for Teachers,
Specialized Advanced Science Education Projects, and Secondary School
Programs.

UNDERGRADUATE SCIENCE EDUCATION PROGRAMS

The several Undergraduate Science Education Programs offer unique
opportunities to undergraduate institutions to improve the quality of
education in the sciences. The three programs described below are
intended to prepare the Nation’s most able undergraduates to under-
stand and contribute to the ever-expanding realm of science.

Undergraduate Science Education

The Undergraduate Science Education Program supports at colleges,
universities, and non-profit research institutions a number of activities
which have been designed to provide special opportunities for the
scholarly development of outstanding undergraduates interested in the
sciences. The program is aimed at developing new and expanded
means for such undergraduates to advance in their understanding of
science and in their ability to employ effective investigative procedures.

Through the research participation aspects of the program, able
undergraduates are brought into direct contact with research and
research scientists. It is intended that this research experience will
stimulate the participant into developing fully his potential for scien-
tific research and college teaching. The program also permits novel
approaches to fostering independent study by individuals. It is recog-
nized that regular undergraduate courses may not provide the high-
ability undergraduate with the challenge or variety of experiences which
he may gain from working independently.
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In addition to the mathematical, physical, medical, biological, and
engineering sciences, areas of the social sciences such as anthropology,
sociology, psychology, and economics and the history of science are
included in the program. During 1962 the interest in mathematics
and the social sciences increased appreciably.

"The growing interest of the academic community in the Undergrad-
uate Science Education Program is evidenced in part by the increasing
number of requests for support submitted to the Foundation. In 1962,
551 grants were approved, providing opportunities for 6,500 under-
graduates.

With each year of operation, the evidence of this program’s success
becomes more convincing. Research reports by Undergraduate Science
Education participants (as either sole authors or co-authors) have be-
come a common occurrence in major scientific journals. It is also sig-
nificant that two Undergraduate Science Education participants were
named Rhodes Scholars in 1961 and that one of the top ten under-
graduates in the country named by Newsweek in 1961 was an Under-
graduate Science Education participant.

Undergraduate lnsfru&ional Scientific Equipment Program

The Undergraduate Instructional Scientific Equipment Program,
initiated in fiscal year 1962, was established to assist colleges and uni-
versities offering baccalaureates in the sciences by providing funds for
the purchase of scientific equipment for undergraduate instruction.
These funds, up to $25,000 per proposal, are granted on a matching basis.
Proposals are allocated to institutions on the basis of the number of their
science graduates, from one proposal for the smallest institution to six
for the largest.

Priority was given to those teaching units where recognition of the
need for improvement of the content and focus of undergraduate courses
was accompanied by adequate staffing and supported by detailed and
realistic planning. Need alone, unsupported by thoughtful assessment
of the present and future positions of the disciplinary unit, did not qualify
an institution for support.

The urgent need for this program and the great interest in it were
evidenced by the fact that 783 institutions submitted a total of 1,127
proposals (over 70 percent of the eligible institutions applied) request-
ing over $16,000,000 in funds. Grants totaling $5,010,180 were made in
support of 334 proposals from 263 institutions, representing approxi-
mately 30 percent of the requests for support.
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Supplementary Training for Undergraduates

Worthy projects which are directed toward the improvement of science
instruction for undergraduates but do not follow the format of the Under-
graduate Science Education Program are supported as supplementary
training for undergraduates. Conferences to study undergraduate cur-
ricula requirements in particular disciplines, the provision of teaching
experience for undergraduate science majors, and unusual faculty-student
conferences represent the types of activities supported under this pro-
gram.

Among the grants made last year was one in support of the Conference
on Undergraduate Research in Mathematics. 'The Foundation has been
informed that the Committee on Textbook Selection of the International
Congress of Mathematicians selected this conference report for display
at the International Congress at Stockholm.

SPECIAL REPORT ON THE UNDERGRADUATE INSTRUCTIONAL
SCIENTIFIC EQUIPMENT PROGRAM

Great advances in the state of knowledge in the sciences have motivated
many educational institutions to re-examine their courses of study in
undergraduate science. The need for this examination has been ac-
centuated not only by an increasing number of student enrollments, but
by recent developments such as:

(1) Increased quality of instructional materials available in science
and mathematics at the secondary school level, accompanied
by increased subject-matter competence among secondary
school teachers of science and mathematics.

(2) Rapid expansion of the volume of scientific and technical
knowledge—with the corresponding increase in the rate of
obsolescence of college courses.

(3) Increased experience with various programs which demon-
strate the capacity of able undergraduates to undertake sig-
nificant responsibility for their own education—new or
strengthened honors programs, undergraduate research par-
ticipation activities, and other comparable “independent
study” opportunities.

In institutions where planning and development in science education
have occurred, it is not uncommon to find that substantial progress in
the implementation of new procedures or in the improvement of old
procedures is limited or restricted because the institution is unable to
provide an adequate supply of new and modern undergraduate instruc-
tional scientific equipment. The Undergraduate Instructional Scientific
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Equipment Program was designed to render assistance under these cir-
cumstances by providing funds for the purchase of the necessary equip-
ment. These funds, up to a maximum of $25,000 per proposal, were
granted on a matchingbasis.

During 1961-62, the first year of this program’s existence, a total of
1,125 proposals were submitied by 783 institutions, requesting a total sum
of $16 million. In all, 70 percent of the 1,110 eligible institutions sub-
mitted 74 percent of the 1,509 allowable proposals.

The magnitude of this program was far below the level which would
be required to eliminate—or even alleviate substantially—the general
shortage of instructional scientific equipment, a shortage which exists in
some degree in every institution. Hence this program sought to identify
situations in a state of ‘“constructive ferment,” where there was strong
evidence of substantive improvement in some discrete aspect of the in-
structional program and where the improvement would be enhanced by
the availability of suitable instructional equipment. As the announce-
ment of this program stated, priority was given to those disciplinary units
where recognition of the need for improvement of the content and focus
of undergraduate courses was accompanied by adequate staff and sup-
ported by detailed and realistic planning. Need alone, unsupported by
evidence of thoughtful assesstent of the present and future position of the
disciplinary unit, did not qualify an institution for support.

Grants totaling $5 million were made in support of 334 proposals from
263 institutions. Thus, approximately 30 percent of the proposals re-
sulted in grants; 33 pexcent of the schools requesting grants received
support at some level—in many cases substantially below the level
requested.

Each institution was permitted to submit a maximum of from one to
six proposals depending on the output of science baccalaureates during
1959-60. Funds were allocated in reasonable proportion to this output.
The distribution by discipline was as follows:

Biology - - oo e e 26 percent
Chemistry. o oo mr e 24 percent
PhySiCS. - oo e e e e 23 percent
Engineering - o« oo omm e 13 percent
CoOmMPUtErS. oo e e e e 7 percent
Earth Sciefitesamm oo 3 percent
Social Scienees .o oo 3 percent
Mathematics - wo oo om oo 1 percent

The equipment provided under these grants covered a wide variety of
requests. Support for uvp to half of the cost of twenty small computers
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was provided. Some institutions requested equipment to improve one
detailed area, such as physiology or microbiology, while others sought
improvement of the entire range of offerings in a broad area such as
biology. Some sought to improve their undergraduate research facilities,
while others concentrated on freshman and sophomore level needs.

While the massive national need for instructional equipment (esti-
mated to be in excess of $300 million) cannot be eliminated by any
modest program, the Foundation’s Undergraduate Instructional
Scientific Equipment Program provides a significant challenge and
opportunity for institutions to develop further the quality of their under-
graduate science programs.

RESEARCH PARTICIPATION AND SCIENTIFIC ACTIVITIES FOR
TEACHERS

Projects in this area cover a wide range of activities directed toward
the improvement of subject-matter competence and scientific back-
ground of college and high school teachers, the promotion of interchange
of ideas among college and high school teachers, and the development of
cooperative programs among colleges and universities. These objec-
tives are approached through research participation programs and
through conferences and seminars, visiting scientists programs, and the
support of “associations” of collegiate institutions.

Research Participation for College Teachers

This program provides a means for college science teachers (including
those junior college teachers who are qualified ) to gain research experi-
ence during the summer. Teachers with limited opportunity to conduct
research during the academic year are given a chance to obtain the
stimulation and identity with science which research so effectively pro-
vides. Usually they participate as junior colleagues in research projects
being carried on by experienced investigators.

The program is sufficiently flexible to meet several research needs of
college teachers. Predoctoral teachers may commence projects leading
to thesis research problems; others may complete such projects. Post-
doctoral teachers are encouraged to participate, especially when their
home institutions do not have adequate research facilities, and thus keep
active in research. Postdoctoral participants, for the first time this year,
outnumbered predoctoral participants.

A total of 51 grants were made, providing research participation for
427 teachers during the summer and 105 during the academic year.

80



Research Participation for High School Teachers

This program provides a means for a limited number of qualified
high school science teachers (and junior college science teachers not
qualified for the companion Research Participation for College Teach-
ers program) to gain research experience with competent investigators
at colleges, universities, and nonprofit research organizations. This ex-
perience is expected to raise the level of the teacher’s classroom instruc-
tion by improving his understanding of science and the scientific method.
In some cases the teachers are able to carry out research which may
lead to an advanced degree. An unexpected dividend derived from this
program is the stimulus given to the college and university departments
through the presence of the high school teachers. Provisions are made
for a limited number of academic-year extensions to allow selected
participants to continue their research at their home institution. In
many cases the grantee institutions attempt to administer these funds
on a matching basis in order to keep local school boards informed of
the teacher’s efforts to improve his professional qualifications.

The level of operation was intentionally kept at approximately that
of last year because of the belief that there are only limited numbers
of qualified high school teachers available to the program. There were
47 grants made in 1962, thus providing training opportunities for 370
participants during the summer and 115 during the academic year.

Supplementary Training for Science Teachers

This program provides support for science teacher training projects
which do not fit any of the Foundation’s established teacher-oriented
programs such as fellowships, institutes, research participation, or ad-
vanced science seminars. The Foundation has encouraged the devel-
opment of novel approaches to improving the competence of science,
mathematics, and engineering teachers—especially with respect to the
subject matter they teach. The Supplementary Training program pro-
vides the administrative flexibility necessary to give these one-of-a-kind
experimental proposals individual consideration. Through this mech-
anism it is possible to lend effective support to the Foundation’s en-
couragement of imaginative and creative planning on the part of those
concerned with the competence of science, mathematics, and engineering
teachers. [Eighteen grants were made.

Visiting Scientists Program

The Visiting Scientists Program consists of two types of special proj-
“ects: (a) the “college” projects concerned with visiting American scien-



tists and directed toward the small colleges and developing universities,
and (b) the “foreign” projects concerned with visiting foreign scientists
and aimed largely at the major graduate centers. Both kinds of proj-
ects are administered through appropriate professional societies, which
select the lecturers and arrange itineraries.

It is the major objective of each of these programs to provide for
students, undergraduate and graduate, respectively, the stimulus that
comes from informal and personal contact with recognized scientists,
and at the same time to provide for exchange of information between
visitor and local staff, and for guidance to local staff and administration
members on questions related to curricula and science education. The
foreign visitor program is usually strongly research-oriented.

In the projects involving American scientists during fiscal year 1962
(i.e., during academic year 1961-62) 14 programs were in operation
providing approximately 3,600 days of visits annually to some 1,400
science departments. In academic year 1962-63, the number of pro-
grams will increase to 17 or 18 and will provide approximately 3,900
days of visits. Current level of operations in the foreign scientists pro-
gram supports about 2,200 days of visits annually.

SPECIALIZED ADVANCED SCIENCE EDUCATION PROJECTS

Specialized Advanced Science Education Projects embrace two major
functions that are linked with the general effort to improve the quality of
education in the sciences. One function is programmatic in nature,
involving administration of the Advanced Science Seminar and Public
Understanding of Science programs; the other, which is less restrained
by program boundaries and guidelines, is concerned with exploring and
selecting new ideas, and devising methods of advancing science
education.

Advanced Science Seminars

Advanced Science Seminars are based on advanced treatment of
subject matter. They frequently deal with interdisciplinary approaches,
as in oceanography or space science, and are intended for specialists.
Many are field station programs.

The varied format and specialized nature of the program are illustrated
by a “Conference on Lunar Exploration” which was held at Virginia
Polytechnic Institute, with the lecturers including the most distinguished
space scientists in the country; a program in marine science supported
at Woods Hole Oceanographic Institute in “Theoretical Studies in
Geophysical Fluid Dynamics”; in marine biology at the Marine Science
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Institute of the University of Texas; in “Nuclear Rocket Propulsion”
at the University of Florida; field studies in anthropology in New Mexico
under a grant to Harvard; and a program in “Dynamical Astronomy”
at the Yale University Observatory. Participants in all of these seminars,
together with 34 others, were college faculty, advanced graduate stu-
dents, or 2 combination of both.

In several instances, courses designed solely for advanced graduate
students were supported to meet a critical need during the summer
months for distinguished graduate courses for participants selected on
a national basis.

Public Understanding of Science

The Public Understanding of Science Program is dedicated to the
development of materials and programs that are designed to help in-
telligent non-scientists achieve an appreciation of science without at-
tempting to train them to be scientists. The principal instrumentalities
thus far supported include conferences between scientists and repre-
sentatives of the mass media of communication, such as editors, science
writers, and public information officers; the preparation of science films
for educational television; and the planning of new educational television
series. Through such individuals and devices the program aims to
develop in the nonscientific public some appreciation of scientific methods
and the significance of the term “research,” of the element of uncertainty
and limitations of science, as well as of its possibilities, and of the value
of opinions voiced by scientists, both as experts in their fields and as
citizens.

Science Education Developmental Projects

The mission-oriented aspect of the Developmental Projects continues
to search for and test appropriate means for providing comprehensive
support of science in institutions that are striving to maintain or achieve
educational excellence in the face of the expanding population of stu-
dents. In practical terms this involves identifying competent scientists
of catalytic temperament who, when given adequate support, can imple-
ment a master plan that works toward a synthesis of the best that Ameri-
can higher education is capable of offering. Accordingly, the Develop-
mental Projects work closely with other organizational units of the
Foundation in handling proposals that contain a master plan. These
proposals usually cover a single department or disciplinary unit which,
to be structured effectively, requires a range of kinds of support not of-
fered by a single program or unit of the Foundation. Inclusive grants
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of this type require, on the part of the Foundation, a degree of flexibility
that programmatic activities seldom provide.

In fiscal year 1962 three grants were awarded in the developmental
area: to Reed College for a summer program in inorganic chemistry
for college chemistry teachers and undergraduate students majoring in
chemistry; to the University of Oklahoma for the establishment of a
training program in meteorology; and to the American Astronomical
Society for a conference on graduate education in astronomy.

PROGRAMS FOR SECONDARY SCHOOL STUDENTS

The talented secondary school student has, more often than not, re-
mained unchallenged by traditional educational practices in the high
schools. As part of the Foundation’s broad program for education in
the sciences, stimulation of the potential scientist during his formative
years is considered an important function. Programs for secondary
school students attempt to introduce students to new experiences which
will draw upon their abilities to the fullest extent. Prominent among
these are a variety of activities which bring them into contact with
scholars, research scientists, and college-level science teachers. Sub-
stantive programs have been designed so that students may experience
in some depth the fascination of advanced work in science or mathe-
matics, taking care at the same time that such programs do not mate-
rially duplicate work available at either the high school or college level.

Summer Science Training Programs for Secondary School
Students

Now in its fourth year, the Summer Science Training Program for
Secondary School Students (SSTP) provides opportunities for selected
high-ability secondary school students to obtain a close and intimate view
of an area of science, in direct association with qualified scientists,
during the summer months. (In a few exceptional cases, programs are
conducted on a part-time basis during the academic year.) Summer
programs range in length from 5 to 13 weeks.

Individual programs are conducted by colleges, universities, and
nonprofit research organizations. Instruction is at the college level.
Offerings fall into two general types: (1) classroom instruction, with
concomitant laboratory work and occasional field trips and (2) assign-
ment of the student as a junior member of a team engaged on a bona
fide research project. These categories are not exclusive; many pro-
grams combine elements of both types, and the difference is mainly one
of emphasis. Both types have proved to be very effective in stimulating
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interest in science careers, in improving study habits, developing more
intelligent choices of optional subjects, and facilitating the student’s later
adjustment to college life.

During this fiscal year 154 grants were made in this program, pro-
viding instruction for 6,000 students.

Cooperative College-School Science Program

The Cooperative College-School Science Program provides oppor-
tunities for higher educational institutions to present programs, as col-
laborative efforts with secondary schools, for the improvement of school
science instruction. Projects typically group qualified secondary school
students with teachers in intensive college-directed learning programs
which may be course-oriented or provide research participation experi-
ence. The teacher participants serve as instructional aides, or in other
suitable ways, thus gaining experience with advanced subject matter
and with its impact on superior students. A desired result is that the
teachers may develop improved science projects for capable students
in their own schools.

A total of 34 grants were made in this program in fiscal year 1962.
Projects supported involve 2,100 participants, 13 percent of whom are
secondary school teachers. Seventeen of the projects are summer offer-
ings and the remainder academic year or combined summer and aca-
demic year projects.

State Academies of Science

The State Academies of Science Program provides support to State
academies and comparable organizations, enabling them to carry out a
variety of projects aimed at strengthening science education. Repre-
senting as they do the scientific community at State or local levels, and
being conversant with local requirements, academies are well suited to
present effective multidisciplinary programs operating over restricted
geographic regions. Fifty-five grants were awarded in this program in
fiscal year 1962.

An effort was made in the State Academies of Science Program in fiscal
year 1962 to encourage the development of programs oriented toward
college students and teachers. Such programs may provide meetings at
which undergraduates present results of scientific research and may ar-
range Vvisits of scientists to small colleges to advise students and teachers
on current possibilities and requirements of graduate study. It is be-
lieved that these programs can effectively complement the Undergraduate
Research Program of the Foundation.
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Supplementary Science Projects for Students

This program supports experimental projects, generally of a one-of-
a-kind type.

Four grants were made for the following purposes: to the National
Academy of Sciences for the distribution of a career information booklet
on mathematics; to the National Science Teachers Association for the
partial support of an American student delegation to the International
Youth Science Fortnight in Great Britain; to Dartmouth College to sup-
port a program for the improvement of science education in the high
schools of New Hampshire, to be conducted with the cooperation of St.
Paul’s School and the New Hampshire State Department of Education;
and to the Council of Chief State School Officers for the preparation of
a catalogue of instructional scientific equipment for secondary school use.

Holiday Science Lectures

Patterned after the famous Christmas Lectures of the Royal Institution
of London, the Holiday Science Lecture project is an effort to bring dis-
tinguished scientists to students all over the Nation in a five-day lecture
series during Christmas and Easter vacations. The project was orig-
inally supported under a grant to Rockefeller Institute of New York City,
and is now administered by the American Association for the Advance-
ment of Science. During the past year, Dr. Paul Weiss lectured in San
Francisco and Dr. Rene Dubos in Cincinnati, repeating the series which
they had developed under the Rockefeller Institute grant. During the
1963 calendar year there will be six to eight lectures in a variety of dis-
ciplines presented in selected cities across the country.

Visiting Scientists (Secondary Schools)

This special project enables professional societies in the basic disci-
plines—mathematics, chemistry, physics, and biology—to send distin-
guished scientists into secondary schools throughout the United States
upon a school’s request for such visitors. The visitors typically lecture
on their scientific specialty, inform the st