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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
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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-

14



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
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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
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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
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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

SA ] SLaAlsdl Sradasiiiina \.vnnnrwa.u.vll Qi

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

AL S
“euiiy <) rn UV Ak

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

tanl wlana S @ NNN font ~Ff ciontan  ica halas swara deillad ane ta 1 N2R
LUVUA Pldbc 11 J,UUU 4C0L UL yvalilul, A EVO LIVILD YWVLIL MiLiVU, VG W L4VJw

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

81



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
Other
$2,713
8.7%
Travel
$1,145 = N oempmemea e e
3% A 7Y s T T T T — e
p 2
Expendable %i 3 Principal
Equi HHHH | Investigator
$2,429 | siaatasaccs $4,222
7.7% HH 4 1 21.3%
Permanent -
Equipment
$5,236 Salariés
16.7% $19,812
63.2%

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
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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
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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.
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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 students about opportunities in
such fields of science, outline desirable educational programs for students
wishing to enter scientific fields, confer with teachers and school adminis-
trators on new developments in curriculum and laboratory experiments,
etc. The number of visits in any one State is small, for this is a national
program which concentrates on those States where visiting scientists are
not available under the State Academies of Science Program.
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Traveling Science Libraries

This program is conducted by the American Association for the
Advancement of Science under grants from the National Science Foun-
dation. Its primary purpose is to circulate to secondary and elementary
schools, on a temporary loan basis, sets of selected books on science and
mathematics. Also included in the program is the preparation and dis-
tribution of annotated book lists for the guidance of students and librari-
ans contemplating the purchase of science books.

Initiated in 1955, the program was designed to serve secondary schools
only and has been continuously supported through annual grants.
Widespread distribution of the traveling libraries has so encouraged the
acquisition of science books by school systems that further Foundation
support of this phase of the activity is no longer necessary. Conse-
quently, no grants were made in this program in fiscal year 1962, and the
circulation of such libraries under previous grants was discontinued on
June 30, 1962.

In the fall of 1959, circulation of a second group of science and mathe-
matics books specifically selected to meet the needs and interests of ele-
mentary school students was initiated. In three years of operation the
Traveling Elementary Science Library has reached 2,386 schools. Be-
cause of the many schools not yet served and the growing interest in
science instruction in the elementary schools, this part of the program is
being continued during academic year 1962-63.

Course Content Improvement Programs

The Course Content Improvement Program of the Foundation is
designed to bring scholarship of the highest order to the development of
courses and instructional materials for all educational levels, reflecting
contemporary scientific knowledge and points of view in science, math-
ematics, and engineering.

Continued large-scale effort of scholars and teachers is necessary if in-
structional materials are to keep pace with the rapid progress of science.
Furthermore, the rapidly growing need for persons highly trained in
science demands the efforts of our best teachers and scholars in pro-
viding the best course materials and course sequences they can devise.
There has been a growing interest among scientists and teachers in col-
laborating in this effort.

A brief review of work being supported by the Foundation is given
below followed by a more extensive report on work in physics.
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COURSE CONTENT IMPROVEMENT STUDIES IN
MATHEMATICS, SCIENCE, AND ENGINEERING

This program has as its objective the production of improved up-to-
date course materials for school and college programs in mathematics,
science, and engineering. To this end, support is provided to leading
scientists, assisted by teachers, for research and development work on
course content. The material thus produced and information about its
use are made widely available to schools and colleges. However, the
material must make its way on its own merits and the decision as to
its adoption is left entirely up to the judgment of the college or local
school systems.

Elementary and Junior High Schools

Small-scale projects aimed at developing, experimentally, appropriate
sequences for elementary schools have been continued, in science at the
University of California and the University of Illinois, and in mathemat-
ics at Stanford University. Webster College has received support for a
project concerned with the development of elementary mathematics
materials. The School Mathematics Study Group plans to complete
a final revision of courses for grades 4-6 (during the summer of 1962)
and to start work on mathematics for the primary grades.

A grant has been made to the American Association for the Advance-
ment of Science (AAAS) for establishment of a planning and coordinat-
ing group to provide guidance and liaison among projects dealing with
science for elementary schools. In order that a variety of materials
and approaches may be available for schools, more than one major
project is being supported. Both the AAAS and Educational Services
Incorporated have received grants to conduct studies, with participa-
tion of scientists and teachers from various parts of the Nation, aimed
at an exploration of the concepts and materials best suited for use
in the elementary classroom.

Secondary Schools

The table on the following page shows the status of the major study
groups developing new course material for secondary schools.

Approximately 20 percent of the high school students enrolled in
physics in the United States are now taking the Physical Science Study
Committee {PSSC) course. In addition, as is indicated in the table,
many teachers are using various parts of the course materials in their
conventional physics course.



Use 1961-62
Subject Year Present Status
Begun
Teachers Students
Physics (PSSC)....| 1956 | Commercial version avail- | 1,800-2,000 80, 000
able. Partial Use by
1,000.
Mathematics 1958 | Definitive version avail- | Unknown. .. ... 409, 000
(SMSG). able—Grades 7-12.
Chemistry (CBAP).| 1958 | Revised version in trial { 200............ 10, 000
. schools; commercial ver-
sion, Sept. 1963.
Biology (BSCS)....| 1959 | Revised versions in trial | 500............ 50, 000
. schools; commerdial ver-
sions, Sept. 1963.
Chemistry (CHEM | 1960 | Revised version in trial | 124............ 12, 000
Study). schools; commercial ver-
sion, Sept. 1963.

Approximately 100 volumes of School Mathematics Study Group
(SMSG) materials are in definitive form, The group plans to withdraw
these books as soon as comparable volumes by individual authors are
commercially available. Other SMSG activities this year include the
production of additional books in a monograph series, programming
of the ninth grade algebra course, an alternative geometry course, modi-
fication of the course for ostensibly less able students, and extensive
evaluation studies.

A grant for an alternative sequence in mathematics has been made
to the University of Illinois for the support of the University of Illinois
Committee on School Mathematics, a pioneer group in mathematics
reform, previously supported by the University of Illinois and the Car-
negie Corporation. With this earlier support, materials were produced
for grade 9-12 and have been tested in schools. On the basis of these
tests, a new and improved approach—beginning with the 7th grade and
continuing the sequences through the 12th grade—is planned.

The Chemical Bond Approach Project (CBAP) and the Chemical
Education Material Study (CHEM Study) have continued testing in
schools in preparation for producing final versions of the courses to be
published commercially in 1963. The latter group has started pro-
‘daction of a film series that is expected to number 20-30 films.
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The Biological Sciences Curriculum Study (BSCS) continued testing
its three approaches to biology and expects that commercial versions will
be available in 1963. In addition to textbooks and laboratory manuals,
the courses include a program of intensive laboratory work and research-
oriented material for gifted students. Supplementary material being
developed includes teachers’ guides, a handbook for teachers, films on
laboratory techniques, an annotated list of existing films suitable for
use in the three courses, and a series of pamphlets on biological subjects
for both teachers and students.

In addition to these major projects, smaller ones in other areas have
been supported. Through a previous grant to the American Geological
Institute, a sourcebook on geology and the earth sciences for elementary
school and secondary school courses has been completed and is now
commercially available. A grant was made to the American Anthropo-
logical Society for exploration of the use of anthropological materials in
elementary and secondary schools and for the preparation (for use in
the schools) of source material in anthropology in the form of bibliog-
raphies and pamphlets.

Colleges and Universities

The success of the Committee on the Undergraduate Program in
Mathematics and the Commission on College Physics in stimulating,
coordinating, and disseminating information on work aimed at improv-
ing undergraduate instruction has led leaders in other disciplines to
establish similar organizations. The Foundation now supports, in ad-
dition to the groups in mathematics and physics mentioned above, the
Advisory Council on College Chemistry, the Geological Educational
Orientation Study, and the Commission on Engineering Education. It
is likely that groups in other disciplines will form in the coming year.

As an example of the type of activities of these groups, some of the
accomplishments of the Commission on College Physics may be cited.
The Commission instigated and assisted in a series of conferences on
“The Curriculum for Undergraduate Majors in Physics.” The Com-
mission’s Committee on Instructional Films and Apparatus initiated
projects in these fields which are carried on at colleges and universities
and by professional organizations. A series of paperback books for
college use was begun as was a series of Resource Letters for college
teachers. [Each letter provides a guide to some of the literature, ap-
paratus, and films available on a given topic for use by the instructor
who is not an expert or specialist in that topic.

Panels of the Committee on the Undergraduate Program in Mathe-
matics have prepared curriculum recommendations for the various
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groups of students who take undergradutae mathematics, including
prospective teachers. Suggested course outlines have been prepared
with the hope that they will stimulate the writing of new texts. A
consultants bureau has been established to bring information about the
work of the committee directly to the colleges, and to provide first-hand
information for the further work of the committee.

The Commission on Engineering Education will explore the curricu-
lum needs in the rapidly changing field of engineering and will seek
means for the continuing education of the engineering faculty staff.

A grant has been made to the National Academy of Sciences-National
Research Council to support a study group on educational policy in
agriculture aimed at an assessment of the needs for new courses and cur-
ricula in this field.

In addition to grants in support of the activities of coordinating and
other study groups, 2 number of grants have been made for the develop-
ment of specific courses and materials. Some of these are related to,
or stimulated by, the ‘“nerve center” groups, while others have arisen
independently. Typical grants include those to the:

(1) University of Illinios—for the development of a research-
oriented analytical chemistry course.

(2) American Society for Engineering Education—for a study of
ceramic engineering curricula.

(3) Case Institute of Technology—for materials for dynamics
instruction through the use of a personal analog computer.

(4) Cornell University—for an experimental teaching program in
algebra.

(5) University of Maryland—for materials in mathematics for ele-
mentary school teachers.

(6) Educational Services Incorporated—for a text, laboratory ex-
periments, and film on semiconductor electronics.

Work has continued at the Massachusetts Institute of Technology and
at Washington University on the development of new approaches and
materials for introductory college physics courses, and at Harvard Uni-
versity on the development of a new biology course. A group centered
at the University of California has now produced the manuscript for two
college-level resource books in anthropology entitled “The Teaching
of Anthropology” and “Resources for the Teaching of Anthropology.”

SUPPLEMENTARY TEACHING AIDS

Under the Science Teaching Equipment Development Program sup-
port is provided for developing prototypes of new instructional equip-
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ment. This year 43 grants were made, bringing the total number of
projects supported under this program to 137. Several projects in chem-
istry and physics are designed to employ recent research developments
as the basis for new experiments for undergraduates. The fact that
almost half the proposals were in engineering indicates the serious at-
tention now being given to the modernization of engineering laboratory
experiments.

Support is also given to production of films designed to increase the
effectiveness of teaching by bringing into the classroom phenomena not
readily available through other means, presentations by outstanding
teachers and scientists, illustrations of laboratory techniques, and films
to be used primarily for teacher-training purposes. Film projects have
been supported in a number of fields. Among these are the following
grants:

(1) Iowa State University—for plant biology films for college
courses.

(2) Indiana University—for developmental anatomy films.

(3) Educational Services Incorporated——for films on semiconduc-
tor electronics as part of the set of course materials previously
mentioned; —for motion pictures as an instructional aid
in fluid dynamics courses; —for films of demonstration and
laboratory experiments for college and university physics
courses.

Some of the film projects initiated in previous years have been con-
tinued during fiscal year 1962. These include the production of films
and tapes of a mathematics course for educational television use at the
University of Wisconsin. This course, at the fifth and sixth grade levels,
is aimed at teacher education concurrent with classroom use. The tele-
vision course “The New Biology” intended primarily for teachers has
been shown this year on television networks and educational television
stations. NSF supported production of films and tapes of this course
for further educational use. Films recording the customs, technologies,
and ceremonies of Indian tribes in the western United States continue
to be supported by the Foundation as are films on archaeological re-
search centered around archaeological salvage projects in reservior areas
which will soon be flooded.

SPECIAL REPORT ON STUDIES IN PHYSICS

Changes in education can now be added to the roster of events which
have altered the face of physics in the twentieth century. Relativity,
quantum mechanics, parity, strange particles, solid state, fission, fusion,
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nuclear weapons, radar screens, automation—words like these evoke an
image of a science changing rapidly in fundamental factual and theoreti-
cal content, technological product, and politico-social implication. Re-
quirements for increasingly complex apparatus, teams of investigators,
and real understanding of physics by more and more people at many
levels in industry and government are further illustration of the pro-
foundly different status of physics as compared with 60 or 30 or even 10
years ago.

In the middle 1950’s scientists and educators began to see that events
like these—in all fields of human endeavor and interest—made it essen-
tial that research-oriented scholars join forces in a continuing search for
new ways of providing an educational program reflecting contemporary
insights into modes of inquiry, ways of learning, and the evolving struc-
ture of subjects.

The first major frontal attack was on the problem of creating a better
physics course for the high school. Previously physicists had merely
complained about the inclusion of too much technology in physics courses,
the failure to reflect the unity of physical thought, the tendency to com-
pound a patchwork by inserting bits and pieces about recent develop-
ments. The most significant development came in 1956, when a group
of physicists drawn from such research centers as Massachusetts Institute
of Technology, California Institute of Technology, University of Illinois,
Cornell University, Harvard University, and Bell Laboratories decided
to work on the development of as good a high school program as they
could devise. From the outset they recognized that they must bring in,
as equal partners, exceptionally competent teachers and schoolmen who
knew students and school situations. The result was the formation of
the Physical Science Study Committee in the fall of 1956. The group
set itself the goal of devising a one-year course in physics, to be taught
at the eleventh or twelfth grade level, suitable at least for those students
who normally take physics in high school. The course was to lead stu-
dents to think their way through fundamental physics, drawing in appro-
priate ways upon all aids to learning—textbooks, laboratory work, sup-
plementary readings, examinations, audiovisual aids, and—above all—
teachers. As Dr. Jerrold Zacharias, Chairman of the Physical Science
Study Committee, puts it: “The teacher will always be the best ‘learning
aid’ of all.”

In the summer of 1957 the Physical Science Study Committee
brought several scores of physicists and teachers to Cambridge, Massa-
chusetts, to begin the task of developing the new course. A very prelimi-
nary version was tried in eight schools by eight of the teacher-writers dur-
ing the 1957-58 academic year while developmental work continued,
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influenced by feedback from classroom trial. Greatly expanded work
in the summer of 1958 permitted trial during the 1958-59 school year
in nearly 300 schools, reflecting a variety of conditions but using espe-
cially trained teachers. Syllabus, text, laboratory apparatus, films, sup-
plementary readings, teachers’ guide, teacher training, examinations, and
other components of the instructional systems underwent continuing de-
velopment and modification. In the 1959-60 school year the course
was being used in some 600 schools. The collaboration of hundreds
of research physicists, college teachers, high school teachers, science
writers, instrument makers, film experts, and other specialists finally made
possible the preparation of a set of materials which was made available
through commercial channels to all interested schools and teachers in
time for the 1961-62 academic year.

The work of the Physical Science Study Committee (PSSC) quickly
led physicists and teachers to see an ever-widening range of problems
requiring the attention of the best minds. It became clear that work
must continue on producing better films, an improved text and other
basic materials, a growing library of supplemental readings, more in-
formation on effectiveness of the materials, new examinations; also con-
tinuing opportunities must be provided for physics teachers to meet and
collaborate.

Some colleges began to use the PSSC course but found that they
needed more material. Early in the PSSC activity, work had been done
on certain areas (relativity, angular momentum, etc.) which had to
be excluded from the published materials in order to keep within the
one-year limit. The interest of the colleges in this approach led to a
major effort in the development of text, laboratory, and film materials
on “advanced topics” which it was believed could be used in a second
high school course or a beginning college program. Physicists and
schools throughout the world had by this time begun to be interested in
the PSSC approach. In contrast to present American practice, second-
ary school physics in most countries is taught over a three- or four-year
period. Physicists in other lands were therefore much interested in the
advanced topics—and this work is now being carried out by a team
drawn from Canada, New Zealand, Sweden, and the United States.

Since the beginning of this venture, the people involved in the PSSC
have emphasized the view that their creation is only one of the intellec-
tually and pedagogically valid approaches to secondary school physics.

The development of models and materials for alternative approaches
will require dedicated work on the part of scientists and teachers of high
competence. In recent months interest in one alternative approach has

94



grown, and there is even some possibility that the work can be done in
part by an international team.

As students come from high school with improved preparation, col-
leges have the opportunity to offer them more sophisticated programs.
This and other factors are leading many physics departments to examine
their entire undergraduate curriculum. Work with initial emphasis on
reformation of introductory courses, is under way at such centers as Cali-
fornia Institute of Technology, Washington University, The University
of California (Berkeley), Rensselaer Polytechnic Institute, Massachu-
setts Institute of Technology, and other institutions. Particular attention
is being directed to providing laboratory experience that leads students
to sclf-directed exploration of fundamental data and ideas, to present-
ing from the start a contemporary viewpoint, and to providing practice
in physical modes of thought. Physicists in colleges and universities have
also seen that motion pictures permit them to bring into the classroom a
range of experimentation, demonstration, and discussion by outstanding
thinkers not possible by other means; a number of project groups are
exploring this avenue.

There is general agreement that diversity and variety of approach
are essential in the national effort to improve courses, but this diversity
creates problems in correlation of effort. Manpower and funds have
limits. Concerted reflection and action are required to define problems,
devise some guidelines, make sure that someone is giving attention to most
of the promising approaches and important problems, and provide cen-
tralized information services so that each project group knows what
others are doing and each college can avail itself of the products of all
projects to whatever extent it chooses. This is the mission of the Com-
mission on College Physics, an autonomous group of physicists formed
to stimulate reform in college physics programs.

Somewhat to the surprise of physicists in the United States, course-
content improvement efforts undertaken to meet American needs have
turned out to be of great interest to many other countries. Because it
has had a longer history of development, the PSSC course has attracted
special attention.

Seminars, conferences, and other meetings on the course have been
conducted, with the aid of U.S. personnel, in Great Britain (sponsored
by the Organization for Economic Cooperation and Development),
Austria, Scandinavia, Israel, Italy, Brazil, Japan, Pakistan, and India.
Translations and adaptations are currently being prepared in several
countries. Perhaps even more important is the fact that the PSSC
illustrates the results of a method of reconstructing science curricula
through collaborative work by research scholars and teaching scholars.
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The work in physics has also had a horizontal impact in the United
States itself. Its success has encouraged scientists and scholars in other
fields to formulate comparable campaigns. The results of their work,
in turn, feed back into the physics program: for example, new de-
velopments in mathematics curricula provide powerful tools for in-
struction in physics.

The Foundation’s institute programs are designed to increase the
effectiveness of the teaching of science, mathematics, and engineering
in the Nation’s schools by improving the subject-matter competence of
teachers through the group training approach. They have as their goal
helping teachers keep well informed concerning changes in their rapidly
growing scientific fields and assisting those teachers whose basic training
in science and mathematics has been inadquate. Institutes provide
supplementary training for high school, college, and technical institute
teachers, as well as for a limited number of elementary school teachers
and supervisory personnel. At the college level these programs show
increasing concern with ‘“‘teachers of teachers.”

Three major types of institutes conforming to the time patterns avail-
able to teachers for work and study, and allowing for variation within
types as dictated by changing needs in the educational world, are sup-
ported: (1) Summer Institutes, which provide generally 4 to 12 weeks
of full-time study during the summer period when schools usually are
not in session; (2) Academic Year Institutes, which provide full-time
study during the regular school sessions for a relatively small number of
teachers who take leaves of absence for one year; (3) In-Service Insti-
tutes, which provide part-time study opportunities for teachers who are
simultaneously holding full-time positions in the schools.

College Conferences serving special needs for extending knowledge
in specialized fields are also operated for periods of up to four weeks
during times of the year best sufted to the schedules of college faculty
members, _

Because teachers at the several levels of the educational spectrum have
somewhat different objectives—and frequently quite different academic
backgrounds—from those of the usual professional students in scientific
fields, institutes are commonly based on specially planned classes and
group activities. A secondary objective of the program is, therefore, to
encourage colleges and universities to establish “pre-service” courses or
curricula that more effectively meet the subject-matter needs of teachers
in science, mathematics, and engineering. Although this objective is
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being achieved, to at least a limited degree, much more needs to be done
to assure adequate competence in subject matter of teachers.

By offering a type of training which enables teachers to take courses
of study expressly designed for the inservice teacher, the Foundation is
providing motivation and support which help those who are presently
teaching to upgrade their subject-matter competence, and is thereby
directly affecting the quality of science teaching in the Nation’s schools
at all levels. It is also demonstrating to colleges and universities the
need to review carefully science and mathematics courses now available
to both pre-service and inservice teachers who seck to improve their
competence in these areas. A review of this kind serves to reveal to in-
stitutions the need for revision in curricula and for the development of
study opportunities which more effectively meet the subject-matter needs
of teachers both during their initial years of training and in later years
of professional work. On a long-range basis, this helps to upgrade gen-
erally the programs of study in science, mathematics, and engineering for
all students.

Since the inception of institute programs in 1953, the Foundation has
made grants for the support of more than 3,300 institutes, which have
provided over 156,000 opportunities for study in science, mathematics,
and engineering. During fiscal year 1962 the Foundation provided sup-
port for 911 institutes. Of this number, 35 percent were for part-time
study during the regular school year, 7 percent were for full-time study
during the regular school year, and 58 percent were for full-time study
during the summer. These institutes made provision for some 40,800
opportunities for study.

During the summer of 1962 some 100 foreign teachers and students
were provided places in various summer institutes. Travel funds for
these persons, for the most part, are provided by the Asia Foundation,
African-American Institute, Ford Foundation, American Friends of the
Middle East, Department of State, etc.

In order to add strength to the staffs of the summer institutes and to
add to the knowledge of the teachers attending these institutes, the Visit-
ing Foreign Staff Project was again supported in 1962. In this project,
the American Association for the Advancement of Science arranged for
approximately 15 eminent foreign scientists and mathematicians to visit
some of the summer institutes in this country. Each foreign scientist
spent several days giving lectures, offering seminars, and taking part in
informal discussions with the institute participants at each of the six to
nine institutes he visited.
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CHARACTERISTICS OF INSTITUTE APPLICANT POPULATION

Research conducted during the past year indicates that, while there is
a significant turnover in the institutes program’s target population, ap-
proximately 35 percent of the teachers currently teaching secondary
school science or mathematics have attended at least one NSF institute
program. Another 13 percent applied but were not accepted and about
52 percent have not applied to any of the teacher-training programs
supported by the Foundation. Having already conducted research in
the area of the characteristics of the institute applicant population, the
staff, aided by a contractual arrangement with the American Institute
for Research, has initiated a study of that portion of the secondary school
science and mathematics teacher population which has not applied to
any NSF teacher-training program.

Studies show that there are some distinct differences between those
teachers who apply and those who do not apply to the teacher-training
programs. The applicant, particularly the successful applicant, tends
to be a subject-matter oriented teacher who definitely finds satisfaction
in intellectually stimulating situations. Such applicants are interested
in furthering their intellectual self-improvement, whether through NSF
institutes or local educational workshops. These individuals do not
experience as much conflict between their professional and family obliga-
tions as do the non-applicant group and, compared with their non-
applicant counterparts, they have a much higher level of drive or
motivation.

This finding is important in that it appears from the study that the
current non-applicant group, which is over half of the institute program’s
target population, is a low-drive, low-motivation group which seems
content to accept the status quo rather than to make any significant move
toward self-improvement or change of any sort. Thus it is likely that
the non-applicant perceives himself as being less well prepared than
his applicant counterpart and he tends to feel that the programs as they
now exist, or at least as they have existed in the past, would be “beyond
his depth” (despite the fact that there are institutes which would not
be too advanced). Further, the non-applicant is generally less pro-
fessionally oriented; he reads fewer journals concerning education, math-
ematics, or science; and he is less likely to join a mathematics or science
organization or voluntarily attend meetings of this type of organization.
Another problem is that a major sub-group of this non-applicant popu-
lation is composed of those teachers who teach mathematics and science
for only a small percentage of their workday and who may have a
primary interest in a field other than science or mathematics. Such a
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person is likely to say that he is an English teacher and then paren-
thetically state that he also teaches two classes of mathematics each day.
However, this same teacher may be the only mathematics teacher in
his school. The results of these studies have important implications for
the future directions of the Foundation’s institute programs.

SUMMER INSTITUTES

' Summer institutes offer instruction on a full-time basis during a part
of the summer at various colleges and universities throughout the Nation.
The sponsoring institutions receive Foundation support covering par-
ticipant and operational costs.

Table 2.—Distribution of Summer Instifutes, 1962, by Field of Study

High School | High School | College
Field ‘cachers | and College | Teachers
Teachers

Anthropology.......oviiiiiiieereeninnnn b2 PN 2
AStrONOMY. . . . ot ivvveeeennenrnsarseeenns 2 T
BiOlOgY . . o ovvvrin it 48 2 6
Chemistry........oovevnueieenninnnncesans 29 3 6
Earth Sciences. . .......... ..ot P2 N 1
Engineering.......covvvvuueeneneeeenenafooiiiniiniiiieieen 12
History & Philosophy of Science............]..coooviiin oo 1
Isotope Technology. . .......oveveienvenenfonn o 5
Mathematics. ..........cooviiiiiinan 106 2 10
PhysiCs....covveviineinracneenieenneanens 23 [iiiiiiinen 3
Psychology.....covvvivmnieencnennnan. b U PR 3
Radiation Biology. ...............ooinunns 18 1 5
Radiation in Physical Sciences..............J..coooviiiabiein 3
Regional Science. .....ovvvirvvnnieivnnfonaiiiiifnnien 1
Science Curriculum. .. ............cooenen 20
Multiple Fields & General Science.......... 157 B P

Total. o .oeevee i iianiiieaas 412 9 58

Summer Institutes for Secondary School Teachers

For the summer of 1962 the Foundation awarded grants for 421
institutes to support 21,000 secondary school teachers of science and

mathematics.

Disciplines encompassed by these summer institutes represent vir-

tually all fields of the sciences (both natural and social), and include
both traditional approaches to subject matter and the newer approaches
developed through the Foundation’s course content improvement
programs.
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Geographically, the 1962 summer institutes were distributed through-
out the 50 States, the District of Columbia, and Puerto Rico. As in
previous years, there was a wide variety of types of institutions repre-
sented among the host colleges and universities.

Summer Institutes for College Teachers

For the summer of 1962, support was granted for 67 summer in-
stitutes for college teachers; 58 of these were for college teachers
exclusively, and 9 combined secondary-school and college teacher par-
ticipation. This permitted participation of an estimated 1,900 teachers.

Examination of the completed applications for places and the num-
ber of places available in summer institutes for college teachers indi-
cates that there is a major task yet to be accomplished and many teachers
yet to be provided with training. The average number of estimated
applications per available place is slightly over four for the summer of
1962, and new programs in psychology, social science in general, and
radiation in the physical sciences have been added to subject matter
previously covered.

Several new aspects appeared in the program for the summer of 1962.
One involved cooperation with the Atomic Energy Commission in three
institutes in radiation in the physical sciences; for these institutes AEC
pays the operational costs and NSF provides support funds for 75 par-
ticipants. Also new to the program were three institutes in psychology
and physchological statistics. These institutes represented very different
approaches designed for quite different groups of participants, and em-
phasized quantitative social science rather than social studies. Another
new program aspect involved support of an institute in regional science
at the University of California, Berkeley. The training, endorsed by the
Regional Science Association, took cognizance of the recent rapid
changes in social science and emphasized the use of statistics in the
study of regional and spatial structures. Geographers and economists
have expressed great interest in this field.

Summer Institutes for Elementary School Personnel

) ~ Twenty-one summer institutes for elementary school personnel were
held in 1962. Grants for these institutes provided support for 712
participants. ‘
The needs in this area of training are tremendous and the Division
is actively pursuing studies of the best methods of attack on the problem.
Work is progressing on course content and teacher source materials,
particularly in mathematics, but also in physics and astronomy. Work
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is also being done through AAAS on guidelines for elementary school
teacher training.

It is a safe prediction that there will be a great expansion of the pro-
grams for the supplementary training of elementary school personnel.
If the training is not done through programs of the Foundation, it
certainly will be done through other programs. The merits of the
Foundation’s program lie in the relationships already established between
the Foundation and the various departments of mathematics and
science in the academic institutions. Very probably the greatest con-
tribution that can be made by the summer institutes program of the
Foundation is in the training of the “key” teachers and the supervisors
of elementary science and mathematics.

Summer Institutes for Technical Institute Personnel

Two grants made in fiscal year 1962 provided study opportunitses for
80 participants. The program is presently designed to strengthen the
subject-matter competence in mathematics and science of individuals
who teach at technical schools and of junior college teachers who have
teaching responsibilities in technical curricula.

Summer Conferences for College Teachers

For the summer of 1962 a total of 35 conferences were supported.
Grants for these conferences provided stipends for 985 participants.

A college conference may be essentially a short-term summer institute,
but frequently the subject matter is more specific and more sophisticated,
being especially designed for a clientele which consists of well-qualified
specialists who need only to be brought up-to-date or made aware of
some very recent development in their field or of some subdivisions
thereof. This type of activity is a versatile tool for improving the
quality of college teaching, for conferences may cover a specialized
topic until the need of the participants is met, and then the conference
may move quickly to other topics where an apparent need exists. Thus,
college conferences can deal with an almost endless group of specialized
topics which are constantly developing in all scientific fields. Further,
many college teachers are available for training for short periods of
time only. Proposals received in this program have reflected a significant
increase in interest in programs designed specifically for college teachers
of prospective elementary and secondary school teachers.

Since the college conference is most effective when conducted at a
time when a large fraction of the target clientele can attend, and since
this time varies with the nature of the subject field, proposals for projects
to be held at any time during the year will be considered in the future.
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ACADEMIC YEAR INSTITUTES

The Academic Year Institute Program supports the efforts of uni-
versities and colleges in providing opportunities for secondary school and
college teachers of science and mathematics to study intensively appro-
priate sequences of courses in the subject matter of their disciplines on
a full-time basis for 9 to 12 montbhs.

Since this program was introduced in 1956-57, with two institutes,
the number of institutes supported has increased to 55 for academic
year 1962-63. These institutes provide training opportunities for 1,725
secondary school teachers and 105 teachers in small colleges.

A trend which will be of increasing significance in the future is the
marked growth in the portion of the program directed toward college
teachers. The grant program for fiscal year 1962 is supporting 105 col-
lege teachers at 14 universities, as compared with 75 at 8 institutions
during the previous fiscal year. Since the emphasis in this program is
on training opportunities for “teachers of teachers™ in liberal arts colleges,
teacher training institutions, and junior colleges, the effects upon the
future graduates of teacher training programs will considerably multiply
the present direct efforts.

Pilot programs were underway during 196162 at the University of
Wisconsin in advanced training for potential science and mathematics
supervisors, and at Oklahoma State University in a fifth-year program
providing strong pre-service training in science for recent college grad-
uates who are certified as teachers. These experimental programs are be-
ing extended in 1962-63 to six institutes providing sixth-year training
for potential supervisors and to six institutes providing fifth-year pro-
grams for pre-service teachers. Such developments as these are par-
ticularly significant since they may lead to noteworthy improvements
in the general training of teachers.

IN-SERVICE INSTITUTES

In-service institutes offer instruction on a part-time basis during the
academic year at colleges or universities, or at off-campus centers, so
that teachers may attend while still teaching full-time in their schools.
Participating teachers receive no stipends, but receive modest travel
and book allowances. The sponsoring institutions receive Foundation
support to cover the participant and operational costs.

In-Service Institutes for Secondary School Teachers

During the 1961-62 school year about 11,500 teachers received in-
struction in a total of 253 in-service institutes. A significant increase



was made in the program for 1962-63, with 284 grants awarded for
the support of approximately 13,770 secondary school teachers, and in-
cluding all but two States. In addition, a small number of college
teachers were accommodated in this program. The principal expansion
of the program has been in reaching many local areas not previously
served by this program and in providing a greater number of programs
in science for junior high school teachers.

Approximately half of the course work offered in these institutes is
in the field of mathematics, with the remainder covering the range of
the biological and physical sciences. The new course-content develop-
ments are increasingly offered in in-service programs, with approximately
33 percent of the institutes presenting programs related to one or more
of the “new curricula” projects. These institutes will help to provide
teachers with the background which will enable them to introduce into
their classrooms those portions of the new materials which they deem
desirable.

The increase in the total opportunities made available under this
program appears to be the major accomplishment during fiscal year 1962.
At the same time, a significant innovation has been the development of
the combination of summer institutes with in-service institutes which will
offer coordinated programs frequently leading to the master’s degree.

This year, major attention was given to obtaining a maximum geo-
graphical coverage of the country consistent with scientific excellence;
to consolidating institutes which are on one campus so as to promote ef-
ficiency and flexibility; and to visiting institutes—especially at the smaller
colleges which do not have other NSF-supported programs.

It has been observed at a number of institutions that an in-service
institute has been the opening wedge in awakening faculty interest in
improvement of science education, especially in the training of future
teachers. At the same time, the in-service institutes have provided op-
portunities for colleges and universities to work more closely with the
secondary schools in their areas.

In-Service Institutes for Elementary School Personnel

In-service institutes for elementary school personnel first received
Foundation support in academic year 1959-60 on an experimental basis.
For academic year 196263 a total of 35 grants providing support for
1,060 participants were made. This program is by its nature somewhat
restricted in geographical distribution of the participants, and frequently
it contains a more heterogeneous group of participants than that attend-
ing summer institutes for elementary school personnel. However, while
it lacks the advantages gained by the participants’ living together, the
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in-service institute is probably the most effective mechanism for the
training or retraining of a large number of elementary teachers at a low
unit cost. It has the advantage of taking place at a time when the
teacher is engaged in teaching and can, in many instances, put the train-
ing to immediate use.

Fellowship Programs

The Foundation’s fellowship programs are intended to strengthen
the Nation’s scientific potential by enabling persons of unusually high
ability to increase their competence in science, mathematics, and engi-
neering through the pursuit of advanced scientific study or scientific
work. Since the inception of NSF fellowship programs in fiscal year
1952, approximately 21,000 fellows have been supported in seven fel-
lowship programs. Fellowship recipients were selected solely on the
basis of their ability from among nearly 80,000 applicants.

Table 3.—~NSF Fellowship Programs, 1962

No. of No. of

Programs Appli- Awards

cants Offered
Graduate Fellowships. . ............... ... oot 5, 961 1, 761
Cooperative Graduate Fellowships. ....................... 4,118 1. 200
Summer Fellowships for Graduate Teaching Assistants. . .. ... 1, 818 868
Postdoctoral Fellowships. ................................ 897 245
Senior Postdoctoral Fellowships........................... 270 92
Science Faculty Fellowships. . ............................ 864 325
Summer Fellowships for Secondary School Teachers. . ....... 1, 569 300
Totals. ..ot A 15, 497 4, 791

In the total NSF fellowship programs the number of applicants in-
creased 19 percent over the number for fiscal year 1961. Marked in-
creases were noted in the Postdoctoral (37 percent), Graduate Teaching
Assistants (33 percent), Cooperative Graduate (27 percent), and Grad-
uate (22 percent) Fellowship Programs. Applications in the Senior
Postdoctoral Program remained essentially constant, but, for the second
consecutive year, there was a decrease in the number of applicants for
Summer Fellowships for Secondary School Teachers.

It is perhaps significant that applications in the Graduate and Coop-
erative Graduate Fellowship Programs combined exceed 10,000 whereas
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the number of Graduate Program applicants in fiscal year 1958—just
prior to the introduction of the Cooperative Graduate Program—was
only 3,804.

In addition to the NSF fellowship programs, the Foundation continued
to administer one extramural fellowship program-—the North Atlantic
Treaty Organization (NATO) Postdoctoral Fellowships in Science.

Applications for NATO Postdoctoral Fellowships in Science were re-
ceived from 244 individuals, an increase of 93 over the previous year.
A total of 48 awards were made.

GRADUATE FELLOWSHIPS

Graduate Fellowships (the first fellowship activity established by the
Foundation) provide support to unusually able students to permit them
to complete their graduate studies with the least possible delay.

A record 5,961 individuals submitted applications in the fiscal year
1962 program, representing an increase of 1,086 over the number for
the previous year. Although 1,761 awards were offered (224 more
than in the past year), this number included 733 renewals, the result
being that only one out of five of the new applicants was successful in
obtaining an award.

COOPERATIVE GRADUATE FELLOWSHIPS

These fellowships, similar to the Graduate Fellowships, differ from
them only in financial provisions and in administrative aims and proce-
dures. A greater degree of institutional participation is involved, espe-
cially with respect to the initial evaluation and the recommendation of
applicants.

For fiscal year 1962 the “recommendation numbers” assigned to the
participating institutions were substantially increased, with every school
being permitted to recommend at least 20 applicants for fellowships.
Although the number of applicants (4,118) and the number of awards
offered (1,200) reached new highs, the “success ratio” was lower than
in any previous year.

SUMMER FELLOWSHIPS FOR GRADUATE TEACHING
ASSISTANTS

These awards make it possible for Graduate Teaching Assistants in
science, mathematics, and engineering to devote full summer periods to
their own academic pursuits.
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The sharp increase in the number of applicants this year (33 percent
over the number for fiscal year 1961) was probably due mainly to the
removal of “recommendation numbers” which had in earlier years
limited the number of applicants in this program. Institutions were
encouraged to recommend as many individuals as they considered quali-
fied for these awards.

The 868 fellowships offered represented an increase of 243 over the
number offered in the previous year.

POSTDOCTORAL FELLOWSHIPS

During fiscal year 1962 this program continued to enable persons
who had recently obtained their doctorates to undertake additional
advanced training as investigators in their specialized fields. Applica-
tions rose from 656 in fiscal year 1961 to 897—the greatest number in
the program’s 11-year history. Available funds permitted the awarding
of 245 fellowships—only 10 more than the number offered in the pre-
vious year.

SENIOR POSTDOCTORAL FELLOWSHIPS

Senior Postdoctoral Fellowships are designed to offer well-established
scientists, mathematicians, and engineers the opportunity to pursue ad-
ditional study and/or research with a view toward increasing their com-
petence in their specialized fields or toward broadening their knowledge
in related fields of science, mathematics, and engineering.

Applications were received from 270 individuals and 92 awards
were offered.

SCIENCE FACULTY FELLOWSHIPS

These fellowships provide an opportunity for college and university
teachers of science, mathematics, and engineering with at least three
years of science teaching experience at the collegiate level to improve
their competence as teachers by obtaining additional advanced train-
ing in their own or related fields.

In fiscal year 1962, for the first time, the program was open to ap-
plications in the social science areas supported by the Foundation. Of
a total of 864 applicants, 39 were social scientists—10 of whom were
offered awards. Awards offered totaled 325, including 118 in the
various engineering fields.
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SUMMER FELLOWSHIPS FOR SECONDARY SCHOOL TEACHERS
OF SCIENCE AND MATHEMATICS

This program emphasizes study by the fellows in the natural sciences
and mathematics at a level acceptable to their fellowship institutions
toward the traditional advanced degrees in science and mathemtics.

Both the number of applicants and the number of awards offered de-
creased for the second consecutive year, although the proportion of
successful applicants was slightly higher than in fiscal year 1961. The
present level of approximately 300 new awards per year appears to be
optimum for this program.

NORTH ATLANTIC TREATY ORGANIZATION (NATO) POST-
DOCTORAL FELLOWSHIPS IN SCIENCE

For the fourth consecutive year the Foundation administered, in be-
half of the Department of State, the program of NATO Postdoctoral
Fellowships in Science. These awards enable United States citizens and
nationals to study abroad, primarily in the NATO countries. Other
NATO member nations select fellows from among their own nationals.
Of the awards accepted this year, 35 were for study and research in the
physical sciences (including 4 in mathematics), 11 in the life sciences,
and 2 in economics.

Surveys of Manpower Resources for Science and
Technology

Long-range and continuing studies conducted by the Foundation are
providing a variety of information and analyses on the education, pro-
fessional qualifications, and employment of scientific and technical per-
sonnel. This information is made available for Foundation, other Fed-
eral agency, and public use as required for the management, operation,
and evaluation of scientific manpower programs of all types. Activities
include support and publication of studies and surveys, and the mainte-
nance of the National Register of Scientific and Technical Personnel.

NATIONAL REGISTER OF SCIENTIFIC AND TECHNICAL
PERSONNEL

During 1962 analysis of National Register data collected during 1960
was completed, and preparation was made for the 1962 recircularization
of the register.
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Analyses of the first 120,000 returns to the 1960 National Register were
published in three preliminary reports: Scientific Manpower Bulletin
No. 14, “Earnings of American Scientists, 1960;” Scientific Manpower
Bulletin No. 15, “Geographic Distribution of Scientists in the National
Register of Scientific and Technical Personnel, 1960;” and Scientific
Manpower Bulletin No. 16, “Foreign-Language Proficiency of Scientists
Reporting to the National Register of Scientific and Technical Person-
nel, 1960.” The total number of individual scientists included in the
final analyses of the 1960 data was 201,292.

These analyses culminated in a final report, American Science Man-
power, 1960. (See table 4 and figure 2.) A special report, “Sum-
mary Characteristics of Scientists Reporting to the National Register
of Scientific and Technical Personnel, 1960” was released as Scientific
Manpower Bulletin No. 17. 'This Bulletin and the 1962 Questionnaire
and Specialties List were mailed to American scientists during April 1962
by the cooperating national professional societies to initiate the 1962
registration.  As of June 30, 1962, a total of 202,000 questionnaires had
been received by the societies, with an anticipation that about 245,000
individual registrants would be included in the complete 1962 National
Register.

Detailed information on scientific and technical personnel in the Na-
tional Register was furnished in response to requests from the scientific
community, Government agencies, industry, universities, etc. These
requests may be categorized as:

1. Statistical information related to salaries, educational level, work
activities, age distribution, types of employers of scientific and
technical personnel, and other factors.

2. Numbers of registrants located in specific geographical areas,
i.e., State, county, or metropolitan area.

3. Information on the techniques for establishing rosters for use by
industrial establishments, educational institutions, and foreign
countries.

4. Identification of individual scientists with specialized quali-
fications for foreign visit activities, international teaching
assignments, and special studies to be conducted by Govern-
ment agencies.
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Table 4.—Highlights of General Characteristics of Registrants, 1960

Characteristics Number |..Percent
i,

All registered scientists. .. ... ... ... . i 201, 292 100
Men. ... 186, 553 93
WOMEN. . ... i 13, 551 7
Noreportofsex......... ... . ... ... . i i 1,188 |....... ...

Employment of status:

Full-time civilian employed .. ... ... ... ... ... ... .. 172, 721 86
Active military duty . .. ... o o 3,945 2
Students. . .. ... 12, 905 6
Allothers. . ... ... . . .. . e 11,721 6
Type of Employer:
Educational institutions. .............................. 55, 663 28
Government organizations. . .......................... 32, 364 16
Nonprofit institutions. ............ ... ........ .. ...... 8, 855 4
Industry, business, and self-employed. .. ........ ... ... ... 90, 986 45
All others. including military. ... ... ... ............... 13, 424 7
Professional experience:
Tyearorless..... ... .. ... .. . e 6, 827 3
24 29, 556 15
5= 46, 152 23
10-14. . 40, 615 20
1510 22,145 11
2000 MOTE. . . ..o o 46, 761 23
No report of experience........................... .... 9, 236 5
Work activity:
Research, development, and design............... ... ... 74, 949 37
Teaching. ... ... ... ... . . . . . . 29, 539 15
Management or administration. .. ............. ... ... . 48, 914 24
Allothers. ....... .. .. . 47, 890 24
Highest degree:
Bachelor’s. . ... ... . .. 73, 555 37
Master’s. ... ... 50, 515 25
Professional medical................. ... ... ... ... ... 5,432 3
Ph. Do 62, 610 31
Noreportofdegree. ... ... ... ... ... .. ... ... .. ... .. 9, 180 4

Age groups:

20-29. 36, 627 i8
3039, 79, 981 40
40-49. . . 49, 102 24
50-50. e 23,643 12
60 and Over. ... ... ... 9, 890 5
Noreportofage............ ... ... ... ............... 2,049 1
Median age 38 years.
Source: National Register of Scientific and Technical Personnel, 1960.
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Ph.D.’s MASTER'S BACHELOR'S
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SOURCE: National Register of Scientific and Technical Personnel, 1960

Figure 2. Type of Employer of Scientist Holding Bachelor’s, Master’s,
and Ph. D. Degrees
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SCIENTIFIC MANPOWER STUDIES

Major studies of scientific and technical manpower undertaken by or
on behalf of the Foundation are directed at providing information on
critical manpower problems and aspects of scientific manpower poten-
tials. Among the more important projects under way in fiscal year
1962 were studies of: Qualifications and Service Loads of Secondary
School Teachers of Science and Mathematics; Evaluation of Sino-Soviet
Bloc Countries in the Development of Scientific and Technical Man-
power Resources of Other Countries; Offerings and Enrollments in
Science and Mathematics in Non-public Secondary Schools; Sources
and Extent of Financial Support of Graduate Students; Doctorate Pro-
duction in United States Universities, 1920-61; Labor Market Behavior
of Scientists and Engineers in Jet and Missile Production; and a Survey
of Professional and Technical Manpower, based on a postcensorial
survey.

During 1962, the Manpower Studies publications issued by the
Foundation included:

Education and Professional Manpower in the USSR—The study was
the result of a three-year research project and emphasized the develop-
ment of Soviet education and specialized manpower resources in the
entire context of total Communist ideology—political, economic, social,
and cultural. The study covered topics such as the recent educational
reform, the structure of the Soviet educational system (primary, second-
ary, specialized, and higher education), advanced degrees and Soviet
research and academic personnel, and the employment of professional
and specialized manpower in the Soviet Union. Some of the findings
of this project were: (1) the Soviet Union is producing two to three times
as many scientific and technical professional graduates yearly as the
United States; (2) Soviet production of science and engineering pro-
fessionals is seen as continuing at high levels throughout the 1960’s;
(3) professional instruction provided these graduates, though extensive
in fundamentals of science and engineering, was found to be directed
toward narrowly defined specialties.

Employment in Professional Mathematical Work in Industry and
Government—DPresents the findings of a survey of mathematical employ-
ment other than teaching. Data were collected on the age, education,
experience and other characteristics of persons engaged in mathematical
work, as well as on the nature of the current positions, functions per-
formed, and income received (see table 5). Information on mathematics
content required for work in this field will be useful to educators con-
cerned with mathematics curriculum in the light of the changing re-
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quirements of the Nation’s technology. The chief employers of persons
engaged in mathematical work were found to be aircraft and electrical
equipment manufacturers and the U.S. Department of Defense. Ap-
proximately 94 percent of the survey respondents had at least a bache-
lor’s degree, and one-third had advanced degrees (7 percent the doc-

Table 5.—Educational Level of Persons in Mathematical Employment,!
By Employer, 1960

Percent distribution by educational level
Ermol II\{umbcr
mployer eport-
plove ul')l(g) Doctor’s | Master’s Bﬁ;‘,‘:' No
Total | degree | degree degree degree
All employers............[ 29,815 100 7.2 25.7 61.3 5.8
Private industry.............. 7, 098 100 7.4 26.5 61. 4 4.7
Aircraft & parts........... 1, 961 100 5.9 25.1 63.3 57
Transportation equipment
(except aircraft).......... 208 100 6.7 28. 4 62.5 2.4
Electrical equipment........... 1,226 | 100 8.7| 27.5| 89| 4.9
Machinery (except electri-
cal). ... 601 | 100 11.8 26.9 55.5 5.8
Professional and scientific
instruments.............. 186 | 100 10.8 29. 6 58.0 1.6
Other durable manufactur-
ing.....coovviiiiii, 521 100 4.8 31.0 58.6 5.6
Petroleum products and
extraction............... 451 100 12. 4 27.1 58.9 1.6
Chemicals and allied prod-
ucts. ... 317 100 17.1 32.6 47.1 3.2
Other nondurable manufac-
turing. ................. 169 100 10.7 31. 4 53.8 4.1
Insurance................. 9209 100 - .8 20.7 73.3 5.2
Other nonmanufacturing. . . 549 | 100 6.4 27.3 1. 63.0 3.3
Federal Government........... 2,493 100 5.8 22.5 62. 4 9.3
Army.................... 929 100 3.1 19. 4 60. 2 17.3
Navy......coooooiinne. 577 | 100 7.1 22.5 66.9 3.
AirForce...........c..... 453 | 100 53 26.5 61.1 7.1
National Aeronautics &
Space Administration. . ... 231 | 100 3.5 16.0 76. 2 4.3
Commerce................ 104 | 100 20.2 21.1 57.7 1.0
Al other agencies.......... 199 | 100 10.0 35.7 50. 8 3.5
Nonprofit organizations. ....... 224 ;1 100 20.5 35.3 43,3 .9
1 Other than teaching.

# Excludes 167 respondents who did not specify educational level.
Source: National Science Foundation.
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torate). Three-fifths of the respondents were under 35 years of age and
one respondent in seven was a woman.

The Long-Range Demand for Scientific and Technical Personnel—
Provides results of a study undertaken to develop a systematic method-
ology for the long-range projection of demand for scientific and technical
personnel through separate analyses and projections for each principal
segment of the economy. The report describes a methodology and pre-
sents projections to 1970, illustrating the procedures and calling attention
to the areas where more or better data and analytical techniques are
needed. The report concludes that much additional data are needed
in order to analyze accurately future supply-demand relationships. The
continued development of comparable statistics on scientists, engineers,
and technicians for all segments of the economy and more comprehensive
data on the educational background and other characteristics of such
personnel are prerequisites for such a study, according to the report.

Women in Scientific Careers—Contains information on the employ-
ment and education of women in relation to scientific careers, including
data on occupational status, age, marital status, educational attainment,
and employment status. The study analyzed the factors controlling
women’s selection of and participation in scientific careers—giving con-
sideration to such items as the loss of interest attributed to the educational
system and the influence of personal, cultural, social, academic and eco-
nomic factors on women’s choice of careers.

Scientific and Technical Personnel in Industry, 1960—Includes infor-
mation on the number of scientists and engineers (by discipline) and
technicians employed by industrial concerns and other functions.

The Duration of Formal Education for High-Ability Y outh—Presents
an analysis of available information on the flow of youth from high school
to college and progress through college to the bachelor’s degree. These
subjects are analyzed for all students and for those in the top 10 percent
and top 30 percent ability levels. (See figure 3.) The study indicates
that about two-thirds, rather than the frequently stated one-half, of the
abler high school graduates do not enter college. Among talented boys,
three-quarters to four-fifths of the high school graduates continue their
education. On the other hand, less than one-half of the men and less
than one-third of the women with high ability complete an undergrad-
uate college education.
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DISSEMINATION OF SCIENTIFIC INFORMATION

All scientific research produces information. All scientific research
uses information. Maximum scientific progress requires maximum
effectiveness in the dissemination of research-produced knowledge. Im-
proving the control and dissemination of scientific information for the
benefit of U.S. scientists is the fundamental mission of the Foundation’s
Office of Science Information Service (OSIS). Fiscal year 1962 marks
the third full year of operation under directives the Foundation re-
ceived from the President and the Congress in 1958-59.*%

An extensive and highly complex, but relatively uncoordinated, scien-
tific information system has existed in the U.S. for many years. It being
neither desirable nor possible to wipe this system out and start completely
anew, the plans and programs of the Office of Science Information
Service necessarily involve simultaneously two basic efforts:

1. Promoting the study and development of new and better tech-
niques and systems for controlling and disseminating scientific
information.

2. Maintaining and improving existing services in this field.

Highlights

Three areas of scientific information can serve to illustrate and high-
light the increased emergence in 1962 of an integrated pattern of OSIS
activity that points toward a coordinated national scientific information
system.

GRANTS AS “MEANS” AND “ENDS”

In Fiscal Year 1962, OSIS made 232 grants (including contracts
and purchase orders) totaling $7,575,000. During this same period,
311 formal proposals were received requesting over $16,000,000.
Grants can be used merely to insure the achievement of immediate,
more or less unrelated ends. But they also can be important means in
a planned, coordinated program looking toward the accomplishment of

#Title IX, National Defense Education Act of 1958 and March 1959 Amendment
to the Executive Order 10521.
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major, long-term objectives. In the OSIS grant program, NSF places
heavy emphasis upon the latter aspect.

Those grants solely or predominantly in the “means” category natu-
rally are concerned largely with promoting the development of new and
improved ways of handling, controlling, and disseminating scientific
information, the ultimate goal being the achievement of a coordinated,
effective national system. Such grants mostly can be grouped in terms
of the following steps:

1. Obtaining a comprehensive picture of the existing situation.

2. Determining the information practices and needs of users of
scientific information.

3. Carrying on studies and research on improved methods.

4. Supporting programs to test and evaluate new procedures and
systems.

Among means-type projects illustrative of Foundation support along
these lines in fiscal year 1962 are the extensive communications studies
that the American Institute of Biological Sciences, the American Insti-
tute of Physics, and the American Psychological Association are conduct-
ing in their respective fields. An important aspect of these investiga-
tions is the description and analysis of present information activities
and services. The same is true of the large-scale study of the abstracting-
indexing problem recently launched by the National Federation of
Science Abstracting and Indexing Services.

In the past, work directed specifically toward determining the infor-
mation practices of scientists has been supported at Columbia Univer-
sity and the Case Institute of Technology. Obtaining such knowledge,
which is basic to the analysis of needs, is another of the goals of the
broad disciplinary and abstracting-indexing projects mentioned above.
A Syracuse University analysis of how and to what extent scientists are
using the translated USSR journals impinges on this objective.

Studies and research on improved methods of information handling
have emphasized fundamental investigations related to the mechaniza-
tion both of the storage and retrieval of information and of translation.
Representative of such work funded during 1962 are projects in lin-
guistic research at the Universities of Pennsylvania and Texas and a
study of new mathematical techniques of subject classification by the
Cambridge (England) Language Research Unit. Other work looking
toward improved procedures, but not directly linked to mechanization,
includes a project at Georgia Institute of Technology on the training
of information specialists; one by John I. Thompson Company on the
distribution of Government reports; and work by Arthur D. Little, Inc.
on centralization of various aspects of information handling.
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Experimental programs to test and evaluate new procedures and
techniques are a logical follow-up of the preceding study and research
activities, Among efforts of this kind is a project completed during
1962 by the British Association of Special Libraries and Information
Bureaux (ASLIB). By making a comparative study of the retrieval
efficiency of four indexing and classification schemes, ASLIB developed
a test method that has been applied to several operating systems, among
them the American Society for Metals-Western Reserve University’
metallurgical searching service. Work is continuing under a new grant
on both testing methods and evaluation of various indexing techniques.

Experimental development and test programs looking toward new
procedures or systems for use in operating situations are the Mathe-
matical Reviews' experiments and test runs with the Photon (a photo-
composition device) for mathematical composition, and Chemical Ab-
stracts’ work in mechanizing certain aspects of its chemical information
handling.

NSF has also supported conferences closely related to various phases
of developing improved information procedures. Among such meet-
ings in 1962 were a mechanical translation conference on syntactic
analysis in Princeton, N.J., a workshop on information system design
organized by the University of California (Los Angeles) and the Amer-
ican Documentation Institute, and a storage and retrieval workshop
held by the U.S. Patent Office.

On the other hand, many grants necessarily are directed primarily
toward meeting immediate needs and emergency situations. Examples
include temporary and emergency funding of primary and abstracting-
indexing journals, support of monographic publications, subsidy of
translation journals, assistance to sceintific societies for special projects,
and the like. Even these can and do have important implications as
means toward an ultimate, overall objective. Abstracting-indexing sup-
port, for example, is granted along lines that will aid in coordinating all
such efforts. In brief, a very large fraction of the total grant effort
in 1962 was either predominantly “means” in nature or had significant
implications beyond any immediate ends that were met.

A FEDERAL SCIENTIFIC INFORMATION PROGRAM

The Government, being itself a major producer and user of scientific
information, possesses a large and complex internal program in this
field. For the total U.S. system to be fully effective, intra-Government
scientific information activities must be coordinated both with each other
and with the extra-Government pattern. Effecting coordination within
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the Federal establishment is complicated by the varying basic missions
of different scientific information groups. Any over-all coordinating
effort must try to combine maximum value to the national scientific
effort with minimum jeopardy to the various programs’ individual
responsibilities.

The Foundation’s plan for discharging its Federal coordinating re-
sponsibility has involved, as a minimum, the cooperative development
of a Government system that could provide any U.S. scientist or sci-
entific organization promptly and reliably with: (1) information on
the nature and status of Federally supported research in progress; (2)
announcements, abstracts, and indexes of reports issued on such re-
search; (3) access to copies of these reports; and (4) a single source
of information on where answers can be obtained to substantive scientific
questions.

During 1962, significant additional progress was made toward this
composite goal, through the joint efforts of OSIS and the several other
agencies involved. Organizational mechanics were completed on the
expansion of the former Bio-Sciences Information Exchange into the
Science Information Exchange (SIE), which will cover the physical,
and eventually the social, as well as the life sciences. The SIE main-
tains and provides information on who is performing what research
where. To begin with, only research supported by Federal grants and
contracts is being covered. Planning calls for further extension of the
scope beyond Government-sponsored R&D.

In the field of technical report literature, the Office of Technical
Services (OTS) of the Department of Commerce has for some years
published the abstracting journal U.S. Government Research Reports
(USGRR). As a result of the Foundation’s work with OTS and the
report-originating agencies, USGRR’s coverage has increased steadily
for the past three years. During 1962, it became essentially complete
for unrestricted Atomic Energy Commission (AEC) reports, National
Aeronautics and Space Agency (NASA) reports, and Department of De-
fense reports held by the Armed Services Technical Information Agency
(ASTIA). To provide rapid subject-oriented announcement of tech-
nical reports, NSF promoted the establishment of a Keywords Index of
documents, that later will be abstracted in USGRR. The first issue of
this semimonthly journal appeared just at the close of the fiscal year.

USGRR always has carried information on how to obtain copies of
all documents it abstracted. Thus, expansion of USGRR’s coverage
automatically has made many more technical reports easily available to
the scientific and technical community. Also, a reference collection of
all reports covered by USGRR has been maintained for some years in
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the Library of Congress. Eleven more such regional report centers were
established during fiscal year 1962 in selected universities and libraries
scattered across the nation, increasing many-fold the number of scientists
and engineers with ready-reference access to these documents.

As noted above, the Science Information Exchange is designed to
meet the need for a single source of information on the nature and
status of Federally supported research. A somewhat analogous need
has been for a center that could dispense knowledge regarding the mul-
titude of information services available within and outside of Govern-
ment—that is, for a single source to which a scientist or an organiza-
tion might go to find out where answers can best be obtained to specific
questions. Toward the end of fiscal year 1962, plans were completed
for the establishment of such a referral center in the Library of Congress
during fiscal year 1963.

Supplementing these actions, which are tied specifically to the four
minimum objectives stated previously, have been studies and surveys
pertinent to a coordinated Federal information program as a whole.

But the Federal Government also has a scientific information respon-
sibility beyond its own immediate operations. For example, various
journals published by scientific societies are essential research tools for
Government programs and find their principal (sometimes almost their
total) market in the Federal establishment. NSF has played, and
continues to play, a major coordinating role in these situations by call-
ing together representatives of all parties concerned, private and Govern-
ment, to work out fair and mutually beneficial patterns of support. A
major 1962 advance in this problem area was the adoption by the Federal
Council on Science and Technology, at NSF’s recommendation, of a
standardized Government policy favoring the honoring of journal page
charges that increasingly are being levied by nonprofit scientific pub-
lishers. Enunciation of this policy was particularly significant in that
it marked the recognition by the Council that dissemination of research
results is an integral element in the R&D sequence and, therefore,
properly should be supported from research funds.

MECHANICAL TRANSLATION (MT) AND COORDINATION

One 1962 development in MT deserves special mention as a par-
ticularly significant coordinating advance. Encouraged by NSF’s pro-
motion of increased coordination in all Federal information programs,
NSF, the Department of Defense, and the Central Intelligence Agency,
developed, during 1962, plans for a joint research and development
program for automatic language processing, with particular attention
to MT.
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Documentation Research

The Documentation Research program concerns almost entirely the
first of the two fundamental objectives of OSIS. It is directed prin-
cipally toward stimulating and supporting studies, research, and experi-
mentation along three general lines: (1) Identifying and assessing the
information needs of scientists, (2) developing new and more effective
systems—mechanized where advantageous—for handling and controlling
scientific information, and (3) achieving mechanized translation of
foreign language material into English.

COMMUNICATION PROBLEMS AND INFORMATION NEEDS
OF SCIENTISTS

Several major communications studies were mentioned previously.
The one being conducted by the American Psychological Association
includes the following topics: Communication and information prac-
tices of a sample of productive research psychologists; tools and tech-
niques employed by psychologists who have prepared review papers;
comparative coverage of Psychological Abstracts and the Annual Review
of Psychology; the readership of psychological journals and the use of
Psychological Abstracts; cross-citations among psychological journals
and images of journals held by psychologists; the information exchange
that takes place at meetings; the characteristics and patterns of com-
munication within specialized societies or groupings in the field of psy-
chology; and comparison of concepts expressed in titles of papers with
those employed in indexing the papers. Another new study undertaken
by the Advance Information Systems, Inc., is concerned with behavioral
factors in information systems.

INFORMATION ORGANIZATION AND SEARCHING

In the important University of Pennsylvania project on linguistic
research, an exact, mechanizable procedure is being devised for con-
verting a complex sentence into a much simpler form that will maintain
the original meaning but be more amenable to machine processing for
information retrieval. Much new knowledge about the English language
is resulting from this work, and the development of computer programs
to accomplish automatically the grammatical and transformational de-
composition of English sentences is well along.

Other continuing projects showing significant progress this year in-
clude research by the National Bureau of Standards on the mechanical
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processing of both pictorial and linguistic information®, development
by the National Biomedical Research Foundation of a computer pro-
gram for automatically producing a tabular form of coordinate index,
and an Advanced Information Systems, Inc. study of large file organi-
zation with emphasis on self-organizing capabilities.

Among the new projects are a Lehigh University study of models of
information retrieval systems, Western Reserve University research on
automatic processing of abstracts for storage and retrieval, and an en-
gineering terminology study by the Engineers Joint Council.

MECHANICAL TRANSLATION (MT)

Probably the most significant 1962 development in MT was the three-
agency agreement previously mentioned regarding future research and
development. In U.S. basic research in this field, a major portion of
which NSF supports, considerable progress was made in fundamental
studies of language structure including the design of computer programs
to aid in language analysis, the compilation of bilingual computer dic-
tionary programs, and the development of computer programs for steps
in the translation process. Also of considerable importance this year was
the third in a series of working conferences of MT investigators. This
one was devoted to certain phases of the syntactic analysis of languages.

EVALUATION OF INFORMATION SYSTEMS AND
PROCEDURES

The Association of Specialized Libraries and Information Bureaus
project, already mentioned, is an example of significant NSF-supported
work in this area, one which is increasingly being emphasized in the
OSIS program. Because of a lack of rigorous standards on which to
base quality judgments, two exploratory studies were launched to de-
velop criteria for evaluating information systems and procedures. They
were recommended by a National Academy of Sciences-National Re-
search Council (NAS-NRC) committee set up to study this question
and were conducted by Stanford Research Institute and Arthur Ander-
son and Company.

Other NSF-funded 1962 projects with significant evaluative aspects
included: A test program of the ASM—WRU metallurgical searching
service, the results of which are being evaluated by NAS-NRC; a sur-
vey by users of this service by the Bureau of Social Science Research;
and an NAS-NRC study of chemical notation systems to determine the

*Jointly supported by NSF and the Patent Office.



uses currently being made of them and their strengths and weaknesses
for organizing and searching information on chemical structures. Late
in the year a grant was made to the Massachusetts Institute of Tech-
nology to design and establish in the Boston area, a test environment in
which controlled tests can be made of information system components
and new types of service.

SURVEYS AND REPORTS

Two extensive state-of-the-art reports were issued with NSF support—
on character recognition, by the National Bureau of Standards, and on
coordinate indexing, by Documentation Incorporated. The Documen-
tation Research program continued to compile and publish its semi-
annual report on Current Research and Development in Scientific Docu-
mentation, the May 1962 issue containing some 450 descriptions of
R&D projects and studies in the U.S. and 20 other countries. During
the year the program also surveyed operating systems that employ new
techniques or devices and prepared for publication the third edition of
its series Nonconventional Technical Information Systems in Current
Use.

SupportlofiScientificiPublications

The activities of this program (SSP) are directed toward the goal of
an optimum publication system for dissemination of research results.
The program considers such a system to consist of two basic, related
parts: primary publications for first reports of the results of research and
secondary publications or services for reference purposes.

NSF concern with primary publication is largely a national problem,
but the growth of world publication of scientific research results has
broadened consideration of secondary reference services to the interna-
tional level, especially in abstracting-indexing which is the keystone of
scientific reference service. Projects supported are of two types, those
that aid existing publications and services, and others that experiment
with new techniques. Although the proposals received by SSP are many
and varied, a major factor in their screening is their contribution toward
providing prompt publication of the results of scientific research in a
usable quantity and form.

Kinds of projects supported during 1962 included: modernizing and
expanding coverage of abstracting-indexing services; publishing signifi-
cant single items, including monographs, symposium proceedings, re-
views, data compilations, and bibliographies; launching new primary



journals; eliminating manuscript backlogs of existing journals; and ex-
perimenting with new publication-oriented information techniques.
Representative projects of particular significance follow.

SUPPORT OF PRIMARY PUBLICATIONS

During 1962 this program supported the launching of three new jour-
nals: Applied Optics, Applied Physics Letters, and Malacologia. The
first of these, which began publication in January 1962, is directed to-
ward physical, electron, and space optics; lens design; optical engineer-
ing; and plasma and solid state physics. Although jointly sponsored by
the American Institute of Physics and the Optical Society of America,
Applied Optics is published independently by the latter. The new jour-
nal is devoted largely to original research and to reviews of major re-
search topics; articles may be published in English, French, German,
and Russian. Applied Physics Letters, a second rapid publication
medium in physics, is aimed at providing a quick announcement service
for short papers in a number of fields not covered by Physical Review
Letters, the first such journal initiated with NSF support. Malacologia
provides a medium for literature in the field of mollusks; at present such
literature is scattered through many journals. Research in this field is
moving at a rapid rate in many countries, and this new outlet will allow
more prompt publication of good papers in systematic and experimental
areas of malacology. All NSF funding of primary journals is done on
a temporary basis.

More than half of the grants made for the support of publication of
31 monographs during 1962 were in biology, where outlets, particularly
for taxonomic volumes, appear limited.

The Pacific Science Congress and the International Physiological
Congress were two international meetings receiving publication support.

STUDIES AND EXPERIMENTS IN SCIENTIFIC
COMMUNICATION

The New York Botanical Garden pilot project on a machine coding
system for plant taxonomy produced the first volume of the planned
International Index. This volume contains all the plant families. Or-
ders, genera, and species have also been coded. Subsequent volumes
will contain this information.

Representative of the five catalogs and handbooks supported during
1962 is the “Checklist of Amphibians and Reptiles”, an ambitious
experimental project undertaken by the American Society of Ichthyol-
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ogists and Herpetologists that will offer complete summaries of all
North and South American species.

The American Institute of Physics Documentation Study mailed a
questionnaire during 1962 to some 1500 physicists to determine how
physicists describe their own fields of activity. Analysis of these descrip-
tions will form a basis for compiling improved subject indexes, and
designing a more adequate reference retrieval system for physics
literature.

With NSF support, a group of Latin American editors attended
the February 1962 meeting of the U.S. Conference of Biological Editors
(CBE). At this meeting they organized a Latin American CBE to
provide a forum to promote improved biological journal publication
in their countries. As an initial project they are working on a Spanish
style manual similar to CBE’s “Style Manual for Biological Journals.”

SUPPORT OF SECONDARY SERVICES

Support was continued for improved operation and expansion of
several major abstracting-indexing services including Mathematical Re-
views, International AeroSpace Abstracts, GeoScience Abstracts, Biolog-
ical Abstracts, and Chemical Abstracis.

The Operations Research Society of America (ORSA) initiated
publication of the International Abstracts in Operations Research with
NSF grant funds. In addition to the conventional author and subject
indexes, each issue of JAOR contains a “Digest” that lists abstracts
serially and describes the referenced publication by key words indicating
principal topics and methodology and by letter codes representing bib-
liographic, computational, experimental, and other aspects of the
contents.

Support of specialized bibliographies was limited, and only experi-
mental indexing projects were considered.  Six grants were made during
1962 for the publication of compilations in such diverse subjects as
ethnography of South America, radio astronomy, and palynology.

NSF support during 1962 played a significant role in a number of
activities relative to mechanization of abstracting-indexing procedures.
For example, grant funds provided for the purchase of a Photon by the
American Mathematical Society for use in developing complex mathe-
matical photocomposition. Conversion to tape typewriters by Engineer-
ing Index will enable them to initiate monthly issues and to prepare
these, as well as the annual issue, from a single typing. Permuted
indexes were published by both Chemical Abstracts and Biological Ab-
stracts. Large scale application of this indexing technique is relatively
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recent, however, and funds were provided for further experiments. A
grant was made for an experimental citation index in the field of statis-
tical methodolgy. Chemical Abstract’s mechanized file of chemical
compounds, permitting computer searches for both molecular and struc-
tural correlations, approached productive level of coverage, and codes
were developed to relate biological, physical, and physiological proper-
ties to the appropriate chemical entity.

Foreign Science Information

The basic mission of the Foreign Science Information program is to
promote the effective availability in the United States of scientific re-
search results published in foreign countries and to foster interchange of
scientific information between these countries and the United States.
This mission is implemented by encouraging the broadest possible com-~
munication between U.S. scientists and their counterparts throughout
the world. Program activities are designed:

1. To promote effective acquisition of foreign scientific publica-
tions through purchase and by exchange between U.S. and
foreign organizations.

2. To provide data to the U.S. scientific community on sources
and availability of foreign scientific information, which in-
cludes support for scientific and technical reference aids.

3. To increase the scope and quantity of translations of the most
important foreign scientific publications.

4, To stimulate cooperation with international organizations in
support of projects which will add to the U.S. store of in-
formation and materially improve scientific communication
on an international scale.

TRANSLATIONS

Emphasis was placed upon encouraging professional groups to obtain
access to foreign scientific literature through programs of selective trans-
lation, principally from the Russian, and to inaugurate new programs
for the translation of Japanese scientific journals in physics, chemistry,
biology, and selected areas of engineering. By the end of the fiscal year,
NSF was supporting, through grants to scientific societies and universi-
ties, the cover-to-cover translation of 42 Soviet scientific and technical
journals and selected translations from 13 others.

An example of a highly selective translation journal is International
Chemical Engineering, inaugurated by the American Institute of Chem-
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ical Engineers, which concentrates on the literature of the Sino-Soviet
bloc. Funds were granted to the American Mathematical Society for
translation of the Communist Chinese journal, Acta Mathematica Sin-
ica. Also, the American Institute of Physics was supported in a co-
operative arrangement with the Japan Physical Society to encourage the
dissemination in the U.S. of the English-language journal, Japanese
Bulletin of Applied Physics.

Overseas translation activities carried out during fiscal year 1962
under Public Law 480 (Agricultural Trade Development and Assistance
Act of 1954) constitute another important effort to utilize the results of
foreign resecarch and to stimulate international scientific cooperation.
This program is being carried on in Israel, Poland, and Yugoslavia by
Federal agencies using foreign currencies accruing through the sale of
U.S. agricultural commodities overseas. A total of 25,800 pages of
Russian, 13,000 pages of Polish, and 4,300 pages of Serbo-Croatian
material was translated and disseminated in the U.S. in fiscal year 1962,
under Foundation leadership. In addition, simultaneous English lan-
guage editions of the leading Polish and Yugoslav primary journals are
now under way.

STUDIES AND REFERENCE AIDS

Considerable emphasis was placed on studies of scientific research
and information activities in foreign countries. These included compila-
tion of directories of foreign scientific research institutions and scientists,
reviews of the state-of-the-art of sciences in foreign countries, science
information activities in foreign countries and international organiza-
tions, and preparation of bibliographic guides to foreign scientific pub-
lications.

There was a similar concentrated effort to produce guides for the
scientific community relating to foreign scientific literature available in
the United States, both in the original languages and in translation.

INTERNATIONAL ACTIVITIES

The FSI program has been instrumental in developing measures for
closer coordination of science information activities among international
scientific and information organizations, such as United Nations Edu-
cational, Scientific, and Cultural Organization, International Council
of Scientific Unions, Federation of International Documentation, Inter-
national Federation of Library Associations, International Organization
for Standardization, and others. Assistance has also been rendered to
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appropriate U.S. agencies and organizations in the development and
strengthening of information activities within, or supported by, these
and similar international organizations.

RESOURCES AND EXCHANGES OF INFORMATION

Finally, emphasis was placed during the past year on fostering pro-
grams for the acquisition and exchange of foreign scientific publications.
With NSF support, a large-scale exchange has been worked out by the
American Mathematical Society and the Lenin State Library whereby
multiple copies of some 700 Soviet scientific periodicals come directly
to approximately 75 U.S. research libraries. The American ‘Mathe-
matical Society provides U.S. publications in return.

Research Data and Information Services

The two general problem areas of primary concern to this program
are: (1) the Government system for the control and dissemination of
scientific information stemming from Federally supported research and
development, and (2) specialized data and information centers. These
categories obviously are not mutually exclusive since the Federal infor-
mation complex includes a number of specialized services, and many
privately sponsored centers handle certain Government-originated mate-
rials and include Federal agencies among their users.

Major 1962 emphasis continued to be on stimulating and, where
appropriate, supporting the coordination of various Federal information
activities, looking toward the development of a balanced, effective
overall Government system.

THE FEDERAL SCIENTIFIC INFORMATION SYSTEM

NSF’s major role in these activities has been to encourage and work
with the Federal agencies that are operationally involved. In some
cases financial support also has been provided, usually for necessary
experimentation or to speed up initiation of specific projects.

The Science Information Exchange, an expansion of a similar project
of some years’ standing in the life sciences, increasingly is providing in-
formation on Federally supported research in progress in the physical
and biological sciences. Plans call for later extension to include the
social sciences and to cover privately sponsored research. Abstracting
coverage by U.S. Government Research Reports has become essentially
complete for unrestricted AEC, NASA, and ASTTA-held Department of
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Defense reports. OTS’ new Keywords Index now can provide prompt,
subject-oriented announcement of reports subsequently abstracted in
U.S. Government Research Reports.  Twelve regional report centers
give scientists and engineers in major U.S. research and development
centers ready reference access to the technical reports covered by
USGRR. At the end of the fiscal year, the Library of Congress had
just begun to establish a referral center that will provide a single source
to which a scientist or engineer can go for information on where answers
to substantive scientific questions can best be obtained.

Supplementary to these specific steps in the direction of a well-coordi-
nated Federal information system have been studies on the initial dis-
tribution of technical reports, on the practicability and implications of
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on problems of compatibility between existing information systems.

DATA AND INFORMATION CENTERS

The continued growth in the number and use of scientific data, refer-
ence, and information centers has resulted in numerous requests to the
Foundation for funds to establish and support such operations. NSF
activities in this area are designed to develop basic information on the
use and value of data centers and the services they perform.

Late in the year the Foundation initiated, as a part of a general con-
tinuing study, a comparative economic analysis of two different hypo-

thetical information systems—one, a subject-oriented information service
atwnrl and thae her anoranhicallv_ariented n nf‘uork' The cf"r‘\r

network and the other, a geographically-oriented netw The stu
being carried out by a private firm, involves the construction of modcls
characteristic of the two systems and the formulation of various mathe-
matical expressions of the systems, through the use of which a compara-
tive economic analysis is being made.

Under contract to the Foundation, the Battelle Memorial Institute
carried out an extensive survey of specialized science information serv-
ices in the physical and biological sciences. A directory based on the

survey a and llqhng more than 400 such groups was pubhshgd_ durine 1962,
Entitled “Specialized Science Information Services in the United States,”
the directory is designed for use as a reference aid for working scientists
and engineers.

A grant was made to the American Society of Mechanical Engineers
for the establishment of a scientific film library service on flow visualiza-
tion research data in fluid mechanics. Purpose of the project is to im-

prove the dissemination of such data available on motion picture film

128



and, at the same time, to serve as an experiment in the use of scientific
film as a medium for exchange of information among scientists.

Education and Training

Although not established as a formal program, the OSIS education
and training activity functioned during 1962 in much the same manner
as the programs described above. The fundamental overall mission of
this effort continues to be the improvement of the competence of:
(1) science librarians and information specialists in organizing, con-
trolling, and disseminating scientific information, and (2) scientists and
engineers in the use and presentation of the results of scientific research.
The Foundation’s long-range objective is to encourage the development
in U.S. colleges and universities of curricula, of various kinds and at a
variety of levels, that will accomplish this two-phase mission. NSF’s
own role in stimulating and promoting such curriculum development re-
quires it to study, on a continuing basis, the needs for trained manpower
in these areas; to work with the universities and scientific groups in
establishing program requirements for training the needed manpower;
and to develop within the Foundation an effective, realistic plan of
encouragement and support.

During the past year, activity in this program has concentrated on the
initial aspects of the first of the mission areas. Studies were conducted
in-house to obtain current information on educational programs, both
academic and non-academic, for training information personnel. Li-
brary school curricula were surveyed to determine the extent to which
course offerings prepare librarians for work with science collections or
science information centers. Also, a survey was conducted of curricula
in other departments of universities to determine the extent to which
they are applicable to training students for work with science informa-
tion. Finally, the content of various conferences, institutes, and short
courses on science information activities was examined to determine its
relevancy to training programs for librarians and information specialists.

In addition to the in-house activity, a grant was made to the Georgia
Institute of Technology for a study of various factors that affect develop-
ment of educational programs for information specialists. These in-
clude development of curricula, recruiting students, faculty requirements,
and the relative values of short courses and degree programs. Prelimi-
nary conclusions developed from the study indicate that university pro-
grams for training specialized personnel for work in various aspects of
science information can and should be developed.
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Studies for support and encouragement of educational programs
was also a major project in the 1962 education and training activity.
The planning and development was coordinated with the NSF Divi-
sion of Scientific Personnel and Education (SPE). Implementation
by this division is expected to begin during the next fiscal year.
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SCIENCE RESOURCES PLANNING

Science today is a foremost national resource, a potent economic
stimulus, and a key to national development and relations among na-
tions. Because of his increasing reliance on scientific output, man must
ensure that science will have the resources to meet present and future
needs.

The primary resources of science are people—the scientists and engi-
neers who teach, do research and development, and manage production;
and the technicians and other specialists who assist them. Other re-
sources of science are the equipment and facilities they use, and the
institutions in which they work. Equally important are the funds that
support science activities.

The increasingly rapid development of science and technology makes
it necessary to be able to analyze trends, to study effects of Federal
programs on the conduct of research and teaching in science, and to
anticipate future demands on the Nation’s science resources. To meet
these needs, the Foundation established, in October 1961, the Science
Resources Planning Office to serve as a focal point for studies relevant
to the formulation of national policy for research and education in

science and pnmnm’nng

SRPO responds to the needs of the Office of Science and Technology,
the Federal Council for Science and Technology, the President’s Science
Advisory Committee, as well as other organizations concerned with
policy for science and technology. The Science Resources Planning
Office coordinates long-range planning within the Foundation. It is
assisted in its activities by the Office of Economic and Statistical Studies
and by the Manpower Studies Section of the Division of Scientific
Personnel and Education Studies Section.

As a basis for science resources planning relevant to the formulation
of national policy for research and education in science and engineering,

the Foundation has conducted or parhrwpnfprl in two gpnpra] kinds of

projects: (1) determination of present national resources, capabilities,
and probable growth in scientific potential; and (2) exploration of
scientific relations of colleges and universities with the Federal Govern-
ment.
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On such project is the Federal Agency Survey of Research and De-
velopment Levels Projected to 1970. The survey is being conducted
for the Federal Council for Science and Technology and includes the
eight agencies represented on the Council plus Agency for International
Development (AID) and Federal Aviation Agency.

A second survey concerns the adequacy of physical facilities, including
apparatus and equipment, used for teaching and for research, in all fields
of science and engineering in educational institutions. In the past sev-
eral years, requirements for such facilities have increased faster than
their acquisition. Needs have arisen both from greater numbers of
faculty and students and from unprecedented expansion of research
activity under Federal support. Quantitative sampling of educational
institutions should show anticipated facility requirements for the next
ten years, as well as capabilities of institutions to meet the costs of
expansion of facilities.

Another study considers instrumentation and its effects on research.
Instrumentation often has an appreciable effect on both manpower and
budgets. Manpower demands may, for example, be diminished by
new instruments which reduce the number of assistants needed to record
or analyze data. Other advances may open up new scientific oppor-
tunities and thus draw additional personnel into instrumented research
efforts. The study is also aimed to yield quantitative data on the “in-
flation” of research costs owing to instrumentation, and on ratios of
cost-per-person in highly instrumented fields of research. Such data
constitute important inputs for long-range planning.

New dimensions in the involvement of colleges and universities with
research and development have posed new problems in the organization
and administration of colleges and universities. To investigate these
problems, preliminary steps have been taken to initiate a survey of
influences of R&D on such factors as academic organization, participa-
tion of faculty and graduate students in R&D, extramural consultant
services, patent policy, and specially-financed research laboratories and
institutes.

To stimulate and improve the practice of long-range planning in
science, the Foundation has undertaken a series of basic analytical studies
to provide better understanding of planning and policy-making. Typical
is one concerned with the interdependence of scientific progress and the
competition for scientists and engineers at the doctoral level. The study
is analyzing the long-range effects of varying degrees of “feedback” of
new doctoral scientists and engineers into educational institutions.

To provide general guidance for planning, conceptual frameworks
are being developed for relating activities of the Foundation to the scien-
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tific endeavor of the Federal Government and of the nation as a whole.
In this connection the general philosophy and goals of the Foundation
are being evaluated in relation to the fulfillment of its mission in the
future. Questions include the support of critical areas of science; edu-
cational needs to meet expected growth in scientific manpower; and
expansion of facilities for research and for education in science, at all
academic levels. A parallel study bears on the future levels of NSF
support programs such as those in research grants and in fellowships.
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ASSESSING THE NATIONAL RESEARCH AND
DEVELOPMENT EFFORT

The Foundation conducts or sponsors detailed economic analyses and
statistical surveys of the national research and development effort, meas-
ured by both funds and manpower. The studies, directed or conducted
by the Foundation’s Office of Economic and Statistical Studies, provide
trend data for the past eight years. (See appendix H for a list of pub-
lications reporting the results of these activities.)

Comprehensive annual surveys are conducted of expenditures for re-
search and development by both industry and the Federal Government,
which comprise the two largest of the four survey sectors. Surveys of
colleges and universities involve operating and capital expenditures for
research and development, scientific manpower, and scientific equipment
and facilities, the latter including projections as well as current data. In
the fourth sector are the nonprofit research institutes and private founda-
tions. (A study of scientific research supported by the private founda-
tions in 1960 was reported in the Foundation’s bulletin, Reviews of Data
on Research & Development, Number 35.)

Related components of science and technology are also being measured.
Projects are underway to survey scientific information activities of both
industry and the Federal Government. During the past year data on
these activities in the Federal sector were published.

TREND IN R&D FUNDS, 1953-54—1960-61

During the fiscal year, the Foundation published a time series on
the intersectoral transfer of funds for research and development as well
as for basic research for 1953-54 through 1960-61.

Expenditures for the performance of research and development in
the natural sciences in the United States were estimated at about $15
billion in 1961-62. This amount is nearly triple the $5.2 billion for
1953-54 reported in the first NSF survey. (See tables 6a, 6b, 7a, 7b.)

Most of the data in these tables are obtained from the Foundation’s
statistical surveys in which more than 90 percent of organizations queried
have provided responses. Time series on R&D expenditures for years
prior to those covered by the Foundation contain only fragmentary data
and are based on limited studies.

The transfer tables provide a basis for further study and analysis.
From them may be obtained a statistical framework of sixteen possible
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Table 6b. Sources of Funds Used for Research and Development, by
Sector, 1953—-54—1960-61*

[millions of dollars]
Federsl Coll Other
Year Total | Govern- | Industry | and :n‘nel.- ';::'S:’::
ment versitiea®| 0 b
1953-54......... $5,150 $2, 740 $2,240 $130 $40
1954-55......... §,620 3,070 2,365 140 45
1955~86......... 6,390 3,670 2,510 155 s5
1956-57......... 8,610 5,095 8,265 180 70
1957-58......... 10,030 6, 380 3,390 190 70
1958-59......... 11,070 7,170 3,620 190 90
1959-60 (prelim.).| 12,620 8,290 4,030 200 100
196061 (prelim.).| 14,040 9,220 4,490 210 120
8 Data are based on reports by the performers.
b State and locol government funds spent for h and develop t by the colleges and

universities and other nonprofit institutions are included with the respective sector’'s own funds.
Note: With the exception of data for 1953-54 ond 1957-58, the years In which surveys covered
all sectors, data on sectors as sources of funds are estimates.
¢ Netlanal €l Foundation, March 1962.

source-performer relationships for the year covered. The presentation
facilitates comparison of the R&D financing role of each of the sectors
with respect to the others. The data for 1960-61 repeat the pattern
shown for previous years. In 1960-61, the Federal Government was the
primary source of R&D funds, with respondents reporting receipts from
this sector of more than $9 billion, or 65 percent of the total outlay of $14
billion. Industry was again the largest performer, spending $10.5 bil-
lion in current operating costs of research and development.

In 196061 funds used in the performance of basic research in the
natural sciences rose to an estimated $1.3 billion, nearly three times the
$430 million spent for basic research in 1953-54.

Over the eight-year period, an increase occurred of more than 400
percent in the dollar volume of federally-performed basic research,
largely owing to accelerated space research programs. During the same
period, funds used by colleges and universities, traditionally the home
of basic research, increased 175 percent. The average increase for
all sectors was 200 percent.

As in previous years, in 196061 the colleges and universities ex-
pended more than other sectors in the performance of basic research—
$575 million, or 44 percent of the total. The Federal Government pro-
vided the largest portion of total funds for basic research, more than
one-half, or about $745 million. Of this amount $350 million went
to colleges and universities.
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Table 7b. Sources of Funds Used for Basic Research, by Sector,
1953-54—1960-61 *

[millions of dollars]
Federal Colleges | Other non.
Yeoar Total Govern. | Industry | and uni- profit

ment versitiea® | institu-

nouy -
1933-54,....... . $432 $195 $147 $62 $28
1954-55. . 000000 485 na. ne, n.a. na,
1955-56.,..c0.... 547 n.a. 0.8, DA na.
1956-5T. 00 0anses 694 n.a. n.a. n.a, na,
1957-58, c00arees 834 422 249 111 52
1958-59, .0 00ven. 1,016 565 275 118 58
1959-60 (prelim.).| 1,150 646 293 140 n
1960-61 (prelim.).| 1,302 745 8i3 161 83

¢ Data are based on reports by the performers.

® State and local government funds spent for basic research by the colleges and universities and other
nonprofit institutions are included with the respective sector’'s own funds.

n.a.—Not available.

Note: With the exception of data for 1953-54 and 1957-58, the years in which surveys covered all
sectors, data on sectors as sources of funds are estimates.

Souree: Natlenal Science Foundation, March 1962,

R&D FUNDS BY CHARACTER OF WORK

During the past year, for the first time national totals of R&D ex-
penditures were separately classified by basic research, applied research,
and development for each sector. Earlier estimates by the National
Science Foundation of national totals have been limited to research and
development and its basic research component, owing to the difficulty
of separately identifying data on applied research and on development.

Available data for years preceding 1959-60 indicate the relatively
constant distribution of funds among the three components of research
and development. Basic research outlays have amounted to 8-9
percent of total R&D funds. Somewhat less than 75 percent of total
R&D funds have been concentrated in the category of developmcm.
Applied research expenditures have accounted for the remainder. (See
figure 4.)

At the sector level, industry and the Federal Government expended
the greatest proportion of their R&D funds in the performance of de-
velopment. This is consistent with the emphasis on development in
defense and space projects conducted in these sectors. While basic
research accounts for the largest proportion of R&D expenditures in

I‘I\llﬂﬂﬁﬂ Qﬂ!q 1mmivveraity
colleges and universities, applied research receives more funds than either

of the other two components of research and development in other
nonprofit institutions.
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Figure 4. Basic Research, Applied Research, and Development—
Percent Distribution of Funds Used in Performance, by Sector,
1959-60

SCIENTISTS AND ENGINEERS IN RESEARCH AND DEVELOPMENT

About 387,000 scientists and engineers were employed in research and
development in the natural sciences in 1960 (including engineering) in
all sectors of the economy (measured in terms of full-time equivalents,
F.T.E.), compared with 327,000 in 1958, and 223,000 in 1954. (See
table 8.)

The rate of growth in the number of R&D scientists and engineers
appears to have declined from 1958 to 1960 as compared with growth
from 1954 to 1958. In the later period, the number of scientists and
engineers employed in research and development increased about nine
percent per year. Between 1954 and 1958, the increase was about 12
percent per year.

COMPARISON OF FUNDS AND PERSONNEL FOR RESEARCH AND

DEVELOPMENT

Over the entire period for which data are available, 1954 through
1960, the increase in professional scientific personnel was almost 75 per-
cent. During the same period, R&D funds increased more than 140
percent. Because total funds have risen more rapidly than total em-
ployment for research and development, the overall cost per R&D scien-
tist or engineer (F.T.E.) increased. From about $23,000 in 1954, it

rose to $31,000 in 1958, and $33,000 in 1960.
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Table 8. Scientists and Engineers in Research and Development, by
Sector, 1954, 1958, and 1960 *

1960
1954 1958 (Prelim.)
Full-time equivalents
Total.svocevenreiiinnieanronns 223,200 | 327,100 387, 000
Fodoral Government ¥, ... ....ccc0nssen 29, 500 40, 200 41, 800
Industey @, . viecsanvonsesacenssasavas 164,100 239,500 28¢, 200
Colleges and unjversities *............. 25, 200 42,000 52,000
Other nonprofit institutions *.......... 4,400 5,400 7,000

® Data consist of number of full-time employees plus the full-time equivalent of part-time employees.
b Limited to civililan personnel.

° Include p p | employed at h Imini d by organi
under contract with Federal agencies.
H Natlonal Sci Foundation, March 1962,

RESEARCH AND DEVELOPMENT AND THE GROSS NATIONAL PRODUCT

R&D expenditures have grown considerably faster than total national
expenditures for goods and services as measured by the gross national
product. (See figure 5.)

In 1953-54, when the current dollar value of the gross national prod-
uct was $365.4 billion, funds expended for research and development,
also in current dollars, amounted to $5.2 billion, or 1.4 percent of the
GNP. By 1960-61, the gross national product was $504.4 billion and
R&D expenditures were $14.0 billion, or about 2.8 percent of the gross
national product.

R&D DATA ON FOREIGN COUNTRIES

The Foundation is expanding data collection activities on research
and development to include information from other countries. A report
on funds for science and technology in the Soviet Union is in prepara-
tion. Similar studies are planned of the Eastern European countries
and Communist China. Totals are to be developed comparable with
U.S.data.

Representatives of the Organization for Economic Co-operation and
Development (OECD) have sought Foundation advice on the conduct
of surveys of research and development in member countries.

SPECIAL ECONOMIC STUDIES

Growing out of and supplementing the information provided by the
statistical program are many special economic studies conducted con-
manmendler 2artel alin £ioond oocimacno Qinmnme Loncr abindinc mipddnl bcen conmcenales
CULICIILLY WILLL UIC 1UllU 3UIveys. OOIIC KCY SLUUICS wililll 11ave 1cecnuy

been completed or begun are described in this section.
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Cost Index—Related to the statistical work is a project to construct
a cost index that can be used to measure trends for research and develop-
ment in terms of constant dollars. The measurement of the perform-
ance and financing of research and development discussed previously
is expressed in current dollars.

Scientific Output—In connection with the Foundation’s interest in
developing measures of scientific activities in terms of data on scientific
publication and patents, it has conducted a study of industry practices
regarding the publication of basic research findings.

Relation of Industrial R&D Data to Other Economic Data—A study
is under way to relate the data on industrial R&D funds to statistics
collected by the Bureau of the Census and the Internal Revenue Service,
such as value added, net profits, and capital expenditures, of such factors
in an attempt to quantify the influence of such factors on company
growth., Likewise, Internal Revenue data such as company sales will
be correlated with funds for research and development.

Indirect Costs—To provide data on indirect costs of research grants
and contracts, the Foundation surveyed present practices in colleges and
universities with regard to reimbursement to them of indirect costs in-
curred in the performance of federally sponsored research. These
findings, useful in government councils and congressional deliberations,
answered questions on the amounts and sources of funds needed in addi-
tion to the funds for direct costs of Federal research grants or contracts.

Inventory of Projects on Social Implications of Science and Tech-
nology—The third annual inventory of current research projects dealing
with economic and social implications of science and technology indi-
cated that 262 projects are under way in this area in colleges and
universities.

Innovation in Industrial Firms—Under contract with the Founda-
tion, the Carnegie Institute of Technology has investigated innovations
within a firm and within the economy. The Foundation published a
report on diffusion of innovation within an industry and one on diffusion
within individual firms. The Institute is turning its attention to the sub-
ject of decision-making with respect to R&D spending.

Research Proposals—Under contract with the Foundation, New York
University and the University of Michigan conducted a study of the
factors affecting the acceptance or rejection of research proposals in
their institutions. A report is in preparation on the status of the pro-
posals, the fields of science, ranks of the originators, and agencies to
which they were submitted.
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THE DEVELOPING ROLE OF THE NATIONAL

SCIENCE FOUNDATION IN INTERNATIONAL
SCIENCE

Although man’s hopes of resolving ideological and political differ-
ences seem to meet frustration at every turn, international cooperation
in science is not only a reality but is constantly growing. Increasingly,
the National Science Foundation is being called upon to lead United
States participation in this growing worldwide effort to decipher nature’s
cryptogram.

The challenges and the promise of science could readily absorb both
the money and energies that nations have in the past devoted to far less
fruitful occupations, such as the harassment of their neighbors. Science
and technology are now a matter of keen rivalry among nations, but
such rivalry could be directed into more constructive channels. Per-
haps it is not too much to say that in the present state of affairs, science,
especially in its more fundamental aspects, is one of the few subjects on
which nations can agree. A number of factors are responsible for this
gratifying trend.

The first is the nature of science, which is not limited in its develop-
ment by either national boundaries or geographical barriers. The his-
tory of science is replete with examples of discoveries that have occurred
independently and almost simultaneously in various countries of the
world.

Second is the tradition among scholars of sharing research plans and
findings. This kind of cooperation is one of science’s most ancient
and honored institutions. The early annals of science consist largely of
the correspondence of scholars, and one finds them journeying great dis-
tances to visit one another, despite the incredible hardships of travel
in earlier centuries. Today the means of both communication and trans-
portation have been so miraculously transformed by modern technology
that scientists may not only exchange their views with ease and rapidity
but may also interrupt their teaching or their research for brief visits
across the world.

Third, a steady improvement in economic conditions plus recognition
of the importance of foreign travel to research enable a growing number

of scholars to travel to scientific meetings and to visit their fellow scien-
tists along the way.
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Finally, a significant factor that is contributing to international coop-
eration in science is the growing realization that problems which are
global in scope require for their solution the combined efforts of scien-
tists in many parts of the world. Astronomy, oceanography, meteorol-
ogy, and, of course, the phenomena of outer space, can be effectively
studied only on a worldwide basis; moreover, problems of nutrition, dis-
ease, fresh water resources, pollution of the atmosphere, and contamina-
tion of food sources are universal. Not only do they require the best
minds of many countries for their adequate solution but they need

regional and local study for complete understanding of the problem at
hand.

The International Geophysical Year

The value of the synoptic system of data accumulation and collation
became evident during the 18-month period of the International Geo-
physical Year (IGY) between July 1957 and December 1958. Sixty-
six nations of the world teamed their resources during that period to
conduct the most concentrated study ever undertaken of the earth as
a planet. The IGY marked the first of a series of international science
activities which the National Science Foundation managed and admin-
istered for the United States Government. The Foundation accepted
the task of coordinating the Federal effort for the IGY at the request
of the National Academy of Sciences-National Research Council, ad-
hering body to the International Council of Scientific Unions which
organized the IGY program. To underpin the effort of the United
States in the IGY, the Congress made available to the Foundation, on
its request, a total of $43.5 million. Thereupon, with the advice and
operational planning by the IGY Committee of the NAS-NRC, the
Foundation carried forward the program by grants to universities and
research organizations and by transfers to other Federal agencies.

These funds made possible a magnificent effort by scientists them-
selves, financed and supported by the people of the United States through
the Congress. Geopolitical differences were submerged under the cos-
mic weight of geophysical research as scientists of East and West worked
together in a mighty effort to gather new knowledge about the planet
earth, about the sun, and a wide variety of extraterrestrial phenomena.

Possibly of even more abiding significance than the fulfillment of its
scientific mission, the IGY removed the Antarctic from the sphere of
political influence and dedicated it to the advancement of man’s
knowledge. Twelve nations, signatory to the Antarctic Treaty of 1959,
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reserved the area for scientific exploration and experiment. It was not
to be contaminated by nuclear explosions nor used for disposal of radio-
active waste. Furthermore, research that proved so fruitful during the
IGY was not terminated as it closed but has rather been broadened and
extended to include a variety of biological, geological, and other studies
not originally planned as part of the IGY program.

United States Antarctic Research Program (USARP)

The global significance of Antarctica, its isolation and vast size, and
the magnitude of the scientific and environmental problems it presents,
preclude gaining major insights through studies conducted only in a
single nation, or in any brief span of years.

Scientific observations, however comprehensive, are of limited sig-
nificance unless they are part of similar observations throughout a wide
area made during significant periods of time. Simultaneous observations
in many studies greatly increase the usefulness of what is learned. Rapid
progress in scientific studies in Antarctica requires a network of stations
that make their findings available to scientists everywhere. Only by
coordinated gathering and disseminating of data in this manner are
scientists enabled to piece into meaningful form facts that by themselves
could not be related either to each other or to broad problems involving
studies far removed from the area.

The concept of a cooperative scientific program undertaken on a large
scale, embracing many aspects of science, calls for the cooperative efforts
of scientists everywhere, and support from many governments. There-
fore, in August of 1960 the President directed the National Science
Foundation “to exercise the principal coordinating and management
role in the development and carrying out of an integrated U.S. scientific
program in the Antarctic.” The same directive instructed the Founda-
tion to coordinate and arrange for the conduct of cooperative scientific
programs with other nations participating in the Antarctic.

The productive and constructive interrelationship of scientists from
many nations that had its genesis in the IGY has been continued and
expanded in the research that is now being carried forward under
Foundation auspices in the Antarctic. Scientists of the world involved
in Antarctic research formed the Scientific Committee on Antarctic Re-
search (SCAR) under the International Council of Scientific Unions
(ICSU). In the United States, at the request of the Foundation, the
Committee on Polar Research advises the Foundation on the long range
program in the Antarctic.
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The seven-station network operated by the United States during the
IGY in Antarctica was reduced to four—Byrd, Hallett, McMurdo, and
Pole. The Department of Defense, through the U.S. Naval Support
Force, Antarctica, provides logistical support to USARP at these sta-
tions, such support involving air and ship transportation to and from
the continent, air transportation within the continent, and maintenance
of the stations.

For several years parties of United States scientists have conducted both
winter and summer programs at Argentine and Chilean stations in the
Palmer Peninsula area. U.S. scientists have also conducted programs
at Wilkes Station, maintained by Australia, and in a bilateral exchange
with the U.S.S.R., research has been performed for more than four years
at Russia’s Mirnyy Station.

Australia has maintained U.S. entomologists and physicists on Mac-
quarie Island, in the Pacific between Australia and the Antarctic con-
tinent. The British Antarctic Service has provided transportation and
facilities to a bird-banding program conducted on Bird Island, near
South Georgia. (For additional information about the work of the
Foundation in the Antarctic, see page 40.)

The International Indian Ocean Expedition

From the fertile seedbed of international scientific cooperation sown
by the IGY there germinated many fruitful plans for further exploration
of the world’s natural resources. Once again the National Science
Foundation was called upon to provide United States leadership for a
new effort, this time a massive scientific survey of the resources of the
least known of the oceans, the Indian Ocean. A White House an-
nouncement of June 1960 directed the Foundation to plan and coordi-
nate Federal support for U.S. participation in the International Indian
Ocean Expedition. The scientific assault on the Indian Ocean will
involve an armada of approximately 40 vessels and scientists from 30
nations.

The United States program for the Expedition will be devoted to the
scientific examination of four areas of great interest. The first of these
areas is divided into four parts: (1) the origin of the ocean basin; (2)
forces that have shaped and are continuing to shape the basin; (3)
resemblances between this piece of the earth’s crust and any other; and
(4) differences between this piece of the Indian Ocean basin and other
ocean basins. Techniques to be used in attempting to answer these
questions will be primarily geophysical and geological, and will have
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been or will be employed on expeditions sent out by Scripps Institution
of Oceanography, Lamont Geological Observatory, and Woods Hole
Oceanographic Institution.

The second broad area of investigation involves the chemical and
physical properties of the Indian Ocean, and includes a study of the
motions of these waters. Sampling will be done in predetermined pat-
terns, with respect both to horizontal distribution and to vertical spacing.
Studies will encompass concurrent precise measurements of water tem-
perature; subsequent chemical and isotopic analyses of the water samples;
and determination of current flow at various depths by numerous means.
Although all United States ships participating in the IIOE will be
equipped for such water sampling, the direct measurement of current
flow is the particular objective of a University of Rhode Island expedi-
tion embarked in the Scripps Institution vessel ARGO.

The third major field of interest is the living populations, plant and
animal, of the Indian Ocean. All United States ships will be equipped
to sample plankton and to observe surface biological phenomena, and
some will measure primary productivity. The research vessel Anton
Bruun will have biological oceanography as her primary mission, and
the Stanford University vessel Te Vega will concentrate on biological
and physiological studies of island groups and other shallow water areas.

The fourth main area of research is concerned with the interaction
between the ocean and the atmosphere. Several of the U.S. research
vessels that will work in the Indian Ocean will be equipped to make
upper-air meteorological observations, but the United States will have
the greater part of its meteorological effort based ashore. Observations
from meteorological aircraft of the U.S. Weather Bureau and of Woods
Hole Oceanographic Institution, working in connection with the Inter-
national Meteorological Center that has been established with the as-
sistance of the Government of India and the United Nations Special
Fund; from meteorological satellites; and from meteorological buoys
(to be planted in the Bay of Bengal and Arabian Sea with the help of the
Indian Navy), will be utilized in the program.

The International Year of the Quiet Sun

A third scientific venture of worldwide significance that emerged
rather directly from the stimulating environment of the IGY is known
as the International Year of the Quiet Sun (IQSY). The program
of the IQSY was originally proposed by the International Committee
on Geophysics (CIG) of the International Council of Scientific Unions
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at ICSU’s September 1961 meeting in London. In authorizing United
States participation, President Kennedy, in a letter to the Director of
the National Science Foundation, observed: . . . Asa natural comple-
ment to the strikingly successful International Geophysical Year, it is
an attractive proposal and the attention and planning that have already
been devoted to it by the scientific community assures that it will make
an important contribution to the understanding of our environment.

“I am pleased to authorize, with this letter, United States participa-
tion in the program. In addition, I hereby designate the National
Science Foundation as the responsible agency to correlate the Federal
Government’s regular activities which contribute to the program and
to coordinate and make necessary budgetary arrangements for those
additional activities which may be required . . .”

As during the IGY, the National Academy of Sciences-National
Research Council is developing the United States scientific programs
of the IQSY and will work on these programs in cooperation with
the Foundation.

The IQSY program is not to be regarded as a small repetition of the
IGY. Full advantage will be taken of the new knowledge of solar-
terrestrial relationships gained during the IGY and also of the improved
and new techniques of geophysical research. Certain types of IGY
synoptic programs will be repeated, but in many fields new experiments
have been suggested stemming from the knowledge gained from the
IGY and also from the fact that certain experiments and observations
will be possible that could not have been made during the maximum
portion of the solar cycle.

The international program calls for observations of solar activity, geo-
magnetism, aurora and airglow, ionospheric physics, and cosmic rays;
for space research; and for meteorology and aeronomy. Emphasis will
be placed on solar mechanisms; determining the state of the inter-
planetary medium during solar minimum; mapping the earth’s radiation
zone to establish its configuration and density at minimum; observing
solar events and the transit through the interplanetary medium of the
solar plasmoids and the interaction of the plasmoids with the geomag-
netosphere; observing at magnetically conjugate points on the earth the
auroral, ionospheric, geomagnetic, and hydromagnetic consequences of
such interactions; determining the energy content of the solar ionizing
radiations that influence the aeronomy of the middle atmosphere; study-
ing the winds and circulation of the ionospheric regions; determining
the basic photochemical character of the middle atmosphere and iono-
sphere in its least disturbed condition; and undertaking such programs
as studies of the low energy portion of the galactic cosmic-ray spectrum
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that are best done during times of solar quiet.  Also included will be the
completion of certain network synoptic programs of aurora, geomag-
netism, ionospheric physics, and cosmic rays throughout the present
solar cycle; therefore, it was suggested that these networks be operated
for the IQSY with coverage at least as complete as was done for IGY,
making such modifications as might be desirable in the light of the
IGY experience.

United States- Japan Committee on Scientific
Cooperation

Based on plans agreed upon during the past year, it will not be long
before teams of United States and Japanese scientists will be studying
the volcanoes of Hawaii and Japan, comparing, developing, and sharing
instrumentation and working together to analyze and evaluate data.
The result should be the advancement of science in both countries beyond
what each could have accomplished working alone. This would be but
one in a wide range of cooperative scientific activities—exchanges of
scholars, exchange of scientific information, joint research on the Pacific
Ocean, and research in the medical sciences. The U.S.-Japan program
for scientific cooperation is the most advanced example of a new
approach to international science activities being urged forward by
the Foundation—the advancement of science through cooperative
activities in which the cooperating countries provide both scientists and
a part of the support.

Opportunity for the Foundation to open this new road to interna-
tional scientific cooperation grew out of an agreement between Presi-
dent Kennedy and Prime Minister Ikeda of Japan, in June of 1961, to
establish the U.S.-Japan Committee on Scientific Cooperation. Chosen
to head the United States Delegation was Harry C. Kelly, the Associate
Director of the Foundation for Educational and International Activities.
Delegations representing the two governments met first in Japan in
December 1961, and later in the United States in May 1962.

At its May meeting, the Committee adopted recommendations for
consideration and action by their governments concerning (1) the ex-
change of scholars in the sciences, and (2) the exchange of scientific
and technical information and materials. The Committee adopted as
well, recommendations to be considered for prompt implementation by
their governments relating to (1) scientific investigations of the Pacific
Oceans, (2) animal and plant geography and ecology in the Pacific
area, and (3) research in the medical sciences. The date of the next
meeting of the Committee has been tentatively set for May 1963.
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The Foundation's In-House Support of International
Scientific Activities

Mid-century science, as we have noted above, presented a challenging
environment for the advancement of international amity, and mid-
century scientists representing many nations of the world have effected,
through close cooperation, significant scientific achievements. On the
part of the United States, the National Science Foundation was priv-
ileged to play a leading role in the broad, all-encompassing program
of the International Geophysical Year, and is privileged to provide
leadership for the United States Antarctic Research Program, the In-
ternational Indian Ocean Expedition, the International Year of the
Quiet Sun, and the United States-Japan Committee on Scientific
Cooperation.

Despite its preoccupation with such “extra-curricular” responsibili-
ties, the Foundation has maintained the steadily increasing pace of its
own “curriculums” in international science activity. In-house pro-
grams of the Foundation in international science cover a wide spectrum
of support represented by grants for research in environments unnatural
to the United States, others in science education that contribute to
strengthening science in the United States through close cooperation
with educational leaders in other countries, and still others that speed
the acquisition of the published results of research performed by scien-
tists of repute throughout the world. Examples come readily to mind in
support of:

® * ¢ ¢ Tropical biology in one of the earth’s last great frontiers—
the tropics, homeland of over three-quarters of all living things.

® * * ¢ Astronomy in Australia for one of the world’s largest radio
telescopes to observe objects in the southern hemisphere that are not
accessible from northern latitudes; in Chile where site surveys are under-
way for the new Chilean Astronomical Station to increase further the
scanning of astronomical objects now out of range in the northern
hemisphere. Each will be available for use by U.S. astronomers.

® * ¢ * Education in the sciences that (1) provide opportunities
for educational leaders from abroad to participate in NSF teacher-
training programs, (2) enable U.S. scientists to attend Advanced Study
Institutes abroad, (3) support activities under inter-Academy agree-
ment for the exchange of scientists between the United States and the
US.S.R., (4) continue administration by the Foundation, in behalf of
the State Department, of NATO Postdoctoral Fellowships and Senior
Visiting Fellowships for the Organization for Economic Cooperation and
Development, and to establish a new international fellowship program—
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the Senior Foreign Scientist Fellowship Program, (5) continue the
Visiting Scientists Program which brings to the United States distin-
guished foreign scientists to broaden the perspectives of our own science
faculties and graduate students, (6) make possible publication of Edu-
cation and Professional Manpower in the U.S.S.R., by Nicholas DeWitt,
Research Associate of the Russian Research Center, Harvard Univer-
sity—definitive source of information about professional employment and
education in the Soviet Union.

e ¢ ¢ ¢ Programs designed to provide U.S. scientists with the pub-
lished results of scientific research in other nations—including acquiring
foreign scientific publications through purchase or exchange, provision
of data on sources and availability of foreign scientific information, in-
creasing the scope and quantity of translations, and stimulating
cooperation with international organizations to increase the store of in-
formation and improve scientific communication on an international
scale. Specific examples of such activities are: establishment of a
center at Massachusetts Institute of Technology to announce and make
available Communist Chinese scientific publication; support of massive
exchanges with the U.S.S.R. in Soviet and Chinese mathematical pub-
lications; preparation of guides to scientific publications in a number
of languages; support of directories of Soviet scientists and of Japanese
scientific periodicals and research institutions; support of increased U.S.
abstracting coverage of Soviet bloc material in a number of sciences;
support of cover-to-cover translation of over 40 Soviet scientific journals
and of selective translation of papers in others; support of guides to
U.S. scientists to the scientific literature of the U.S.S.R., Japan, and
East European countries; cooperation, with partial support of some
activities, with U.N. Educational, Scientific and Cultural Organization,
International Conference of Scientific Unions Abstracting Board, Euro-
pean Productivity Agency (EPA), Organization for Economic Co-
operation and Development (OECD), International Federation of
Library Associations (IFLA), and International Standards Organiza-
tion (ISO); and participation in, with partial support of, the Pacific
Science Congress and other such conferences.

e o o ¢ Maintenance in Tokyo, Paris, and Rio de Janeiro of one or
two Foundation representatives—professionals who work closely with
Scientific Attachés representing the U.S. Department of State and whose
primary tasks are to establish at those localities scientific liaison, and
scientific information gathering and dissemination, and to foster exchange
of scientists.

Any recitation of accomplishment by the National Science Foundation
in international science would be incomplete, and indeed presumptuous,
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if it ignored the contributing strengths supplied by the several agencies
and institutions with which the Foundation works closely in fulfilling
its high missions. No undertaking of the U.S. Government involving
relationships with other nations moves into action without the knowledge
and support of the Department of State. Broad surveillance of official
United States interests in and relationships with international science
is exercised by that Department through its Office of International Sci-
entific Affairs. From this office the Foundation invariably receives
warm support and cooperation at every juncture of its attempts to
establish productive international relations in science. Similarly, the
execution of Foundation-supported programs in the Antarctic and in
the Indian Ocean would have been quite impossible had it not been for
the ready and willing logistic strengths supplied by the Department
of the Navy, whose men and ships contributed immeasurably to the
success of many scientific missions. Nor could have the Foundation’s
responsibilities in these vast scientific explorations been discharged effec-
tively without the constant and full-bodied support and encouragement
extended at every turn by the officers and scientists associated with the
National Academy of Sciences-National Research Council who, in very
substantial measure, have provided sound counsel and leadership for
this Nation’s effort in international scientific cooperation.
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APPENDIX A

National Science Board, Staff, Committees, and Advisory Panels

NaTiONAL SCIENCE Boarp*

Terms Expire May 10, 196}

DerLev W. BroNk (Chairman of the Board), President, The Rocke-
feller Institute, New York, N.Y.

Lee A. DuBrioce (Vice Chairman of the Board), President, California
Institute of Technology, Pasadena, Calif.

RoBerT F. LoEes, Bard Professor of Medicine Emeritus, Columbia Uni-
versity, New York, N.Y.

KeviNn McCaNN, President, The Defiance College, Defiance, Ohio

JanE A. RusseLL (Mrs. Alfred E. Wilhelmi), Associate Professor of
Biochemistry, Emory University, Atlanta, Ga.

PaurL B. Sears, Professor Emeritus, Conservation Program, Osborn
Botanical Laboratory, Yale University, New Haven, Conn.

Ernest H. VoLwiLER, Consultant, Abbott Laboratories, North Chi-
cago, Il

MarcoLMm M. WiLLEY, Vice President, Academic Administration, Uni-
versity of Minnesota, Minneapolis, Minn.

Terms Expire May 10, 1966

W. O. BAkER, Vice President-Research, Bell Telephone Laboratories,
Inc., Murray Hill, N.]J.

Tue ReEverReENDp THEODORE M. HEsBUrGH, C.S.C., President, Univer-
sity of Notre Dame, Notre Dame, Ind.

WinLiam V. HousTtoN, Honorary Chancellor, William March Rice
Houston, Tex.

Josepu C. Morris, Vice President, Tulane University, New Orleans,
La.

E. R. Piore, Vice President for Research and Engineering, Inter-
national Business Machines Corporation, New York, N.Y.

WiLiam W. Rusey, Professor of Geology and Geophysics, Depart-
ment of Geology and Institute of Geophysics, University of California,
Los Angeles, Calif.

Eric A. WALKER, President, The Pennsylvania State University, Univer-
sity Park, Pa.

*One vacancy.
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Terms Expire May 10,1968

Harvey Brooks, Gordon McKay Professor of Applied Physics and
Dean of Engineering and Applied Physics, Harvard University, Cam-
bridge, Mass.

Rurus E. CLEMENT, President, Atlanta University, Atlanta, Ga.

Henry EYrING, Dean, Graduate School, University of Utah, Salt Lake
City, Utah.

PriLip HANDLER, James B. Duke Professor and Chairman, Department
of Biochemistry, Duke University, Durham, N.C.

KatHerINE E. McBriDE, President, Bryn Mawr College, Bryn Mawr,
Pa.

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

Epwarp L. TatuMm, Member, The Rockefeller Institute, New York,
N.Y.

Rarpr W. TYLER, Director, Center for Advanced Study in the Be-
havioral Sciences, Stanford, Calif.

* * * * * * *

AraN T. WaTermAN, Director, National Science Foundation, Wash-
ington, D.C. (Member ex officio)

STAFF*¥
Office of the Director

Director . ____ ALaN T. WATERMAN
Executive Assistant.._ ... _______ Frank C. SHEPPARD
Research Assistant_________________ Lee ANNA EMBREY
Special Assistants__________________ J. WaLLAce Jovce

RAYMOND J. SEEGER

Administrative Assistant_.__________ MaBeTH B. BRADLEY
Secretary, National Science Board-.___ E. VERNICE ANDERSON
Associate Director (Administration) __ Paur A. SCHERER

Special Assistant e Howarbp S. SCHILLING
Associate Director (International Ac-

BVIIES) oo WiLLiaMm J. RoBBINS
Associate Director (Planning) o Ricuarp H. BoLt
Associate Director (Research) - ———_ .. RanpAL M. ROBERTSON

Special Assistant __ ... RoBERT W. JoHNSTON
General Counsel __________________ Wirriam J. HorF

Deputy General Counsel _________ CHARLES B. RUTTENBERG
Public Information Officer ——________ CrypE C.HaLL

**#As of November 1962,

158



Division of Biological and Medical Sciences

Assistant Director oo Harve J. CARLSON
Deputy Assistant Director —————— e Davm D. Keck
Program Director for:
Facilities and Special Programs - JACK T. SPENCER
Mary K. JoHRDE
Developmental Biology — - —————-—- PaiLip GRANT
Mary L. PARRAMORE
Environmental Biology _ -~ GEORGE SPRUGEL, Jr.
JoserHINE K. DOHERTY
Genetic Biology - —— - HermaN LEwrs
Mary L. WoLFF
Metabolic Biology — — - oo Howarp TEAs
Marie L. HESSELBACH
Molecular Biology —— .- Joun W. MEHL

CarL A. KUETHER
EsteLrA K. ENGEL

Psychobiology —— oo Henry S. ODBERT
PauL G. CHEATHAM
Regulatory Biology - Davm B. TyLER
H. JeaNeTTE RUTH
Systematic Biology — -~ Warter H. Hopce

J- FRANCES ALLEN :
Division of Mathematical, Physical, and Engineering Sciences

Assistant Director_ oo GeorrFrey KELLER
Special Assistant_ . mee ANDREW W. Swaco
Section Head for Engineering__ - SAMUEL SEELY

Rarpu H. Long, Jr.
MicHAEL P. Gaus
RovaL E. ROSTENBACH
Lewis G. MAYFIELD
IsrRAEL WARSHAW
Program Director for:

Astronomy o Gerarp F. MULDERS
MARJORIE WILLIAMS
HaroLp H. LANE

Atmospheric Sciences EarL G. DROESSLER
Frep D. WHITE
SuerMAN W. BETTS
RoBERT FLEISCHER
C. Davip CRANDALL

Chemistry oo meem WALTER R. KIRNER '
ArLex KorcH
OREN WILLIAMS
WinrLiam H. CRAMER
RoBerT H. LINNELL
Don~aLp A. SPEER
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Program Director for—Continued
Earth Sciences_____ _____ . —____ WirriaMm E. BEnsoN
Joun LyMman
Roy E. Hanson
RicuArD G. BADER
RicHarp G. Ray
Mathematical Sciences— e ——— ARTHUR GRAD -
Rosert H. OwENs
RavLpa M. Krause
Physics J. Howarp McMILLEN
(On leave)
WayNE R. GRUNER
(Acting)
Howarp E. ETzrL
WiLriam N. ELL1s
C. EucenNE HunTING

Division of Social Sciences

Assistant Director — e HeNRY W. RIECKEN

Special Assistant __________________ BerTHA W. RUBINSTEIN
Program Director for:
Anthropology ... ALBERT C. SPAULDING
Mary W. BosTaNn
Economic§ e __ Howarp H. HiNes

Sociology and Social Psychology —__ RoBERT L. HaLL
BerTHA D, ATELSEX

History and Philosophy of Science__. Rocer C. Buck

Division of Scientific Personnel and Education

Assistant Director - _____________ BowenN C. DEEs
Deputy Assistant Director__________ Kerra R. KeLsoN
Section Head for Fellowships________ Tromas D. FoNTAINE

Graduate Fellowships_.__________ Harry M. Douxkas
Summer and Cooperative Fellow- HALLTAYLOR
ships.
Foreign and Extramural Fellow- HowarpD. KrRAMER
ships.
Section Head for Institutes_________ Harorp E. Way
Summer Institutes_._____________ WiLLiaM MORRELL
Academic Year Institutes_________ C.RusseLL PHELPS

College and Elementary Programs__ HaroLp A. IDDLES
Section Head for Special Projects in ARTHURF. ScotT
Science Education.
Developmental Program e ——_._ WiLLis E. PEQUEGNAT
Advanced Science Education______ LyrLe W. PaiLLips
Undergraduate Science Education_.. Lewis N. Pmvo
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Secondary School Student Science Howarp J. HAusMAN

Education.
Section Head for Course Content Im- CHARLES A. WHITMER
provement.
Course Content Improvement RicHARD E. PAuLsoN
Studies.

Section Head for Scientific Personnel Tuowmas J. MiLLs
and Education Studies.
National Register of Scientific and MiLTON LEVINE
Technical Personnel.
Manpower Studies (Clearinghouse) - RoBerT W. CAIN

Office of Antarctic Programs

Head oo TroMas O. JoNES
Special Assistant__ Henry S. FraNars, Jr.
Chief Scientist, U.S. Antarctic Research ALBERT P. CRARY
Program.
Associate Science Program Director_._. GEORGE A.LrANO

Special Assistant to Chief Scientist__. RoBerT W. MasoN
Program Director, Field Requirements Grorce R. ToNeY

and Coordination. Puiie M. SmrtH
KenparL N. MouLToN
Communications O fficer—_ - CuarrLes W. FrosT
Vessel Coordinating Officer_ .- Joun T. CrROWELL
RoserT R. HINCHCHIFFE
Geodetic Liaison Officer e~ WALTER SEELIG
Antarctic Records Officer - KuUrT SANDVED

Office of Institutional Programs

Head - oo Howarp E. Pace
Deputy Head - —— e Denzer D. SMITH
Executive Officer— o ooeeeeeeeee ELMER G. HAVENS
Section Head for Graduate-Level Re- Josuua M. LEise

search Facilities.
Program Director for:

Life and Social Sciences Facilities. LovaL G. GOFF
GEORGE A. LIVINGSTON
Howarp J. BoroucHS
Lawrence W. Littic
CuARrLES H. CARTER
RoBERT M. JoHNSON
Physical Sciences Facilities_ . RicHARD A. CARRIGAN
F.pe PErcIN
Or10o WITZELL
J. RicaArp MAYER
RaLpu G. WHITE
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Section Head for Institutional Grants__ DenzeL D.SmitH
Program Director -~ James M. ENGLAND
Patricia E. NiceLY

Science Resources Planning Office

Associate Director (Planning) and Head, Ricuarp H.BoLT
Science Resources Planning O flice.

Associate Office Head LeoNARD KAREL
Staff Members— - oo WirLiaM V. CONSOLAZIO
WILBERT ANNIS

WALTER L. KoLTUN
WiLriam A. JAracz

Office of Science Information Service

Head oo BurTON W. ADKINSON
Deputy Head - oo BerNARD M. Fry
Science Liaison Officer - ———————~__ DwicHT E. GrAY
Special Assistant for:

Operations - - e e Rarpru H. SULLIVAN

Studies oo Francis G. NAUGHTEN

Program Director for:
Documentation Research. . .- HerLeN L. BRowNsoN
RICHARD SEE

Foreign Science Information__——___ ARTHUR J. SHANAHAN

Research Data and Information CHARLES M. STEARNS
Services. GorpoN B. Warp

WiLrLiaM A. CREAGER

Epwarp M. McCorMICK
Support of Scientific Publications-_. RaLpuE. O’DETTE

ALLEN J. Sprow

ILeeN E. STEWART

Office of Economic and Statistical Studies

Head - e Jacos PERLMAN
Special Assistant for Program Activities.. THEODORE SURANYI-UNGER
Program Director for:
Foreign Studies———— - LAWRENCE A. SEYMOUR
Government Studies———— o ————_ BeENjAMIN L. OLSEN
Industrial Economic Studies— - _ KeNNETH P. Sanow

Universities and Other Nonprofit Oscar H.LEVINE
Institutions Studies.

Intersectoral Economic Studies——— - Joseru H. SCHUSTER
Data Coordination v e KATHRYN S. ARNOW
Science Organization and Manage- ZoLa BroNsON

ment.
Program Review. .- VIRGINIA B. SHAPLEY
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Office of International Science Activities

Head - ArRTHUR RoE
Deputy Head e~ PuiLie W. HEMILY
Program Director for:

Regional Science Support.._ - Ray MAYHEW

WirriaMm S. RoDNEY
Cooperative International Science

Activities e Duncan CLEMENT
Mary CORNING
Program Management Officer ————_ - RoserT HuLL
ApoLPH WILBURN
NSF/Tokyo
Chief Scientist_ e RoserT OETJEN
Deputy Chief Scientist - Jesse E. O’CoNNELL
NSF/Rio De Janeiro
Chief Scientist_ oo Harrow B. MiLLs
Deputy Chief Scientist .-~ ——-—- Max HELLMANN
NSF /Paris
Science Education Advisor—————— RaLpru STROM
Administration

Associate Director (Administration) __.. PAUL A. SCHERER
Assistant to the Associate Director ____ HOWARD S. SCHILLING
Managing Coordinator Mohole Proj- C.DoN Woopwarp

ect.
Administrative Services O fficer —————- Howarp TmiLA
Head, Contracts and Facilities O ffice .. HiLBERT E. FRIEND
Head, Grants Office — e WiLLiam E. FEE
Personnel Officer e CaLvin C. JonEs
Head, Organization and Management PHILIP SCHMIDT
Staff.

Comptroller — e AARON ROSENTHAL
Budget Officet oo LutHeR F. SCHOEN
Finance Officer oo Epwarp B. GARVEY
Head, Internal Audit Staff - W.G.KeNER

Apvisory COMMITTEES AND CounciLs

Divisional Committee for Biological and Medical Sciences

Lawrence R. BLinks, Director, Hopking Marine Station, Stanford University,
Pacific Grove, Calif.

LincoLN CoNsTANCE, Dean, College of Letters and Science, University of California,
Berkeley, Calif.

Rene J. Dusos, Rockefeller Institute, New York, N.Y.

James D. Eserrt, Department of Embryology, Carnegie Institute, Baltimore, Md.

Puriie HanpLER, Department of Physiological Chemistry, Duke University, Dur-
ham, N.C.

WiLriau D. Lorspeicu, Department of Physiology, School of Medicine and Dentistry,
University of Rochester, Rochester, N.Y.
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J. FLetcHER WELLEMEYER (Private Con-
sultant), Washington, D.C.

DaerL WorrLE, Executive Officer, Ameri-
can Association for the Advancement
of Science, Washington, D.C.

Advisory Panel for Sociology

RicHARD CHurISTIE, Department of Social
Psychology, Columbia University, New
York, N.Y.

James S. CoLeMAN, Department of Social
Relations, Johns Hopkins University,
Baltimore, Md.

Davip GoLp, Department of Sociology,
State University of Iowa, Iowa City,
Iowa

Epwarp E. Jones, Department of Psy-
chology, Duke University, Durham, N.C.

Evinu Katz, Department of Sociology,
University of Chicago, Chicago, Ill.

WiLriay W. Lamsert, Department of
Psychology, Cornell University, Ithaca,
NY.

Herserr RUBENSTEIN, Operational Ap-
plications Laboratory, Bedford, Mass.

Advisory Panel for Special Projects in Sci-
ence Education Section

R. H. Bing, Department of Mathematics,
University of Wisconsin, Madison, Wis.

Marcus Hosss, Dean, Duke University,
Durham, N.C.

James Jensen, President, Oregon State
University, Corvallis, Oreg.

Francis Kerper, Dean of Education,
Harvard University, Cambridge, Mass.

Josepr L. McCarTHY, Dean, Graduate
School, University of Washington, Seat-
tle, Wash.

RoBerT MacVicar, Dean, Graduate
School, Vice President, Academic Af-
fairs, Oklahoma State University, Still-
water, Okla.

Joun W. OswaLp, Vice President-Execu-
tive Assistant, University of California,
Berkeley, Calif.

Howarp M. Puimrips, President, Ala-
bama College, Montevallo, Ala.

Josepu B. PratT, President, Harvey Mudd
College, Claremont, Calif.

F. W. Sears, Department of Physics,
Dartmouth College, Hanover, N.H.

Oswarp Tirro, Provost, University of
Colorado, Boulder, Colo.

SaMueEL WiLks, Department of Mathe-
matics, Princeton University, Princeton,
N.J.

Advisory Panel for Systematic Biology

Lewis E. ANDErRsoN, Department of
Botany, Duke University, Durham,
N.C.

Grorat F. Epuunps, Division of Biology,
University of Utah, Salt Lake City,
Utah

Paur L. ILre, Department of Zoology,
University of Washington, Seattle,
Wash,

HaroLp W. MANTER, Department of Zo-
ology, University of Nebraska, Lincoln,
Nebr.

GeorceE W. MarTIN, Department of Bot-
any, State University of Iowa, Iowa
City, Iowa

ALbEN H. MILLER, Museum of Vertebrate
Zoology, University of California,
Berkeley, Calif.

BorB SCHAEFFER, American Museum of
Natural History, New York, N.Y.

Advisory Panel for University Computing

Facilities

Mary A. B. BRAZIER, Brain Research In-
stitute, University of California, Los

Angeles, Calif.
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Paur HorsTt, Department of Psychology,
University of Washington, Secattle,
Wash.

Nicuoras C. MeTroroLis, Department
of Physics, University of Chicago,
Chicago, IlL

PuiLier M. Morsg, Department of Phys-
ics, Massachusetts Institute of Tech-
nology, Cambridge, Mass.

J. Barkrey Rosser, Department of
Mathematics, Cornell  University,
Ithaca, N.Y.

HereerT A. SiMoN, Professor of Ad-
ministration and Head of Department
of Industrial Management, Carnegie
Institute of Technology, Pittsburgh,
Pa.

CuarLEs V. L. Smirr, National Aero-
nautics & Space Administration, God-
dard Space Flight Center, Washington,
D.C.
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Frepermick T. WaLL, Dean, Graduate
School, University of Illinois, Urbana,
1.

Advisory Panel for Weather Modification

Evuckene Borray, Director of Research,
Meteorological Instrumentation, Borg-
Warner Controls, Santa Barbara, Calif.

Reusen G. Gustavson (Chairman),
University of Arizona, Tucson, Ariz.

Vicror K. LAMER, Department of Chem-
istry, Columbia University, New York,
N.Y.

Oscar KempTHORNE, Department of
Statistics, Iowa State University of
Science and Technology, Ames, Iowa

StepeN E. Revnorps, State Capitol,
Santa Fe, N. Mex.

BernarD VonNrecur, Arthur D. Little,
Inc., Cambridge, Mass.



APPENDIX B

Financial Report for Fiscal Year 1962

SALARIES AND EXPENSES APPROPRIATION

Receipts
Appropriated for fiscal year 1962_ . .
Unobligated balance from fiscal year 1961 __
Less:
Budget Bureau Reserve
Transfer to General Services Administration for
space rental

$263, 250, 000
1,422,002

—2, 750, 000
—209, 400

Total availability

Obligations
Basic Research Support:
Basic Research Project Grants:
Biological and Medical Sciences.._____
Mathematical, Physical & Engineering
Sciences
Social Sciences
Institutional Grants
International Science Act—Research_._.__._

Subtotal

Research Facilities Support:
Graduate Research Laboratories____ . .
Specialized Biological Research Facilities..—__
University Computing Facilities___..______
University Nuclear Research Facilities_.___..
Hawaii Institute of Geophysics_ . _____
Oceanographic Research Vessels & Facilities..

Subtotal

National Research Centers:
National Radio Astronomy Observatory_.....-
Kitt Peak National Observatory___ . _.____
Chilean Astronomical Station
National Center for Atmospheric Research._

Subtotal

National Research Programs:
Antarctic Research Program
Indian Ocean Expedition
Deep Crustal Studies of the Earth (Mohole) -
Weather Modification

Subtotal

$31, 981, 686

45, 080, 605
7,695, 072
3,730,634

200, 962

88, 688, 959

26,089, 317
3,099, 007
2,975, 000
5,999, 985
2,700, 000
5,899, 800

46,763, 109

5,696, 000
2,877, 600

50, 000
1, 100, 000

9, 723, 600

7,187, 722
2, 116, 900
1,649,999
1,327, 560

12, 282, 181

$261, 712, 602
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Obligations—Continued
Science Information Services:

Dissemination Programs $7,531,171
Foreign Currency Program 967, 054
International Scientific Information Ex-
changes. 703, 069
Subtotal 9, 201, 294
Science Education Programs:
Fellowships 16, 800, 000
Institutes 40, 875,972
Research Participation & Scientific Activities
for Teachers 2, 374, 450
Science Education for Undergraduate Stu-
dents 4,372,639
Science Education for Secondary School Stu-
dents 3,419, 051
Specialized Advanced Science Education Proj-
ects. l, 405, 779
Instructional Equipment for Undergraduate
Education 5,018, 860
Course Content Improvement .. 8, 989, 756
International Science Activities-Education___ 342,801
Subtotal 83, 599, 308
Science Resources Planning:
Science Resources Planning Analyses———.——— 25,025
Economic and Statistical Studies - e 315,107
Scientific Personnel and Education Studies_..— 1,147, 899
Subtotal 1,488,031
Program Development and Management___ .- 8,977, 545
Total, NSF 260, 724, 027
Allocation to Other Government Agencies.._. 97, 426
Total obligations, fiscal year 1962 $260, 821, 453
Unobligated balance carried forward to FY 1963 ____ 891, 149
TOTAL. 261,712, 602
INTERNATIONAL GEOPHYSICAL YEAR APPROPRIATIONS
Receipts
Total unobligated balance from fiscal year 1961_____ .. __ $39, 629
Total availability $39, 629
Obligations
Technical programs —$88
Total obligations, fiscal year 1961 —88
Unobligated balance (not available for obligation in fiscal year 1962) ___ 39, 717

Total .. _— 39, 629
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Trust Funp

Unobligated balance from fiscal year 1961

Donations from private sources

Total availability.

Total obligations fiscal year 1962

Receipts
$5, 240
2,333
Obligations
$883
______ 6, 690

Unobligated balance carried forward into fiscal year 1963

Total

$7,573

7,578
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APPENDIX C

Grants for Basic Research

ANTHROPOLOGICAL SCIENCES

AMERICAN UNIVERSITY, Washington, D.C.;
Olov R. T. Janse; Early Western Influences
in Vietnam; 2 years; $20,800
BErNICE P. BisHOP MusBuM, Honolulu Ha-
wail ; Kenneth P. Emory; Polynesian Ar-
chaeology ; 8 years; $77,200
BranNDEIS TUNIVERSITY, Waltham, Mass.;
James E. Duffy ; African Social Institutions;
1 year; $3,500

Robert A. Manners ; The Changing Culture
of the Kipsigis Tribe of Kenya; 1 year;
$3,700
BroOKLYN COLLEGE, Brooklyn, N.Y.; Robert
W. Bhrich; Ewocavations at Homolka; 1
year; $1,400
BrOWN UNIVERSITY, Providence, R.I.; J. L.
Giddings; Beach Ridge Dating; 1 year;
$3,000
CaTHOLIC UNIVERsSITY, Washington, D.C.;
Svend Frederiksen; Collection of Eskimo
Texts ; 1 year ; $12,800
CHICAGO NATURAL HisToRY MUSEUM, IIL;
Paul S. Martin; Cultural Stability in the
Upper Little Colorado River Drainage; 1
year; $1,800

Paul S. Martin ; Archaeological Investiga-
tion in the Upper Liitle Colorado Drainage;
1 year; $28,800
CoLuMBIA UNIVERSITY, New York, N.Y.;
Ralph 8. Solecki; Neanderthal Tibiae from
Shanidar Cave; 1 year; $1,900

Andrew P. Vayda; Human Ecology of the
New Guinea Rain Forest; 2 years; $65,200
DarTMoUTH COLLEGE, Hanover, N.H.; Gor-
don M. Day; Abenaki Dialects; 1 year;
$11,600

Elmer Harp, Jr.; Dorset Eskimo Oulture;
8 years; $36,100

Robert A. McKennan; Tanana Indians of
Alaska; 1 year; $6,700
GEoRGE WASHINGTON UNIVERSITY, Washing-
ton, D.C.; John M. Campbell ; Archaeology
of Anaktuvuk Pass; 1 year; $4,800
GREAT PLAINS HISTORICAL ASSOCIATIONS,
Lawton, Okla.; Adrian D. Anderson; Paleo-
Indian Cultural Remains; 1 vear; $3,200
HAMLINE UNIVERSITY, St. Paul, Minn.; Le-
land R. Cooper; Aboriginal Cultural Hori-
zons in Minnesota; 1 year; $4,600
HAarvaRD UNIVERSITY, Cambridge, Mass.;
Douglas L. Oliver; Anthropological Study
of the Society Islands; 2 years; $11,700

John W. M. Whiting ; Social Structure of
Two Ajrican COommunities; 2 years;
$14,400
HUMAN RELATIONS ArBA FILES, New Haven,
Conn. ; Frank M, LeBar; Atlas of Southeast
Asian Cultures; 1 year; $3,500

Peter J. Wilson; Social Structures in
Madagasoar; 1 year; $18,700

176

Ne . V16

IpaHO StaTE CoLLEGE, Pocatello; Harl H.
Swanson ; Archaeological Ezploration in
Eastern Idaho; 1 year; $6,700

ILLINOIS ARCHAEOLOGICAL SURVRY, Urbana;
Melvin L. Fowler, Southern Illinois Uni-
versity; Archaeology of the Misgissippl
River Valley; 1 year; $62,300

ILLINOIS STATE MUsBUM, Springfield ; Joseph
R. Caldwell and Emily J. Blasingham;
Archaeological Study of Starved Rock; 1
year; $11,400

INDIANA UNIVERSITY, Bloomington; Joseph
Hickerson ; North American Indian Music;
1 year ; $600

INSTITUTE FOR ADVANCED STUDY, Princeton,
N.J.; Stephen Foltiny; Cultural Interrela-
tions During the Bronze and Early Iron
Ages; 1 year; $3,300

LONDON SCHOOL OF ECONOMICS AND POLITI-
cAL Science, London, Eng; Raymond
Firth ; Comparative 8tudy of Extra-Familial
Kinship; 2 years; $44,600

1,08 ANGELES STATE COLLEGE FOUNDATION,
Los Angeles, Calif.; Louis C. Faron; Cog-
natic Social Systems; 2 years; $21,100
MICHIGAN STATE UNIVERSITY, East Lansing;
Moreau S. Maxwell ; Pre-Dorset of Bafin Is-
land ; 2 years ; $19,700

MiIsSISSIPPI DEPARTMENT OF ARCHIVES &
History, Jackson; Robert 8. Neitzel; Ar-
chaeology of the Grand Village S8ite; 2
years; $15,500

MysguM or New MEexico, Santa Fe ; Bertha
P. Dutton; Anasazi Migrations; 1 year;
$12,000

NEBRASKA STATE HISTORICAL SOCIETY, Lin-
coln; Marvin F. Kivett; Archaeological In-
vestigation of the Logan Creek Complew; 1
year ; $12,700

OsHEOSH PuBLIC MUSEUM, Oshkosh, Wis. ;
Robert Ritzenthaler; The Riverside Site; 8
years ; $16,900

PENNSYLVANIA STATE UNIVERSITY, University
Park ; Willlam T. Sanders ; Prehispanic Set-
tlement Patterns of Teotthuacan; 1 year;
$16,500

ROBERT 8. PEABODY FOUNDATION FOR ARCHAR-
oLoagY, Andover, Mass. ; Frederick Johnson ;
Radiocarbon Chronology for Tehuacan; 2
years ; $14,300

Richard 8. MacNeish; Tehuacan Archae-
ological Investigations; 2 years; $40,300
SACRAMENTO STATE COLLEGE FOUNDATION,
Sacramento, Calif. ; Thomas Rhys Williams ;
Dusun Anthropology ; 2 years ; $30,000
SAN FERNANDO VALLEY STATE COLLEGE FOUN-
DATION, Northridge, Calif.; Raoul Naroll;
An Index of Social Development; 2 years;
$4,600
SCHOOL OF ORIENTAL AND AFRICAN STUDIDS,
London, England ; C. von Furer-Haimendort ;
Anthropological Study of Nepal; 1 year;
$156,100
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SouTHERN ILLINOIS UNIVERSITY, Carbondale ;
Philip J. Dark; Analysis of Benin Art; 2
years ; $12,700
SOUTHERN MBTHODIST UNIVERSITY, Dallas,
Tex.; Frederick Kilpatrick; The Inalé Let-
ters; 1 year; $16,200
TuLAND UNIVERSITY, New Orleans, La. ; John
L. Fischer; The Effects of Household Com-
position on Personality; 1 year; $14,900

Henry Orenstein ; Social Change in Bom-
bay ; 1 year; $3,600

E. Wyllys Andrews; Development of Pre-
Oolumbdbian Culture at Dzibilchaltun; 38
years ; $35,400
STANFORD UNIVERSITY, Stanford, Calif.; A.
Kimball Romney; Semantic Structure in
Teeltal; 2 years; $20,200
STATR HISTORICAL SOCIETY OF WISCONSIN,
Madison ; Joan Freeman ; Skeletal Remains
Jrom Price Site 111; 1 year ; $5,100
STATE UNIVERSITY OF SOUTH DAKOTA, Ver-
million ; Ella C. Deloria ; 8foux Language; 2
years ; $15,500
U.S. SMITHSONIAN INSTITUTION, Washington,
D.C.; Frank H. H. Roberts, Jr.; Settlement
Patterns in the Missourt Valley; 1 year;
$30,100

T. Dale Stewart ; Shanidar IV-VI Neander-
thals; 1 year; $4,100
UNIVERSITY OF ALASKA, College ; Michael B,
Krauss; Aboriginal Languages of Alaska; 1
year ; $28,800
UNIVERSITY OF ARIZONA, Tucson ; Richard B.
Woodbury ; Pre-Industrial Systems of Water
Management ; 2 years; $36,300
UNIVERSITY OF ARKANSAS, Fayetteville;
Charles R. McGimsey, III ; Mound C at the
Crenshaw 8ite; 1 vear ; $2,800
UNIVERSITY OF BUFraLO, Buffalo, N.Y.;
George L. Trager; Language of the Taos
Indians ; 2 years ; $16,200

Marian E. White; Settlement Pattern
Change and the Development of Agriculiure;
2 years; $17,700
UNIVERSITY OF CALIFORNIA, Berkeley ; Joseph
B. Birdsell, Los Angeles; Dynamic Demog-
raphy; 1 year; $3,800

J. Desmond Clark ; Archaeology of North-
ern Rhodesia; 2 years ; $26,400

Sherburne K. Cook, Robert F. Heizer,
Berkeley, and Martin A. Baumhoff, Davis;
Prehistoric California Demography ; 2 years ;
$15,000

Robert 1. Levy, San Francisco ; Paychology
of Change in the Soclety Islands; 2 years;
$49,800

John T. Hitchcock, Los Angeles ; Study of
@ Nepalese Tribe; 1 year; $3,420

H. B. Nicholson, Los Angeles ; Excavations
at Cerro Portezuelo; 1 year; $5,400
TUNIVERSITY OF CHICAGO, Chicago, Il ; Rob-
ert J. Braldwood ; The Appearance of Food
Production in Southwest Asfa; 1 year;
$4,000

Seth Leacock; A Religious Cult of North-
ern Brazil; 1 year; $11,500

A, Leo Oppenheim; Bociety and Demog-
raphy in Ancient Babylonia; 2 years;
$15,200

David M. Schneider; Comparative Study
of Betra-Familial Kinship; $3,700

David M. Schneider; Oomparative Study
of Bwtra-Familial Kinship; 2 years; $55,200

662299-—63———14

UNIVERSITY OF FLORIDA, Galnesville; John M.
Goggln ; Ethnohistoric Study of Early Flor-
ida Indians; 1 year; $7,400
UNIVERSITY OF ILLINOIS, Urbana; Elaine A.
Bluhm ; Archaeology of Rock River Valley;
1 year; $9,700
UNIVRRSITY OF MICHIGAN, Ann Arbor ; Elman
R. Service ; Organization of Hunting-Gather-
ing Bands; 1 year; $13,700
UNIVERSITY OF MINNESOTA, Minneapolis;
Elden Johnson ; Archaeology of Glactal Lake
Agassiz Basin; 6 months; $725
UNIVERSITY OF NORTH CAROLINA, Chapel
Hill; Richard W. Lieban; A4 Socioculiural
Study of Medicine; 1 year; $18,700
UNIVERSITY OF OREGON, Eugene; Homer G.
Barnett; Culture Change and RStability n
Displaced Communitics; B years; $224,700

Vernon R. Dorjahn: Urbanism in Sierra
Leone; 1 year; $27,900
UNIVERSITY OF PENNSYLVANIA, Philadelphia,
Pa.; Froelich Rainey and Robert H. Dyson,
Jr.; Analysts of Hasanlu Data; 1 year;
$10,800

Ruben E. Reina ; Community Study in the
Peten; 1 year; $6,200
UNIVERSITY OF ROCHESTER, Rochester, N.Y.;
Rene Millon ; Map of Teotihuacan; 8 years;
$75,700
UNIVERSITY OF THE STATE oF NEw YORK,
Albany; William A. Ritchie; Aboriginal
Settlement Patterns in the Northeast; 8
years; $22,700
UNIVERSITY oF UTAaH, Salt Lake City;
Charles B. Dibble; Translation of Sahagun’s
Books VI and XI; 1 year; $7,200

Jesse D. Jennings ; The Desert Archafo and
Fremont Cultures; 3 years; $36,000
UNIVERSBITY OF VIRGINIA, Charlottesvi]le;
Peter R. Goethals; Sumbawan Social Struc-
ture; 2 years; $20,400
UNIVERSITY OF WASHINGTON, Seattle ; Robert
B. Greengo; Archaeology of the Columbia
Valley; 2 years; $18,700

Sol Saporta ; Paycholinguistioc Analysis of
Consonant Clusters; 1 year; $7,200

James B, Watson; Dynamics and Micro-
evolution of a Human Community; 2 years;
$96,000
UNIVERSITY OF WIcHITA, Wichita, Kans.;
Lowell D. Holmes; Leadership in Samoan
Bociety; 2 years; $24,900
UNIVERSITY OF WISCONSIN, Madison ; Chester
S. Chard; Korean Prehistory; 8 years;
$35,600

Chester 8. Chard; Archaeological Investi-
gation of Howard Pass, Alaske; 2 years;
$15,000

Willlam 8. Laughlin and Willlam G.
Reeder; Aleut-Konyag Prehistory; 1 year;
$36,000
WASHINGTON UNIVERSITY, St. Louls, Mo.;
John W. Bennett ; Habitat, Institutions, and
Economic Development; 2 years; $37,800
WiSHINGTON StTATE UNIVERSITY, Pullman;
Richard D. Daugherty; Columbia Basin
Chronology; 2 years; $31,100
WicHITA FOUNDATION, INCORPORATED.,
Wichita, Kans.; Herbert W. Dick, Taos, N.
Mex. ; Picuris Pueblo Archacology,; 1 year;
$30,100
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YaLw TUxiversity, New Haven, Conn.;
Harold C. Conklin ; Ethnoecological Study of
the Philippines; 4 years; $122,100

Isidore Dyen; Lexicostatistical Classifica-
tion of Related Languayes; 4 years; $59,900

Leopold Pospisil; Law and Informal So-
cial Conirol; 1 year; $19,100

Charles A. Reed ; Paleoecology of the Nile;
8 years; $41,400

Irving Rouse; Dating of Caribbean Cul-
tures; 1 year; $2,400

ASTRONOMY

ASSOCIATION OF UNIVRRSITIES FOR RESEARCH
IN ASTRONOMY, INC., Tucson, Ariz.; C. D.
Shane; 8ite Survey 4n Chile; 1 year;
$125,000

CALIFORNIA INSTITUTE OF TECHNOLOGY, Pasa-
dena; Fritz Zwicky; BSupernove Search;
$2,400
CABNEGIE INSTITUTION OF WASHINGION,
Washington D.C.; Merle A. Tuve; Radio
Astronomy H-Line Installation in South
America; 2 years; $58,000

Merle A. Tuve; Development of Image
Tubes for Telescopes; 1 year ; $120,000
CASE INSTITUTE OF TECHNOLOGY, Cleveland,
Ohio; 8. W. McCuskey; Low Dispergion
Stellar Spectroscopy; 19 months ; $51,700
CoLGATE UNIVERSITY, Hamilton, N.Y.; Har-
old H. Lane; Observation of Flare Stars;
1 year; $14,900
GEORGETOWN UNIVERSITY, Washington, D.C. ;
Francis J. Heyden and Carl C. Kiess ; Analy-
83 of the Solar and Sunspot Spectra; 1 year;
$33,200
HARVARD UNIVERSITY, Cambridge, Mass.;
Sergel Gaposchkin and Cecilia Payne Ga-
poschkin; Variable Stars in the Small Ma-
gellanic Cloud ; 8 years; $32,400

Leo Goldberg; Vacuum Uliraviolet Spec-
troscopy; 1 year ; $50,000

David Layzer; &8patial Distribution of
Galazies and Radio Bources; 1 year; $16,000

David Layzer; Atomic Energy Levels and
Pransition Probabilitics; 3 months; $33,300

A. Edward Lilley; Hydrogen-Line Radio
Astronomy; 1 year; $150,000

Alan Maxwell, Fort Davis, Tex. ; Research
with a C-Bund Radiometer; 1 year; $75,000

Fred L. Whipple; Harvard Radio Meteor
Project; 1 year; $125,000
INDIANA UNIVERSITY FOUNDATION, Blooming-
ton; James Cuffey; Short Period Variable
Stars in the Globular Cluster Messgier 53, 2
years; $12,700

Frank K. Edmondson; Observations of
Asteroids on 1.A.U. “Critical List”; 2 years;
$25,000

Stuart R. Pottasch ; Transition Region Be-
tween the Solar Chromosphere and Solar
Corona; 1 year; $7,400
LoweLL OBSERVATORY, Filagstaff, Ariz.;
Frank Holden ; Visual Observations of Close
Double Stars; 2 years; $25,100
MASSACHUSETTS INSTITUTRE OF TECHNOLOGY,
Cambridge ; George R. Harrison; Haxtension
of Techniques of Ruling Large Diffraction
Gratings; 2 years; $74,400

Henry J. Zimmermann and Sander
Weinreb; 70 Detect the Galactic Deuterium
Line; 6 months; $2,000

NATIONAL ACADEMY OF SCIENCES-NATIONAL
RuSEARCH COUNCIL, Washington, D.C.; 8. D.
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Cornell ; Committee on Radio Frequency Al
locations for Scientific Researoh; 1 year;
$13,000

8. D. Cornell; Committee on Radio Fre-
quency Allocations for Scientific Research;
1 year; $30,800

Hugh Odishaw ; JOSU Committee on Space
Research (COSPAR) ; 1 year; $10,000
OHI10 STATEP UNIVERSITY RESEARCH FOUNDA-
110N, Columbus; John D. Kraus; Comple-
tion of the 360-foot Standing-Parabola,
Tiltable-Flat-Sheet-Reflector, Radio Tele-
scope; 1 year; $16,700

John D. Kraus; Radio Astronomy Using
the $60-foot Radio Telescope; 1 year;
$51,800

Walter E. Mitchell, Jr.; The Solar 8pec-
trum in theé Range 0.£96-5.0 Microns; 3
years; $12,100
OHI0 WESLEYAN TUNIVERSITY, Delaware;
John D. Kraus ; Observatory Facility for 360-
Foot Radio Telescope,; 1 year; $1,025
PAN AMERICAN COLLEGE, Edinburg, Tex.;
Paul R. Engle; Photoelectric Stellar Pho-
tometry; 1 year; $12,700
PRINCETON UNIVERSITY, Princeton, N.J.;
Martin Schwarzschild ; Project Siratoscope
II;1 year ; $792,900
RENSSELAER POLYTECHNIC INSTITUTE, Troy,
N.Y.; J. Mayo Greenberg; The Bcaitering of
Light by Small Particles; 2 years; $60,000
RIPON COLLEGE, Ripon, Wis,; Dino Zei;
Possible Turbulence in Sunspols; 1 year;
$5,600
UNIVERSITY OF SOUTHERN CALIFORNIA;
Willard Van Tuyl Rusch; Millimeter-Ware-
length Radio Astronomy; 6 months; $2,600
SAN DiEGO STATE COLLEGE FOUNDATION ; San
Diego, Calif.; Burt Nelson; Photoelectric
Study of Eclipsing Binary Stars; 6 months;
$11,000
SMITH COLLEGE; Northampton, Mass.; Ed-
ward C. Olson ; Spectrographic Investigation
of Selected Eclipsing Binary Systems; 2
years; $14,600
STANFORD UNIVERSITY ; Stanford, Calif.;
Ronald N. Bracewell ; Microwave Spectro-
heliograms; 1 year; $10,500

Ronald N. Bracewell ; Microwave Radio
Telescope Design Study; 1 year; $222,000

V. R. Eshleman ; Radar Studies of the Ois-
lunar Medium and the Lunar Surface; 1
year; $40,000
U.S. DEPARTMENT OF COMMERCE, NATIONAL
BUREAU OF STANDARDS ; Washington, D.C.;
Lewis M. Branscomb; Joint Institute for
Laboratory Astrophysics; 14 months;
$90,000
U.S. OFFICE oF NAVAL ResSEARCH, Washing-
ton, D.C. ; Wayne C. Hall ; Laboratory High
Temperature Spectroscopy; 1 year; $75,000
U.S. SMITHSONIAN INsTITUTRE, Washington,
D.C.; Charles A. Whitney, Astrophysical
Observatory, Cambridge, Mass.; Stellar Al-
mospherea; $21,100
UNIVERSIDAD NACIONAL DE LA PLATA, Argen-
tina; Carlos Oton Rudiger Jaschek; Photo-
electric Photometry; 1 year; $12,500
UNIVERSITY OF ARIZONA, Tucson; Harold L.
Johnson ; Infrared Photometry; 1 year;
$18,000

Harold L. Johnson; UBVRIJK Photom-
etry of the Brightest Stars; 6 months;
$51,000



Hugh M. Johnson ; The Orion Nebula and
the Associated Star Oluster; 2 years; $3,750
Gerard P. Kulper; Asteroids R ch,;

UNIVERSITY OF SYDNEY, Sydney, Australia;
B. Y. Mills ; Eztension of Mills Oross Radio
Tel pe,; 5 years; $149,000

9 months; $9,600
UNIVERSITY OF CALIFORNIA, Berkeley ; Geof-
frey Burbidge and E. Margaret Burbidge,
San Diego ; Structure and Dynamics of Ex-
ternal Galawvics; 2 months; $4,600

George H. Herbig, Mt. Hamilton; High
Dispersion Stellar Spectrography; 3 years;
$16,000

Stanlslavs Vasilevskis, Lick Observatory,
M¢t. Hamilton ; Equipment for Surveying and
Automatic Measurement of Astrographic
Plates ; $2,000

Stanislavs Vasilevskis, Lick Observatory,
Mt. Hamilton; Yellow-Corrected Lens for
Carnegie Astrograph; 1 year; $38,000

Harold Weaver; Determination of Kine-
matic Properties of Stars in the Solar
Neighborhood and the Distribution of Mass
in the Gelazy,; 1 year; $11,100
UNIVERSITY oF CHICAGO, Chicago, IlL; W.
Albert Hiltner; Image Tube Bpectrograph;
2 years; $38,500

W. A. Hiltner; Purchase of ¢ Rotatable
Telescope; 1 year; $80,000

George Van Biesbroeck; Astromeiric In-
veatigationg; 1 year; $15,600
UNIVERSITY OF COLORADO, Boulder; George
Gamow ; Propertics of Spherical and Ellip-
tical Galazies; 1 year; $11,300
UNIVERSITY OF ILLINOIS, Urbana; Ivan R.
King; Dynamics of Stellar Systems; 2
years; $23,400

George C. McVittie; Completion of the
6002400 ft. Parabolic Cylinder Radio Tele-
scope at the Vermilion River Observatory;
8 months; $25,900

G. 8. Swenson, Jr.; Latitude Dependence
of Radio Star Scintillation; 1 year; $14,100
UNIVERSITY OF KANsSAS, Lawrence; Henry
G. Horak : Investigations and Computations
in Radiative Transfer; 3 years; $21,400
UNIVERSITY OF MICHIGAN, Ann Arbor; Fred
T. Haddock; Solar Radio Bursts; 1 year;
$25,600

George Makhov; Design and Construction
of an X-Band Ruby Maser Radiometer;
1 year; $100,000

Charles W. Mautz; Measurement of F-
Values Using a Shock Tube; 1 year ; $34,500

Freeman D. Miller; Plate Holders for
Curtis Schmidt Telescope; 1 year; $2,200

Freeman D. Miller; Photographic Studies
of Comets; 15 Months ; $18,600
UNIVERSITY OF MINNESOTA, Minneapolis;
Willem J. Luyten; Proper Motion Survey;
8 years; $39,600
UNIVERSITY OF OREGON, Eugene; E. G.
Ebbighausen ; Period Changes of Algol and
Orbital Elements of Spectroscopic Binaries;
1 year; $730

E. G. Ebbighausen; The B8pectroscopic
Orbital Elements and the Rotation Effect for
alpha Coronae Borealis; 2 months; $3,200
UNIVERSITY OF PENNSYLVANIA, Philadelphla ;
Frank Bradshaw Wood ; Site Survey in New
Zealand ; 1 year; $10,200
UNIVERSITY OF RocHESTER, N.Y.; H. Law-
rence Helfer ; Interaction of Stellar and In-
terstellar Material; 2 years; $35,800

UNIVERSITY OF TEXAS, Austin; Gerard H. de
Vaucouleurs; Isophotometry of Bright
Southern Galazies; 18 months; $11,900
Charles W. Tolbert; Design Study of o
Large Millimeter Wave Antenna; 1 year;
$10,000
UNIVERSITY oy WISCONSIN, Madison ; Julfan
E. Mack; Interference Speciroscopic Study
of the Zodiacal Light; 1 year; $25,300
Donald E. Osterbrock; Photoelectrio
Photometry of Comets and Nebulae; 2 years;
$22,100
WEeSLEYAN UNiversiTY, Middletown, Conn.;
Heinrich K. Eichhorn; Measurement of
Parallaces and Proper Motions; 2 years;
$30,100
YALE UNIVERSITY, New Haven, Conn,;
Harlan H. Smith and James N. Douglas;
Planetary Non-thermal Radio Emission; 1
year ; $64,000

ATMOSPHERIC SCIENCES

COLORADO STATE TUNIVERSITY, RESEARCH
FounpbatioN, Fort Colllns; Richard A,
Schleusener ; Hailstorms in the High Plains;
18 months ; $115,800

CORNELL UNIVERSITY, Ithaca, N.Y.; Carl W.
Gartlein ; Support of WDC-A Aurora Visual
Center; 1 year ; $16,500

DarTMOUTH COLLEGE, Hanover, N.H.; Mil-
lett G. Morgan; Study of Atmospheric
Whistlers; 1 year ; $45,000

GEORGIA INSTITUTE OF TECHNOLOGY, At-
lanta ; Clyde Orr, Jr.; Photophoresis as Re-
lated to Meteorological Phenomena; 2 years;
$25,900

HIGH ALTITUDE OBSERVATORY OF THE UNI-
VERSITY OF COLORADO, Boulder; Richard T.
Hansen ; Operation of IGY World Data Cen-
ter A-Bolar Activity; 1 year; $17,700

HOKKAIDO UNIVERSITY, Sapporo, Japan;
Ukichiro Nakaya; The Formation and
Structure of Snowfall; 3 years; $49,000
INsTITUTO GEROFIsico pp HuaNncavo, Lima,
Peru; Mateo Casaverde; Geomagnetic In-
vestigations in Peru, Bolivia, and Chile; 18
mounths ; $19,000
MASSACHUSETTS INSTITUTE OF TECHNOLOGY,
Cambridge ; Jule G. Charney ; Application of
High-Speed Computers to Dynamical Meteor-
ology and Oceanography; 38 years; $50,000

Jule G. Charney; Application of High-
8peed Computers to Dynamical Meteorology
and Oceanography ; $520,800

Raymond Hide ; Hydrodynamics of Rotat-
ing Fluids; 1 year ; $170,000

Henry G. Houghton and Pauline M. Aus-
tin ; Role of Cellular Activity in the Pre-
cipitation Process; 3 years ; $241,000
NATIONAL ACADEMY OF SCIENCES, National
Research Counecil, Washington, D.C.; Hugh
Odishaw ; World Data Center A-Coordination
Center; 1 year; $19,8630

Hugh Odishaw ; Operation of World Data
Center A-Rockets and Satellites; 1 year;
$23,150

Hugh Odishaw; Support of World Data
Center A-Rockets and Satellites Subcenter;
1 year; $19,800

John R. Sievers; Activilies of the Com-
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mittee on Atmospheric Sciences; 1 year;
$45,100

M. A. Tuve ; Support of the Committee for
the International Year of the Quiet Sun;
1 year; $7,500
New YOrRE UNIversITY, New York, N.Y.:
Serge A. Korff ; Energetic Neutrons at High
Altitudes; 1 year; $50,000

OrrGON STATE UNIVERSITY, Corvallis; Fred
W. Decker and Lyle D. Calvin; Showers
of Small Hail and Related Atmospheric
Phenomena in the Oregon Coast Range; 1
year; $26,000
PENNSYLVANIA STATB UNIVERSITY, Univer-
sity Park; Sidney A. Bowhill; Theoretical
Studies of Ionospheric Recombination
During Solar Eclipses ; 2 years; $43,000

E. R. Schmerling ; Region F Processes; 1
year; $25,000

A. H. Waynick; Ionospheric Investiga-
tiong; 8 years; $69,700
RBESEARCH FOUNDATION OF STATE UNIVERSITY
or New YORK, Albany ; Vincent J. Schaefer;
Cloud Physics Field Research, 1 year;
$17,400
STANFORD UNIVERSITY, Stanford, Calif.; R.
A. Helliwell ; 8ynoptic Study of Whistlers
and VLF Emissions; 2 years ; $62,300
U.8. AroMic ENEreY COMMISSION, New
York, N.Y.; Morris Goldberg; Use of ABC—
7090 Computer; 1 year; $3,600
U.8. DEPARTMENT OF COMMERCE, Natfonal
Bureau of Standards, Washington, D.C.; F.
W. Brown, Boulder, Colo. ; Operation of IGY
World Data Center A for Alrglow and Iono-
sphere; 1 year; $50.250

F. W. Brown, Boulder, Colo.; IGY World
Data Center A for Airglow and Ionosphere;
1 year; $50,000

Howard F. McMurdie; Study of Silver
Todide 4n Connection With Iis Use in
Weather Control; 2 years; $50,000
U.8. DEPARTMENT OF COMMERCH, Weather
Bureau, Washington, D.C.; F. W. Reichel-
derfer ; Support of World Data Center A for
Meteorology and Nuclear Radiation; 1 year;
$5,000
U.S. NAvAL RESEARCH LABRORATORY, Wash-
ington, D.C.; H. Friedman and T. A. Chubb;
Upper Air Research Rocket Evaluation; 1
year; $48,700
U.S. OFFICE OF NAVAL RESEARCH, Washing-
ton, D.C.; James Hughes; NOMAD Weather
Ktation for the International Indian Ocean
Ewxpedition; 1 year; $50,000
UNIVERSITY COLLEGE, Ibadan, Nigeria; C. A.
Onwumechillf; Equatorial Electrojets; 1
year; $22,000
UNIVERSITY OF ALASKA, College; Carl S.
Benson ; §now Survey on the Arctic Slope of
Alaska; 1 year; $24,000

Leif Owren; Auroral Sound Waves; 1
year; $22,800

Merle J. Young; Operation of IGY World
Data Center A for Aurora (Instrumental) ;
1 year:; $57,400

Merle J. Young ; Eztension of Ascaplotting
Work at 1GY World Data Center A-Aurora
(Instrumental) ; 5 months; $3,732
UNIVERBITY OF ARIZONA, Tucson; A, M. J.
“Tom” Gehrels; Diffuse Radiation Within
Planetary Atmospheres; 2 years; $179,800

A. Richard Kassander, Jr. and Louis J.
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Battan; Physics of Olouds and of Oloud
Modification; 2 years; $92,500
UNIVERSITY oOF CALIFORNIA, Berkeley;
Charles D. Keeling, La Jolla; Carbon Dioz-
ide in Atmosphere and Its Exchange with
the Ocean; 3 years; $244,400

Jorgen Holmboe, Los Angeles; The Insta-
bility Mechanism of Large Scale Atmospheric
Plow; 3 years; $137,500

Zdenek Sekera, Los Angeles ; Diffuse Radi-
ation Within Planetary Atmospheres Using
Balloons; 2 years; $60,000

UNIVERSITY OF CANTERBURY, Christchurch,
New Zealand; John B. Gregory; Procure-
ment of Equipment for Upper Atmosphere
Research ; 1 year; $19,600
UNIVERSITY OF CHICAGO, Chicago, Il ; Ros-
coe R. Braham, Jr.; Physical Effects of Silver
Iodide Seeding in Cumulus Clouds; 1 year;
$200,000

Horace R. Byers; Research in
Physice; 2 years; $300,000

Cloud

Tetsuya Fujita; M. le Disturd N
8 years; $50,000
Tetsuya Fujita; M le Disturd N

$94,000

UNIVERSITY OF COLORADG, Boulder ; Willlam
A. Rense; Theoretical Physics of Upper Air
and Solar Atmosphere; $4,860

UNIVERSITY OF Hawarl, Honolulu; Colin 8.
Ramage; Support of United States Mete-
orology Program of the Indian Ocean Expedi-
tion,; 8 years; $97,200

Colin 8. Ramage ; Atmospheric Circulation
Project for the International Indian Ocean
Eapedition ; 1 year; $146,600

Walter R. Steiger; Cosmic Ray Neuiron
Monittor; § years; $24,500
UNIVERSITY OF MICHIGAN, Apn Arbor; EQd-
ward 8. Epstein; Dynamics of the Sirato-
sphere; 3 years; $59,800

Donald J. Portman; Heat and Water
Vapor Exchange for the International Indian
Ocean Brpedition; 3 Years; $231,900
UNIVERSITY OF MINNES0TA, Minneapolis;
George D. Freler; Baszic Field Quantities
Arising Jfrom Electricity in the FEarth’s
Atmosphere,; 2 years; $47,800

Paul J. Kellogg ; Operation of IGY World
Data Center A for Cosmic Rays; 1 year;
$17,000

Alfred O. C. Nler; Composition of Upper
Atmosphere with Rocket-Borne Magnetic
Mass 8pectrometers; 6 months ; $5,000

John R. Winckler and Edward P. Ney;
Balloon Monitoring of Cosmic Rays, Solar
Phenomena, and Particles from the Earth’s
Ewxosphere; 1 year; $219,000

John R. Winckler and Edward P. Ney;
Balloon Monitoring of Cosmic Rays, Bolar
Phenomena, and Particles from the Earth’s
FBxosphere; 1 year ; $200,000
UNIVERSITY OF MissoURI, Columbla ; Wayne
L. Decker ; Analysis of Records from Rain
Gauges Obtained During 1961 by The Uni-
versity of Chicago Cumulus Cloud Research
Project; 1 year; $7,500
UNIVERSITY OF NEVADA, Reno; Wendell A,
Mordy; Numerical Computation of the
Growth of Cloud Droplets; 2 years; $44,800
UNIVERSITY OF NEw ENGLAND, Armidale, New
South Wales, Australia ; Neville H. Fletcher;
Eatension of Ice Orystal Nucleation Theory;
2 years; $12,500



Un1vERsSITY OF Nrw HaAMPSHIRE, Durham;
John A. Lockwood; Intensity-Time Varia-
tions in the Nucleonic Component of the
Cosmic Radiation; 3 years; $26,100
UNIVERSITY OF OKLAHOMA RESEARCH IN-
S8TITUTE, Norman; Yoshikazu Sasaki; Nu-
merical-Dynamical Studies of Mesometeoro-
logical Phenomena; 2 years ; $84,300
UNIVERBITY OF PITTSBURGH, Pa.; Thomasg M,
Donahue; Sodium and Hydrogen Resonance
Radiation in the Atmosphere and the Ero-
sphere; 2 years ; $00,000
UNIVERSITY OF TEXAS, Austin; John R.
Gerhardt; Radaer Precipitation Studies; 2
years; $50,000
UNIVERSITY OF UTAH, Salt Lake City ; Frank-
lin 8. Harris, Jr.; Heterogeneous Nucleation
of Ice,; 3 Years ; $59,400
UNIVRERSITY OF WASHINGTON, Seattle ; Phil E.
Church ; Winter Cloud Characteristics and
Micrometeorology Studies on Blue Glacter;
2 years ; $64,400

Robert G. Fleagle; Wind, Temperature
and Humidity Profiles at Sea; 3 months,
$4,950

Robert G. Fleagle; Energy Transfer Near
the Earth’s SBurface; 1 Year; $100,000
UNIVERSITY OF WISCONSIN, Madison ; Julian
E. Mack; Upper Atmosphere High Resolu-
tion Bpectroscopy; 2 Years ; $95,000
UTaH STATE UNIVERSITY, Logan; Clayton
Clark ; Measurement of Motion of Sporadic
E Patches ; 3 Years; $22,500
Woops HoL® OCEANOGRAPHIC INSTITUTION ;
Woods Hole, Mass. ; Andrew F. Bunker ; 4ir-
Sea Interaction for the International Indian
Ocean Expedition; 1 vear; $97,000

Andrew F. Bunker; Research Aircraft for
Meteorological Program of the International
Indian Ocean Expedition; 1 year; $100,000

A. H., Woodcock and D. C. Blanchard;
Origin of Raindrop BSpectra and Shower
Raing and Electrical Properties of Oceanfc
Air and Rains; 1 year ; $33,000
YALE UNIVERSITY, New Haven, Conn.; Peter
P. Wegener ; Rate of Condensation of Water
Vapor in the Metastable State; $14,200

CHEMISTRY

BosToN COLLEGE, Chestnut Hill, Mass. ; Jos-
eph Bornstein ; Mechanism of the Rearrange-
ment Accompanying the Addition of Fluorine
to 1, 1-Diarylethylenes; 3 years; $21,600
BosTON UNIVERSITY, Mass.; Walter J. Gens-
ler ; Migration of Atoms in Vinyl Ethers Un-
der Heterogencous Catalysis; 3 years;
$23,300
BrANDEIS UNIVERSITY, Waltham, Mass.; My-
ron Rosenblum; Thermal Decomposition of
Ozadiazinones ; 3 years ; $28,600
BrieaAM YOUNG UNIVERSITY, Provo, Utah;
H. Tracy Hall; High Pressure, High Tem-
perature Studies; 8 years; $150,000

J. Bevan Ott; Thermodynamic Investiga-
tion of Compler Formatfon in Solutions of
Nonelectrolytes; 2 years ; $17,000
BrOwN UNIVERSITY, Providence, R.L.; J. F.
Bunnett ; Mechaniam and Reactivity in Sub-
stitution at Unsaturated Centers; 8 months;
$4,600

Joseph F. Bunnett; Mechanism of Acid
Catalyzed Reactions; 8 years ; $33,400

Richard L. Carlin; Electronio Behavior in

Transition Metal
$21,600

Robert H. Cole; Dieleciric Properties and
Molecular Interactions in Compressed Gasees ;
2 years; $30,000

J. F. Neumer; Proton Transfer Process
Between Azo and Hydrazo Compounds; 8
years ; $17,000
BRYN Mawek CoLLEGE, Bryn Mawr, Pa.;
Ernst Berliner; Relative Reactivities of
Polynuclear Aromatic Systems; 8 years;
$11,000
CALIFORNIA INSTITUTR OF TECHNOLOGY, Pasa-
dena; Fred C. Anson; Electron Transfer
Mechanisms in the Electroowzidation of In-
organic Cations; 3 years ; $35,600

George 8. Hammond; Mechanisms of
Photochemical and Radical Reactiona; B
years ; $93,800

Harden M. McConnell; Radialion Effects
in Organic Crystals; 2 years ; $88,500
CARLETON CoLLEGE, Northfield, Minn. ; Rich-
ard W. Ramette ; Thermodynamic Studies of
Kolubility in Protium and Deuterium Oxides;
3 years ; $17,800
CARNEGIB INSTITUTB OF TECHNOLOGY, Pitts-
burgh, Pa.; Albert A. Caretto, Jr.; Radio-
chemical Studies of High Energy Nuclear
Reactions; 2 years; $26,700

Allan K. Colter; Chemical Behavior of
Charge-Transfer Compleses; 3 years, $39,300

Loren G. Hepler; Thermochemical Inves-
tigations,; 2 years; $31,600

Robert R. Holmes; Pentacoordinated
Molecules; 2 years ; $15,600
CAsB INSTITUTE OF TECHNOLOgY, Cleveland,
Ohio ; Peter Kovacle; Reactions of Metal
Halides with Organic Compounds; 2 years;
$18,800
CLEMSON COLLEGH, Clemson, 8.C.; Frederick
Lindstrom ; Glyoxal bis-(2-hydroeyanil) De-
rivatives as Analytical Reagents; 3 years;
$18,500
CoLuMBiA UNIvERsiTY, New York, N.Y.;
Charles O. Beckmann; Nuclear Magnetic
Resonance Spectrometer; 1 year; $16,000

Ronald Breslow; d-Orbital Conjugation;
3 years ; $56,200
CORNELL UNIVERSITY, Ithaca, N.Y.; Alfred
T. Blomgquist; Highly Unsaturated Small
Carbon-Ring Systems; 3 years; $85,500

David H. Geske; Electron Spin Resonance
of Electrochemically Generated Free Radi-
cala; 2 years ; $28,900

James L. Hoard; Séructural Analysis of
Multidentate Chelates of Ferrio Irom and
the Rare Hartha; 8 years ; $72,800

Jerrold Meinwald; Highly RStrained
Bridged Systems; 3 years ; $58,100

William T. Miller, Jr.; Reaction of
Fluoroolefing with Nucleophiles; Chemistry
of Fluorocarbanions; $4,000
Charles F. Wilcox, Jr.; Chemical and
Physical Properties of Bicyclo (2.2.1) Hep-
tane Derivatives; 8 years ; $32,800
DARTMOUTH COLLEGE, Hanover, N.H.; Wal-
ter H. Stockmayer; Physical Chemisiry of
High Polymers ; 2 years ; $55,800
Duge UNIVERSITY, Durham, N.C.; Charles
K. Bradsher; Aromatic Cations and Aro-
matic Cyclization,; 8 years ; $35,800

William R. Krigbaum ; Thermodynamic In-
vestigation of Orystalline Poly (1-Olefins)
2 years ; $25,200

Complemes; 2 years;
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EaRLHAM CoLLEGE, Richmond, Ind.; Wilmer
J. Stratton; Unusual Metal Chelate Com-
pounds with Asine Ligands; 30 months;
$22,000
EMoORrY UNIVERSITY, Atlanta, Ga.; J. H. Gold-
steln and Leon Mandell; Purchase of Nu-
clear Magnetic Resonance Specirometer; 1
year ; $14,000

Leon Mandell ; 8ynthesis of Medium Siged
Rings; 2 years; $13,100
FLORIDA StAaTE UNIVERSITY, Tallahassee;
Michael Kasha ; Purchase of a Proton Mag-
netic Resonance Spectrometer; 1 year;
$19,000
GEORGETOWN UNIVERSITY, Washington, D.C. ;
Joseph E. Earley ; Oxidation States in Metal-
lc Tons—II; 2 years; $28,800
GEORGIA INSTITUTE OF TECHNOLOGY, Atlanta ;
James R. Cox, Jr.; Mechaniams of Homolytic
Reactions of Aromatic Diazo Compounds;
2 years; $26,900

William H. Eberhardt ; Magnetic Rotation
Bpectra of 8Simple Molecules; 2 years;
$57,700

Hermenegild A. Flaschka ; Application of
Chelons in Analytical Chemistry,; 2 years;
$29,500

Henry M. Neumann and Harold R. Hunt;
Electron Transfer Reactions of Complex Ions
of Transition Metals; 2 years; $27,800
HanivTroN COLLEGE, Clinton, N.Y.; Donald
J. Denney and James W. Ring; Dielectric
Relaxation in Polar Liquids and their Solu-
tions; 2 years; $11,300
HArvaARD UNIVERSITY, Cambridge, Mass. ;
Paul D. Bartlett; Mechanisms of Organic
Reactions; 8 years; $10,000

Paul D. Bartlett; Mechanisms of Organic
Reactions ; $55,200

G. B. Kistlakowsky; Unstable Intermedi-
ates in Gas Phase Recactions; $10,000

William N. Lipscomb; Orystal and Moleo-
ular Structure Studies at Very Low Tempera-
tures; $5,000

E. Bright Wilson, Jr. ; dcoustic Relazation
in Gases; 2 years; $27,700
Howirp UNIVERSITY, Washington, D.C.;
Kelso B. Morris; Electrical Conductivities
and Densities for Certain Molten Systems;
$2,000
ILLINOIS INSTITUTE OF TECHNOLOGY, Chi-
cago ; John E. Frey ; Interaction of Halogens
With Borazine and Some of Its Derivatives;
2 years; $24,500

Arthur E. Martell; Metal Chelate Com-
pounds in Homogeneous Catalysis; 2 years;
$23,800
INDIANA UNIVERSITY FOUNDATION, Blooming-
ton ; Edward J. Bair ; Spectrometric Studies
of Atomic Flamea; 2 years; $18,400

Harry G. Day; Purchase of a Nuclear
Magnetic Resonance Spectrometer; 1 year;
$18,700

Ernest Wenkert; Diterpenoid Natural
Products; 2 years; $44,900
Iowa STATE UNIVERSITY, Ames; Charles H.
DePuy; Ring-Opening of Cyclopropanols; 2
years; $36,100

Glen A. Russell ; Elecirophilic Substitution
on RBaturated Carbon Atoms; 6 months;
$2,300

John G. Verkade; Chemistry of Bicyclic
Phosphorus Compounds; 2 years ; $25,700
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Jouns HoprkINs TUnNiversiTY, Baltimore,
Md. ; Dean W. Robinson ; Spectral Studies of
Solids; 2 years; $36,200
Kansas Stare UNrversiry, Manhattan,
Kans.; Warren W. Brandt; Spectrofluori-
metric Examination of Luminescence Phe-
nomena; 2 years; $20,600

Warren W. Brandt; Purchase of a Proton
Magnetic Resonance Spectrometer; 1 year;
$16,000

Kenneth Conrow; Oovalent Tropilidenes
end Tropylium lIons: Kinetice and Equili-
bria; 3 years; $22,800
LApAYETTE COLLEGE, Easton, Pa.; Thomas
G. Miller; Rearrangements of 4,4-Disubsti-
tuted-2,5-cyclohezadienes ; 2 years; $6,400
Los ANGELES STATE COLLEGE FOUNDATION,
Los Angeles, Calif. ; David H. Klein ; Copre-
cipitation by Mized Crystal Formation; 2
years; $11,900

Thomas P. Onak ; Rearrangement of a Sub-
stituted Pentaborane RSystem; 2 years;
$10,800
LoUiSIANA STATB UNIVERSITY, Baton Rouge;
Paul E. Koenig; Applications of Metal Ni-
trides in the Field of Organic Systhesis; 2
years; $16,100
MASSACHUSETTS INSTITUTE OF TECHNOLOGY,
Cambridge ; Glenn A. Berchtold; Reactions
of Enamines; 3 years; $27,5600

Klaus Biemann; High Resolution Mase
Spectra of Complew Organic Molecules; 3
years; $77,400

George H. Buchi; Photochemical Reac-
tions; 3 years; $70,100

Richard C. Lord; Methods and Applica-
tions of Far Infrared Bpectroscopy,; 2 years;
$109,800

Dietmar Seyferth; Unsaturated Organo-
metallics ; 2 years; $29,100

David P. Shoemaker; Low-Energy Elec-
tron Diffraction Study of Metal Surfaces and
Chemisorbed Molecules; 2 years; $19,300

Meyers, Cal Y. ; Participation in the 140th
Meeting of the American Chemical Society ;
$675
MIcHIGAN STATE UNIVERSITY, East Lansing ;
Gerasimos J. Karabatsos; Mechanisms of
Organic Reactions by Use of Isotopes; 3
years; $19,000

Max T. Rogers; Application of NMR Spec-
troscopy to Problems in Molecular Struc-
ture,; 2 years; $43,800

Max 'T. Rogers; Purchase of BElectron
Paramagnetic Resonance Specirometer; 1
year; $30,200
MONTANA STATE COLLEGE, Bozeman ; Charles
N. Caughlan; Structures of Mized Alkowides
of Titanium ; 2 years; $15,700

Ray Woodriff; Atomic Absorption Spec-
trometry for Quantitative Rare Earth Analy-
ges; 2 years; $6,500
New Mgexico INSTITUTE OF MINING AND
TECHNOLOGY, Socorro; K. R. Brower;
Measurement and Interpretation of the Vol-
ume Change of Activation in Various Or-
ganic Reactions; 2 years; $12,300
NORTHWESTERN UNIVERsITY, Evanston, 11l ;
Frederick G. Bordwell; Stereochemistry of
Additions to Carbon-Carbon Double Bonds;
3 years; $39,300

Arthur A. Frost: Quantum Mechanical
Calculation of the Electronic Energy of
Simple Molecules,; 2 years; $37,500



Plerce W. S8elwood ; Molecular Interactions
at Solid Surfaces; 2 years; $34,000

Donald E. Smith; Chemical and Eleciro-
chemical Kinetics Employing Polarography;
8 years; $21,200
OHI0O STATE UNIVERSITY RESBARCH FOUN-
DATION, Columbus; Jack G. Calvert; Mech-
anism of Heterogeneous Reactions Photo-
sensitized at the Surface of Solids; 8 years;
$44,900

Michael P. Cava; Condensed Cyclobutane
4romatic Compounde; 3 years; $8,800

Michael P. Cava; Condenged Cyclobutane
Aromatic Compounds; $65,000

Alfred B. Garrett; Nuclear Magnetic
Resonance Spectrometer Accessories; 1 year;
$5,500

Alfred B. Garrett, Purchase of a Proton
Magnetic Resonance Spectrometer; 1 year;
$20,000

Sheldon G. Shore; Synthesis and Studies
of Boron Heterocycles and Derivatives; 2
years; $23,000

Willlam N, White; Mechanisms of Aro-
matic Rearrangements; 8 years; $56,500
OREGON STATE UNIVERSITY, Corvallis; B. E.
Christensen ; Purchase of Nuclear Magnetic
Resonance Spectromeler; 1 year; $15,700

J. C. Decius; Vibrational Spectra of Fer-
roelectric Crystals; 2 years; $39,400

Harry Freund; Analysis of Fused BSalt
Systems by Means of Controlled Potential
Coulometry ; 2 years; $16,500

John L. Kice; Mechanisms of S,i Reac-
tions; 2 years ; $20,600

Elliot N. Marvell; Intramolecular Ther-
mal Isomerizations; 3 years; $33,600

Allen B. Scott; Electron Traps in Polar
Crystals; 2 years ; $25,900
PENNSYLVANIA STATE UNIVERSITY, Univer-
sity Park; J. G. Aston and J. J. Fritz; Low
Temperature Research {in Chemistry; 2
years; $37,400

J. G. Aston and J. J. Fritz; Low Tempera-
ture Research in Chemistry; $60,000
Norman C. Deno; Carbonium Iona; 3

years; $38,900

Peter H. Glven; Non-Aqueous Polar-
ography and Electrolysis of Aromatic Subd-
stances; 3 years; $47,600

Lionel Goodman; n—pi* Transitions in
the Azines; 2 years; $23,800

Howard B. Palmer and Philip 8. Skell;
Reactions of Radicals Generated by the So-
dium Flame Method; 2 years $45,600

Maurice Shamma ; Chemistry of Nitrogen
Heterocycles; 2 years; $17,500

Robert W. Taft, Jr.; Electronic Interac-
tiona of Substituents in Aromatic Systems;
2 years; $26,100

Thomas Wartik; Nuclear Magnetic Reso-
nance Spectrometer; 1 year; $12,500

Harry D. Zook; Nature of Organic Anfon
Aggregates ; 3 years ; $29,700
PoMoNA CoLLEGE, Claremont, Calif.; R.
Nelson Smith; Carbon-Ozygen Surface Com-
plexes ; 2 years; $18,500
PRINCETON UNIVERSITY, Princeton, N.J.;
Paul von R, Schleyer; Spectroscopic Investi-
gations of Hydrogen Bonding; 2 years;
$24,500
PURDUE RESEARCH FOUNDATION, Lafayette,
Ind.; Robert A. Benkeser; Reductions dy
Idthium in Amine-Solvents ; 2 years; $21,300

Herbert C. Brown ; Quantitative Studies of
Structure and Reactivity ; 3 years ; $84,700

Dale W. Margerum ; Coordination Kinetics
of Multidentate Ligand Compleves; 2 years;
$29,600
REED COLLEGE, Portland, Oreg.; Arthur F.
Scott ; Carbonyl Compleres of Ou(l), Ag(I),
Au(l) and Hg(II); 2 years; $19,500
RENSSELAER POLYTECHNIC INsTITUTE, Troy,
N.Y.; George J. Janz; Vidbrational Spectro-
scopic Studies of Fused Salts; 2 years;
$26,300

Sydney Ross; Adsorbed Films on Solid
Surfaces; 2 years ; $26,000

Robert L. Strong ; Ozidation and Hydrogen
Atom Abstraction Reactions of Boron Hy-
drides; 2 years; $32,900
RESEARCH FOUNDATION, OELAHOMA STATE
UNIvERrsSITY, Stillwater; K. Darrell Berlin;
Pyrolytic Eliminations Involving Trityl
Easters; 2 years; $20,000
RESEARCH FOUNDATION OF STATE UNIVERSITY
oF NEw YoORK, Albany; Fausto Ramirez,
Oyster Bay:; Mechanisms of Reactions of
Phosphorus Compounds; 3 years; $32,400

J. J. Hermans, Syracuse ; Chemical Subati-
tution in Glucosides and Their Derivatives;
1 year; $7,200

Michael Szware, Syracuse; Chemistry of
Free Radicals; 2 years; $13,000

Michael Szwarc, Syracuse; Chemistry of
Free Radicals; $60,000
RuUTGERS, THE STATE TUNIVERSITY, New
Brunswick, N.J.; Ronald R. Sauers; 7-Sub-
stitutes Norborenes ; 2 years; $15,700

Peter A. van der Meulen; Nuclear Mag-
netic Resonance Spcctrometer; 1 year;
$14,000
ST, Louts UNIvErSITY, St. Louis, Mo. ; Paul
E. Peterson ; 4ddition and Elimination Reac-
tions in Trifluoroacetic Acid; 31 months;
$20,300
SOUTHERN ILLINOIS UNIVERSITY, Carbondale ;
R. F. Trimble; Reactions of Diacidotetram-
mine Complexes ; 2 years ; $13,900
STANFORD UNIVERSITY, Stanford, Calif. ; Carl
Djerassi; Developments in Rotatory Disper-
slon Instrumentation for Organic Chemical
Applications; 2 years; $75,000

Willlam 8. Johnson ; Purchase of an Ulira-
violet Recording Spectrophotometer; 1 year;
$19,000

Frank R. Mayo: Comparison of Liquid-
Phase and Vapor-Phase Reactions of Free
Radicals; 21 months ; $22,100

D. A. Skoog ; Reaction of Iodine with Thio-
cyanate Ion; 2 years ; $31,600

Henry Taube; Comples Ions; 2 years;
$40,400
STEVENS INSTITUTE OF TECHNOLOGY, Hobo-
ken, N.J. ; Everett R. Johnson; Radiation In-
duced Decomposition of Inorganic Nitrates;
2 years; $19,500
SWARTHMORE COLLEGER, Swarthmore, Pa.;
Gilbert P. Halght, Jr.; Halide Complexes of
Positive Ions of Post Transition Elements;
28 months ; $17,100
SYRACUSE UNIVERSITY RESEARCH INSTITUTE,
N.Y.; Harry Brumberger; COCritical Phe-
nomena in Binary Systems; 2 years; $32,400
UNIVERSITY O» AKRON, Ohlo; Maurice Mor-
ton; Mechanism of Homogeneous Anfonic
Polymerization; 1 year ; $20,300
UNIVERSITY OF ARIzONA, Tucson; Quintus
Fernando ; Metal Complezing Propertics of
Nitrogen Containing Heterocyclic Com-
pounds; 8 years; $29,800
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Henry Frelser ; Purchase of a Proton Mag-
netio Resonance Specirometer; 1 year;
$20,000

John P. Schaefer ; Synthesis and Reactions
of Borepin; 3 years; $21,100
UNIVERSITY OF BUFFALO, N.Y. ; Walter Dann-
hauser ; Electrical Conductivity in Polymeric
Systems; 2 years ; $19,400
UNIVERSITY OF CALIFORNIA, Berkeley; C. E.
Castro, Riverside; Reduction of Organic
Molecules by Low Valent Transition Metale;
8 years; $28,900

Donald J. Cram, Los Angeles; Ohemistry
of Deformed Polycyclic Systems; 8 years;
$55,300

Christopher 8. Foote, Los Angeles; Pho-
tosensitized Autoxidation of Dienes; 2 years;
$17,900

W. F. Glauque ; Thermodynamic and Mag-
netic Properties Particularly at Low Tem-
peratures; 1 year ; $125,600

Willlam D, Gwinn; Microwave Spectra
and Molecular Structure; 2 years; $60,200

Harold 8. Johnston; Fast Gas-Phase Re-
actions; 2 years; $57,800

Chester T. O’Konski ; Nuclear Quadrupole
Interactions in Solids; 2 years; $50,000

Thomas L. Allen, Davis; Relation Be-
tween Molecular Energy and Molecular
Structure; 2 years; $28,300

Kyle D. Bayes, Los Angeles; Reactions
of Carbon Atoms ; 2 years; $4,800

Paul C. Haake, Los Angeles; Physical
Organic Studies of Some Reactions of Or-
ganophosphorus Compounds; 3 years;
$25,100

E. R. Hardwick and W. G. McMillan, Los
Angeles; Purchase of Nuclear Magnetic
Resonance Spectrometer and X-Ray Dif-
Jractomeler; 1 year; $40,000

James B. Hendrickson, Los Angeles;
Structure, Stereochemistry and Synthesis of
the Mitragyna Alkaloids; 2 years; $25,600

John H. Kennedy, Santa Barbara; Dis-
tributfon Studies in Immiscible Fused Salt
Syatems; 2 years; $21,100

Danfel Kivelson, Los Angeles; Electronic
Paramagnetic Resonance Studies of Free
Radicals ; 2 years; $50,300

Andrew Streitwleser, Jr.; Organic Com-
pounds in Microwave Discharge; 1 year;
$10,800

Saul Winstein, Los Angeles; The Nature
and Behavior of Ion Pairs in Solvolysis; 8
years; $60,000

Bruno H. Zimm, San Diego;
Ohemistry of Macromolecules;
$47,500
UNIVERSITY oF CHIcAGo, IlL; Gerhard L.
Closs ; Chemistry of Cyclopropenes; 2 years ;
$38,800

Michael J. 8. Dewar; Inclusion of Elec-
tron Correlation in MO Theory; 1 year;
$19,000

Robert Gomer ; Field Emission Studies of
Adsorption and Related Phenomena ; 8 years ;
$96,500

Ole J. Kleppa ; Thermodynamic Properties
of Fused Salt Systems; 2 years; $61,600

Robert 8. Mulliken ; Structure and Spectra
of Molecular Complexes,; 2 years; $63,800

Leon M. Stock; Transmission and Influ-
ence of Polar Effects; 3 years; $30,700
UNIVERSITY OF COLORADO, Boulder; Alfred
Hassner; Chemisiry of Owximes; 3 years;
$22,200
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2 years;

UNIVERSITY OF DELAWARE, Newark ; Harold
Kwart; Efects of Replacement of Oxygen
by Sulfur in Organic Compounds; 1 year;
$3,200

Edward B. Schweizer; Preparation of
Heterocyclic Ring Systems Employing Di-
phosphinemethylenes ; 1 year ; $5,600
UNIVERSITY OF FLORIDA, Galnesville; W. M.
Jones ; The Mechaniem of the Thermal De-
composition of 2-Pyrazolines;, 2 years;
$11,900

Per-Olov Lowdin, and Darwin W. Smith;
Correlation Problems in Quanium Chem-
{stry ; 2 years; $39,500

Per-Olov Lowdin and John 8. Faulkner;
Quantum Theory of Matter in the Presence
of Electromagnetic Fields; 2 years; $40,400

George B. Ryschkewitsch; Addition Re-
actions of Borazine; 2 years; $30,700

Harry H, Bisler; Purchase of X-ray Dif-
Jraction Hquipment; 1 year; $20,000

James D. Winefordner; Flame Photom-
etry; 2 years; $18,400
UNIVERSITY OF GEORGIA, Athens; Robert C.
Lamb ; Mechanism of Thermal Decomposi-
tion of Some Unsaturated Diacyl Peroxides;
2 years; $11,600
UNIvERSITY OF ILLiNOIS, Urbana; Ludwig
Bauer, Chicago; Reaction of Nucleophilic
Reagents with 1-Alkoxypyridinium Salts; 2
years; $17,000

Rue L. Belford ; Binding and Structure of
Metal Chelates; Excited States of Gases; 1
year; $20,600

H. E. Carter ; Purchase of Analytical Mass
Spectrometer; 1 year; $45,000

W. H. Flygare; High Resolution Micro-
wave Spectroscopy; 2 years; $28,500

Reynold C. Fuson; Addition of Grignard
Reagents to Enolates; 2 years; $17,400

H. 8. Gutowsky ; High Resolution Nuclear
Magnetic Resonance Spectroscopy; 2 years;
$55,800

H. A. Laitinen; Surface Phenomena in
Electroanalytical Chemistry; 8 years;
$54,200

Theron 8. Piper; Orystal Field Theory
and the Chemistry of the Transition Ele-
ments; 2 years; $37,600
UNIVERSITY OF Kansas, Lawrence; Albert
W. Burgstahler; Synthetic and Structural
Studies in Terpene Chemistry, 3 years;
$44,500

Jacob Kleinberg and Earl 8. Huyser;
Generation and Reactions of Inorganic Free
Radicals ; 8 years; $28,900
UNIVERSITY OF LOUISVILLE, Loulsville, Ky.;
Kevin T. Potts; Synthetic Studies in the
Strychnine Group of the Alkaloids; 3 years;
$36,600
UNIVERSITY OF MARYLAND, College Park;
Willlam J, Bailey; Double Chain Polymers
by the Diels-Alder Reaction; 2 years;
$16,500

Gilbert Gordon ; Mechaniames of Inorganic
Reactions ; 2 years; $22,400

Samuel Q. Grim ; Phosphonium Salts and
Phosphinemethylenes; 3 years; $35,300

Willlam G. Maisch and Homer W. Schamp,
Jr.; Effect of Pressure on Optical Absorp-
tion; 1 year; $18,000
UNIVERSITY OF MASSACHUSETTS, Ambherst;
Louis A. Carpino; Diimides and Azamines;
3 years; $46,000



Richard 8. Stein and Robert L. Rowell;
Eflect of Environment on the Principle of
Additivity of Bond Polarizability; 2 years;
$20,200

John W. George ; Chemical Studies of the
Decafluorides of Bulfur and Tellurium; 8
years ; $33,600

UNIVERSITY OF MICHIGAN, Ann Arbor ; Robert
B. Ireland; Total Synthesis of Diterpenes
and Triterpenes; 3 years; $51,100.

C. BE. Nordman, Robert W. Parry and R.
C. Taylor; The Bridge and Coordinate Bond
in Inorganic Systems; $3,000

Robert W. Parry, Robert C. Taylor and
Christer B. Nordman; Chemistry of the
Bridge and Coordinate Bond in Inorganic
Systems; 2 years ; $103,200

UNIVERSITY OF MINNESOTA, Minneapolis;
1. M. Kolthoft and E. J. Meehan; Induced
Reactions; 3 years; $48,100

UNIVERSITY OF MISsOURI, Columbia; Lloyd
B. Thomas; Chemical and Physical Adsorp-
tion on Filament Surfaces; 1 year; $13,600

UNIVERSITY OF NEBRASKA, Lincoln; Henry
BE. Baumgarten ; Reactions of Amines; 42
months ; $54,900

Norman H. Cromwell ; Steric Controls in
Conjugate Additions; 3 years; $30,700

UNIVERSITY OF NEVADA, Reno; Cyrus O,
Guss ; Facilitation of Unfavorable Displace-
ment Reactions; 2 years; $15,000

UNIVERSITY OF NEw HaMPSHIRE, Durham;
Alexander R. Amell; Purchase of a Proton
Magnetic Resonance Spectrometer; 1 year;
$21,000

Robert E. Lyle ; The Chemistry of Ozimes;
8 years; $18,200

UNIVERSITY OF NORTH CAROLINA, Chapel
Hill ; James P. Collman ; Resolution and Co-
ordination Isomerism of Metal Chelates of
Chromium (I1I), Cobalt (I11), and Rhodium
(III); 2 years; $14,700

Henry C. Thomas; Ionic Self-Diffusion in
Gels and Closely Related Systems; $4,750

UNIVERSITY OF NOTRE DaAMB, Notre Dame,
Ind.; Ralph B. Davis; Condensation of
Aromatic Nitro Compounds with Arylacetoni-
triles; 3 years: $33,400

Ernest L. Ellel; Conformational Anal-
ysis; 3 years; $37,700

Danliel J. Pasto; Carbonyl Ozygen Inter-
actions with Incipient Carbonfum Ions; 8
years ; $23,500

Louls Pierce ; Molecular Microwave Spec-
troscopy ; $5,000

Louis Pierce; Molecular Microwave Spec-
troscopy; 2 years; $56,200
UNIVERSITY OF OREGON, Fugene; Marshall
Fixman; Theoretical Chemistry; 2 years,
$36.000

Terrell L. Hill; Application of Statistical
Thermodynamics to Problems in Physical
Chemistry; 3 years; $66,800

Richard M. Noyes; Mechanisms of Ion
and Ion-Pair Processes; 2 years; $33,500
UNIVERSITY OF THE Pacirrc, Stockton,
Calif.; Carl E. Wulfman; Molecular Shape
and Individual Particle Interactions; 1
year; $7.500
UNIVERSITY OF PENNSYLVANIA, Philadelphia ;
John G. Miller; Compressibility Faclor
Measurements of Gas Miztures at Higher
Temperatures; $1,000

Charles C. Price; New Heterocyclic Sys-
temes Related to Thiabenzene and Phospha-
benzene; 2 years; $23,300

UNIVERSITY OF PITTSBURGH, Pittsburgh, Pa. ;
Theodore Cohen; Unstable Intermediates in
Aromatic Diazonium Ion Decomposition; 8
years; $22,300

UNIVERSITY OF ROCHESTER, Rochester, N.Y.;
Bernard R. Baker; Kinetica and Mechaniam
of Direct Electron Transfer Reactions; 2
years ; $15,000

Willlam H. Saunders, Jr.; Mechaniams of
Elimination Reactions; 2 years; $31,700

David J. Wilson ; Energy Transfer in Gas
Reactions; 2 years; $20,000

UNIVERSITY OF SoUTH CAROLINA, Columbia;
Stanley I. Goldberg; Multi-Nuclear Ferro-
cenes; 27 months; $17,000

UNIVERSITY OF SOUTHERN CALIFORNIA, Los
Angeles; Sidney W. Benson; Kinetic and
Thermodynamic Studies of Free Radicals; 2
years; $44,500

Ronald F. Brown; Purchase of Proton
Magnetic Regsonance Spectrometer; 1 year;
$20,000

Norman Kharasch; Photolysis of Aro-
matic Iodo Compounds,; 2 years; $32,900

Karol J. Mysels; Electrodiffusion Method
for Rapid Ionic Reactions; $900

Marjorie J. Vold ; Computer Simulation of
Colloidal Systems; 2 years; $20,900

James C. Warf ; Non-Ewxistence of Perbro-
mates and Arsenic (V) Chloride; 2 years;
$19,100

UNIVERSITY OF TENNESSEE, Knoxville; An-
tony F. Saturno; Ground State Electronic
Wave Functions of Simple Atoms and Mole-
cules; 2 years ; $23,300

UNIVERSITY Of Tgxas, Austin; Nathan L.
Bauld ; The Mechanisms of Metalation Reaco-
tions at Carbon-Halogen and Carbon-Oxygen
Bonds; 3 years; $21,200

James E. Boggs; Temperature Variation
of Atomic Polarization; 2 years; $27,800

William C. Gardiner, Jr.; Field Ionization
Mass Spectrometry and Chemical Kinetics;
2 years ; $23,000

Leon O. Morgan ; Electron Spin Resonance
Spectroscopy of Paramagnetic Solutions; 2
years ; $38,200

Rowland Pettit; Organic Chemistry of
Metal-Organic Compleves; 2 years; $33,200

UNIVERSITY OF VERMONT, Burlington; An-
drew P. Krapcho ; Total S8ynthesis of Isocary-
ophyllene,; 3 years; $9,800

UNIVERSITY OF WASHINGTON, Seattle; Hyp
J. Dauben, Jr.; Stable Carbonium Ions; 8
years ; $61,900

Norman W. Gregory; Veaporization Reac-
tions ; 3 years; $40,900

Y. Pocker; Kinetica and Mechanisms of
Addition of Actds to Olefins in Polar Non-
Aqueous Media; 3 years ; $29,800

David M. Ritter ; Non-tetrahedral Complea
Metal Hydrides; 2 years ; $25,500
UNIVERSITY OF WiISCONSIN, Madison; Frank
C. Andrews; Non-Equilibrium Statistical
Mechanics; 3 years; $20,900

C. F. Curtiss; Theoretical Eatensions of
the Kinetic Theory of Gases; 2 years;
$29,800

John D. Ferry; Nuclear Magnetic Reso-
nance and Infrared Spectrometers; 1 year;
$31,000



Harlan L. Goering; Stereochemisiry and
Mechanisms of Rearrangement and Solvolytio
Reactiona; 2 years ; $23,800

Hans Muxfeldt; Structure and Synthesis
of Natural Products; 3 years ; $53,800

Eugene E. van Tamelen; Biogenetically-
Patterned Syntheses of Natural Products and
Related Substances ; 8 years ; $38,300

Worth B. Vaughan; Characterization of
Dielectric Relazation; 2 years; $22,800

Robert C. West ; New Aromatic Anfons; 3
years ; $27,500

Howard W. Whitlock, Jr.; Homologation
of Carbonium Ions ; 3 years; $21,600
VANDERBILT UNIVERSITY, Nashville, Tenn.;
Larry C. Hall; Electrochemistry of Rare
Earths in Non-Aqueous Media; 2 years;
$13,600

Donald E. Pearson; Electrophilic Reac-
tions ; 8 years ; $21,600

WABHINGTON STATE UNIVERSITY, Pullman;
Donald S. Matteson; Unsaturated Organo-
boron Compounds; 3 years; $42,700
Carl J. Nyman; Polynuclear Periodate
Complexes of Cobalt (Il1); 2 years; $14,400

WASHINGTON UNIvessity, St. Louls, Mo.;
C. David Gutsche; Intramolecular and
Pseudo-intramolecular Reactions; 3 years;
$63,400

Lindsay Helmholz, Electronic Structure of
Inorganic Complew Ions; 2 years; $23,100

Arthur C. Wahl; Kinetics of Ozidation-
Reduction Reactions; 3 years; $35,800

Samuel I. Wetssman, Richard E. Norberg
and Jonathan Townsend; Electronic Proc-
esses by Magnetic Resonance; 8 years;
$97,300

WAYNE STATE UNIVERSITY, Detroit, Mich.;
Stanley Kirschner ; Rotatory Dispersion of
Asymmetiric Complex Inorganic Compounds ;
2 years ; $28,500

WESLEYAN UNIVERSITY, Middletown, Conn.;
Donald K. Sebera ; Organic Ligands in Elec-
tron Transfer Reactions; 2 years ; $11,100

WEST VIRGINIA UNIVERSITY, Morgantown;
Jack D. Graybeal; Nuclear Quadrupole
Coupling Constants in Coordination Com-
pounds; 2 years; $20,800

YaLe UN1versiTY, New Haven, Conn.;
Andrew Patterson, Jr.; Physical Chemistry
of Solutions of Alkali Metals in Amine-Type
Solvents ; 2 years ; $28,000

Martin Saunders; Structural Interpreta-
tion of Physical Properties of Organic Bys-
tema,; 8 years; $63,200

Oktay Sinanoglu; Many Eleciron Theory
of Atoms and Molecules; 2 Years; $45,400

Julian M. Sturtevant ; Mass Specirometer ;
1 year; $35,000

Julian M. Sturtevant; Purchase of Proton
Magnetio Resonance Spectrometer; 1 year;
$19,200

DEVELOPMENTAL BIOLOGY

ALAMEDA COUNTY STATE COLLEGE FOUNDA-
10N, Hayward, Calif.; Harrison D. Heath;
Nematocyst Distribution During Hydra Mor-
phogenesis; 2 years ; $8,600
BRANDEIS UNIVERSITY, Waltham, Mass.;
Lawrence Levine and Maurice Sussman;
Immunochemistry of Cellular Slime Mold
Development ; 5 years; $103,400

Gordon Sato; Culture of Chick Embryo
Cells; 2 years ; $40,200

186

BrYN Mawr COLLEGE, Bryn Mawr, Pa. ; Jane
M. Oppenheimer ; The Optic Cup-Lens Induc-
tion System in Teleostean and Amphidbian
Embryos ; 8 years; $25,000
CoLUMBIA UNIVERSITY, New York, N.Y.;
Arthur W. Pollister and Martan M. Himes;
Nuclear Composition During Cell Differentie-
tion; 2 years; $12,300
CoBNELL COLLEGE, Mount Vernon, Iowa;
Francis A. Pray; Development of Certain
Selected Rotifers; 2 years ; $7,400
CORNELL UNIVERSITY, Ithaca, N.Y.; Jobhn M,
Anderson ; The Digestive System of Star-
fishes; 2 years; $13,100

Harold F. Parks; Ultrastructural Basis of
Metabolic Phenomena ; 3 years ; $128,700

DarTM0oUTH COLLEGE, Hanover, N.H. ; Melvin
Spiegel ; Protein Changes in Development; 3
years ; $81,300
ForpHAM UNIvERSITY, New York, N.Y.;
Charles A. Berger; Cytological Aspects of
Development ; 2 years; $6,600
FRANKLIN & MARSHALL COLLEGB, Lancaster,
Pa; Harry K. Lane; Boric Acid Effects on
the Developing Chick Embryo; 2 years,
$13,800
GLENVILLE STATE COLLEGB, Glenville, W. Va.;
Max Ward; Morphogenesis in Ferns and
Mosses; 2 years; $14,100
HarvARD UNIVERSITY, Cambridge, Mass.;
Robert H. Barth, Jr.; Reproductive Proc-
eases in Insects; 3 years; $33,500

Keith R. Porter ; Wall Formation in Cells
of Meristematic Plant Tissues; 3 Years;
$67,400

John G. Torrey ; Cultural and Biochemical
Studies of Immature Plant Embryos; 8
years ; $32,000

Ralph H. Wetmore ; Effects of Polyploidy
on Plant Development ; 8 years; $61,200

INDIANA UNIVERSITY FOUNDATION, Blooming-
ton; Charles W. Hagen, Jr.; Chemical Dif-
ferentiation in Flower Parts; 2 years;
$31,900
JouNs HopkKiNs TUNIVERSITY, Baltimore,
Md.; Hans Laufer; Differentiation of
Macromolecular Patterns During Develop-
ment; 3 years; $66,400

Clement L. Markert ; Biochem{cal Problems
of Cell Differentiation; 5 years; $2486,700

Frank H. Moyer; Control of Melanocyte
Differentiation; 3 years ; $50,100

Bernard Roizman; Virus Induced Func-
tions of Mammalian Cells; 2 years; $33,500

Malcolm S. Steinberg; Selective Adhesion
in Embryonic Cells; 2 years; $40,900

Theodore R. F. Wright ; Ontogeny of Gene-
Enzyme Systems in Drosophila; 3 Years;
$46,600
LeEMoyNm COLLEGE, Syracuse, N.Y.:; Louls
D. De Gennaro ; Differentiation of the Chick
Glycogen Body ; 2 years ; $6,400
MASSACHUSETTS INSTITUTE OF TECHNOLOGY,
Cambridge ; Corrade Baglioni; Fetal and
Adult Hemoglobin Types ; 1 year ; $7,800
MISSOURI BOTANICAL GARDENS, St. Louis;
Norton Nickerson; Plant Growth 8Sub-
stances ; 2 years; $16,500
NorTH DaKOTA SraTE UNIvERSITY, Fargo;
Erwin Goldberg; Lactic Dehydrogenases
from Spermatozoa; 2 years; $26,700
OREGON STATE UNIVERSITY, Corvallis ; Victor
J. Brookes, Robert W. Newburgh and Vernon



H. Cheldelin; Biochemistry of Insect Mor-
phogenesis ; 1 year ; $16,300

Robert W. Newburgh and Vernon H.
Cheldelin; Enzyme Patterns in Embryo and
Adult Tissues; 3 years; $37,300

R. W. Newburgh; Biochemistry and Em-
dryology of Insects; 1 year; $9,400

PurpUE RESEARCH FouUNDPATION, Lafayette,
Ind.; Charles E. Hess ; Naturally Occurring
Root Initiating Substances; 2 years; $22,800

RESEARCH FOUNDATION OF STATE UNIVERSITY
oFr Npw YORK, Albany; Robert T. Ward,
Brooklyn ; Cytological Studies of Oogenesis
and Development ; 2 years; $28,300

SgroN Harn UNIVERSITY, South Orange,
N.J.; Robert L. Curtis and Pinckney J.
Harman, Jersey City; Electromyographic
Development of Mouse Muscle; 2 years;
$6,000

SoUTHERN ILLINOIS UNIVERSITY, Carbon-
dale; Frank J. Finamore; Nucleic Acids of
Amp)ubian Eggs; 2 years; $34,000

Dan O. McClary; Cytology of Saccharo-
myces; 2 years ; $19,500

STATE UNIVERSITY OF Jowa, JTowa City;
Eleanor H. Slifer ; Fine Structure of Insect
Rense Organs ; 1 year ; $5,400

TEMPLE UNIVERSITY, Philadelphia, Pa.; 8.
Robert Hilfer; Functional Stadility of
Thyroid Cells; 2 years; $27,400
Mann-Chiang Niu; Induction of Specific
Protein Synthesis; 8 years; $97,200

TexA8 SOUTHERN UNIvERSITY, Houston;
Robert J. Terry and James Race, Jr.; De-
velopment and Metamorphosis in Amphéd-
iane; 3 years; $23,400

TEXAS WOMAN’S UNIVERSITY, Denton ; Robert
Fuerst; Morphogenesis in Neurospora; 2
years ; $14,500

TuLANE UNIVERSITY, New Orleans, La.; S.
Meryl Rose ; Characterization of Substances
Controlling Differentiation; 3 years; $67,000

UNIVERSITY OF CALIFORNIA, Berkeley; Max
Alfert ; Cytochemical Studies of Cell Nuclei;
2 years; $23,100

C. W. Asling ; Morphogenesis of the Inner
Ear; 1 year; $7,200

Wiilllam A. Jensen ; Ultrastructure of the
Developing Megagametophyte and Embryo in
Plants; 2 years ; $32,600

Reed A. Flickinger, Davis; Differentiation
of Embryonic Cells; 2 years; $45,200

E. M. Gifford, Jr., Davis; Histochemistry
of Vegetative and Flowering Shoot Apices;
2 years ; $10,500

Lucille 8. Hurley, Davis; Nutritional Fac-
tors and Mammalian Development; 2 years ;
$21,400

Roy M. Sachs, Davis; Chemical Control
of Cell Division in Plant Tissues; 2 years;
$20,000

F. Murray Scott, Los Angeles; Flectron
Microscopic Studics of Plant Cells; 1 year;
$13,800

T. Elllot Weler and Xatherine Esan,
Davis; Ultramicroscopic Morphology of
Plant Structures; 8 years; $90,500

Thomas W. James, Los Angeles; Cell Divi-
efon Studies on Cultures of Protozoa; 2
years; $42,300

A. M. Schechtman, Los Angeles; Macro-
molecular Background of Embryonic De-
velopment; 1 year; $10,700

Marietta Voge, Los Angeles; Development
of Cestodes; 2 years; $28,200

Wililam K. Purves, Santa Barbara; Prop-
erties of a Plant Growth Promoter; 3 years;
$41,600
UNIVERSITY OF CHIcAGO, Chicago, Jll.; A.
A. Moscona ; Biochemical Aspects of Oellular
Differentiation; 8 years; $122,700
UNIVERSITY OF DELAWARB, Newark; R. R.
Ronkin ; Cytochemical Studies of Aging Oell
Populations; 3 years; $43,800

G. Fred Somers; Chemical Propertice of
Plant Cell Wall Components; 2 years;
$22,300
UNIVERSITY OF FLORIDA, Gainesville; James
A, Gavan; Grotwth and Development: Rhesus
Monkey; 1 year; $33,200

Mildred M. Grifith ; Anatomy and Histo-
genesis in Conifers; 2 years; $14,200

. West and H. C. Harris; RNA Me-

taboliam in Plants; 3 years; $28,500
UNIVERSITY OF GEORGIA, Athens; Elon E.
Byrd; Host Spectficity and Development of
Trematodes; 2 years; $22,000
UNIVERSITY OF ILLINOIS, Urbana; Plerson J.
Van Alten, Chicago; Development of the
Immune Response in the Chick; 2 years;
$28,000
UNIVERSITY OF KANSAS, Lawrence ; J. Eugene
Pox; Chemistry and Biology of a Plant
Growth Regulator; 3 years; $31,000
UNIVERSITY OF MAINB, Orono; Alton M.
Mun ; Donor-host Spleen Cell Interaction in
Inbred Embryos; 8 years; $37,000
UNIVERSITY OF MICHIGAN, Ann Arbor; Nor-
man E. Kemp; Differentiation of Sub-Micro-
scopic Structure During Development; 2
years ; $26,500
UNIVERSITY OF MINNESOTA, Minneapolis;
Mykola Y. Haydak and Narayan G. Patel;
Caste Development in Honeybecs; 2 years;
$16,900

Nelson T. Spratt, Jr.; Developmental Po-
tentialities of the Early Chick Blastoderm;
3 years; $28,900
UNIVERSITY OF OREGON MEDICAL SCHOOL,
Portland ; Richard B. Lyons; Chemical Dif-
ferentiation in Developing Sea Urchin
Embryos; 2 years; $17,900

UNIVERSITY OF PIrTsBURGH, Pittsburgh, Pa. ;
Joan Eiger Gottlleb ; Vegetative Dimorphism
in the SBhoot System of Vascular Plants; 3
years; $14,800

Peter Gray; Improved Techniques of Elec-
tron Microscopy; 3 years; $18,200

UNIVERSITY OF SOUTH CAROLINA, Columbia ;
John M. Herr, Ir.; Rearrangement of Nuclei
in the Immature Megagametophyte,; 2 years;
$13,000

UNIVERSITY OF VIRGINIA, Charlottesville;
Dietrich Bodenstein; The Role of Hormones
and Nerves in Ingect Growth; 4 years;
$43,700

UNIVERSITY OF WASHINGTON, Seattle ; Ed-
ward C. Roosen-Runge; Gametaﬂmulo n
Hydromedusae,; 3 years; $9,700
UNIVERSITY OF WISCONSIN, Madison ; Robert
Auerbach ; Control Mechanisms in Lymphald
Dmercntmtion 8 years; $61,800

Hans Ris:; Tissue Oultura Research; 8
years; $29,000

VILLANOVA UNIVERSITY, Villanova, Pa.;
Roman Maksymowych; Oell Division and
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Tissue Differentiation in Leaf Development ;

2 years; $13,000

WEeESTERN REsgrve UNIvERSITY, Cleveland,

Ohio ; Allison L. Burnett; Growth and Cell

Differentiation in Hydra; 8 years; $75,700
Howard A. Schnelderman; Studies of In-

sect Fine Sitructure; B years; $146,800

WiLLiaM MArRSH Rick UNIversiTY, Houston,
Tex.; Allen C. Enders; Mechanisms of Im-
plantation in Mammals; 2 years; $37,700

WILSON COLLEGE, Chambersburg, Pa.; M.
Jean Allen ; Studies of Polychaete Develop-
ment ; 2 years; $25,200
WITTENBERG UNIVERSITY, Springfield, Ohlo;
Knut J. Norstog ; Growth and Differentiation
of Barley Embryos; 2 years; $8,000
YALr Universiry, New Haven, Conn.; John
H. Miller and Pauline M. Miller; Patterns
of Cell Expansion in Fern Gametophytes; 1
year; $9,000

Ian K. Ross ; Cytology, Morphogenesis and
Heterothallism 1in the Myxromycetes; 2
years; $16,300

EARTH SCIENCES

ArLrrED UNIVBRSITY, Alfred, N.Y.; Taro
Takahashi; Soludbility of Lead BSulfide in
Water at Hlevated Temperatures and Pres-
sures; 1 year; $17,000

AMERICAN GEOGRAPHICAL SocierY, New
York, N.Y.; Willlam O. Field; Oontinuation
of World Data Center A: Glaciology; 6
months; $12,950

AMARRST COLLEGE, Amherst, Mass.; Bruce
B. Benson; Mass Spectrometric Studies of
Atmospheric Gases, of Gases Disgolved in
the Oceans, and of SBea Water; 2 years;
$59,000

BRrIGHAM YOUNG UNIVERSITY, Provo, Utah;
Kenneth C. Bullock; Acquisition of a Verti-
cal Reflecting Projector; 1 year; $5,660
David L. Clark; Biostratigraphic Study
of the Eastern Great Basin Paleozoic; 3
years ; $31,000
BrowN UNIVERSITY, Providence, R.I.; Rich-
ard A. Yund; Equilibrium-Phase Relalions
én the SBystem Cu-Fe-0-8 and Their Geologic
Application; 2 years; $49,800

CALIFORNIA INSTITUTE OF TECHNOLOGY,
Pasadena ; Arden L. Albee; Chemical BEqui-
lidrium 4in Coexisting Phases of Quariz-
Muscovite Rock; 8 years; $34,900

Arden L. Albee; The Boundary of the Ti-
miskaming and Grenville Subprovinces Near
Lake Temagami, Ontario; 2 years; $2,300

Clarence R. Allen and Frank Press; Geo-
physical Investigations of Geologic Siruc-
tures in the Western United States; 2 years;
$63,600

Clarence R. Allen and Robert V. Sharp;
Field Study of the Ban Jacinto Fault Sys-
tem in Southeastern California; 2 years;
$2,400

Arthur J. Boucot:; Silurian and Lower
Devonian Shelly Faunas; 3 years; $50,000

W. Barclay Kamb ; Orystal Structures of
the High-Pressure Forms of Ice; 2 years;
$27,500

Robert P, Sharp; Methods of OChemical
Analyses; 1 year; $14,500

Hugh P. Taylor, Jr.; Oaygen Isotopic
Composition of Silicate Rocks and Minerals;
2 years; $16,600

G. J. Wasserburg; Rare Gases in Nature

and Problems in Absolute Age Determina-
tion; 8 years; $59,300
CoLorADO SCHOOL OF MiNks, Golden; M. A.
Klugman; Primaery Dispersion Haloes in
Wall-Rock and Ore Bodies; 2 years; $27,000
CoLuMBIA UNIversiTty, New York, N.Y.;
Wallace 8. Broecker, Palisades ; Development
of an Alpha-Spectrometer for Use in U In-
equilibrium Studies; 1 year; $15,500

Wallace 8. Broecker, Palisades; Applica-
tion of the Radiocarbon Method to the Pre-
cise Dating of Late and Post Glacial Events;
3 years; $27,200

Willlam A. Cassidy, Palisades; Study of
Meteoritic Impact Rites; 1 year; $22,800

David B. Ericson, Palisades; Pleistocene
Oceanography as Recorded in Deep-Sea Sedi-
ment Cores; 3 years; $49,800

Maurice Ewing, Palisades; Participation
in the International Indian Ocean Ezpedi-
tion; 1 year; $150,000

Maurice Ewing, Palisades; Support for
Research Vessel VEMA; 1 year; $180,000

CorNpLL UNIVERSITY, Ithaca, N.Y.; B. P.
Wheeler, 2d; Anorthosite and Adamellite
Bodies of Northern Labrador; 1 year ; $6,000

FLorIDA STATE UNIVERSITY, Tallahassee;
Lyman D. Toulmin; Paleocene and FEocene
Foraminifera from the Chattahoochee River,
Alabama and Georgia; 2 years; $11,900

FRANKLIN AND MaRsSHALL COLLEGE, Lancas-
ter, Pa.; John H. Moss; Glacial Geology of
the Boulder River Drainage Basin, Northern
Beartooth Mountains, Montana; 2 years;
$11,500

GEOLOGICAL SURVEY OF ISRARL, Jerusalem,
Israel ; David Neev; Submarine Geology and
Physical Oceanography of the Hastern Medi-
terranean; 3 years; $30,000

Harvarp TUNIvERSITY, Cambridge, Mass.;
Elso 8. Barghoorn; Pre-Cambrian Plant
Fossils and the Organic Geo-chemistry of
Pre-Cambrian Sediments; 8 years; $26,800

Alan V. Jopling; Origin of Caliche; 1
year; $1,000

Bernhard Kummel; Zonation, Faunal
Evolution, and Paleogeography of the Lower
Triassic; 314 years ; $36,700

Henry Stommel; Research 4n Oceanic
Physics; 1 year; $40,000

Harry B. Whittington ; Preparation and
Publication of Monographs on Ordovician
Trilobites Jrom Western Newfoundland; 3
years; $13,000

Iowa StaTe UNIVERSITY, Ames; Wayne H.
Scholtes; Genesis of Soils and Soil Land-
scapes in the Oary and Iowan Drift Areas
in Iowa; 2 years; $19,500

JorNs HoOPKINS UNIVERSITY, Baltimore,
Md.; Brnst Cloos; Purchase of a Caesar-
Saltzman Vertical Reflecting Projector; 1
year; $5,600

Hans P. Rugster; Low Grade Metamor-
phic Reactions; 2 years; $22,700

Richard 8. Fiske and Aaron C. Waters;
Chemical and Mineralogical Variations of
the Columbia River Basalts, and of the An-
desites of the Cascade Mountains; 2 years;
$53,640

Cliford A. Hopson, Johns Hopkins Uni-
versity, and Willlam S. Wise, University of
California, Santa Barbara; Mineralogy,
Chemistry and Picld Associations of Pyrow-
ene Andesite at M$, Hood and Mt. Rainier; 2
years ; $26,000



LoHIGH UNIVERSITY, Bethlehem, Pa.; Dale
R. Stmpson; Synthesis and Stadility of the
Mineral Apatite; 2 years; $20,000
Bradford Willard; The Harvey Bassler
Collection; 1 year; $3,500
Los ANGELES STATE COLLEGE FOUNDATION,
Los Angeles, Calif.; James N. Gundersen;
Riratigraphy and Mineralogy of Biwabik Iron
Formation, Northern Minnesota; 2 years;
$8,800
LovuisiaNA STATR UNIVERSITY, Baton Rouge;
John C. Ferm ; Study of the Kittanning For-
mation; 3 years; $22,700
MASSACHUSETTS INSTITUTE OF TECHNOLOGY,
Cambridge; M. J. Buerger; Structures and
Properties of Crystals; 2 years; $59,900
William H. Dennen; The Abundance and
Distribution of Trace Elements in Quartz;
2 years ; $14,250
MONTANA STATR COLLEGE, Bozeman ; William
J. McMannis, John de la Montagne and Rob-
ert A. Chadwick ; Geology of Gallatin Range,
Montana; 2 years ; $30,000
MONTANA STATE UNIVERSITY, Missoula ; John
Hower ; Chemical Composition and Siructure
of Natural Illites and Synthesis of Illite; 3
years ; $35,000
NATIONAL ACADEMY OF SCIENCES-NATIONAL
RESEARCH COUNCIL, Washington, D.C.; Linn
Hoover ; Eaperimental Drilling in Deep Wa-
ter,; 1 year; $147,200
Linn Hoover ; Support of the Coordinator,
International Indian Ocean Ewopedition; 1
year ; $44,200
NEw MEexico INSTITUTE OF MINING AND TECH-
NOLOGY, Socorro; Frederick J. Kuellmer;
Structural Variation of Alkali Feldspars,
Micas, and Silica Minerals Within Some Ig-
neous and Metamorphic Rocks,; 2 years;
$32,600
New YOrRk UNIVERSITY, New York; Willard
J. Pierson, Jr.; The Breaking of Waves in
Deep Water as Related to Particle Motions
in Long Crested Random Seas; 6 months;
$19,300
NORTHWESTERN UNIVERSITY, Evanston, IlL;
E. H. Timothy Whitten; The Quantitative
Composition, Variation, and Structure of
Rock-Masses, Particularly Qranitoid Rocks;
1 year; $22,900
OBERLIN COLLEGE, Oberlin, Ohio ; Fred Fore-
man; Pleistocene-Pliocene Stratigraphy; 2
years ; $10,300
OCCIDENTAL COLLEGE, Los Angeles, Calif.;
Joseph H. Birman ; Late Wisconsin and Post
Wisconsin Glacial History in the Middle
East; 3 months ; $3,000

OHIO STATE UNIVERSITY RESEARCH FOUNDA-
110N, Columbus; Richard P. Goldthwait; A
Quantitative Analysie of Possible Factors
Contributing to Blope Form in Relation to
Micro-Climate; 1 year ; $4,440

Richard P. Goldthwait and R. J. Price;
Ice-contact Deposits at Terminus of Case-
ment Glacier, Alaska; 1 year ; $10,800
OREGON STATE UNIVERSITY, Corvallis; Jo-
seph W. Berg, Jr. and Wayne V. Burt ; Gravi-
tational Studies in Oregon; 2 years; $28,300

Wayne V. Burt; Oregon Oceanographic
Btudies; 1 year; $140,000
PENNSYLVANIA STATE UNIVERSITY, Univer-
sity Park; I. L. Barnes; Solubilities of Ore
Minerals in Hydrothermal Sulfide Solutions;
2 years ; $80,000

Thomas F'. Bates ; X-ray Amorphous Min-
eral Materials and Theér Role in the Weather-
ing Process; $35,000

C. Wayne Burnham and Richard H.
Jahns ; Role of Water and Other Volatiles in
Magmatio Processes; 2 years; $112,900

MacKenzie L. Keith ; Isotopic Composition
of Fossils and Limestones; 2 years; $28,900

Rustum Roy; Phase Transition Studics.
The Influence of Defects and Sirain; 8 years;
$40,800

William Spackman; Characteristics of
Modern Organic Bediments and Their Use in
the Identification, Description and Interpre-
tation of Carbonaceous Rocks and Rock
Sequences; 2 years; $29,200

O. F. Tuttle; Pressure-Temperature Con-
ditions Required for Melting in the Earth’s
Crust; 2 years; $67,200

Harold D. Wright ; Distribution and Solu-
bilities of Trace Elements in Sulfide Min-
erala; 2 years; $30,000

P. J. Wyllie; The Petrogenetic Links Be-
tween Carbonatites and Alkali Peridotite
Magmas; 2 years ; $47,900
PoMoNA COLLEGE, Claremont, Calif.; Alex-
ander K. Balr@d and Donald B. MclIntyre;
Distributions of Major Elemenis in Bailho-
lith Rocks in Southern California and Their
Petrogenetic Bignificance; 2 years; $46,600
PRINCETON UNIVERSITY, Princeton, N.J.;
william B. Bonini; Analysis of Gravity
Anomalies in Northwestern United Btates;
2 years; $14,260

William B. Bonini ; 8efamic Crustal Meas-
urements; 1 year; $10,850

Erling Dorf ; Floras and Age Relationships
of the Late Volcanic Sequence in the Ab-
saroka Mountains, Wyoming ; 2 years ; §$9,900

Princiria CoLLEGE, Elsah, 1ll.; Forbes
Robertson ; A Petrographic and Chemical In-
vestigation of Brasilian Lateritic Products;
8 years ; $9,950

RESEARCH ASSOCIATION OF THE UNIVERSITY
oF TokYo, Tokyo, Japan ; Keilti Akl; Earth-
quake Mechaniem from Surface Waves; 2
years ; $23,000

RESEARCH FOUNDATION OF STATE UNIVERSITY
oFf NEw YORK, Albany; Hugh E. Hunter,
Binghamton ; Petrology of the Basic Intru-
sive Rocks of the Wichita Mountaing; 1 year ;
$16,200

ROBERT 8. PEABODY FOUNDATION FOR ARCHAR-
oLoaY, Andover, Mass, ; Frederick Johnson;
Preparation and Distribution of Radiocarbon
Dates; 1 year; $135,000

Clyde P. Ross, Denver, Colo.; The Origin
of the Idaho Batholith; 18 months ; $9,000

ST. LawreNce UNIVERsSITY, Canton, N.Y.;
Robert O. Bloomer ; Geology of the Grenville
Complew in Northwestern New York; 8
years; $15,350

STaNrorp UNIVERSITY, Stanford, Calfif.;
John W. Harbaugh; Dolomite in Modern
Bediments; 18 months ; $23,500

TEXAS AGRICULTURAL & MECHANICAL Rx-
SEARCH POUNDATION, College Station; Rob-
ert O. Reld; Exchange Characteristics and
Salinity Regime of Shallow Coastal Bay Sys-
tems; 2 years; $39,700

TEXA8 TECHNOLOGICAL CorLees, Lubbock;
John G. Dennis ; Basic English Terminology
for the International Tectonic Dictionary; 1
year ; $11,400
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U.S. DerarTMENT oF CoMMERCE, COAST AND
Groveric Survey, Washington, D.C.; J, H.
Nelson; World Data Center A jor Geomag-
netiam, Seismology, and Gravity; 1 year;
$38,000

U.S. DEPARTMENT OF THE NAVY, OFPFICE OF
NAvar ReskakcH, Washington, D.C.; W. T.
Sawyer; Support of the Committee on
Oceanography of the National Academy of
Sciences; 1 year ; $18,000

U.S. INFORMATION AGENCY, Washington,
D.C.; Turner B. Shelton; Partial Funding
of Documentary Film of Operation Mohole;
1 year ; $25,000

U.S. Navy HYDROGRAPHIC OFFICE, Washing-
ton, D.C.: R. D. Fusselman; National
Oceanographic Data Center; 1 year ; $80,000
UNIVERSIDAD MAYOR DE SAN ANDRES, La Paz,
Bolivia; Reynaldo Salgueiro; Gravity and
Geomagnetism Studies in Bolivia; 3 years;
$33,000

UNIVERSIDAD NACIONAL AUTONOMA DB MEX-
1c0o, Mexlco City; Guillermo P. Salas and
Fred B. Phleger; Oceanography and Bedi-
mentoloyy of Coastal Lagoons on the East
Coast of Meaico; 3 years; $27,500
UN1vBRSITY COLLEGE OF RHODESIA & NYASA-
LAND, Salisbury, Southern Rhodesia ; Dennis
1. Gough ; Paleomagnetic Studies in Southern
Rhodesia; $2,300
UNIVERSITY OF ALASKA, College; Troy L.
Pewé ; Glaciological Investigation in Central
Alaska; 1 year ; $11,300
UNIVERSITY OF ARIZONA, Tucson; John W.
Anthony; X-Ray Diffractometer for Use in
Current Rescarch; 1 year; $10,700

John F. Lance: Paleontology and Stratig-
raphy of Pleistocene Deposits, San Pedro
Valley, Arizona; 2 years; $21,500

Mark A. Melton; Fluvial and Related
Geomorphic Processes of Arid and Semdi-
Arid Regions; 2 years; $40,000

Willlam G. McGinnies; Dendrochronology
of Bristlecone Pine (Pinus aristata Engelm)
as a Basis for the Extension of Dendro-
climatic Indices; 2 years; $50,000

Joseph F. Schreiber, Jr.; Environmenis
of Bedimentation, Wilcow Plays; 2 years;
$12,500
UNIVERSITY OF CALIFORNIA, Berkeley ; Perry
Byerly; The Energy én FEarthquakes; 1
year; $10,000

Richard L. Hay: Occurrence and Origin
of Authigenic Aluminosilicate Minerals in
Baline Lakes; 2 years; $17,400

Stanley H. Ward ; Polarizations of Natural
Magnetic Ficlds by Major Geological Struc-
tures; 1 year; $25,000

J. J. Jurinak, Davis; Surface Chemistry
of Clay Minerals; 2 years; $14,350

BEdward D. Goldberg, La Jolla; Atlantic
Ocean-Mediterranean Sea Research Program
During the Scripps Institution of Oceanog-
raphy EBapedition Zephyrus; 4 months;
$100,800

John D. Isaacs, La Jolla; Research Sur-
veys of the California Current System; 1
year ; $99,000

M. N. Bramlette, La Jolla; Diatom Dis-
tribution in Oceans; 1 year; $6,300

Tgathwa J. Chow, La Jolla; Chemical
8peciation of Trace Metallic Elements in the
Sea; 2 years; $81,600

Harmon Craig, La Jolla; Geochemistry of
Volcanic Gases and Waters; 1 year ; $24,700
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Albert B. J. Engel, La Jolla; Propertics
and Origin of Graywacke Sediments as a
Guide to Orustal Evolution; 2 years;
$30,000

Robert L. Fisher, La Jolla; Participation
in the Intermational Indian Ocean Expedi-
tion; 1 year; $150,000

W. R. Riedel, Y. R. Nayudu, and R. L.
Fisher, La Jolla ; General Survey and Pub-
lication of the Lithology and Stratigraphy
of Deep-Sea Sediment Cores, and of Bathy-
metric Data, Collected by Bcripps’ Expedi-
tions; 2 years; $50,000

Margaret K. Robinson, La Jolla; Compu-
tation of Seasonal Variation in Sea Tempera-
ture from Incomplete Time Series; 2 years;
$28,800

George G. Shor, Jr., La Jolla; Investiga-
tions of Crustal RStructure Along ihe
Alaskan Coast; 1 year; $04,400

George G. Shor, Jr., La Jolla; Mohole
Site Selection Studies; 1 year; $169,000

Richard P. Von Herzen, La Jolla; Heat
Flow Through the Ocean Floor; 2 years;
$198,800

Leason H. Adams and George C. Kennedy,
Los Angeles; Rapidly Running Trangitions
at Very High Pressures; 1 year; $25,000

Danjel I. Axelrod and William S, Ting,
Los Angeles; Acquisition of a Polarizing
Photomicroscope; 1 year; $7,100

Gerhard Oertel, Los Angeles ; Mechanical
Anisotropy of Solids During Deformation; 2
years; $27,200

Ronald L. Shreve, Los Angeles; Surface
Velocity and Changes in Level of Austerdals
Glacier, Norway, 19571960 ; 1 year; $1,700

George Tunell, Los Angeles; Ore-Forming
Processes in Mercury and Antimony Ore
Deposits; 2 years; $28,000

Frank W, Dickson, Riverside;
Forming Processes; 2 years; $40,000

Frank W. Dickson, Riverside; Geockem-
istry and Field Studies of Borate Mineral
Genesis; 2 years; $15,400

P, F. Pratt, Riverside; The Chemistry of
Nickel in Soils; 2 years; $12,000

Robert L. Fisher and William R. Riedel,
San Diego; Detailed Field Study of Topog-
raphy and R8tratigraphy in Parts of the
Western Pacific; 1 year; $370,000

UNIVERSITY ©OF CHIcaco, Ill.; Robert N,
Clayton; Stable Isotope Fractionation in
Nature; 2 years; $78,500

Jullan R. Goldsmith; The Crystal Chem-
istry of Some Carbonates and Silicates; 2
years ; $33,400

John C. Jamieson ; Physical Behavior of
Solids Under Very High Pressures; 8 years;
$48,800

James McLelland: Mechenics of Dike
Formation and the Relationship to Tectonio
Environment of Igneous Rocks; 2 years;
$12,000

Joseph V. Smith and Hans Ramberg;
X-Ray Microprobe Analyzer; 1 year;
$88,700

UNIVERSITY OF COLORADO, Boulder; Willlam
C. Bradley ; Bedrock Form and Deformation
of Marine Terraces Near Ranta Crusz, Coli-
fornia; 2 years; $10,750

UNIVERSITY OF FLORIDA, Gainesville; Per
Bruum ; Determination of Sediment Trans-
portation by Means of Fluorescent Tracers;
2 years; $35,100

Ore-



UNIVERSITY OF GEORGIA, Athens; Charles A,
Salotti ; High-Temperature Sulfide Deposits
of the Southern Appalachians; 2 years;
$17,600

UNIvERSITY OF Hawalr, Honolulu; Martin
J. Vitousek; Physical Oceanographic Re-
search in Connection with the Fanning
Island Ewzpedition, 1962; 1 year; $11,800

UNIVERSITY 0F HOUSTON, Tex.; Jules R. Du
Bar; Geologic Relationship of Pleistocene
Terraces and Shorelines in the Carolinas; 2
years ; $25,000

UNIVERSITY OF ILLINOIS, Urbana; Arnold
Klute; Soil Water Diffusivity and Conduc-
tivity Functions of Unsaturated Soils; 3
years; $36,400

UNIVERSITY OF KANSAS, Lawrence ; Willlam
Kenneth Hamblin; Origin and Significance
of Reverse Drag, Fault-Flexure Displace-
ments; $1,700

UNIVERSITY OF MaiNg, Orono; Harold W.
Borns, Jr.; Late Glacial and Early Post
Glacial Geologic History of Portions of the
Kennebec and Penobscot River Valleys of
Maine; 18 months ; $14,620

UNIVERSITY oF MiAaMI, Coral Gables; Cesare
Emiliani and G. A. Rusnak, Miami; Carid-
bean Deep-8ea Cores and Associated Research
Problems; 2 years; $75,000

Cesare Emiliani, Miami; Geochemistry of
Marine Sediments; 1 year; $18,200

Friedrich F. Koczy, Miami ; The Geochem-
{atry of Radioactive Elements in the Marine
Environment; 2 years; $45,400

G. A. Rusnak and Cesare Emiliani; Lale
Pleistocene Stratigraphy in Deep-Sea Cores;
1 year; $9,200

Gene A. Rusnak, Miamti;
Dating Laboratory ; $5,000

Gene A. Rusnak, Miami; Rates Sedimenta-
tion and Chronology of Late Pleistocene
Events by Radiocarbon Dating; 1 year;
$25,000

UNIVERSITY OF MICHIGAN, Ann Arbor ; Edwin
N. Goddard and Louis I. Briggs; Crusial De-
formation in the Sangre de Oristo Range,
Colorado; 2 years; $13,500
UNIVERSITY OF MINNESOTA, Minneapolis;
Paul W. Gast ; Contact Metamorphic Effects
on Isotopic Mineral Ages; 2 years; $40,000

Peter Signer; Rare Gases in Meteorites; 2
years ; $88,900

Frederick M. Swain ; Carbon Cycles of the
Geologic Past; 2 years; $35,600

H. E. Wright, Jr.; Pleigtocene Limnology
in the Western United States; 3 years;
$34,000
UNIVERSITY OF MISS0URI, Columbia; C. Bd-
mund Marshall ; Equilibria and Kinetics of
Reactions Between Aluminosilicate Minerals
and Aqueous Solutions; 2 years; $46,850
UNIVERSITY OF NORTH DAKOTA, Grand Forks ;
Wilson M. Laird ; Alaskan Dead-Ice Deposits,
Land Forms, and Limnology of SBupraglacial
and Proglacial Freshwater Lakes and
Streams; 2 years; $38,000
UNIVERSITY OF OKLAHOMA, Research Insti-
tute, Norman; Charles J. Mankin; Miner-
alogy and Chemistry of Permian BShale,
Anadarko Basin, Oklahoma, Kansas, and
Tezas; 2 years; $35,500

Leonard R. Wilson ; Palynology of Penn-
sylvanian Coals in Oklahoma and Adjacent
States; 2 years; $21,300

Radiocarbon

UNIVERSITY OF OTAGO, Dunedin, New Zea-
land ; Douglas 8. Coombs; Evolution of the
New Zealand Geosyncline and Related
Problems Bearing on Low Grade Meta-
morphism; 1 year; $10,000
UNIVERSITY OF PITTSBURGH, Pa.; A, F,
Frederickson ; Procurement of X-Ray Equip-
ment; 1 year; $18,000

Takesi Nagata; Chemical and Piezo-
Remanent Magnetism; 1 year; $12,000
UNIVERSITY OF RHODB ISLAND, Kingston;
John A. Knauss; Fguatorial Circulation of
the Indian Ocean; 30 months; $100,000

UNIVERSITY OF SOUTHERN CALIFORNIA, Los
Angeles; George V. Chilingar; Overburden
Pressure and Moisture Content of RBilicio
Acid, Organic Colloids, and Varfous Clays;
1 year; $4,250

Paul Saltman and K. O. Emery; Amino
Acids in Basin Sediments off Southern
California; $2,250

UNIVERSITY OF TASMANIA, Hobart, Tasmania,
Australla ; 8. Warren Carey and Gordon H.
Newstead ; Research on Sefsmological In-
strumentation and Technigues in Tasmania,;
3 years; $30,900

UNIVERSITY OF TExAS, Austin; Peter T.
Flawn and Earle F. McBride ; Middie Terti-
ary Volcanism and Igneous Intrusion fn
South Texas and Northeastern Mexico; 2
years; $18,000

UNIVERSITY OF WASHINGTON, Seattle; M.
Grant Gross; X-Ray Diffraction and X-Ray
Spectrographic Studies of Marine Sediments;
1 year; $50,500

Maurice Rattray, Jr.; Dynamics of
Bstuarine Circulation; 1 year; $12,600

Francis A. Richards; Mass Spectrometrio,
Gas Chromatographic, and Related Studies
of Dissolved Gases in the Ocean; 2 years;
$60,000

UNIVERSITY OF WICHITA, Wichita, Kans.;
Paul Tasch: Leonardian Oonchostracans; 6
months ; $1,820

UNIVERSITY OF WISCONSIN, Madison; Lewis
M. Cline: Late Paleozoic Sedimentation in
the Ouachita Geosyncline, Oklahoma; 38
years ; $33,500

Robert M., Gates; Gneiss Domes in the
Western Highlands of Connecticut; 3 years;
$40,000

Robert P. Meyer and George P. Woollard ;
The Seismic Study of Crustal Structure Uti-
lizing Recent Technological Advances; 1
year; $79,500

John C. Rose; Definitive Establishment of
an International Gravity Standard; 2 years;
$20,900

George P. Woollard and Robert P. Meyer;
Seismic Study of Crustal Structure; 1 year;
$97,400

G. P. Woollard and N. A. Ostenso ; Gravity
Investigations of the Arctic Ocean Basin; 1
year ; $18,500
UNIVERSITY OF WYOMING, Laramie; Ronald
B. Parker; Fabrics of Argillaceous Rocks;
3 years; $28,500
WESTERN WASHINGTON COLLEGR OF EDUCA-
TI0N, Bellingham; Donald J. Easterbrook;
Fossiliferous Marine Glacial Drifts of North-
ern Puget Sound, Washington; 2 years;
$7,000
WHITWORTH CoLLree, Spokane, Wash.;
Edwin A. Olson; Natural Variations in the
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Radiocarbon Concentration of Wood; 3
years; $41,900
WiceiTa FOUNDATION, INC.,, Wichita, Kans. ;
Fred Wendort, Fort Burgwin Research Cen-
ter, Taos, N. Mex.; A4 Paleoecological Study
of Late Pleistocene and Early Recent De-
posits of the Northern Llano Estacado, East-
ern New Mexico and Adjacent West Teras;
18 months; $34,000
Woops HOLE OCEANOGRAPHIC INSTITUTE,
Woods Hole, Mass.; Carl O. Bowin; Recon-
naissance Gravity Survey of the Republic of
Haiti; 1 year; $7,700

T. Ferris Webster ; Transfer of Momentum
and Kinetic Energy in the Gulf Sitream; 1
year ; $85,400
YALB UNIVERSITY, New Haven, Conn, ; Elwyn
L. Simons ; Late Cretaceous and Early Ceno-
zofo Faunas, Southern Bighorn Basin, Wy-
oming; 1 year ; $6,400

Minze Stuiver; Isotopic Carbon, with Spe-
cial Reference to Geochronometry; 2 years;
$33,900

Karl K. Turekian ; Geochemistry and Min-
eralogy of the Deep-S8ea Sediments of the
Atlantic Ocean and Adjacent Regions; 2
years ; $50,000

ECONOMICS

CorNELL UNIVERSITY, Ithaca, N.Y.; George
H. Hildebrand and Ta-Chung Liu; Manufac-
turing Production Functions; 2 ycars;
$77.500

Barclay G. Jones ; The Shapes of American
Cities; 15 months; $30,000
Dvukr UNIVERSITY, Durham, N.C.; Frank A.
Hanna ; Relationshipe of Economic Varia-
bles; 8 years; $153,000
HARVARD UNIVERSITY, Cambridge, Mass.;
Andre Daniere; Specification of Regression
Structures; 1 year; $8,100

Wassily W. Leontief ; Basic Research on
Input-Output Analysis; 5 years; $250,000

John Pratt, Howard Raiffa, and Robert
Schlaifer ; Statistical Decision Theory; 2
years; $83,600
Towa STATE UNIVERSITY, Ames ; Karl A. Fox
and Brik Thorbecke ; Formulation and Use
of Quantitative Models; 3 years; $82,000
MASSACHUSETTS INSTITUTE OF TECHNOLOGY,
Cambridge ; M. A. Adelman ; The Lognormal
Distribution; 1 year; $10,800

MIcHIGAN STATR UNIVERSITY, East Lansing ;
Boris P. Pesek; Simulation of Economic
Growth Effects; 2 years; $13,8600

NATIONAL BUREAU OF EcONOMIC RESEARCH,
INC.,, New York, N.Y.; Irving B. Kravis and
Robert E. Lipsey; Comparative Study of
Prices and Price Trends; 2 years; $120,500

NATIONAL INDUSTRIAL CONFERENCE BOARD,
INc.,, New York, N.Y.; Daniel Creamer;
Rtatistical Analysis of Location of Manu-
facturing 1947 to 1958; 1 year; $45,8900
NORTHWESTERN UNIVERSITY, Evanston, Il ;
Robert Eisner ; The Investment Function; 2
years ; $56,700

Albert H. Rubenstein; Project Selection
in Research and Development; 8 years;
$75,80¢

Robert H. Strotz; Methods of Simulta-
neous Equation Estimation; 3 years; $96,300

PRINCRTON UNIVERSITY, Princeton, N.J.;
William J. Baumol; The Dynamics of the
Firm; 8 years; $124,100
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Fritz Machlup; Economiéo Aspects of
Technological Innovation; 8 years; $38,400
PURDUE RESBARCH FOUNDATION, Lafayette,
Ind.; Vernon L. Smith; Behavior in Com-
petitive Markets; 2 years; $39,500
SouTHERN ILLINOIS UNIVERS1TY, Carbon-
dale; Wilbur Zelinsky; Populstion Geog-
raphy of Middle America; 3 years; $15,000
UNIVERSITY OF BUFFALO, Buffalo, N.Y.;
Nanda K. Choudhry; Interindusiry Struc-
ture in Underdeveloped Economies; 2 years,;
$16,400
UNIVERSITY OF CALIFORNIA, Berkeley; Karl
Brunner, Los Angeles; Quantitative Re-
search in Monetary Theory; 3 years; $55,500

Dale W. Jorgenson; Cepital Theory and
Investment Behavior ; 3 years; $55,550

UNIVERSITY OF ILLINOIS, Urbana; V. Lewis
Bassie ; Government Subsidies in Developed
Countries; 18 months; $10,800

Hans Brems; Nonlinear Models of Inter-
national Growth; 1 year; $4,900

Robert Ferber; Methods of Measuring
Congsumer Data; 8 years; $210,000
UNIVERSITY OF MICHIGAN, Ann Arbor;
Alexander Eckstein; Study of Economic
Fiuctuations; 1 year; $9,900
UNIVERSITY OF MINNESOTA, Minneapolis;
Leonid Hurwicz ; Resource Allocation Mech-
anisms; 3 years; $98,800

Jacob Schmookler ; Investment in Partial
Obsolescence; 1 year; $9,400
UNIVERSITY OF RHODE IsLAND, Kingston;
Elton Rayack; Economic Analysis of the
Supply of Physicians’ BServices; 1 year;
$9,200
UNIVERSITY OF ROCHESTER, Rochester, N.Y. ;
Ronald W. Jopes; General Egquilibrium
Analysis in International Trade; 3 years;
$19,800

Robert 8. Merrill; Economic Significance
of Engineering Design Advances; 2 years;
$12,500
UNIVERSITY OF SOUTHERN CALIFORNIA, Los
Angeles; Arthur L. Grey, Jr.; Productivity
in the Construction Indusiry, 2 years;
$37,900
UNIVERSITY OF TExAS, Austin; David 8.
Huang ;: A Multi-Cross-Section Investigation
of Demand; 1 year; $12,900
UNIVERSITY OF WASHINGTON, Seattle ; Edgar
M. Horwood ; Mapping Technology for Urban
Studies; 1 year; $32,500
WAYNE STATE UNIVERSITY, Detroit, Mich.;
John C. Harsanyi: Bargaining Solutions for
Games; 1 year; $20,100

T. Y. Shen ; Production Functions in Man-
ufacturing ; 1 year; $27,200
YaLe TUNIvERsITY, New Haven, Conn.;
Michael C. Lovell ; Fluctuations in Inventory
Investment; 2 years; $30,500

ENGINEERING SCIENCES

BrowN UNIVERSITY, Providence, R.IL.; C.
Mylonas; Photoelastic Effects in Rotating
Stress Fields; 2 years; $46,100

P. 8. Symonds; Mechanical Behavior of
Metals in the Plastic Range; 18 months;
$51,400
CALIFORNIA INSTITUTE OF TECHNOLOGY, Pas-
adena ; Charles E. Crede and Donald E. Hud-
son ; Random Vibration of Mechanical Sys-
tems,; 2 years; $91,000



Y. C. Fung; Fluctuating Aerodynamic
Forces Acting on a Circular COylinder; 8
months; $23,100

Vito A. Vanoni ; 180-Foot Precision Tilling
Flume; 1 year ; $84,300

Vito A. Vanoni and Norman H. Brooks;
Fluid Flow and Sediment Transport in Sand-
Bed Channels; 2 years; $45,000
CARNEGIE INSTITUTE OF TECHNOLOGY, Pitts-
burgh, Pa.; Charles L. Bauer ; Imperfections
in Alkali Halides ; 2 years ; $26,300

Lawrence N. Canjar ; Physical Adsorption
on Fized Beds in Flow Systems; 3 years;
$33,300

Francls 8. Manning ; Turbulent Character-
{stice in Baffled, Stirred Vessels; 2 years;
$42,200

Arthur G. Milnes ; Electrical and Electro-
Optical Phenomena in Semiconductors; 3
years; $88,000

Harold W. Paxton; The Motion of Inter-
phase Interfaces; 2 years; $52,300

Guy M. Pound; Crystal Nucleation Stud-
fes by Field Emission Microscopy; 2 years,
$42,700

Milton C. Shaw; Metal Removal Proc-
e8ses ; 2 years ; $46,000
Case INSTITUTE OF TECHNOLOGY, Cleveland,
Ohio; Ranan B. Baneril; Information Theo-
rys 1 year; $5,900

Ray E. Bolz; Flame Propagation in Tur-
dulent Flow, 2 years; $43,200

Gustav Kuerti; Theoretical Fluid Mechan-
ics and Magnetohydrodynamics; 3 years;
$76.500

John D. C. Little:; Queuing Models of
Traffic Congestion on Upgrades; 11 months;
$10,925

Simon Ostrach ; Effects of Body Forces on
Confined Fluids,; 3 years; $63,000
CaTHoOLIC TUNIVERSITY, Washington, D.C.;
August J. Durelll ; Development of the Moiré
Method ; 2 years; $30,000
C1TYy CoLLEGE, New York, N.Y.; Norman C.
Jen; Satellite Potential in an Ionized At-
mosphere; 15 months ; $13,000
COLORADO STATE UNIVERSITY RESEARCH
FOUNDATION, Fort Colling; A. R. Chamber-
lain; Flume-Wind Tunnel; 13% years;
$34,200

A. R. Chamberlain; Large Recirculating
Plume; 1 year ; $34,400

Arthur T. Corey and Royal H. Brooks;
Permeability and Capillary Pressure Related
to Media Properties; 2 years ; $20,000

Vujica M. Yevdjevich; Patterns in Se-
quence of Annual River Flows; 2 years;
$31,300
CoLUMBIA UNIVERSITY, New York, N.Y.:
Herbert Deresiewicz; Dispersion and Dissi-
pation of Siress Waves in Solids; 2 years;
$31,700

B. J. Gumbel; Statistical Theory of Ewx-
treme Values; 2 years ; $27,400

Herbert H. Kellogg ; Transport Numbers in
Fused Salts; 2 years ; $30,000

Herbert H. Kellogg; Egquilibrium Con-
stants Jor Gas-Solid Equilibria; 2 years;
$21,000

Eugene 8. Machlin; Dislocation Jogs in
Tonic Crystals; 2 years ; $23,500

Victor Paschkis and H. G. Landau; Heal
Conduction Problems; 2 years; $29,700

J. H. Weiner and H. G. Landau; Elasto-
Plastic Bodies Subjected to Ewmternal Loads
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and Transient Temperatures;
$32,500
Sergel A. Schelkunoff ; Antennas and Wave-
gtides ; 2 years ; $44,800
CORNELL UNIVERS8iTY, Ithaca, N.Y.; Bengt
B. Broms; Shearing Strength, Pore Pres-
sure, and Deformation of Boils; 2 years;
$33,700

Simpson Linke; Electric Arc Phenomena
in High Vacuum ; 2 years ; $80,000

Howard N. McManus, Jr. and Felix J,
Plerce; Turbulent Boundary Layer Flows;
2 years; $33,600

Wilbur E. Meserve ; Sample-data Control
Systema; 1 year; $12,600

. W. Ocvirk and J. F. Booker; Dynami-
cally Loaded Journal Bearings; 2 years;
$83,400

Ravindranath N, Sudan ; Ionized Gases in
Hlectromagnetic Fields; 2 years; $34,700
DARTMOUTH COLLRGE, Hanover, N.H.; Rob-
ert C. Dean, Jr.; Characteristics of a Plas-
ma in Contact with a Cooled Anode; 1 year;
$16,000

Albert I. Heckbert; Thin Film Tunneling
Devices; 1 year ; $5,400

Myron Tribus; The Information Theory
Approach to Thermostatics and Thermo-
dynamics; 18 months ; $26,900
GEORGIA INSTITUTE OF ‘TECHNOLOGY, At-
lanta ; Arthur L. Bennett; Modes of Vibra-
tion of Piezoelectric Quartz Crystals; 2
years ; $80,000

Willis E. Moody ; Diffusion of Rare Gases
Through Aluminum Oxides ; 2 years ; $67,200
HARVARD UNIVERSITY, Cambridge, Mass.;
Howard Emmons and Arthur E, Bryson;
High Temperature Gas Dynamics Project;
1 year; $292,300

Ronold W. P. King; Properties of Anten-
nas in Dissipative Media; 2 years; $49,800

Ronold W. P, King; FElectrohydrodynam-
ics and Related Phenomena; 1 year ; $15,500
ILLINOIS INSTITUTE OF TECHNOLOGY, Chi-
cago; Franklin Essenburg; COontact Prob-
lems in Plates and Shells; 8 years; $63,500

Andrew A, Fejer; Transition Phenomena
in Nonsteady Boundary Layer Flows; 2
years; $33,600

A. H. P. Skelland; Factors Fundamental
to the Design of Mass Transfer Equipment;
3 years ; $45,800

Eben Vey; Shock Wave Propagation in
Soil; 1 year ; $22,000
INSTITUTION OF GAS TECHNOLOGY, Chlcago,
111, ; Rex T. Ellington; Phase Behavior of
Helium-Nitrogen-Hydrocarbon Systems,; 18
months ; $19,600
Towa STATE UNIVERSITY, Ames; Ladis H.
Csanyl; Determination of the Constituents
of Asphalts; 1 year ; $13,200

Carl E. Ekberg, Jr.; Plastic Hinges in
Continuous Reinforced Concrete Beams; 1
year ; $21,700

Arthur V. Pohm, Robert M, Stewart, and
Alvin A. Read; Thin Magnetic Film Ma-
terial and Component Research; 2 years;
$38,700
Joans HOPKINS UNIVERSITY, Baltimore,
Md. ; Stanley Corrsin ; Isotropic Turbulence;
8 years ; $74,300

Harold E. Hoelscher; The Dynamics of
Mass Transfer Between Fluid Phase and
Solid Burface in Fired Bed Reactors; 2
years ; $30,800

2 years;
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Harold B. Hoelscher ; I4quid Phase Turbu-
lent Diffusion ;2 years; $26.300

Robert R. Long; Influence of a Magnetic
Field on Velocity Concentrations; 2 years;
$29.500

Maclyn McCarty, Jr.; Gaseous Reactions
Initiated by Activated Oxygen; 2 years;
$25,500
Kansas 8taTte UNIVERSITY, Manhattan;
Ceci] H. Best; Damping Capacity of Cement
Paste ; 2 years ; $33.900

R. E. Crank; Low Temperature Plasma
Wind Tunnecl; 1 year ; $4,500

Liang-tseng Fan and Richard C. Baflie:
Stattstical Behavior of Individual Particles
Suspended in a Fluidized Bed; 2 years;
$39.200

John O. Mingle; Even Order Spherical
Harmonics Approzimations in Neutron
Transport Theory,; 2 years; $29,600

KANS8A8 UNIVERSITY ENDOWMENT ABSOCIA-
TION, Lawrence: Harold F. Rosson; Local
Coefficients of Heat Transfer for a Vapor
Condenning Inside a Horizontal Tube; 2
years ; $20,800

LAFAYETTE COLLEGE, Easton, Pa.; Zbigniew
D. Jastrzebski; Plasticity and Dilatancy of
Highly Concentrated Suspensions; 2 years;
$10,900

Lrr16a UNIVERSITY, Rethlehem, Pa.; Fazil
Brdogan ; Stress Analysis in Materials Con-
taining Cracks; 2 years: $44,700

Edward H. Kottcamp and George E. Kane :
Deformation in Sintered Carbide; 2 years:
$5,500

MARQUETTE UNIVERSITY, Milwaukee, YWis,:
Evan H. Greener and Walter M. Hirthe;
Point Defects in Non-Stoichiometric Polar
Semi-Conductors; 2 years; $29,200

MASSACRUSETTS INSTITUTE OF TECHYNOLOGY,
Cambridge; Leon E. Beghian and Edward
A. Profio ; Nuclear Engineering Using Pulsed
Neutrons from the Rockefeller Generator;
1 year: $78,600

P. L. T. Brian and J. Edward Vivian;
Gas Absorption with Simultaneous Chemical
Reaction; 2 years ; $24,400

Sanborn C. Brown and Henry J. Zimmer-
man ; Ionized Plasmas; 2 years:; $200,000

James W, Dafly, Arthur T. Ippen, and
Peter 8. Eagleson; ltandom Processes in
Fluids; 1 year ; $45,500

Antolne M. Gaudin; Fragmentation of
Materialr; 2 years; $58,800

8. William Gouse, Jr.; Visaual Study of
Two-Phase One-Component Flow in Single
and Parallel Vertical Tubes with Heat
Addition ; 9 months; $11,400

George N, Hatsopoulos and Eustratios N.
Carabateas ; Plasma Thermionic Converters;
2 years:; $24,100

Phillp G. Hill ; Influence of Coriolos Forces
on the Turbulent Boundary Layer; 1 year:
$17,800

T. Willlam Lambe; Clay Pore Fluid; 3
years: $127,200

Edward A. Mason and Robert C. Reld; The
Effect of Radiation on Semiconductor Cata-
lysts; 2 years; $4.800

Alan 8. Michnels: Polymer Filme for Se-
lective Permeability ; 2 years; $56,600

Harold S. Mickley ; The Transpired Turbu-
lent Boundary Layer; 3 years; $51,600

Raphael Moissis; Mechanism of Dropwise
Condensation; 1% years; $20,900
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Arthur W. Mullendore and Nicholas J.
Grant; Grain DBoundary Rliding Measure-
ments Utilizing an Internal Grid Line Sys-
tem; 1 year; $16,600

Warren M. Rohsenow ; Film Boiling Inside
of Tubes; 1 year; $14.900

Charles N, Satterfield ; Reaction Kinetics
in Melt Reactors; 2 years; $25,800

Thomas K. Sherwood; Efectiveness of
Porous Catalysts; 13% years; $13,200

Theos J. Thompson; Neutron Slowing
Down Research with a Pulsed Source; 2
yvears; $13,900

Tauv-Y1 Toong; Magnetogasdynamic Prob-
lems Involving Chemical Reaction; 3 years;
$26.000

John YWulff; Superconductivity of Bolid
Solution Alloys; 2 years; $47,700
MICHIGAN STATE UNIVERSITY, East Lansing ;
ITerman E. Koenlg; System Design and
Synthesis; 8 years; $56,800

Shosei Serata; Stress Field in Under-
ground Formations; 2 yvears; $45.000

Chuan-Tseng Wel ; Nucleation and Growth
0f Mechanical Twins in Zinc Crystals; 3
years; $91,700
MoxTaxa ScHOOL OF MINES, Butte; Vernon
Grifiths; Strain-Rate Effects in Vacancy
Formation; 3 years; $44.500

Walter C. Hahn, Jr.: Thermodynamics of
Ozide Solutions; 2 years; $15,300
Ngw York UNiversiry, New York: Arnold
D. Kerr ; Instabilities of Elastic Continua; 2
years; $17,000

Robert E. Treybal; Liquid Extraction in
Single-Stage Agitated Vessels; 3 years;
$21.100
NORTHWESTERN UNIVERSITY, Evanston, Ill.;
S. G. Bankoff ; Film Boiling with Vapor S8uc-
tion Throuyh a Porous Surface; 2 years;
$48,300

Jacques Denavit and Richard S. Harten-
herg : Statics and Kinetics of Spatial Mech-
anisms; 2 years; $56,000

M. Hetenyl; Stress Distributions in Gran-
ular Media; 2 years; $28.600

John C. Slattery: Non-Newtonian Bearing
Flowa; 1 year: £3.600

Stephen Whitaker ;: Kinetics of the Adsorp-
tion of Surfuce Active Materials at Gas
Liquid Interfaces; 2 years; $20,400

0. C. Zlenklewicz and J. Dundurs : Thermal
Stresges in Flastic and Visco-Elastic Media;
2 years; $44.600

Joshua 8. Dranoff; Kinetica of Ion Eo-
change,; 2 years; $19,900
OHIO AGRICULTURAL EXPERIMENT STATION,
Waooster ; R. Bruce Curry; The Flow of Col-
loidal Suspensions {in Porous Media; 3 years;
$29,300
OH10 STATE UNIVERSITY RESEARCH FOUNDA-
rioN, Columbus; H. C. Ko; Application of
the Statistical Matriz to the Theory of Radio
Antennas; 1 year; $11.100
OKLAROMA STATE UNIVERSITY, Stillwater;
Wayne C. Edmister: The Virial Equation of
State and Intermolecular Forces; 2 years;
$12.600

Milan K. Jovanovic: Radiation Character-
istica of Ionized Gas Fields; 2 years;
$42,900
PENNSYLVANIA STATE UNIVERSITY, Unlversity
Park ; Harry A. Atwater; Escitons in Solids
by Electron Paramagnetic Resonance Tech-
nique; 1 year; $13.700



Ward 8. Diethorn and Herbert A. Mec-
Kinstry; The Diffusion of Tritium Through
Ionic Bolids; 2 years; $41,500

Joseph Marin and M. G. Sharma ; Biazial
Btress-S8train Behavoir of Materials; 2
years; $44,800

Howard B. Palmer ; Acquisition of an Elec-
iron Spin Resonance Specirometer,; 1 year,
$11,400

Della M. Roy; Chemistry of Cement
Phases and Their Hydration; 2 years;
$29,200

Earle R. Ryba ; Structures and Theory
of Intermetallic Compounds; 1 year; $3,000
PRINCETON UNIVERSITY, Princeton, N.J.;
Michel J. Boudart, Robert M. Drake, Jr., and
John B. Fenn ; S8tudies With a Molecule Ac-
celerator; 2 years; $100,000

Robert M. Drake, Jr., John B. Fenn, and
R. H. Wilhelm ; Studies with a Molecule Ac-
celerator; $62,600

Roger Eichhorn; Investigation of Free
Convection Heat Transfer with Step Changes
in Wall Temperature; $2,000

Richard H. \Vilhelm; Gaseous Diffusion
in Porous Media by Frequency-Response
Technique,; 3 years; $23,700
PURDUE RESEARCH FOUNDATION, Lafayette,
Ind.; Thomas E. Bartlett and Hewitt H.
Young ; Logical Characteristics of Industrial
Processes; 2 years; $22,700

Yuan-Feng Chang; Diffusion of Carriers
in Inhomogeneous Semiconductors; 1 year;
$17,500

George R. Cooper, John C. Hancock, and
Jack FEllsworth Kemmerly; Communica-
tion Theory; 3 years; $95,000

John E. Gibson; Nonlinear Automatic
Control; 2 years; $94,700

Robert Goulard; Non-Equilibrium Radia-
tion Heat Transfer in Fluid Dynamics; 2
years; $4,000

Aditya K. Kamal; Properties of a Coher-
ent Light Source; 10 months; $11,500

G. A. Leonards; Mechanism of Compressi-
bility and Shear Strength of Clays; 2 years;
$62,900

Paul 8. Lykoudis; Some Basic Magneto-
Fluid-Mechanics Problems; 1 yenr: $32,200

Rufus Oldenburger; 7Transformation of
Feedback Loops by Signals,; 3 years; $40,000

J. Henry Rushton; Rates of Mass Trans-
fer at the Burface of Drops; 6 months;
$2,700

Y. 8. Touloukian and W. Leidenfrost;
Thermal Conductivity of Gases and Liquids
at High Pressures and Temperatures; 2
years; $66,500

Maurice J. Zucrow ; Mass Transfer in An-
nular, Two-Phasgse Flow; 2 years; $37,800
RENSSELAER POLYTECHNIC INSTITUTE, Troy,
N.Y.; Walter R. Beam; Monitoring and
Controlling Composition in Multicomponent
Thin Filme,; 15 months; $27,300

Norbert D. Greene; Corrosion Research;
2 years; $16,600

Howard E. Holt; The Behavior of Plas-
moids; 2 years; $27,600

Robert 8. Kapner; Kinetice of Diffusion-
ally Controlled Surface Reactions; 2 years;
$32,500

Robert L. Schiffman; Consolidation and
Secondary Compresgion of Clay and Organic
Botls; 2 years; $30,000

Willilam W. Shuster; Point Heat Trans-
fer Oharacteristics of Fluidized Beds; 1
year; $4,300

Sanford 8. Sternstein; Viscoelasticity of
Hydrogen-Bonded Solide; 2 years; $29,500

Stephen M. Yerazunis; Mass and Energy
Transport Between Surfaces and Gasee in
Turbulent Flow,; 2 years; $28,900
RESEARCH FOUNDATION OF STATE UNIVER-
sity OoF NEw YORK, Albany; Walter 8.
Bradfleld, Oyster Bay; 7T wo-Phase Boun-
dary Layers; 2 years; $435,200

Robert D. Cess, Oyster Bay; Unsteady
Forced-Convection Heat Transfer; 2 years;
$29,300
RESEARCH INSTITUTE OF TEMPLE UNIVER-
sitY, Philadelphia Pa.; Aristid V. Grosse;
High-Temperature Research on Liquid
Metals, with a Goal of 6000° K; 2 years;
$69,800
Rosg POLYTECHNIC INSTITUTR, Terre Haute,
Ind.; J. Nelson Reeds; Vapor Adsorbate
Areotropes; 2 years ; $28,900
RUTGERS, THE STATE UNIVERSITY, New
Brunswick, N.J.; Sigmund Welssmann;
Work-Hardening and Creep of Metal Crys-
tals; 2 years; $67,500
SOUTHERN MEeTHOLIST UNIVERSITY, Dallas,
Tex.; Harold A. Blum; Gus Separation
Characteristics of the Vortex Tube,; 2 years;
$31,000
STANFORD UNIVERSITY, Stanford, Calif.;
Robert H, Cannon, Jr.; Adaptive Control of
Unstable Mechanical Systemes; 1 year;
$10,600

Robert B. Keller ; Kinematic Synthesis; 2
years; $24,500

Krishnamurty Karamchetl; Edge Tones;
1 year; $10,000

Ray K. Linsley and Norman H. Crawford ;
Runoff Processes; 2 years; $9,600

David M. Mason ; Apparent Thermal Con-
ductivity of Chemically Reacting Gases; 2
years; $47,800

Robert W. Newcomb; Eguivalent Net-
works and N-Port Syntheais; 1 year ; $13,300

Richard H. Pantell and H. J. Shaw ; Non-
linear Interactions Betlween Radiation and
Systems with Quantized Energy Levels; 2
years: $10,000

Willinm C. Reynolds; Accelerated Liguid-
Gas Interfaces; 2 years; $51,000

William H. Schwarz; Non-Newtonian
Fluids and Flows; 2 years; $37,400
STATE UNIVERSITY OF Jowa, Iowa City;
Lucien M. Brush, Jr.; Mean-Flow and Tur-
bulence Characteristics of River Bends,;
3 years; $102,500
SYRACUSE UNIVERSITY RESEARCH INSTITUTE,
Syracuse, N.Y.; Gordon Kent; Multi-Stream
Flow in Electron Beams; 2 years; $47,200

Wilbur R. LePage; Procurement of Com-
puting Facilities; 1 year; $8,700

Benjamin A. Wasll and Dean C. Mer-
chant; Photogrammetric AMcasurements of
Dynamic Displacements; 2 years; $26,200
TEXAS AGRICULTURAL & MECHANICAL Re-
SPARCH FouNDpaTION, College Station;
Charles D. Holland ; The Formation of Bub-
bles and Interfacial Area in Heterogeneous
Systeme; 2 years; $27,700

Charles D. Holland ; Convergence Methods
for Distillation Calculations; 1 year;
$14,000
TULANE UNIVERSITY, New Orleans, La.;
Harold H. Sogin; The Rayleigh-Jeffreys In-
stability ; 2 years; $62,000
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U.8. DEPARTMENT OF COMMBERCH, NATIONAL
BUREAU OF STANDARDS, Washington, D.C.;
D. E. Parsons; Fire Research; 1 year;
$50,000

U.S. DEPARTMENT OF DEFENSE, OFFICE OF
CiviL DerENsSE, Washington, D.C.; Walmer
B. Strope; Advisory Studies on Fire Re-
search; 1 year; $10,000

UNIVERSITY OF AREANSAS, Fayetteville;
Donald A. Gilbrech; Laminar-Turbulent
Transitions 4n Pulsating Flow Through
Elastic Tubes; 2 years; $36,600

UNIVERSITY OF CALIFORNIA, Berkeley; Ray
w l‘lnnoh- Materim Analusia ot Qtrapsturecs

v, Llough | MMairta Anaiydis o] ITruciures;

18 months; $23,700

G. M. Corcos; Turbulent Pressure Field
in Shear Flows; 1 year; $238,000

D. W. Fuerstenau; FElectrochemical
Ritudics nf the Adnnvnﬂnm nf Huo-fnnn,‘ ctive

Iong by Alumina, 3 years $34 500

B. V. Laitone; Nonlinear Dynamics of
8pace Vehicles During Re-Entry; 1 year;
$7,800

Jamag K

<omes N, JEITCRLIL UAaAgracierisiios

Mechanisms of Creep tn Clay Soils; 2 years
$34,900

Carl L. Monismith; Rheologic Behavior
of Asphalt Concrete; 2 years; $32,500

Paul M. Nachdi: V{hrnﬂnm- nf

saul A, ANagagci; Qraiens L3

Shells; 3 years; $57,000

E. G. Thomsen; Metal Processing Re-
search ; 2 years; $62,000

H. D McNiven and J. L. Sackman ; Vibra-

tHon nf I’nmnnni{n Rodics » 2 years; $ QQR BOO

..... G188, yea STy

D. K deards, Los Angeles; Radiation
Characteristica of Surface Systems; 2 years ;
$37,400

Richard L. Perrine, Los Angeles; Inata-
hility in Diand ont Mh h e

oiLy Displacement

Medm, 3 years; $56,000

UNIVERSITY OF CoLORADO, Boulder; Kurt H.
Gerstle and Leonard G. Tulin ; Response of
Concrete Structures to Cyclic Loading; 2
years ; $35,600

Frank Kreith; Transport and Flow Phe-
nomena in Rotating Systems; 2 years; $71,-
500

UNIVERSITY OF DELAWARE, Newark; J. A.
Gerster ; Experimental Transient Response
of a Pilot-Plant Distillation Column; 2
years ; $31,600

Arthur B. Metzner; Fluid Mechanics of
Viacoelastic Fluid Systems; 2 yearsa; $33.,400

Kurt Wohl ; Measurement of Gas Diffusivi-
ties at Flame Temperature; 1 year; $17,800

UNIVERSITY OF FLORIDA, Gainesville; Per
Bruun; Flua of Wave Eneray Normal to
Wave Propagation Direction; 134 years;
$22,300

T. C. Huang ; Flexural Vibrations of Elas-
tic and Viscoelastic Beams ; 2 years ; $21,000

F. B. Richard, Jr.; Shear Modulus and
Wave Damping in Granuler Maiceriais; 2
years ; $31,000
UNIVERSITY OF ILLInOis, Urbana; Felix T.
Adler; Theoretical Reactor Physics; 1%
years ; $25,900

B. T. Chao ; Properties of Solid-Fluid Miw»-
tures in a Pulsating Magnetic Field; 2 years ;
$35,700

Paul Dare Coleman and Basil W. Hakki;
Bubmillimeter-Wave Generation; 2 years;
$50,000

C. D. Hendricks, Jr.;
Droplets; 2 years ; $37,000

Mitehell; Charccteristics and
H

Through Poroue

Charged ILiquid
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H. M. Karara ; Spatial Aerotriengulation ;
2 years; $56,900.

Robert C. Kintner ; The Motion of Liquid
Dropa in a Countercurrently Flowing Liquid
K00

D D Perlmutter Dynamics of Chemical
Reaction Systems; 3 years ; $29,700
L. R. Shaffer ; S8ystems Design Procedure

Yor Planning Construction Operations; 2
vears : $£4 000

; “é‘l;a'e-vﬂé‘éWSoo; Transport Processes in
Partially Ionized Gases ; 2 years ; $82,500
Heinz Von Foerster ; Theory and Circuitry

of Property Detector Fields and Nets; 18
monthe ¢+ £41 000

meonthg ; $44,000

UNIVERSITY OF KANSAs, Lawrence; John N.
Warfield ; Sequential Probabdility Networks;
1 year; $15,600
UNIVERSITY OF LoOUISVILLE, Louisville, Ky.;
Samuel C. Spalding, Jr.; Coal Derivatives; 1
year ; $9,500
UNIVERSITY OF MICHIGAN, Ann Arbor ; Fred-
erfck G. Hammitt; Acoustically-Induced
Ligquid-Metal Cavitation; 2 years; $368,900

Joseph J. Martin; Behavior of Fluids to
Dengities Above the Critical; 2 years; $30,~
000

Donald R. Mason; Semiconductor Mate-
rials; 2 years; $42, 500

Chia-Shun Ylh Mechanics of Btratified
Fluide; 3 years; $104.000
UNIVERSITY OF MINNESOTA, Minneapolis;
Neal R. Amundson ; Theoretlcal Analysis of

Chemical Reaction Sz;atemo ; 8 years; $70,80C

C. N. DeSilva ; Dynamic Thermoelasticity
of Thin Shells ; 2 years ; $30,300

Charles Fairhurst; Behavior of Rock
Under Stress; 2 years ; $30,000

nhaw P H I and Tamaa T TXAnTda o
Robert F. Lambert and James E. Holle;

Synthesls of Microwave Trensmission Net-
works; 2 years ; $44,300

A. H. Morrish; Antiferromagnetic Ma-
terials; 3 years; $805,000

Katsuh%kc Ogata Time Optimization of
Control Systems with Random Parameters ;
1 year; $14,700
UNIVERSITY OF NEw HaMPsHIRE, Durham ;
Joseph B. Murdoch; Impedance Synthesis

Using Distributed Operators 1 year; $4,800

UNIVERSITY OF NORTH CAROLINA, Chapel
Hill; Alfred J. Stamm, Ralelgh; Construc-
tion of a Special Wood Treating Cylinder; 1
vear ; $12,000

Charles M. Weliss; Thermal Oacillations
and their Consequences in a Small Lake; 3
years ; $45,100
UNIVERSITY OF NOTRE DamE, Notre Dame,

Ind *» Bunav.wan Yiu+ Adualany af Nomn_Tincar
ADG, ;) [ULy-Wen LiIU [ ARNGCHY ¢ Non-LlAanear

Systems; 1 year; $11,900

Kwang-Tzu Yang and Edward W. Jerger;
Steady and Unsieady Free Convection; 2
years ; $37,400
UNIVERSITY OF OKLAHOMA RESEARCH INSTI-
TUTE, Norman ; John E. Powers ; Barrier Sys-
tems in Diffusion Columns; 2 years; $34,200
UNIVERSITY OF ROCHESTER, N.Y.; Stanley
Middleman ; The Stability of Viscous and
Viscoelastic Jeta; 2 years ; $44,500

Daniel S. Ruchkin; Applications of Com-
munication Theory to Brain Research; 4
months ; $3,500
UNIVERSITY OF SOUTHERN CALIFORNIA, Los
Angeles; Charles J. Rebert; Phase Behavior
of Binary, Partially Miscible Systems; 2
years; $15,800



UNIvERSITY OF TENNESSER, Knoxville; Fred
N. Peebles and Donald C. Bogue; Two-Di-
mensional Flow of Non-Newtonian Fluids;
2 years; $36,700
UNIVERSITY OF TEXAS, Austin; James R.
Brock ; Thermal Force Acting on Colloidal
Particles in the Ligquid Phase; 3 years;
$16,700

James R. Brock and David M. Himmel-
blau ; Soret Coefllcient in Dilute Solutions,; 2
years ; $15,500

Phil M. Ferguson ; Bond and Shear Inter-
action in Reinforced Concrete; 2 years;
$40,000

Andrew W. Marris; Flow of Water in
Ourved Channels; 2 years; $17,400

Robert S. Schecter; Surface Tengion Gra-
dients and the Dynamics of an Interface; 3
years ; $20,300
UNIVERSITY OF UTAH, Salt Lake City; Sher-
man D. Brown ; Metal-to-Ceramic Adhesion;
2 years; $23,100
UNIVERSITY OF WASHINGTON, Seattle; Albert
L. Babb ; Pulsed Neutron Generator; 1 year;
$59,800

Charles P. Costello; The Acceleration Ef-
fect on Film Boiling and the Transition from
Nucleate Boiling ; 1 year ; $16,800

Morton M. David; Single Particle Studies
of Cation-Exchange Rates in Fiwzed Beda; 3
years ; $48,100

Douglas H, Polonis ; Phase Transformation
Mtudiea in Alloys; 2 years; $24,000

Robert E. Street; Effects of Slip on the
Flow Near the Leading Edge of a Sharp Filat
Plate; 2 years ; $22,400

Lynn A. K. Watt; Diffusion in Semicon-
ductor Compounds ; 1 year ; $15,000
UNIVERSITY OF WISCONSIN, Madison ; Charles
H. Davidson; Oscillations in Neural Net-
works; 1 year ; $22,000

M. M. El-Wakil; Droplet Heat and Mass
Transfer; 8 years ; $44,500

Hugh N. Powell ; Transport Properties of
Gases at High Temperatures; 3 years;
$62,000

James J. Skiles and V. C. Rideout ; Digital
Computer Simulation; 2 years; $78,400
UNIVERSITY OF WYOMING, Laramie; Eric J.
Lindahl ; Oharacteristice of Pulsative Flow;
2 years; $7,800
VALPARAISO UNIVERSITY, Valparalso, Ind. ; A.
Sami El-Naggar; Metabolism 4n Trickling
Filters; 2 years ; $24,300
WABHINGTON STATE UNIVERSITY, Pullman;
Bruce D. Masson ; Valence Electron Density
Effects in Alloys ; 2 years; $18,000
WASHINGTON UNIVERsITY, St. Louis, Mo.;
W. M. Swanson; Fundamental Fluid Flow
Phenomena by Means of a Birefracting Fluid
Tunnel ; 2 years ; $37,800
WEST VIRGINIA UNIVERSITY, Morgantown;
William Squire; Theory of Turbulent Flow;
1 year; $5,000
WiLLiAM MarS8H RIice UNIveErsITY, Houston,
Tex.; R. Kobayashi and H. A. Deans; Equi-
librium Phenomena in Gas Chromatography ;
2 years ; $48,300
Yare Uxiversity, New Haven, Conn. ; Hard-
ing Bliss and Charles A. Walker; Rates of
Oatalytic Gas Reactions Using a Recycling
Differential Reactor ; 2 years ; $37,600

Newman A. Hall and Aris Phillips; Ther-
modynamics of Plasticity ; 2 years ; $49,200

Arturs Kalnins; Vibrations of Shells; 2
years ; $20,100

Za-Chieh Moh ; Effects of Environment and
Chemical Stabilizers on the Dynamic Be-
havior of Soils; 1 year ; $5,000

Gerald F. Smith ; Continuum Mechanics; 2
years ; $19,900

John A. Tallmadge, Jr.; Liguid Film Ad-
hering to Solid Bodies Upon Passing Through
Liquid-Gas Interfaces; 2 years; $23,900

Franz B. Tuteur ; Synchronizing of Coher-
ent Detectors; 1 year ; $9,500

ENVIRONMENTAL BIOLOGY

AMERICAN METEOROLOGICAL SOCIETY, Boston,
Mass.; Kenneth C. Spengler; Study Group
on Bioclimatology; 8 years; $30,000
AMERICAN MusguM oF NATURAL HisTORY,
New York, N.Y.; Charles M. Breder, Jr.;
Bound Production and Pigmentary Responses
in Fishes; 3 years ; $9,700

John J. Lee; Environmental Influences on
Foraminiferan Morphology ; 2 years ; $38,500
AUsTIN CoOLLEGH, Sherman, Tex.; Howard
McCarley ; Isolating Mechanisme n Pero-
myacus 8p.; 1 year ; $3,800
BEAUDBETTE FOUNDATION FOR BIOLOGICAL Re-
SBEARCH, Solvang, Calif.; J. Laurens Bar-
nard; Marine Hydrobiological SBurvey of
Bahia de Los Angeles; 2 years; $24,300
BERMUDA BIOLOGICAL STATION FOR RESEARCH,
INCORPORATED, St. George's West, Bermuda;
William H. Sutelifte, Jr.; Dynamics of
Oceanic Zooplankton,; 1 year ; $3,800
BuTrLER UNIVERSITY, Indianapolis, Ind. ; John
F. Pelton; Ecology of Heteromeles Arbuti-
folia; 1 year ; $11,200
BROOKLYN COLLEGE, Brooklyn, N.Y.; R. H.
Whittaker ; Southwestern Mountain Vegela-
tion; 3 years; $47,200
CALIFORNIA INSTITUTE OF TECHNOLOGY, Pasa-
dena ; James Bonner and Henry Hellmers;
Photosynthetic Eficiency of Conifers; 8
years; $63,200
CHICAGO NATURAL HisTorY MvuseuMm, Il ;
Robert F. Inger and Bernard 8. Greenberg,
Roosevelt University ; Reproductive Patterns
and Population Structure of Borneo Am-
phibians; 4 years; $35,100
CHIco STaTB COLLEGE, Chico, Calif.; Gerald
Scherba ; Social Organization Among Colo-
nies of Formica Opaciventris; 3 years ; $14,-
800
CoLUMBIA UNIVERSITY, New York, N.Y, ; Paul
R. Burkholder, Palisades, N.Y., AMicrobial
Commaunities in Marine Bediments; 8 years;
$63,100
CoRNELL UNIVERSITY, Ithaca, N.Y.; Paul J.
Chapman and 8. B. Lienk, Geneva; Faunal
Adjustments in the Naturalization of Malus;
8 years; $21,000

Edward H. Smith; Voltinism in Cono-
trachelus Nenuphar; 8 years ; $28,400
C. W. THORNTHWAITE ASSOCIATION, Elmer,
N.J.; C. W. Thornthwalite ; Classification of
Climates ; 8 years ; $50,000
DARTMOUTE CoOLLEGE, Hanover, N.H.; F. H.
Bormann ; Ecology and Physiology of Root
Grafting ; 3 years ; $23,800
Duke UNIVERSITY, Durham, N.C.; Joseph RB.
Bailey; Dynamics of Aquatic Vertedrate
Populations; 2 years ; $12,600
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Daniel A. Livingstone; Pleistocene Hn-
vironmental Changes in the Tropics ; 3 years ;
$100,200

Jane Philpott; Leal Anatomy of Woody
Plants in Diverse Natural Habitals; 2 years;
$16,300

Charles W. Ralston; Dry Matter Produc-
tion and Mineral Nutrient Uptake of Pines
and Hardwoods ; 2 years ; $15,900

F. John Vernberg ; Physiological Variation
in Geographically Beparated Populations; 3
years ; $34,800
Exmory UNIVERSITY, Atlanta, Ga.; W. D.
Burbanck; Ecology and Distribution of
Cyathura Polita; 8 years ; $31,200
IpaAHO STATE COLLEGE, Pocatello; Allan D.
Linder ; Effect of Geologic Isnlation on Snake
River Sculpins; 2 years ; $9,800
KENTUCKY RESEARCH FOUNDATION, Lexing-
ton ; Thomas C. Barr and Robert A. Kuehne;
Ecology of the Cave Communily; 2 years;
$31,800
LovuisiaNna STaTE UNIVERSITY, Baton Rouge;
George H. Lowery, Jr.: Nocturnal Migration
of Birds; 1 year; $5,900
LoyoLa UNIVERSITY, New Orleans, ILa.;
Walter G. Moore; Factors Affecting Egg
Hatching, Development, and BSurvivel of
Anostraca; 2 years; $10,700
MANCHESTER COLLEGE, North Manchester,
Ind.; William R, Eberly ; Factors Associated
With Metalimnetic Ozygen Mazima in
Lakes ; 2 years ; $3,900
MARQUETTE UNIVERSITY, Milwaukee, Wis.;
Rezneat M. Darnell ; Quantitative Aspects of
Secondary Production in Estaurine Fishes;
1 year ; $8,400
MicHIGAN STATE UNI1vERsiTY, East Lansing :
Ralph W. Lewis and James L. Goatley; The
Role of Guttation Water in the Host-Parasite
Relationship; 2 years; $17,200

John L. Lockwood: Fungitozicity in Na-
tural Soils; 2 years ; $20,700
MiLLs CoLLkGE, Oakland, Calif.; Darl E.
Bowers; Distribution of Beach Dwelling
Marine Arthropods; 3 years; $14,000
MiILLsArsS COLLEGE, Jackson, Miss.; Donald
Caplenor ; Physiological Responses and Aute-

cology of Helentum Amarum; 2 years;
$7,400
MoNTANA STaTE UNIVERSITY, MIissoula:

James R. Habeck; Phytosociological Study
of Forest Communities; 2 years; $14,300
Clyde M. Senger ; Biology of Protostrongy-
lus Stilesi; 3 years; $24,000
NEw Mgexico STaTeB UNIVERSITY, University
Park; Ralph J. Raitt; Relationship of Two
Populations to Pealiriparus; 2 years;
$14,600
New YorK BoTANIcAL GARDBN, New York:
Plerre Dansereau; Functional Analysis of
Certain Plant Communities; 2 years;
$29,800
NEw YORK Zo0OoLOGICAL SociETY, New York:
David W. Snow; Biology of Tropical Avi-
fauna; 1 year; $3,400
OHI10 WESLEYAN UNIVERSITY, Delaware; J.
Gordon Ogden; Determination of Absolute
Sedimentation Rates; 3 years; $60.800
Elwood B. Shirling; Actinophages and
Their Host Interactions; 3 years; $30,500
OREGON STATE UNIVERSITY, Corvallis ; Walter
B. Bollen; Influence of Alnus Rubra on
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Microbial Activity and Nitrogen Transfor-
mation in Boils; 3 years; $10,500

Donald W. Chapman ; Behavioral Eocology
of Oncorhynchus Kisutch; 2 years; $17,100

Herbert Curl, Jr.; Phytoplankton Ecology
and Physiology ; 3 years; $67,5600

P. R. Elliker, C. M. Gilmour, and W, V,
Burt; Microbiology of Oregon Marine En-
vironments; 2 years; $67,600

J. A. Rudinsky; Flight Behavior of Den-
droctonus Pseudotsugae; 8 years; $39,600

Ernest Wright and W, B. Bollen; Com-
parative Study of Microbiology of Roil; 2
years; $14,300

C. T. Youngberg ; Symbiotic Nitrogen Fix-
ation in Ceanothua; 3 years; $15,100
PENNSYLVANIA STATE UNIVERSITY, University
Park; Russell J. Hutnik and Robert E. Mc-
Dermott; Emnergy Relationships Within
Forest Communities; 2 years; $13,200
Poyona CoLLEGE, Claremont, Calif. ; Richard
E. MacMillen ; Comparative Study of Coastal
and Desert Rodents; 3 years; $15,400
PURDUE RESEARCH FOUNDATION, Lafayette,
Ind. ; Durward L. Allen; Environmental Co-
actions of Alces Alces; 3 years; $27,900

Clarence J. Goodnight; Ecology of Opi-
lionids; 3 years; $40,500
RESEARCH FOUNDATION OF STATE UNIVERSITY
or NEw YORK, Albany; George C. Williams,
Oyster Bay; Ecology of Planktonic Young
of Coastal and Estaurine Fishes; 3 years;
$42,600
RuTeers, THE STATE UNIVERSITY, New
Brunswick, N.J.; Francesco B. Trama; En-
vironmental Factors Controlling Diurnal
Change in Phytoplankton; 2 years; $2,400
St. FraNcIS CoLLEGE, Burlington, Wis.;
Lazarus W. Maclor; Adeptation and Be-
havior of Insect Pollinators; 3 years; $4,000
ST. MARY'S COLLEGE OF CALIFORNIA, St.
Mary’s College, Calif.; Lawrence Cory;
Evolutionary Ecology of Rana Mucosa; 3
years; $18,700
SAN FERNANDO VALLEY STATE COLLEGE FOUN-
paTioN, Northridge, Calif.; Harry R. High-
kin; Eflccts of Parental Environment of
Progeny Phenotype; 8 years; $40,800
SAN Josp STATE COLLEGE CORPORATION,
Calif.; L. Richard Mewaldt; Migratory
Restlessness in Birds; 3 years; $44,400
SyYracuse UNIVERSITY, Syracuse, N.Y.;
Thomas J. Cade; Environmental Influences
on Torpidity in Rodents; 3 years; $65,800
TeExAS A&M RESEARCH FOUNDATION, College
Station ; Donald W, Hood ;: Assay of Organic
Matter in the Gulf of Mexico; 3 years;
$46,600
TEXAS AGRICULTURAL EXPERIMENT STATION,
College Station; Perry L. Adkisson; Photo-
periodic Control of Diapause in Insects; 2
years; $27,500 .
ToLANB UNIVERSITY, New Orleans, La.;
Willis A. Eggler; Growth and Reproduction
in Pinus; 2 years; $15,000

Norman C. Negus; Influence of Climate
and Nutrition on Small Mammal Popula-
tions; 2 years; $14,800 .
U.S. SMITHSONIAN INSTITUTION, Washington,
D.C.; Krle R. Barbehenn; Ecology and Be-
havior of Suncus Murinus; 8 years; $79,100
UNIVERSITY OF ALASKA, College; Bonita J.
Neiland; Composition and Structure of



Porest and Muskeg Communities,; 1 year;
$9,300
UNIVERSITY OF ARIZONA, Tucson ; E, Lendell
Cockrum ; Biology of Southwestern Chirop-
terans,; 8 years; $33,100

Paul 8. Martin; Pollen BStatistics and
Pluvial Environments; 2 years; $49,300

UNIVERSITY OF ARKANSAS, Fayetteville:
Kirk Strawn; Influence of Temperature on
Meristic Characters of Fishes; 8 years;
$29,100
UNIVERSITY OF BriTisB COLUMBIA, Van-
couver, British Columbia, Canada; Paul A.
Dehnel ; Ionic Studies in Intertidal Crad
Species; 3 years; $42,200
UNIVERSITY OF CALIFORNIA, Berkeley; Her-
bert G. Baker; Relation of Reproductive
Biology to Plant Community Structure and
Composition; 4 years; $36,300

Ronald W. Stark and David L. Wood;
Population Dynamics of Dendroctonus,; 3
years; $27,500

David L. Wood and Ronald W. Stark:
Host Selection Behavior of Ipa Confusus;
8 years; $28,700

Charles R. Goldman, Davis; Basic Pro-
ductivity of Lakes; 2 years; $40,300

Jurgen Jacobs, Davis, Seasonal Morpho-
logical Variations 4n Daphnia; 2 years;
$24,100

Jack Major, Davis; Alpine Vegetation of
the Sierra Nevada; 2 years; $12.600

George W. Salt, Davis; Predator-prey In-
teractions in Protozoan Populations; 3
years ; $34,400

L. Berner and E. Brinton, La Jolla; Dis-
tribution and Bfology of Pacific Zooplank-
ton,; 3 years; $118,500

Robert H. Parker, La Jolla;
Faunas and Thelr Evolution;
$10,600

Lars H. Carpelan, Riverside; Studies in
Desert Ecology; 2 years; $38.200

Paul D. DeBach, Riverside; Population
Ecology and Biology of Aphytis; 3 years;
$33,100

Vernon M. Stern, Riverside; Factors Af-
Jecting Migrant and Non-Migrant Popula-
tions; 3 years ; $22,700

Seymour D. Van Gundy, Riverside; Ecol-
ogy of Terrestrial Nematodes; 3 years;
$39,500
UniversiTY OF CHicAGo, Ill.; Ralph G.
Johnson ; Marine Ecological Studies in the
Kattegat and Baltic Sea; 1 year; $2,700
UNIVERSITY OF COLORADO, Boulder; T. Paul
Maslin; Investigations of Possible Parthe-
nogenesis in Cnemidophorus; 2 years;
$18,400

Robert Pennak : Differential Orygen Utili-
zation by Plankton in Ice-Covered Lakes;
B years; $17,300
UNIVERSITY OF CONNECTICUT, Storrs; David
Dean: Development of Polychaetous An-
nelid Larvae; 2 years; $18,800

Lowell L. Getz; Factors Influencing the
Distribution of Small Mammals; 2 years;
$15,200
UNIVERSITY OoF FLORIDA, Galnesville; B. K.
McNab; Bioenergetics of Chiropterans; 2
years ; $17,000
UNIVERSITY OF GEORGIA, Athens; Eugene P.
Odum ; Energy Flow in o Salt Marsh Eco-
system; 3 years; $27,500

Benthic
2 years;

Kenneth L. Webd; Physiology of Salt
Marsh Halophytes,; 2 years; $19.300
UNIVERSITY OF Hawall, Honolulu; Robert
W. Hiatt; Zoogeographic Status of an Fast-
erh Equatorial Pacific Atoll; 1 yeur ; $25.800

Siduey J. Townsley; Recolonization and
Keological  Succession on  Recent Lave
Flows ; 3 years ; $47,100
Uxiversity oF ILniNots, Urbana; Willlam
. Horsfall; Epigamic Stress Effects on Di-
wnarphism in Aedes; 3 years: $30,700
UNIVERSITY oF Kansas, Lawrence; Robert
R. Sokul; Natural Selection During Popu-
Intion Growth of Tribolium; 8 years;
325,300
UxiversiTy or Kansas Crty, Kansas City.
Mo. ; Willlam W. Milstead ; Preliminary Ob-
servations on Chihuahuan Desert Ecology;
1 year; $1,400
UNIVERSITY OF MANITOBA, Winnipeg, Mani-
toba, Canada ; J. C. Ritchie ; Late- and Post-
Glacial Vegetation eand Flora of Manitoba;
3 years; $13,000
UNIVERSITY OF MASSACHUSETTS, Amherst;
Willinm B. Nutting: Biology, Ecology and
Systematics of Demoded ; 8 years; $35,900
UNIVERBITY OF Miam1, Coral Gables, Fla.;
Hilary B. Moore; Food Preferences and
Energy Balance in Sagitta ; 2 years; $18,600

Dounald P. de Sylva, Miami; Growth, Re-
production and Mortality of Istiophorid
Fighes ; 2 years ; $20,500

Gilbert L. Voss; The Thalassia Commu-
nity; 2 years; $37,700
UNIVERSITY OF MICHIGAN, Ann Arbor;
Willlam R. Dawson ; Temperature Compen-
sation in Reptiles; 1 year; $17,900

Robert R. Miller; Ecology of Endemio
Fighes of the Colurado River Basin; 1 year;
$700

Harrison B. Tordoft ; Biology of the Frin-
gillids ; 8 years ; $18,600
UNIVERSITY OF MINNESOTA, Minneapolis;
Eville Gorham; Foxsil Plant Piyments as
Indices to Productivity; 8 years; $17,500

Edwin L, Schmidt; Ecology of Soil Micro-
orgunisms ; 3 years; $33.000
UNiversITY oF NEw Mexico, Albuquerque;
Howard J. Dittmer; Root Systems of Desert
and Semi-Arid Plants; 2 years; $11,400
UNIVERSITY OF NORTH CaAroLINA, Chapel
Hill; Frederick 8. Barkalow, Jr. and W,
Scott Overton; Population Phenomena of
Sciurus C. Carolinensie; 8 years; $31,000
UNIVERSITY OF OKLAHOMA RESEARCH INSTI-
PyTE, Norman ; Elroy L. Rice; Role In Plant
Succession of Antibacterial Substances in the
Soil; 3 years; $29,800
UN1vERSITY OF OREGON, Eugene ; Richard W.
Castenholz ; Ecology of Thermophilic Blue-
Green Alyae; 8 years; $22.800

Robert W. Morris; Ozygen Consumption
by Fish in Relation to Temperature; 2
years ; $9,600
UNIVERSITY OF THE Paciric, Stockton,
Calif. ; Joel W. Hedgpeth ; Biology of Certain
Elasmobranchs; 1 year; $1,700

Raymond A. Underhill; Life History and
Fcology of Chone Mollia (Bush); 1 year;
$1,600
UNIVERSITY OF RHODE ISLAND, Kingston;
John McN., Sieburth: Phychrotolerant Bao-
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teria in Boreal and Temperate Marine
Waters; 8 years; $44,600
UNIVERBITY OF SOUTHERN CALIFORNIA, Los
Angeles; Robert M. Chew; Evaporative
Water Losses in Terresirial Vertebrates; 3
years ; $30,200

John 8. Garth and Jay M. Savage;
Ecological Survey of Mid-Water Marine
Populations; 3 years ; $43,400
UNIVERSITY OF TExAS, Austin; Bassett
Maguire, Jr.; Dispersal and Colonization by
8mall Aquatic Oryanisms,; 8 years; $19,600

Austin Phelps; Ecology of & Thermal
Stream ; 2 years; $28,600
UNIVERSITY OF UTaH, Salt Lake City ; Arden
R. Gaufin; Hcology of Intermountain Ple-
coptera; 3 years ; $18,800

Albert W, Grundmann; Endoparasites of
Rodents in a BSuccession of Habitats; 2
years ; $19,000

Irving B. McNulty; Salt Metabolism of
Halophytes; 2 years; $24,200
UNIVERSITY OF WASHINGTON, Seattle; John
Liston; Distribution and Activities of
Heterotrophic Marine Bacteria; 2 years;
$39,900

Michael Neushul ; Reproductive Physiology
of Certain Algae in Relation to Habitat;
2 years ; $28,100

Richard Van Cleve; Ecology of Demersal
Marine Species; 1 year; $29,500
UNIVERSITY OF WISCONSIN,; Madison;
Andrew McClary; RStatocyst Function 4in
Gastropods; 2 years; $7,200

J. T. Medler; Biology of Bumblebees; 8
years; $31,400

Willilam @G. Reeder; Determinants of
Rodent Distribution,; 2 years; $16,900
UNIVERSITY OF WYOMING, Laramie; Glenn
A. Noble, Moran ; Environmental Influences
on Parasitic Infection; 8 years; $12,800
UTaH STATE UNIVERSITY, Logan; William
F. Sigler; Distribution and Abundance of
Bear Lake Fish; 1 year; $12,700
VANDERBILT UNIVERSITY, Nashville, Tenn.;
Elsie Quarterman; Controlled Environment
Equipment jfor Plant Research; 1 year;
$26,500
VIRGINIA INSTITUTB OF MARINE SCIENCE,
Gloucester Point ; Edwin B. Joseph ; Ecology
of the Pelagic Embryos and Larvae of Marine
Fishes; 3 years ; $16,500
WASHINGTON STATE UNIVERSITY, Pullman ;
Richard A. Parker; Influence of Light on
Daphnid Growth and Reproduction; 3 years;
$24,700
WAYNE STATE UNIVERSITY, Detroit, Mich.;
Wayne L. Thompson ; Behavior in Richmon-
denine Species; 3 years; $17,000
WEST VIRGINIA UNIVERSITY, Morgantown ;
H. L. Barnett and V. G. Lilly ; Parasitism of
Biotrophic Fungé on Other Pungé; 8 years;
$23,000
WHEATON COLLEGE, Wheaton, I1l. ; Raymond
H. Brand ; Ecology and Behavior of Collem-
bola; 3 years; $7,900
WiLLIAM MARsSH Rice UNIVERSITY, Houston,
Tex. ; Earl Segal ; Physiological Variation in
Geographically Separated Populations; 8
years; $33,700
WILLAMETTE UNIVERSITY, Salem, Oreg.;
Donald Ray Breakey; Determination of Age
in Microtine Rodents; 2 years; $8,700

200

WiLLiaMs CoLLees, Williamstown, Mass.;
Willlam T. Fox; Quantitative Paleoecological
Analysis of the Richmond Group; 8 years;
$21,900
Woons HOLR OCEANOGRAPHIC INSTITUTION,
Woods Hole, Mass. ; Richard H. Backus; Bi-
ology of Deep-Sea Animals; 2 years ; $34,800

Robert J. Conover; Food Relations and
Behavior of Zooplankton; 8 years; $65,100

William C. Schroeder; Biology of Larger
Pelagio Fishes of the Northwestern Atlantic;
3 years; $125,200
YaLp UNivERSITY, New Haven, Conn,; Phi-
lippe F'. Bourdeau and Francols Mergen ; Ge-
netic and Environmental Components of
Phenotypic Fzpression in Trees; 2 years;
$35,400

Edward 8. Deevey;
years; $50,000

Kaare Elgmork; Hcological Studies of
Freshwater Copepods ; 1 year; $12,100

W. R. Henson; Density-related Behavior
in Neodiprion ; 8 years ; $43,900

Gordon A. Riley; Particulate Organic Mat-
ter in the Sea; 2 years ; $21,700

G. K. Voigt; Soil-Root Relationships; 8
years; $47,800

Talbot H. Waterman; Quantitative Eval-
uation of Deepwater Closing-Net Plankton
Hauls; 1 year; $8,300

GENETIC BIOLOGY

ARLINGTON STATE COLLEGE, Arlington, Tex. ;
William F. Pyburn; Hybridization and Evo-
lutionary Divergence in Treefrogs; 1 year;
$5,500

BrOowN UNIVERSITY, Providence, R.I.; Stan-
ley Zimmering; Inira- and Interchromo-
gomal Factors Determining the Meiotic Be-
havior of Chromosomes; 3 years; $42,400

CHILDREN’S CANCER RESEARCH FOUNDATION,
INc., Boston, Mass.; George Yerganian; So-
matio Cell Genetica; 2 years; $50,000
DickINSON CoLLeGgE: Carlisle, Pa.; Danlel
J. McDonald ; Genetic Variability in Tribo-
lium Populations; 1 year ; $4,500

Durp UNIVERBITY, Durham, N.C.; Lewis B.
Anderson ; Chromosome Behavior in Bryo-
phytes; 2 years ; $18,800

FREDERIC BURK FOUNDATION FOR EDUCATION,
San Francisco, Calif.; Sarane T. Bowen;
Genetics of Artemia Salina; 1 year; $9,700

HARTNELL COLLEGE, Salinas, Calif.; James
F. Wilson; Micrurgical Investigation of
Neurospora; 2 years ; $41,300
HARVARD UNIVERSITY, Cambridge, Mass.;
George Lefevre, Jr.; Induced Mutation in
Drosophila; 2 years; $50,000

R. P. Levine ; Genetics of Chlamydomonas
Reinhardi ; $3,312

John R. Raper; Incompatibility Factors
in Schizophyllum; 2 years; $29,700

Herman M. Kalckar, Boston ; Biochemical
Genetics with Special Reference to Galactose
Metabolism ; 1 year ; $10,000
Haverrorp COLLEGE, Haverford, Pa.; Irving
Finger ; Genetic Control of Protein Synthesis
in Paramecium ; 3 years; $27,200
INSTITUTE FOR CANCER RESEARCH, Phila-
delphia, Pa.; G. T. Rudkin; Intrachromo-
somal Metabolism and Function; 3 years;
$67,300
Iowa STAT® UNIVERSITY, Ames; Oscar
Kempthorne and L. N. Hazel; Monie Oario

Paleolimnology; 8



Studies of Genetic Selection;
$70,300

Donald 8. Robertson; Pigment Deficient
Mutants of Maize; 2 years; $21,600
Jouns HoprkINS TUNIVERSITY, Baltimore,
Md.; Andrzej W. Kozinski and Philip E.
Hartman ; T'ransfer and Replication of DNA
in Phage; 3 years; $47,300
Kansas StaTs UNIvERSITY, Manbattan;
Abraham Elsenstark; Genetic Control of
Protein Specificity in Bacteriophage T$; 2
years; $50,600

A. M. Guhl and James V. Cralg; Genetic
and Social Influences on Behavior in Chick-
ens; 2 years; $17,600

Thad H. Pittenger; Genetic Control of
Heterokaryosis ; 2 years ; $22,000
LoNG ISLAND BIOLOGICAL ASS0CIATION, Cold
Spring Harbor, N.Y.; Paul Margolin and
Frank H. Mukal; Mutation Analysis of the
Base Pair Structure of ¢ Bacterial Gene; 2
years ; $41,000
MASSACHUSETTS INSTITUTR OF TECHNOLOGY,
Cambridge; 8. E. Luria and P. W. Robbins;
Genetic Control of Macromolecules; 2 years;
$15,000
MgpIcAL COLLEGE OF VIRGINIA, Richmond;
J. Ives Townsend ; Genic Variability in Dros-
ophila Willistone 8ibling Group; 2 years;
$24,700
MINNEAPOLIS WAR MEMORIAL BLOOD BANK,
Minn.; G. Albin Matson; Hereditary Blood
Factors; 2 years; $41,000
NeEw MEexico INSTITUTE OF MINING AND
TeEcHNOLOGY, Socorro; F. Clifford Johnson ;
Yariability in Natural Populations; 2 years;
$15,700
NEw Yorg ZoorLocicalL Sociery, New York;
Klaus D. Kallman; Population Genetice of
a6 Gynogenetic Vertebrate; 1 year; $8,800
NorTHERN ILLINOIS UNIVERSITY, DeKalb;
Cecil Jackson Bennett; Possible Hereditary
Eftects of Early Transplantation of Hema-
topoictic Elements; 1 year; $7,500
OHIO STATE UNIVERSITY RESEARCH FOUNDA-
TI0N, Columbus; Willlam B. MclIntosh;
Comparative Genetics of the Deermouse and
the Laboratory Mouse; 1 year; $8,300
OREGON STATE UNIVERSITY, Corvallis; J. D.
Mohler; Gene Action in Polygenic Systems
of Drosophila Melanogaster; 2 years;
$15,600
PENNSYLVANIA STATB UNIVERSITY, Univer-
sity Park; Paul Grun; Cytology and Genet-
ica of Varying Plasmon Factors of Species
of Rolanum ; 2 years; $14,400

James NH. Wright, Jr.; I'mmunogenetioc
Studies in Salmonidae and Esocidae; 2
years ; $14,000
PRINCETON UNIVERSITY, Princeton, N.J.;
Bruce M. Eberhart; Control of B-Glucosi-
dase Activity in Neurospora Crassa; 2 years ;
$16,400
PurpUR RESEARCH FoUNDATION, Lafayette,
Ind.; Seymour Benzer; Genetic Fine Struc-
ture; 5 years; $490,000
RESBARCH FOUNDATION, OKLAHOMA STATB
UN1veRBITY, Stillwater ; Margaret H. Brooks;
Gene Action in Cytoplasmic Male Sterility in
Sorghum ; 2 years ; $12,900
RuTGeRS, THE STaTE UNIVERSITY, New
Brunswick, N.J.; Oved Shifriss; Genetics of
Seo Baopression in Plants; 8 years; $48,800

2 years;

8AN DIEGO STATE CoLLEGE F'OUNDATION, San
Diego, Calif.; Frank J. Ratty; Position Ef-
fect and Mutation in Drosophila Melanogas-
ter; 1 year; $10,800
STaNFORD UNIVERSITY, Stanford, Calif.;
Charles Yanofsky; Mutational Alterations
of Tryptophan BSynthetase; 3 years;
$122,500
UNIVERSITY OF ALBERTA, Edmonton, Alberta,
Canada ; Royal F. Ruth; Estimation of Im-
munogenetic Incompatibilities; 2 years;
$15,600
UNIVERSITY OF CALIFORNIA, Berkeley; G.
Ledyard Stebbins, Davis; Developmental
Genetics of Single Gene Differences in Bar-
ley; 2 years; $78,800

Hans Abplanalp, Davis and Hverett R.
Dempster, Berkeley ; Radiation-induced Var-
fability in Selection for Polygenic Traite;
8 years; $73,100

Elof Axel Carlson, Los Angeles; Induced
and Spontaneous Mutations; 2 years;
$58,300

Bernard O. Phinney, Los Angeles; Dwarf
Mutants of Zea Mays; 3 years; $98,500

James I. Walters, Santa Barbara; Hy-
brids in Natural Population Paeonia; 1
year: $8,100
UNIVERSITY OF CHICAGO, Tll.; John Lee
Hubby and Lynn H. Throckmorton; Pteri-
dine Metabolism in Drosophila; 2 years;
$22,000

Robert Willlams Tuveson ; Heterocaryosis
and Parasexual Recombination Within and
Between Presumed Fungal Species; 2 years;
$11,800
UNIVERSITY OF FLORIDA, Gainesville; John R,
Edwardson ; COytoplasmic Male Sterility in
Higher Plants ; 2 years ; $26,800
UNIVERSITY OF Hawalr, Honolulu; James L.
Brewbaker ; Genetic Studies of Pollen Cell
Elongation; 2 years; $37,300

Newton B. Morton; Genetic Studies of
Human Populations; 2 years ; $16,200
UNIVERSITY OF Miami, Coral Gables, Fla.;
Sheldon Greer ; Chemical Studies of Deoxyri-
bonucleic Acids ; 1 year; $13,400
UNIVERSITY OF MICHIGAN, Ann Arbor ; Robert
R. Miller; Speciation in Poeciliid Fishes; 2
years; $31,900

Erich Steiner; Imcompatibility Studies in
Oenothera; 3 years; $13,400
UNIVERSITY OF MI1ssoURI, Columbia; Charles
Shields Gowans ; Mutation and Genetic Fine
Structure in Ohlamydomonas; 2 years;
$32,600
UNIVERSITY OF NORTH CAROLINA, Chapel
Hill; D. U. Gerstel, Raleigh; Genetic In-
stadbility in Nicotiana; 2 years; $22,400

Walton C. Gregory, Raleigh; Cytogenetics
of Arachis; 2 years; $30,000

H. F. Robinson, Raleigh; Genetio and
Oytological Studies in the Fungi; 2 years;
$27,900

Ben W. Smith ; Evolution of Sez-Determin-
ing Mechanisms in Rumez ; 1 year ; $17,500
UNIVERSITY OF OKLAHOMA, Norman ; Alice M.
Brues ; Test of Selection Hypotheses for ABO
Blood Groups,; 1 year ; $1,900
UNIVBRSITY OF PENNSYLVANIA, Philadelphia ;
Jogeph 8. Gots ; Gene-Enzyme Interactions in
Bacteria; 2 years; $29,800

P. W. Whiting ; Cytology and Genetics of
Polyploide in Mormondells Vitripennis; 1
year ; $10,300
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UNIVERSITY OF RoME, Rome, Italy ; Gluseppe
Montalenti; Population and Biochemical
Genetics of Humans in Italy; 2 years;
$57,900
UNIVERSITY OF SOUTHERN CALIFORNIA, Los
Angeles; Henry Drexler; Mechaniam of
Prophage Immunity ; 1 year ; $3,300
UNIvERSITY OF TExA8, Austin; David P.
Bloch ; Histone Synthesis and Role of His-
tones $n Cell Division and Cell Development;
1 year; $16,900

Felix L. Haas, Houston ; I'nduction of Ge-
netic Change; 1 year; $6,100
UNIVERSITY OF UTAH, Salt Lake City ; Robert
K. Vickery, Jr.; Cytogenetic Studies of the
Patterns of FEvolution in Mimulus; 3
months; $1,100

Robert K. Vickery, Jr.; The Genetic Oon-
trol of Anthocyanin Pigment Production and
Distribution in Mimulus; 1 year ; $4,600
UNIVERSITY OF WASHINGTON, Seattle; David
R. Stadler ; Genetic Fine Structure of Neuro-
spora; 8 years; $490,100
UNIVERSITY OF WISCONSIN, Madison; Sey-
mour Abrahamson ; Genetic Effects of Irradi-
ation in Drosophila; 3 years; $65,700

W. H. QGabelman ; Interactions of Genes
and Cytoplaam in Pollen Sterile Plants; 1
year; $9,500

Hans Ris; Ultrastructure of Genetic Sys-
tem in Plasmids; 3 years; $26,800
VIRGINIA POLYTECHNIC INSTITUTE, Blacks-
burg; Joyce M. Howell and J. Clark Os-
borne ; Genetic Basie of Skeletal Defects; 1
year; $4,000

F. Clifford Johnson; Variability in Nat-
ural Populations; 2 years; $15,700
WASHINGTON STATE UNIVERSITY, Pullman;
Calvin F. Konzak ; A Mutable Qenetic System
in Triticum; 2 years; $19,400
WASHINGTON UNiversity, St. Louis, Mo.:
Harrison D. Stalker and Hampton L. Car-
son ; Evolutionary Studies in Drosophila; 3
years; $67,100
WAYNE STaTE UNIVERSITY, Detroit Mich.;
James Manilotis ; Biological Studies of Pyre-
nomycetous Fungi; 1 year ; $11,800
WESTERN RESERvE UNIVERSITY, Cleveland,
Ohio; Borls Ephrussi; Genetica of Normal
and Abnormal Cell Variation; 5 years;
$349,100
WILLIAM MARSH Rice UNIVERSITY, Houston,
Tex.; Val W. Woodward; Comparison of
Genetic and Complementation Maps in Neuro-
gpora Orasgsa; 1 year; $16,100
WISTAR INSTITUTE OF ANATOMY AND BIOL-
06Y, Philadelphia, Pa.; Andrze] W. Kozin-
gki; Transfer and Replication of DNA in
Phage; 1 year; $34,700
WOMAN’S MEDICAL COLLEGE OF PBNNSYL-
vANIA, Philadelphia; Max Levitan; Linkage
Aassociations and Chromosome Aberrations;
8 years; $37,000
YALR UNIVERSITY, New Haven, Conn.; Ed-
ward A. Adelberg; Genetio Regulation of
Governing Amino Acid Biosynihesis in
Bacteria; 8 years; $85,100

Harry P. Rappaport; Transforming Prin-
ciple and Protease Enzymes of Bacillus
Subtilis; 8 years; $41,800

Charles L. Remington; Evolutionary
Processes in Ingects; 2 years; $57,700
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HISTORY AND PHILOSOPHY OF SCIENCE

AMERICAN INSTITUTB OF PHYSICS, New York,
N.Y.: John A, Wheeler ; The Quantum Revo-
lution; 3 years; $203,000
AMERICAN UNIVERSITY, Washington, D.C.;
Eduard Farber: The Chemistry of Ozida-
tion; 1 year; $13,500
BrowN UNIVERSITY, Providence, R.I. ; David
Joravsky ; A History of Michurinist Biology;
2 years ; $9,100
Ciry CoLLEGB, New York, N.Y.; Edward
Rosen ; Kepler’s Lunar Astronomy; 1 year;
$21,400
CcoLuMBIA UNIVERSITY, New York, N.Y.;
Danlel A. Greenberg and Daniel E. Gershen-
gon; The Physical Theories of Aristolle;
1 year; $12,000 :
CoRNELL UNIVERSITY, Ithaca, N.Y.; Howard
B. Adelmann; Malpighi’s Correspondence
and Protocols; 2 years; $38,500

Max Black; Foundations of Logic and
Mathematics; 2 years; $17,200
Harvarp TUNIVERSITY, Cambridge, Mass.;
Israel Scheffler; Theory of Scientifio Struoc-
ture; 1 year; $2,300
PRINCETON UNIVERSITY, Princeton, N.J.;
Charles C. Gilllspie; Sclence in Revolution-
ary and Napoleonic France; 2 years ; $34,800
St. Lours UNIvERsSITY, St. Louls, Mo.; John
F. Daly; Analysis of Mathematical Manu-
scripts; 1 year; $12,600
SouTAERN METHODIST UNIVERSITY, Dallas,
Tex. ; Claude C. Albritton, Jr.; Bibliography
of the Philosophy of Geology; 1 year ; $8,900
SYRACUSE UNIVERSITY RESEARCH INSTITUTE,
Syracuse, N.Y.; Albert D. Menut; Critical
Edition of Oresme’s Le Livre du ciel et du
monde; 1 year; $11,500
U.S. SMITHSONIAN INSTITUTION, Washing-
ton, D.C. ; Walter F. Cannon ; Scientific Com-
munity in England, 1820-1860; 2 years;
$18,100
UNIVERSITY OF CALIFORNIA, Berkeley; Ben-
son Mates; History of Ancient Formal
Logic; 2 years; $12,500

Rudolf Carnap, Los Angeles; Theory of
Inductive Probability; 3 years; $73,200
UNIVERSITY OF CHICAGO, 11l ; Henryk Mehl-
berg; Philosophical Foundations of Atomic
Physics; 2 years; $20,000
UNIVERSITY OF MICHIGAN, Ann Arbor; Ar-
thur W. Burks ; Cause, Chance, and Reason;
2 years; $6,500

Phillip 8. Jones;
Concept of Complez Numbers;
$17,400
UNIVERSITY OF MINNESOTA, Minneapolis;
Herbert Felgl ; The Foundations of Probabil-
ity; 1 year; $26,300
UNIVERSITY OF NEVADA, Reno; Willlam T.
Scott; Writings of Erwin Schrodinger; 2
years; $8,000
UNIVERSITY OF PITTSBURGH, Pittsburgh, Pa.;
Nicholas Rescher; Arabic Contridbutions to
Logic; 2 years; $16,400
UNIVERSITY OF TExAS, Austin; Alex Ber-
man ; Science and French Pharmacy: 1800—
1878 ; 2 years; $16,400

Richard M. Martin; Meaning, Belief, and
Behavior; 1 year; $9,800

Development of the
1 year;



UNIVERSITY OF WISCONSIN, Madison; Mar-
shall Clagett; Medieval Mathematics and
Physics; 1 year; $27,800

Marshall Clagett; Euclid in the Middle
Ages; 1 year; $4,500

William D. Stahlman; The Writings of
Ptolemy; 2 years; $20,400

Jullus R, Welnberg; Theories of Induo-
tion; 2 years; $5,900

MATHEMATICAL SCIENCES

AMERICAN MATHEMATICAL SoOcCIETY, Provi-
dence, R.I.; Gordon L. Walker; Relativity
and Diflerential Geometry; 1 year; $79,000

BRANDEIS UNIVERSITY, Waltham, Mass. ; Ar-
nold 8. Shapiro; T'opology; 1 year; $45,000
BrowN UNIVERSITY, Providence, R.Y.; Kat-
sumi Nomizu; Geometric Structures on Dijf-
Jerentiable Manifolds; 2 years; $40,000

R. 8. Rivlin; Nonlinear Continuum Phys-
fcs; 2 years; $60,000

M. Rosenblatt;
year ; $44,000
BUCKNELL UNIVERSITY, Lewisburg, Pa.; Her-
bert F. Eckberg; Expansion of Computer
Center; 1 year; $25,000
CALIFORNIA INSTITUTE oF TECHNOLOGY, Pasa-
dena; R. P. Dilworth; Group, Laitice, and
Matrie Theory ; 1 year; $53,000

A. Erdelyl; Punctional Analysis and Its
Applications; 1 year; $40,000

G, D. McCann; Methods for Parallel Use
of a Computer; 1 year ; $100,000
CARNEGIE INSTITUTE OF TECHNOLOGY, Pitts-
burgh Pa.; Henry 8. Leonard, Jr.; Pinite
Linear Groups; 2 years; $35,300

Vietor J. Mizel; 4 Quasi-Linear Wave
Equation; 2 years ; $10,500

Roger N. Pederson; Elliptic Partial Dif-
ferential Equations; 2 years; $15,000
CLARKSON COLLEGE OF TECHNOLOGY, Pots-
dam, N.Y.; H. L. Shulman; Establishment
of a Computing Center; 1 year; $24,000
COLORADO STATE UNIVERSITY RESEARCH
FounpaTION, Fort Collins; Donald L. Bent-
ley; Mathematical Models for Transporta-
tion of Nerve Impulses; 2 years; $9,500

Kenzo Seo: 4 Sequential Three Decision
Problem ; 2 years ; $9,200
CoLumBIA UNIVERSITY, New York, N.Y.; S.
Eilenberg; Functional Analysis; 2 years;
$93,000
CORNELL UNIVERSITY, Ithaca, N.Y.; W. H. J.
Fuchs; Mathematical Analysis; 2 years;
$120,000

Israel N. Herstein ; Rings aend Groups; 1
year ; $14,000

Geoffrey S. 8. Ludford; Hydromagnetics,;
2 years; $30,000

Wolfgang Rindler; Relativity Theory; 1
year; $6,400

Lionel Welss ; Probabilistic Models in In-
dustrial Engineering; 2 years; $38,000
DARTMOUTH COLLEGE, Hanover, N.H.;
Thomas E. Kurtz; Maintenance and Opera-
tion ol a Computing Center; 18 months;
$15,000
Duke UNIVERSITY, Durham, N.C.; Thomas
M. Gallie, Jr.; Translation of Mechanical
Languages ; 1 year ; $10,600
FroripA STATE UNIVERSITY, Tallahassee;
Nicholas Heerema ; Valuaiion Rings; 1 year;
$11,000
GaLravper COLLEGE,

Random Processes; 1

Washington, D.C.;

George B. Detmold ; Establishment of a Com-
puting Center; 1 year; $30,000
HARvVARD UNIVERSITY, Cambridge, Mass.; R.
Bott; Differential Geometry and Topology;
1 year: $50,000

Richard Brauer; Groups and Algebraio
Geometry; 2 years, $110,000

George W. Mackey; Group Representa-
tions ; 1 year; $11,800
HARVEY Mupp CorrEem, Claremont, Callf.;
Courtney 8. Coleman; The Qualitative
Theory of Ordinary Differential Equations;
2 years ; $6,200

Joseph B. Platt; Establishment of a Com-
puting Center; 1 year; $15,000
HAVERFORD COLLEGE, Haverford, Pa.; Louls
C. Green; Establishment of & Computing
Center; 1 year ; $40,000
ILLINOIS INSTITUTB or TECHNOLOGY,
Chicago; Abe Sklar; Summation Formulae,;
2 years; $20,400
INDIANA UNIVERSITY FOUNDATION, Blooming-
ton; J. W, T. Youngs and L. C. Young;
Measure Theory; 2 years; $45,000
INSTITUTE FOR ADVANCED S8TUDY, Princeton,
N.J.; Deane Montgomery; Problems +in
Algebra and Topology, 1 year; $90,000

Hassler Whitney ; Problems in Analysis;
1 year ; $80,000
Iowa StaTeE TUNIVERSITY, Ames; Osecar
Kempthorne ; Optimization,; 1 year; $17,800

Bernard Vinograde; Ooefficient Fields for
Local Algebras; 2 months ; $3,900
JorNs HopRINS UNIVERSITY, Baltimore,
Md.; F. 1. Mautner; Functional Analysis
and Groups; 2 years; $53,000

Clifford A. Truesdell ; Nonlinear Mechanics
of Materials; 19 months; $37,000
KENTUCKY RESEARCH FOUNDATION, Lexing-
ton ; Wimberly C. Royster ; Univalent Funo-
tions and Faber Series; 8 months ; $6,800
KENYON CoOLLEGE, Gambier, Ohio; Otton M.
Nikodym ; Boolean Lattices ; 2 years ; $13,900
MASSACHUSETTS INSTITUTE OF TECHNOLOGY,
Cambridge ; Warren Ambrose ; Geometry and
Number Theory; 1 year ; $70,000

Kenkichi Iwasawa ; Problems in Algedra;
1 year ; $53,000

Norman Levinson and Irving E., Segal;
Problems in Analysis; 1 year; $85,000

Chia-Chiao Lin, Eric Reissner, and Gerald
B. Whitham; Problemes in Mechanics; 1
year ; $73,000

Philip M. Morse; Computer Time-Sharing
Techniques; 1 year; $71,500
MICcHIGAN STATRE UNIVERSITY, East Lansing;
Leo Katz ; Problems in Statistics and Probe-
bility ; 2 years; $90,000

Lawrence W. Von Tersch; Eepansion of
Oomputing Center; 1 year ; $400,000
New MEexico STATE UNIVERSITY, University
Park ; Edward O. Thorp and Seymour Gold-
berg ; Linear Operators; 2 years; $24.000
NEw Yorg UnN1vErsiry, New York ; Chia-Kun
Chu; Problema in Magnetohydrodynamics
Using Higher Order Theory, 2 years;
$14,000

Morris Kline; Electromagnetic Theory; 1
year ; $110,000

Wilhelm Magnus; Combinatorial Group
Theory ; 1 year ; $33,000
NEwArRK COLLEGE OF ENGINEERING, N.J.;
Frederick G, Lebman ; Hstablishment of o
Computing Oenter; 1 year ; $15,000
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NoRTHEWRBSTBRN UNIvERSITY, Hvanston, 1ll.;
Hsien Chung Wang; Transformation
Groups; 1 year; $30,300

Harry R. Rymer; Ecpansion of a Com-
puter Center; 1 year ; $200,000
OREGON STATB UNIVERSITY, Corvallis; R. G.
Buschman; Integral Transformations; 1
year ; $7,000

Willlam J. Firey;
Bodies; 2 years ; $15,000

Watson Fulks ; Parabolic Partial Differen-
tial Equations; 1 year ; $16,400
PENNSYLVANIA STATE UNIVERSITY, Unlver-
gity Park; Carl Faith; Theory of Rings; 2
years ; $9,000

Willlam J. Pervin; Syntopogenic Struc-
tures; 2 years ; $14,400
PORTLAND STATE CoOLLEGE, Portland, Oreg.;
John B, Butler, Jr.; Vibration Problems of
Infinite Beams and Plates of Non-Uniform
Bection; 2 years; $5,400
PRATT INSTITUTE, Brooklyn, N.Y.; Gideon
Peyser ; Differentiability Theorems for Par-
tial Differential Equations; 2 years; $6,800
PRINCETON UNIVERSITY, Princeton, N.J.;
Alonzo Church ; Mathematical Logic; 1 year ;
$49,000

Gilbert Hunt ; Potential Theory and Prob-
ability ; 8 months; $5,100

John C. Moore ; Problems in Topology and
Algebra; 1 year; $50,000

Donald C. Spencer; Continuous Pscudo-
groups ; 1 year ; $12,900

Donald C. Spencer; Differentiable Mani-
7olds and Sheaves; 1 year; $13,400
PurpuE RESEARCH FoUNDATION, Lafayette,
Ind.; Casper Goffman; Topics in Real
Functions; 2 years; $73,500

Michael Golomb ; Differential Equations;
2 years ; $66,000
QuUEENS COLLEGE, Flushing, N.Y.; Edward
Paulson ; Sequential Procedures for Multiple
Decision Problems; 15 months; $9,000
Reep CoLLEG®, Portland, Oreg.; J. B.
Roberts; Polynomial Identities; 2 years:
$13,700
RuTgERS, THE STATE UNIVERSITY, New
Brunswick, N.J.; Richard M. Cohn; Finite
Difrerences; 1 year; $20,400

enneth  G. Wolfson;

Rings; 1 year; $6,000
87. MaARY'S UNIVERSITY OF SAN ANTONIO,
Tex.; James F. Gray; Establishment of a
Computing Center; 1 year; $10,000
SourH DAKOTA SCHOOL OF MINES AND TECH-
NOLOGY, Rapid City; Louis C. Barrett; Es-
tablishment of a Computing Center; 1 year;
$15,000
STANFORD UNIVERSITY, Stanford, Calif.;
Stefan Bergman ; Theory of Several Complex
Variables; 2 years; $72,000

Isidore Heller; Incidence Matrices; 1
year; $18,000

John @G. Herriot; Algorithmic Methods in
Numerfcal Analysis; 2 years; $14,000

John Myhill; Cerdinal Arithmetic; 2
years; $21,000

Ingram Olkin;
year; $37,000

Halsey Royden ; Function Theory; 1 year;
$76,000

Hang Samelson; Topology and Complex
Manifolds,; 2 years; $66,000
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Means of Conver

Endomorphism

Multivariate Theory; 1

Charles M. Stein; Statistical Theory and
Probability Models; 1 year; $49,000

Willlam W. Tait; Quantifier Elimination,;
1 year; $6,300
STEVENS INSTITUTE OF TECHNOLOGY, Ho-
boken, N.J.; Anthony Ralston; FEstablish-
ment of @ Computing Center; 1 year ; $40,000

Lawrence H. Russell; Interpolation For-
mulae; 1 year ; $5,350
SYBRACUSE UNIVERSITY RESEARCHE INSTITUTB,
N.Y.; Carl W. Kohls; Rings of Continuous
Funotions ; 2 years; $16,700
TULANE UNIVERSITY, New Orleans, La.; Al-
fred H. Clifford and Alexander D. Wallace;
Augmented Algebraic Systems; 1 year;
$63,000

Fred B. Wright; Banach Algebras and
Ergodic Theory; 2 years; $74,000
UNIVERSITY OF ALASKA, College; Francis D.
Parker ; Hstablishment of a Oomputer Cen-
ter; 8 years; $40,000
UNIVERSITY OF ARIZONA, Tucson; M. S.
Cheema ; Combinatorial Problems in Num-
ber Theory; 2 years; $8,000

Harvey Cohn; Biguadratic Fields; 2
years; $61,000

Berthold Schwelzer; Geometric Charao-
terization of Associative FPunclions; 1 year;
$9,000

Edwin W. Titt; Partial Differential Equa-~
tions; 1 year; $17,000
UNIVERSITY OF ARKANSAS, Fayetteville;
James E. Scroggs; Singularities of Vector-
Valued Functions; 2 years; $9,500
UNIVERSITY OF BUFraLo, N.Y,; Raymond
Ewell; Establishment of a Computing Oen-
ter; 1 year; $75,000
UNIVERSITY OF CALIFORNIA, Berkeley; S. 8.
Chern; Riemannian Geomelry; 1 year;
$69,000

Willlam Craig;
years; $37,000

Bernard Friedman;
year ; $44,000

George B. Dantzig; Programming Under
Uncertainty ; 2 years; $47,500

John L. Kelley; Functional Analysis; 2
years; $90,000

Tilla 8. Klotz; Conformal Structure of
Surfaces in E3; 1 year; $3,600

Antoni A. Kosingkl; Acyclic Multivalent
Mappings,; 3 years; $11,440

Charles B. Morrey, Jr.; Oontinuum Me-
chanics; 1 year; $15,700

Jerzy Neyman ; Stochastic Models; 1 year;
$74,000

Edwin H. Spanier; Algebraioc Topology
and Differential Geometry,; 1 year; $62,000

Alfred Tarski; Metamathematics; 18
months; $95,000

Robert L. Vaught; Theory of Models in
Metamathematics; 2 years; $25,000

Frantisek Wolf; Operator Theory; 2
years; $80,000

Richard F. Arens, Los Angeles ; Functional
Analysis and Applications; 2 years; $77,000

Richard Montague, Los Angeles; Meta-
mathematics; 1 year; $13,000

Barrett O'Neill, Los Angeles; Differential
Geomelry in the Large; 1 year; $10,300

Charles B. Tompkins, Los Angeles; Hao-
pansion of Computing Center; 1 year;
$375,000

Clay L. Perry, San Dlego; Support of
Computing Center; 1 year; $40,000

Mathematical Logic; 2
Field Theories; 1



Andrew M. Bruckner, Santa Barbara;
Superadditive Functions; 1 year; $4,700

Paul J. Kelly, Santa Barbara ; Projective-
Metric Properties of Conver Bodies; 1 year;
$8,400
UNIVERSITY OF CHICAGO, Ill.; A. A. Albert
and Irving Kaplansky ; Problems in Algedbra;
1 year; $45,000

William Kruskal ; 8tatistical Inference; 1
year; $40,000

Saunders MacLane; Algebraic Topology;
1 year; $49,000

Richard G. Swan; Algebraic Topology; 2
years; $17,000

Antont Zygmund; Real Variables and
Bingular Integrals; 1 year ; $69,000
UNIVERSITY OF CINCINNATI, Ohio; Campbell
Crockett ; Fxpansion of a Computer Center;
1 year; $39,500

F. J. Wagner ; Compactifications of Topo-
logical Spaces; 3 months; $2,650
UNIVERSITY OF COLORADO, Boulder ; Sarvada-
man Chowla; Dirichlet L-Series; 2 years;
$70,000

Burton W. Jones ; Quadradric Forms and
Algebraic Curves; 2 years; $62,000

Fugene H., Wilson ; Expansion of Comput-
ing Center; 1 year; $300,000
UNIVERSITY OF DELAWARE, Newark; C. C.
Braunschweiger ; Linear S8pace Geometry; 2
years; $6,400

Robert F. Jackson ; Ezpansion of Comput-
ing Center; 1 year; $40,000
UNIVERSITY OF ILLINOIS, Urbana; Colin R.
Blyth; Sequential Probability; 2 years;
$82.000

David G. Bourgin; Manifolds and Topo-
logical Spaces; 1 year; $55,000

Donald L. Burkholder ; Conditional Expec-
tcitg%'boand Sufficient Statistics; T months;

Mahlon M. Day; Functional Analysis; 1
year; $34,000

Richard P. Jerrard; The Knaster Conjeo-
ture; 2 years; $7,000

W. J. Triitzinsky; Metrio Theory; 15
months; $19,400

Herbert 8. Wilf ; The Theory of Entire
Functions; 2 years; $6,600
UNIVERSITY OF MARYLAND, College Park;
Robert E. Fullerton ; Problems in Functional
Analysis ; 1 year; $15,000

John M. Horvath; Algebraic Geomeiry; 1
year; $5,500

Bruce L. Reinhard: Pseudogroups in the
Large; 2 years; $23,000
UNIVERSITY OF MASSACHUSETTS, Amherst;
Richard S. Stein; Fopansion of Computing
COenter; 3 years; $40,000
UNIVERSITY OF Miami, Coral Gables, Fla.;
John H. Curtiss ; Establishment of a Comput-
ing Center; 1 year; $40,000

Andrew Sobezyk; Topological Spaces and
Algebras; 2 years; $20,000

Paul M. Swingle; Conneoted Rets; 2
years; $34,300
UNIVERSITY OF MICHIGAN, Ann Arbor;
Arthur W. Burks; Theory of Automata;
2 years ; $46,000

Paul 8. Dwyer ; Finite Sampling ; 1 year ;
$13,000

Paul R. Halmos; Hilbert Bpace and
Ergodic Theory; 1 year; $38,000

Donald G. Higman; Problems in Finite
Groups ; 2 years ; $64,700

Yukihiro Kodama ; Topology of Manifolds ;
10 months ; $8,000

Maxwell O. Reade ; Quasi-Conformal Map-
ping ; 2 years ; $64,500

Ronald H. Rosen ; Structure of Manifolde ;
1 year; $8,800

Joseph L. Ullman ; Approzimation Theory;
1 year; $12,000

Oscar Wesler; Stochastic Programming ;
2 years ; $68,000
UNIVERSITY OF MINNESOTA, Minneapolis;
Erwin Engeler; Theory of Models; 1 year;
$4,200

Laurence R. Harper ; Structure of Simple
Power-Associative Algebras; 2 years; $7,000

Jesus Gil de Lamadrid ; Topological Vector
Spaces ; 1 year ; $7,000

Lawrence Markus ; Problems in Analysis;
1 year; $72,000

Milton Sobel; Decision Theory,; 1 year;
$39,000

Marvin L, Stein; Baxpansion of a Comput-
ing Center; 1 year; $500,000

James G. Wendel ; Aigebraic Approach to
Probability ; 1 year ; $14,500

UNIVERSITY oF Mississippl, Unlversity;
Charles ¥, Haywood; Expansion of a Com-
puting Center ; 1 year; $18,000
UNIVERSITY OF MIssoURI, Columbia; Ralph
E. Lee, Rolla; Ezpansion of Computing
Center,; 8 years ; $20,000
UNIVERSITY o New HAMPSHIRE, Durham
Robert J. Silverman ; Problems in Functional
Analyeis and Algebra; 2 years; $24,000
UNIVERSITY oF NEw MExico, Albuquerque;
Julius R. Blum ; Problemas in Probability and
Stochastic Processes; 2 years; $63,000

Ignace I. Kolodner ; Differential Equations
and Related Problems in Analysis; 2 years;
$70,000
UNIVERSITY OF NOTR® Damp, Notre Dame,
Ind.; Wilhelm F. Stoll; Differentiable ond
Complexr Manifolds; 2 years; $66,000
UNIVERSITY OF OREGON, Eugene, Frank W.
Anderson; Rings of Quotients; 2 years;
$28,500

Fred C. Andrews and Donald R, Truax;
Several-Sample Problems; 2 years; $34,000

Ivan Niven; Sequences of Integers; 2
years ; $29,900
UNIVERSITY OF PENNSYLVANIA, Philadelphia ;
Edwin J. Akutowlez; Theory of Disiribu-
tions; 3 months; $5,000

David K. Harrison ; Extensions of Fields
and Algebras ; 2 years ; $9,250

I. J. Schoenberg ; Number Theory ; 1 year;
$85,000

I. J. Schoenberg; Schlicht Funciions; 1
year; $13,700

Alan Wilson ; Functions with Harmondc
Support ; 2 years ; $11,700

Chung-Tao Yang ; Transformation Groups;
1 year; $9,000
UNIVERSITY OF ROCHESTER, Rochester, N.Y.;
Leonard Gillman ; Rings of Continuous Funo-
tiona; 14 months ; $12,700

Thomas A. Keenan ; Expansion of a Com-
puter Center; 1 year ; $200,000

Arthur H. Stone ; Metric Spaces; 2 years;
$30,000

Dorothy M. Stone; Function Spaces; 1
year ; $14,400
UNIVERBITY OF SoUTH CAROLINA, Columbia;
Charles A. Nicol; The Ramanujan Function ;
1 year ; $4,000
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UNIVERSITY OF SOUTHERN CALIFORNIA, Los
Angeles ; Richard L. Williamson ; Operation
of @ Computing Center; 3 years; $75,000
UNIVERSITY OF TBNNESSER, Knoxville; John
H. Barrett; Boundary Value Problems; 2
years; $13,000

Eckford Cohen ; Arithmetical Functions of
Reveral Variables; 2 years ; $15,600
UNIVERSITY OF TExAS8, Austin; H. 8. Van-
diver; Theory of Numbers; 2 years; $30,000
UNIVERSITY OF UTaH, Salt Lake City; W. J,
Coles ; Behavior of Solutions of Certain Dif-
ferential Equations; 1 year; $7,000
UNIVERSITY OF VERMONT, Burlington;
Howard M. Smith, Jr.; Expansion of Com-
puting Center; 1 year; $15,000
UNIVERSITY OF VIRGINIA, Charlottesville;
Alan Batson; Exzpansion of Computing Cen-
ter; 8 years; $13,000

Gordon T. Whyburn ; Problems in Analysis
and Topology ; 2 years; $52,000

Victor L. Klee, Jr.; Converity and Func-
tional Analysis; 2 years; $60,000
UNIVERSITY OF WASHINGTON, Seattle; Ross
A. Beaumont and Richard 8. Pierce; Mod-
ules, Rings, and Groupe; 1 year; $38,000

Frank Brownell; Differential Operators
and Stochastic Processes; 1 year; $46,000

Douglas G. Chapman; Statistical Models
for Eaxploited Populations; 2 years; $39,000

Edwin Hewitt; Problems in Functional
Analysis; 2 years; $80,000
UNIVERSITY OF WISCONSIN, Madison; A, N.
Feldzamen; Operator Theory; 2 years,
$23,600

Jacob Korevaar and Wolfgang Wasow;
Olassical Analysis; 1 year ; $34,000

J. Marshall Osborn; Matrices; 2 years;
$33,000

Van Der Corput, J. Q. ; Asymptotic BEzpan-
stons; 2 years ; $30,000
VILLANOVA UNIVERSITY, Villanova, Pa.; Emil
Amelotti; Establishment of Computing Cen-
ter; 1 year; $20,000
WASHINGTON STATE UNIVERSITY, Pullman;
K. A. Bush; Combinatorial Problems; 2
years; $15,000

Ottis W. Rechard; Exzpansion of a Com-
puting Center; 1 year; $200,000
WayNE STATB UNIVERSITY, Detrolt, Mich.;
Walter Hoffman; Expansion of Computing
Center; 3 years; $250,000
WESLEYAN UNIVERSITY, Middletown, Conn.;
Thornton L. Page; Expansion of a Com-
puting Center ; 1 year ; $24,000
WEST VIRGINIA UNIVERSITY, Morgantown;
Henry W. Gould; Binomial Coefficient
Summations; $1,455
WESTERN MICHIGAN UNIVERSITY, Kalamazoo;
George G. Mallinson; Establishment of o
Computing Center; 1 year; $15,000
WESTERN RBSERVE UNIVERSITY, Cleveland,
Ohio; Willlam M. Huebsch ; Differential To-
pology; 2 years:; $30,600
WESTERN WASHINGTON STATE COLLEGE, Bel-
lingham ; James E. McFarland; FEstablish-
meni of a Computing Center; 1 year; $10,000
YALg UNIVERSITY, New Haven, Conn.; Felix
E. Browder ; Partial Differential Equations;
2 years; $37,500

G. A. Hedlund and William 8. Massey,
Topology and Topological Dynamics; 2
years; $46,200
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Nathan Jacobson; Research in Algedbra,; 2
years ; $47,000

Nathan Jacobson; Topics in Jordan Alge-
bras; 9 months; $6,500

Shizuo Kakutani and Charles E. Rickart;
Functional Analysis; 2 years; $46,000

George D. Mostow ; Lie Groups; 2 years;
$45,000
YrsH1va UNIVERSITY, New York, N.Y. ; Harry
E. Rauch; Differential Geometry in the
Large; 2 years ; $70,000

METABOLIC BIOLOGY

ALBERT EINSTEIN MEDICAL CENTER, Phila-
delphia, Pa.; David H. Eszeklel; Structure
and Function of Bacterial Nuclear Bodies,;
2 years ; $45,000

Herman Friedman; Nucleoproteing and
Subcellular Particles in Antibody Formation;
2 years ; $33,600

Albert 8. Kaplan; Nucleic Acids Synthe-
gized by Pseudorabies Virus-Infected Cells;
2 years; $57,200

Henry C. Reeves ; Alpha-Hydroayglutarate
Synthetase,; 2 years; $36,000

Murray Strassman; Biosynthesis of Va-
line, Leucine and Lysine; 2 years; $32,500
ARIZONA STATE UNIVERSITY, Tempe; John
N. Aronson; Sporulating Bacilli; 2 years;
$10,000
B1o-RESEARCH INSTITUTR, INC.,, Cambridge,
Mass.; Peter Bernfeld; Macroanionic En-
2yme Inhidbition ; 2 years ; $18,000
BRANDEIS UNIVERSITY, Waltham, Mass.;
Jerome A, Schiff ; Sulfur Metabolism in Al-
gae; 2 years ; $33,000
BrigHAM YOUNG UNIVERSITY, Provo, Utah;
Jay V. Beck; Metabolism of Thiobacillus
Autotrophic Bacteria; 2 years; $24,000

Willard H. Bradshaw and Jay V. Beck;
Low Potential Electron Transfer Systems in
Purine Fermenting Clostridia; 2 years;
$31,750

Richard D. Sagers; Acetate Formation in
Anaerobic Microorganisms; 2 years; $25,400
BRrROWN UNIVERSITY, Providence, R.I. ; Frank
G. Rothman ; Structural Studies on H. coli
Alkaline Phosphatase in Relation to Genetic
Phenomena; 8 years; $53,800
CALIFORNIA INSTITUTE OF TECHNOLOGY,
Pasadena; James Bonner; Chemical Study
of Plant Growth and Development; 3 years;
$80,000
COLORADO STATE TUNIVERSITY RESEARCH
FoUNDATION, Fort Collins ; Arthur R. Schulz;

Mechaniam of Photophosphorylation; 2
years; $18,000
CoLuMBIA UNIVERSITY, New York, N.Y.;

Philip Feigelson ; Mechaniams of Mammalian
Substrate and Hormonal Induced Enzyme
Formation; 3 years; $73,600

Alvin 1. Krasna; Buzyme Hydrogenase in
Hydrogen Photosynthesis; 2 years; $33,400

1. B. Wilson ; Studies in Enzyme Theory;
3 years; $41,100
CORNELL UNIVERSITY, Ithace, N.Y.; James
L. Gaylor; Biosynthetio Precursors of Bile
Acids and Steroidal Hormones; 2 years;
$16,900

Martin Gibbs; Pathways of Oarbohydrate
Metabolism ; 3 years; $86,000

Robert B. Reeves; Metabolic Control in
Working Anaerobic Muscle; 2 years ; $37,800

Shoichi Steven Hotta, New York, N.Y.;
Cellular Sulfhydryl Groups; 2 years ; $21,700



CREIGHTON UNIVEERSITY, Omaha, Nebr.: W. C.
Cordes ; Fatty Acid Synthesis in Elodea; 1
year ; $2,000
DarrMourds CorrEGE, Hanover, N.H.; Sam-
uel F. Conti; Development and Physiology
of Photoaynthetic Bacteria; 2 years ; $13,000
DickiNsoN COLLEGRE, Carlisle, Pa.; Barbara
B. McDonald; DNA Metabolism in Macro
and Micronuclei of Tetrahymena Pyriformis;
8 years ; $18,700
ForpEAM UNIVERSITY, New York, N.Y.;
Friedrich F, Nord; Structural, Biochemical
and Physico-chemical Studies on Lignins,;
2 years; $30,000
FOUNDATION FOR RESEARCH ON TE® NERVOUS
SyYSTEM, Boston, Mass.; Robert ¥. Gilfillan ;
Phagocytosis, Selection Growth, and Sur-
vival of Primary and Established Cell Cul-
tures; 2 years; $28,700
FUND FOR ADVANCEMENT OF EDUCATION AND
RESEARCH IN THE UNIVERBITY OF KENTUCKY
MEDICAL CENTER, Lexington; J. W. Arch-
deacon; Bone Marrow Cells and Relation to
Adenosinetriphosphatase Activity,; 2 years;
$16,000
GOUCHER COLLEGE, Baltimore, Md. ; Helen B.
Funk and Helene A. Nathan ; Conversions of
Pteridines by Enzymes; 2 years; $15,000
Clifford R. Noll, Jr.; Diphosphopyridine
Nucleotide linked Dehydrogenases; 2 years;
$13,000
HAHNEMANN MEDICAL COLLEGE AND Hos-
PITAL, Philadelphia, Pa.; Albert G. Moat;
Rite and Mode of Action of Biotin in Metabol-
fc Reactions; 2 years; $37,400
HARVARD UNIVERSITY, Cambridge, Mass. ; Al-
bert B. Renold; Hormonal and Nutritional
Control of Amino Acid and Protein Metab-
olism in Adipose Tissue; 3 years; $50,000
INDIANA UNIVERSITY FOUNDATION, Blooming-
ton; Donald J. Niederpruem, Indianapolis;
Metabolism of Schizophylium Commune; 2
years ; $9,400
INSTITUT PASTEUR, Paris, France; Melvin
Cohn; Investigations of Antibody and
Enzyme Synthegis; 1 year; $6,700
INSTITUTE FOR CANCER RESEARCH, Phila-
delphia, Pa.; Murray Strassman and Sidney
Welnhouse ; Biosynthesis of Valine, Leucine
and Lysine; 3 years; $35,200
INSTITUTE FOR MUSCLE DISEASE, INCORPO-
RATED, New York, N.Y.; Alexander Sandow

and Maurice B. Feinstein; Metabolism in
Bkeletal Muscle Contraction; 2 years;
$21,500

JoaNs HoPKINS UNIVERSITY, Baltimore,

Md.; Manfred M. Mayer; Cytotowic Reac-
tions Mediated by Antibody and Complement,
and Related Phenomena; 3 years; $78,000
KaISER FOUNDATION RESEARCH INSTITUTE;
Oakland Calif,; Morton Rothstein; Lysine
Metaboliam in Algee; 2 years; $20,000

LouisiaANA STATE UNIVERSITY, Baton Rouge;
A. D. Larson; Bacterial Metabolism of Iso-
propylamine and  Alpha-aminoisobutyric
Acid; 2 years; $11,700
MaSSACHUSETTS INSTITUTE OF TECHNOLOGY,
Cambridge ; Edward Herbert; Synthesiz of
Ribonucleic Acid and Role of Ribonucleic
Acid in Protein Synthesis; 2 years; $64,000
Richard I. Mateles ; Dynamics of Microbial
Response and Accommodation; 2 years;
$26,000

MicHIGAN 8taT® UNIVERSITY, Bast Lansing ;
Robert Bandurskl; Afetadolism of Micro-
organisms; 8 years; $58,900

Edward C. Cantino; Relation Between
Biochemical and Morphological Differentia-
tion in Water Fungus, Blastocladiella Emer-
gonti; 8 years; $39,200

N. B. Tolbert; The Glycolate Pathway in
Plant Metaboliem; 3 years; $60,000

MoNTANA S8TATE COLLEGE, Bozeman ; Donald
Reed ; Relation of Carbohydrate Metabolism
to Mineral Nuirition of Plants; 2 years;
$12,000

MOUNT SINAI MEDICAL RESEARCH FOUNDA-
TION, Chicago, Ill.; 8. G. A, Alivisatos;
Metabolism of Histamine and of Related
Compounds; 8 years; $45,000

NEwW YORK UNIVERSITY, New York; Jerard
Hurwitz ; Effect of Viral Infection on RNA
Metabolism,; 8 years; $62,600
NoRTH DAROTA STATE UNIVERSITY, Fargo:
D. Stuart Frear; Metabolism Studies of
Germinating Fla» Rust Uredospores; 8
years ; $24,700
NORTHWESTERN UNIVERSITY, Evanston, I, ;
Ralph A. Slepecky; Morphogenesis of Bao-
terial 8pores; 8 years; $36,000

Chiladao Chen, Chicago; Cardiotonic Ste-
roids in the Toad; 2 years; $17,800
OREGON STATE UNIVERSITY, Corvallis; David
W. Loomis; Egquipment for Biosynthesie of
Terpenes; 1 year; $5,600

Donsald J. Reed ; Relation of Oarbohydrate
Metabolism to Mineral Nutrition of Plants;
2 years; $12,000

C. H. Wang ; Instrumentation for Carbo-
hydrate Catabolism; 1 year ; $13,000
PENNSYLVANIA STATE UNIVERSITY, Unlversity
Park; L. N. Zimmerman; Arginine Dihy-
drolase Enzyme System ; 2 years; $19,500

PurbUR RESEARCH FOUNDATION, Latayette,
Ind. ; Joseph Kuc and BE. B, Williams ; Meta-
bolic Pathways Controlling Host-Parasite
Relationships; 1 year; $19,200

Leonard E. Mortenson ; Electron Trans-
port and Nitrogen Fization in Anaerobio
Bacteria; 2 years; $36,000
RESEARCH FOUNDATION, OKLAHOMA STATRE
UNIvERSITY, Stillwater; Eric C. Noller; E/f-
fect of Lysozyme-Potentiating Treatments
on Gram-Negative Bacteria; 2 years;
$19,600
ROCKEFBLLER INSTITUTBE, New York, N.Y.;
Martin A, Rizack; Enzyme Activity in Adi-
pose Tissue; 2 years; $24,000
RUTGERS, THB STATB TUNIVERSITY, New
Brunswick, N.J.; Werner Braun; Efects of
Cellular Components; 8 years; $72,400
ST. MARGARET'S HOSPITAL, Boston, Mass,;
Anthony J. Sbarra and Robert F. Gilfillan ;
Biochemical Phenomena Associated with
Phagocytosis,; 2 years; $30,000
SETON HALL COLLEGE OF MEDICIND AND
DENTISTRY, Jersey City, N.J.; Katherine F.
Lewis; Lysine Blosynthesis in Fungé; 2
years; $19,000
TEMPLE UNIVERSITY, Philadelphia, Pa.; M.
Strassman and S. Weinhouse ; Biosynthesis
of Valine, Leucine and Lysine; 3 years;
$34,000
Turrs Univensity, Medford, Mass,; Louls
Shuster, Boston; Nucleotide Metabolism in
Germinating Seeds; 2 years; $30,000
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UNIVERBITY OF ARIzONA, Tucson; Irving
Yall; A&-Adenosylmethionine and Purine
Metabolism in Yeasts; 2 years; $22,900

UNIVERSITY OF CALIFORNIA, Berkeley ; Daniel
I. Arnon ; Niirogen Agsimilation and Photo-
synthesis; 1 year ; $35,000

I. L. Chaikoft; Interrelations Between
Fatty Acid and COarbohydrate Metadoliam;
8 years; $61,800

Michael Doudoroft ; Structure and Forma-
tion of Photosynthetioc Apparatus in Bacteria
and Blue-Green Algae; 2 years; $635,700

Sanford S. Elberg; Intramonocytic Me-
taboliam of Brucella Melitensis; 2 years;
$25,000

David P. Hackett; Respiratory Hydrogen
Transport Chain in Plants; 2 years; $38,200

W. Z. Hassid and Raymond A. Dedonder;
Biosynthesis of Saccharides f[rom Sugar
Nucleotides; 1 year; $16,500

W. Z. Hassid; Sugar Nucleotides in
Plante; 5 years; $175,000

W. Terry Jenkins; Decarboxzylases and
Deaminases of E. Coli; 2 years; $17,200

Allen G. Marr, Davis ; Biochemical Cytol-
ogy of Bacteria; 3 years; $65,100

T. B. Weler and C. R. Stocking, Davis;
Ultrastructure of Chloroplasts; 3 years;
$46,800

Rafael J. Martinez, Los Angeles; Genus
Spirillum ; 2 years ; $30,000

Leland M. Shannon and Arthur Wallace,
Los Angeles; Malonic Acid and Its Role as a
Metabolic Regulator; 2 years; $24,000

Irving Zabin, Los Angeles; Sphingolipide
Metabolism; 2 years; $38,400

Ernest Kun, San Francisco; Determina-
tion of the Biological Role of Enzymes; 3
years ; $32,000

Philip C. Laris, Santa Barbara; Adeno-
sinetriphosphatase and Sugar Transport
Mechanism ; 2 years; $13,700
UNIVERSITY OF CHIcAGgo, Ill.; Lawrence
Bogorad & Wayne J. Mcllrath ; Photocontrol
of Certain Metabolic Systems in Planis; 8
years ; $46,800

UNIVERSITY OF CINCINNATI, Cincinnati, Ohilo ;
George W. Kittinger ; Regulation of Adreno-
cortical Hormone Production in the Rat; 3
years ; $18,000

Herman C. Lichstein; Metabolic Control
Mechanisms in the Bacterial Cell; 8 years;
$61,900

UNIVERSITY OF FLORIDA, Gainesville; W. 8.
Silver and George J. Fritz ; Analytical Mass
Bpectrometer; 1 year; $33,300
UNIVERBITY oF GEORGIA, Athens; Milton J.
Cormier ; Mechanism of Bioluminescent Re-
actions ; 8 years; $54,000

Robert G. Eagon; Carbohydrate Metab-
oliem of Pseudomonas Natricgens; 2 years;
$20,000

UNIVERSITY oF Hawall, Honolulu; Bruce J.
Rogers; Catabolism of 3-amino-1,2,4-tri-
azole and Related Heterocyclic Rings én
Plants; 3 years; $14,400

Theodore Winnick; Mechanisms of Bio-

synthesis of Polypeptides; 4 months;
$12,000
Theodore Winnick; Biosynthesis and

Physiological role of Gramacidin Peptides in
Bacillus Brevis; 1 year; $15,000

UNIVERSITY OF ILLiNois, Urbana; H. H.
Draper ; Metabolisem of Alpha Tocopherol in
Animals; 2 years; $22,200
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1. C. Gunselus; Isoprenoid Metabolism:
Terpene Biosynthesis and Degradation; 5
years ; $206,400

B. L. Larson ; Secretory Activity and Pro-
tein Synthesis; 2 years; $82,000

R. 8. Wolfe; Metabolic Reactions in Bao-
teria; 3 years; $42,900
UNIVERSITY OF MARYLAND, College Park;
Leslle C. Costello; Relatfonship of Metab-
olism to Embryological Development of
Ascaris Lumbricoides Var. Suum; 2 years;
$20,000
UNIVERSITY OF MASSACHUSETTS, Amherst;
Henry N. Little; Biosynthesis of Metal-
loporphyrins and Metalloporphyrin Proteins;
3 years; $29,800
UNIVERSITY OF MICHIGAN, Ann Arbor; I. A.
Bernstein ; Biosynthesis of Deozyribose; 8
years; $39,000

Peter M. Ray; Metabolic Processes In-
volved in Growth of Plant Cells; 3 years;
$86,000

Alfred 8. Sussman; 4 Developmental
Rtudy of Neurospora; 8 years; $57,500

Conrad 8. Yocum; PRiological Nitrogen
Fization; 2 years; $85,000
UNIVERSITY OF OREGON, Eugene:; Aaron
Novick; Regulatory Mechanisms; 3 years;
$90,000
UNIVERSITY OF PENNSYLVANIA, Philadelphia ;
Walter D. Bonner; Mechanisms of Cellular
Owidations in Plant Tissues; 2 years ; $49,300

Martin Schwartz; Light Reaction of
Photosynthesis; 2 years; $12,000
UNIVERSITY OF PITTSBURGH, Plttsburgh, Pa. ;
David 8. Feingold ; Utilization of Deocy-and
Dideoryaldoheroses by Microorganisms; 2
years ; $40,000
UNIVERSITY OF ROCHESTER, N.Y.; Wolf
Vishniae ; Enzymatic Reactions in Microbial
Metabolism ; 4 months ; $3,100

Wolf Vishniac; Autotrophic Metabolism ;
2 years; $34,000
UNIVERSITY OF TENNESSEE, Knoxville, Guy
T. Barry; Bacteriocinic Microorganisms; 2
years ; $40,000

Samuel R. Tipton; Thyroid Binding
Capacity of Berum and Tissue Fractions; 2
years ; $20,000

Willlam B. Jefferson, Jr., Memphis:;
Bteroids on Metabolism and Composition of
Fungal Mycelium ; 1 year; $10,000
UNIVERSITY OF TexAS, Austin; James L,
Larimer ; Respiratory Proteins in Crustacea;
2 years ; $32,000
UNIVERSITY OF WiISCONSIN, Madison; John
W. Porter; Biosynthesis of Isprenoid Com-
pounds; 3 years; $32,000

Charles J. Sth; Enzymatic Mechanism of
Steroid Ring A Aromatization; 2 years;
$27,000

Folke Skoog; Regulation of Growth and
Morphogenesis in Plants; 5 years; $192,700
UTAH STATE UNIVERSITY, Logan; Frank R.
Stermitz, Alkaloid Btosynthesis and Meiad-
olism; 2 years; $16,800
VANDERBILT UNIVERSITY, Nashville, Tenn.;
Jane Harting Park ; Mechanism of Catalysis
of 3-Phosphoglyceraldehyde Dehydrogenase ;
8 years; $36,000

H. C. Meng; Lipid Metabolism in Adipose
Tissue; 3 years; $45,000

John H. S8chneider; Nuclefo Acid-Like
Diphenylamine Chromogen ; 2 years ; $15,000



WagKE ForesT COLLEGE, Winston-Salem,
N.C.; Walter J. Bo; Synthesis of Glycogen
from Uridinediphosphoglucose in the Uterus;
2 years ; $14,600

WasHINGTON UnNiversity, St. Louis, Mo.;
Oliver H. Lowry; Riboflavin Enzymes in
Growth and Deficiency ; 3 years ; $61,600

WEST VIRGINIA UNIVERSITY, Morgantown;
Jerald L. Connelly ; Owidative Decarboxyia-
tion of A-Keto Acids Derived from Branched-
Chain Amino Acids; 2 years; $27,500

WORCESTER F'OUNDATION FOR EXPERIMENTAL
Biorogy, INc., Shrewsbury, Mass.: Oscar
Hechter; The Mode of Insulin Action; 2
years ; $33,400

Yesuaiva Universiry, New York, N.Y.;
Abraham White, Mechanism of Effects of

Py 4 gy e PPy . PNy assnnian s Y
Adrenal Cortical Sterotds on Lywmphold T'is-

sue; 3 years ; $45,000

MOLECULAR BIOLOGY

ALBERT HINSTRIN MEDICAL CENTER, Philadel-
phia, Pa.; Robert J. Suhadolnik ; Biogenesis
of Alkaloids; 2 years ; $60,000

AMBERICAN FOUNDATION FOR BIOLOGICAL RB-
SPARCH, Madison, Wis.; Basile J. Luyet;

Freezing of Biological Material; 1 year;

$50,000
AUBURN UNIVERSITY, Auburn, Alabama; W.
¥. Head, Jr; Fluorescent Antibody System;
1 year; $4,000
Bauer, Hugo;
years ; $8,000
BERMUDA BIOLOGICAL STATION FOR RESHARCH,
INc., St George’'s West, Bermuda ; Donald
Q. Co s Riochemdsiry of Differmtiaﬁon 1
year; $4 500

BRANDEIS UNIVERSITY, Waltham, Mass. ; Max
Chretien; Additional Eguipment for Science
Shop; 1 year; $10,000 -

UTrie v, Prieguall , Seruaits on vio nouwvs
tion of DNA with Diazomethane; 2 years,
$258,000

Thomas C. Hollocher; Mechanisms of
Enzymatic Reactionsg; 2 years; $50,000

Helen Van Vunakis; Siruciure of Func-
tional Groups in Biologically Active Mole-
cules; 2 years; $35,000

BrowN UNIVERSITY, Providence, R.I.; Paul
R. Gross ; Nucleic Acid Synthesis During the
Cell Cycle of Sea Urchin Eggs; 1 year ; $1,600

CALIFORNIA INSTITUTE OF TECHNOLOGY, Pasa-

Histidine Metabolism; 2

dens ; Richard E. Marsh and Robert B.
Corey; Rtructure of Orystals; 2 years;
20 000

POVUUY

A. Van Harreveld; Water and Electrolyte
Distribution in Central Nervous Tigsue; 2
years; $25,000

Carl Niemann ; Synthesis and Degradation

nd DoodlIone O cocme s 00 OO0
0] LEPUIWGES, & JFEALS , poo,UUV

CH1cAGO MEDICAL ScHooL, IlL.; Robert K.
Crane ; Mechaniam of Intestinal Absorption;
2 years; $90,000
CoLuMmBIA UNIVERSITY, New York, N.Y.; Jay
Glasel and D. Rittenberg; Biochemical
Studies Utilizing Nuclear Magnetic Reson-
ance Specirogscopy; 2 years; $100,000
Irving Goodman ; Biological Action in Low

David Shemin ; Synthesis and Funotion of
Porphyrine eand Related Compounds; Syn-
thests of Enzymes; 3 years; $175,000

P. R. Srinivasan; The Mechanism of
Transfer o] Genetic Information Belween
Nucleus and Cytoplasm; 2 years; $11,000
CorNpLL UNIVERSITY, Ithaca, N.Y.; Thomas
C. Bruice ; Mechanism of Transamination of
Amino A,cizlg + 2 years; $50,000

Robert W. Holley, Bioaynthesia of Pro-
teing; 8 years; $50,000
DARTMOUTH COLLEGE, Hanover, N.H. ; Shinya
Inoue ; Analysis of Fine Structure of Living

Nolla » 2 years; 19K Hnn

V8, o FEATS; ¢2a0,V00

Arthur J. Samuels; Optical Rotatory Dis-
persion of Muscle Enzymes and Sub-Units; 1
year; $6,000

Andrew G. Szent-Gyorgyi; Proteins, OCon-

traction and annhnnauanln of Muscle, 2

years; $200000
Duke Uxiversiry, Durkam, N.C.; John W.
Moore ; Yonic Conductance Studies; 2 years;
$50,000

DuQuesNm UNIVERSITY, Pittsburgh, Pa.;
Norman C. Li ; Metal Binding to Biologically
Important Compounds; 2 years; $26,000
EASTERN PENNSYLVANIA P8YCRIATRIC INSTI-
TUTION, Philadelphia; Samuel B. Horowits ;
Non-Blectrolyte Permeability; 2 years;
$28,000

Epspr. B, Forp INSTITUTRE FOR MEDICAL RE-
SEARCH, Detroit, Mich.; Thomas P. Singer
and Edna RB. Kearney; Mechanism of Mito-
chondrial Ozidations,; 2 years; $50,000
FuND FOR ADVANCEMENT OF EDUCATION AND
RESEARCH IN THR UNIVERSITY OF KENTUCKY
Mmmcu. Cmm‘mn Lexington H Rlchard 8.

Qoah e A e Andda data o
Schweet; Amino Acids to Protein; 8 years;

$60,000
HARNEMANN MEDICAL COLLEGE AND HOS-
PITAL, Philadelphia, Pa.; Peter Oesper;
Molecular Weightes and HEnsyme-Subsirate
Dissociation Consianis of Giycolyiic En-
zymes; The Preparation of Some New Subd-
strates and Inhibitors; 2 years; $17,000
HARVARD UNIVERSITY, Cambridge, Mass ; Oleg
Jardetzky; Nuclear Magnetic Resonance
Studies of Biologically Important Moleoules;
2 years; $90,000

Herman M. Kalckar; Molecular Basis of
Enzyme Synthesis and Activity; 3 years;
$140,000

John H. Law; Bacterial Lipids; 2 years;
$25,000

Matthew S. Meselson ; Structural Basis of
Genetic Recombination; 8 years; $150,000

A, K, Solomon; Permeability of COellular
Membranes ; 2 years; $70,000

George Wald; Biology and Evolution of
Viston,; 8 years; $84,000

James D. Watson ; Structure and Function
of Bacterial Ribosomes,; 1 year; $30,000
HeBrew UNIvERSITY, Jerusalem, Israel;
Michael Schramm; Enzyme Secretion by
Cell; 2 years; $35,000
HunTtER CoLLeeBn, New York, N.Y; Richard
C. Mawe; Qlucose Penetration in Human
Red Blood Cell; 3 years; $15,000
ILLINOIS INSTITUTE OF TRCHNOLOGY, Chi-
cago ; Robert Filler; Synthetic Polymers of
Unnatural Amino Acids,; 2 years; $25,000

Tniverarry Faoxparrion RBloom-

LV NIVERSITY XOUNDATION, Z2Io0m

ington- Walter L. Meyer; Synthot’lo Ap-

Molecular Weight Compoundg; 2 years;! INprana
$30,000
Elvin A. Kabat; Immu hemical Studies

on Polysaccharides; 3 years; $180,000

662289—63——16

hes to 0—-18 Functional Sieroids; 2
years $21,000
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JOHANN-WOLFGANG - GOETHE - UNIVERSITAT,
Frankfurt-am-Main, West Germany; Erich
Heinz; Mechaniem of Active Transport
Across Cellular Membranes ; 2 years ; $28,000

JorNS HopPKINS UNIVERSITY, Baltimore,
Mad.; Howard M. Dintzis; Crystalline Pro-
teing; 1 year; $29,000

Albert L. Lehninger ; Active Transport by
Mitochondria; 3 years; $80,000

W. D. McElroy; Conversion of Chemical
Energy into Light Energy by Biological
Systems; 3 years; $99,000

Gifford B. Pinchot ; Mechaniams of Oxida-
tive Phosphorylation; 3 years; $57,000

KAISER FOUNDATION RESEARCH INSTITUTE,
Richmond, Calif.; Ilse Dorothea Raacke and
Mary Belle Allen; Protein Synthesis in
Algae; 2 years; $20,000

Kyoro UNIVERSITY, Yoshidamachi, Kyoto,
Japan; Itaru Watanabe; 7Transfer of Ge-
netic Information in Bacterial DNA System ;
2 years; $30,000

LANGLRY PORTER NBEUROPSYCHIATRIC INSTI-
TUTE, San Franeisco, Calif.; George L. Ell-
man; Protein Changes in Brain Tissues;
2 years; $20,000

MANHATTAN CoLLBGHE, New York, N.Y.; C.
William Batt; Purification and Kinetics of
Esgterases from Various Seeds; 2 years;
$10,000

MARINE BIOLOGICAL ILABORATORY, Woods
Hole, Mass.; Albert Szent-Gyorgyl; Elec-
tronic Interactions Between Molecules; 2
years; $80,000
J. Woodland Hastings; Scientific Equip-
ment for Physiology and Biochemistry,; 1
year; $65,000
MASSACHUSETTS INSTITUTRE OF TECHNOLOGY,
Cambridge; Vernon M. Ingram; Genetic
Control of Protein Structure and Its Rela-
tion to Protein Synthesis; 2 years; $65,000
Alexander Rich and John M. Buchanan;
Electron Spin Resonance Studies; 1 year;
$50,000
MzLLoN INSTITUTR, Pittsburgh, Pa.; Robert
V. Rice; Macromolecular Conformations; 1
year; $9,000
MICHIGAN STATE UNIVERSITY, East Lansing ;
Willis A. Wood ; Synthesis of Enzyme Fami-
lies; 2 years; $25,000
MoUNT HOLYOKE CoOLLEGE, South Hadley,
Mass, ; Curtis G. Smith; Control of RNA
Synthesis,; 2 years; $10,000
MoUNT SiNAl HospiTar, New York, N.Y.;
J. D. Chanley and Harry Sobotka; Steroid
Compounds from Invertebrates; 2 years;
$32,000

NATIONAL ACADEMY OF SCIENCES-NATIONAL
REsEARCHE Councin, Washington, D.C.;
Frank L. Campbell; Support of NAS—-NRC
Ad Hoc Committee on International Rela-
tions in Biophysica; 1 year; $9,000

NEw YorRK UNIVERSITY, New York; B. L.
Horecker ; Enzyme Mechanisms in Carbo-
hydrate Metabolism ; 3 years; $110,000

OKLAHOMA MEDICAL RESEARCH FOUNDATION,
Oklahoma City; Ranwel Caputto; Chemical
Studies on Adenosine-Myonosine Dinucleo-
tide; 2 years; $25,000

OrpGOoN STATE UNIVERSITY, Corvallls; Ver-
non H, Cheldelin ; Biosynthesis of Essential
Metabolites; 1 year; $7,000
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Conrad T. O. Fong; Chemical Aspeots of
Hormone-Recept Interaction; 2 years;
$20,000

OsARA UNIVERSITY, Osaka, Japan; Hiroshl
Fujita ; Ultracenirifugal Method; 2 years;
$5,500

PasTeUr INSTITUTE, Paris, France; Charles
W. Todd ; Chemistry of Antibody Proteins;
2 years; $15,000

PENNSYLVANIA STATP UNIVERSITY, Univer-
sity Park; Greenville K. Strother; Neural
Photopigments in Vivo,; 2 years; $15,000

PRINCBTON TUNIVERSITY, Princeton, N.J.;
Frank H. Johnson; Biochemistry of Lumi-
negcent Systems; 2 years; $38,000

Walter Kauzmann; Protein Structure
and Behavior; 3 years; $160,000

RESBARCH FOQUNDATION, OKLAHOMA STATE
UNIVERSITY, Stillwater; George Gorin;
Tertiary Structure of Proteins; 2 years;
$24,000

RESEARCH FOUNDATION OF STATE UNIVERSITY
oF Npw YORK, Albany; Sumner N. Levine,
Oyster Bay ; Electrical Transport in Helical
Molecules ; 2 years; $25,000

RETINA FOUNDATION, Boston, Mass.; John
Gergely ; Biochemistry of Muscle Contrac-
tion; 2 years ; $50,000
ROCKEFELLER INSTITUTB, New York, N.Y.;
Lucien G. Caro and George BE. Palade; Pro-
tein Synthesis and Intracellular Transport,;
1 year; $19,000

Daniel E. Koshland, Jr.; Enzyme Siruc-
ture and Function; 2 years; $25,000

Gertrude K. Perlmann ; Structural Studies
on Phosphoproteins; 2 years ; $80,000

Theodore Shedlovsky ; Function of Protons
in Solutions; 2 years; $24,000
RUTGERS, THE STATE TUNIVERSITY, New
Brunswick, N.J.; Frank F. Davis; Low
Molecular Weight Ribonucleic Acids from
Yeast ; 2 years; $22,000

Ekkehard K. F. Bautz; Fractionation and
Characterization of Messenger RNA ; 1 year;
$12,000

Michael Heldelberger; Relations Between
Chemical Constitution and Immunological
Bpecificity ; 8 years; $75,000

David Pramer ; Concentration and Charac-
terization of Nemin; 2 years; $21,000

Walter W. Walnlo; Purification and
Characterization of the Cytochromes Owi-
dase, b and ¢l of Mammalian Heart Muscle;
2 years; $20,000
Sr. Lours TUNIVERSITY, Mo.; Walter R.
Schlesinger ; Macromolecular and Particulate
Elements ; 2 years ; $75,000

Audrey Stevens; Ribonucleic Acid in
Bacterial Extracts; 2 years; $35,000

A. H. Weber ; Structure Determination of
Virus Particles ; 1 year; $5,000

SMiTH CoOLLEGE, Northampton, Mass.;
Dorothy Wrinch ; Structure of Small Pep-
tides and Peptide Fragments; 2 years;
$15,000

STaNvorp UNIVERSITY, Stanford, Calif.; M.
Weissbluth ; U~V and Mossbauer Studies in
Macromolecules ; 2 years ; $40,000

STATE UNIVERSITY OF Iowa, Jowa City;
Charles A, Swenson; Infrared Spectra of
Biologically Important Compounds ; 2 years;
$30,000




SYBRACUSE TUNIVERSITY, 8Syracuse, N.Y.;
Roger O. Eckert; Ewcitation-Response Cou-
pling in Bioluminescent Cells; 2 years;
$25,000

UNIVERSITY OF ARIZONA, Tucson; Johmn A.

Rupley; Studies on Lysozyme; 2 years;
$35,000
UNIVERSITY OF CALIFORNIA, Berkeley;

Frederick H. Carpenter; Chemistry of Pro-
teing; 3 years; $54,000

James Cason; Non-Antibiotic Metabolic
Products of Molda; 2 years ; $20,000

Charles A. Dekker ; Structural Studies on
Nucleic Acide; 1 year; $5,000

Robert X. Macey; Permeability of Biolog-
ical Membranes to Non-Elecirolytes; 2 years;
$30,000

Lester Packer; Function of Sub-Cellular
Membranes ; 2 years ; $45,000

Martin D. Kamen, La Jolla ; Biochemisiry
of Haematin Compounds in Photosynthetic
Bacteria ; 3 years ; $140,000

Stanley L. Mliller, La Jolla; Synthesis of
Organic Compounds,; 2 years; $28,000

Andrew A, Benson, Los Angeles; Radio-
chemical Studies in Lipid Biochemistry; 1
year ; $19,000

Fritiof 8. Sjostrand, Los Angeles; Enzy-
matic Activities Connected with Certain
Cytoplasmic Systems; 2 years; $100,000

Warren D. Kumler, San Francisco; Nu-
clear Magnetic Resonance Spectroscopy; 1
year ; $25,000

Manuel F. Morales and Shizuo Watanabe,
San Francisco ; Molecular Aspects of Muscle
Function ; 8 years ; $120,000

Harold Tarver and Richard A. Fineberg,
San Francisco; Structure and Biosynthesis
o] Ferritin and Apoferritin; 2 years;
$35,000
UNIVERSITY OF DELAWARE, Newark; Don
Dennis ; Substrate Substituted Cellulose Res-
ing for Enzyme Purification; 2 years;
$14,000

UNIVERSITY OF FLORIDA, Gainesville; James
L. Nation; Study of Purine Catabolism in
Ingects; 2 years; $16,000

UNIvBRSITY OF Hawall, Honolulu ; Kerry T.
Yasunobu ; Mode of Action of Chymopapain
and Chymobromelain,; 2 years; $25,000

UNIVERSITY OF ILLINOIS, Urbana ; Govindjee
Eugene Rabinowitch; Photochemical Proc-
esses; 2 years; $50,000

L. P. Hager; Biological Halogenation
Mechaniams,; 3 years; $90,000

A. C. Ivy, Chicago; Determination of His-
temine; 1 year; $1,000

J. Emerson Kempf, Chicago ; Protein Syn-
thests in Viral Infection; 2 years; $20,000

Alfred Nisonoff; Structural Studies of
Antibodies; 2 years; $75,000

N. Sueoka; DNA Replication; 3 years;
$45,000

Elizabeth Thorogood; Legume Nodule
Hemoproteina; 1 year; $2,000
UNIVERSITY OoF KaNSAs, Lawrence; Philip
Newmark ; Nucleic Acid, Protein and Virus
Synthesis; 2 years; $35,000
UNIVERSITY oF LoUISviLLE, Loujsville, Ky.;
Peter XK. Knoefel ; Intermolecular Bonding
in a Biological Transport System; 1 year;
$6,500

Paul G. LeFevre; Mechanfam of Carrier-
Mediated Transport of Sugars Through Oell
Membranes ; 8 years; $100,000

UNIVERBITY OF MAINE, Orono; George R.
Pettit ; Alkaloid and Triterpene Components
of the Labiatae; 2 years; $20,000

UNIVERSITY OF MARYLAND, College Park;
Arthur J. Emery, Jr., Baltimore; Protein
Biosynthesis; 2 years; $15,000

Rdward J. Herbst, Baltimore; Molecular
Form and Function of Spermine in Animal
Tissues ; 2 years; $20,000

UNIVERSITY OF MICHIGAN, Ann Arbor;
Philipp Gerhardt; Membrane Ulirasiructure
in Microorganisms; 1 year; $45,000
Philipp Gerhardt; Membrane Ulirasiruo-
ture in Microorganiams,; 2 years; $18,000

UNIVERSITY OF MINNESOTA, Minneapolis ; D.
R. Briggs; Chemical and Physical Proper-
ties and Siructures of Proteina; 2 years;
$10,000

Victor Lorber; Ion Fluwes in Heart Mus-
cle; 2 years; $20,000

Rufus Lumry ; Kinetic Studies of Enzyme
Mechanisms by High-Speed Methods; 2
years; $26,000

C. J. Watson and Colm C. O’hBocha;
Rtructural Studies of the Phycobilins; 1
year; $10,000
UNIVERSITY OF MissoURI, Columbia ; Charles
W. Gehrke ; The Quantitative Determination
of Amino Acids by Gas Chromatography,; 2
years; $16,000

UNIVERSITY OF NEBRASKA, Lincoln; John H.
Pazur; Thymidine Diphosphate Hevoses and
the Synthesis of Carbohydrates; 2 years;
$30,000

UNIVBRSITY OF NORTH CAROLINA, Chapel
Hill; Ralph Penniall; ATP of Rat Liver
Mitochondria Responsive to 2,;-DNP; 2
years ; $25,000

Claude Piantadosi; Chemistry and Melabd-
olism and Plasmalogens; 2 years; $18,000

UNIVERSITY OF OREGON, Fugene; Sidney A.
Bernhard; Molecular Structure and Func-
tion; 2 years; $115,000

. J. Reithel; Reversible Association of
Proteins and the Relation to Enzymic Adc-
tivity ; 3 years; $100,000

UNIVERSITY oOF THRE FPacipric, Stockton,
Calif. ; Howard K. Zimmerman ; Fundamen-
tal Chemistry of Aminosugars; 1 year;
$11,000

Howard K. Zimmerman; Synthesis of
New Aminosugars; 2 years; $30,000

UNIVERSITY OF PENNSYLVANIA, Philadelphia ;
Mildred Cohn ; Mechanisms of Phosphoryl-
ation and Phosphate Transfer Reactions;
3 years; $90,000

Georg Czerlingkl; Temperature Jump
Ntudies; 2 years; $50,000

David L. Drabkin; Hemin Chromopro-
teins ; 2 years; $25,000

Fred Karush ; The Study of the Bzchange-
able Hydrogen of Proteins with Tritium;
2 years; $24,000

Abraham M. Shanes; A Physiocochemical
Approach to Natural Membranes; 2 years;
$30,000
UNIVERSITY OF PITTSRURGH, Pa.; Klaus Hof-
mann : Relation Between Structure and Bio-
logical Activity of Synthetic Polypeptides;
3 years ; $65,000

Max A. Lauffer ; Formation of Virus Par-
ticles ; 2 years; $30,000

Walter 8. Vincent ; Deoayribonucleic Actd-
Like Ribonucleio Acid; 2 years; $50,000
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UNIVERSITY OF SoUTH FLORIDA, Tampa:
Frank E. Friedl; Growth and Nutrition of
an Awenic Snail; 2 years; $17,200

UNIVERSITY OF TENNESSEE, Knoxville; Alkis
J. Sophianopoulos; Thermodynamics of Re-
versible Struoctural Changes in Proteing; 1
year ; $25,000

UNIVERSITY OF UPPsALA, Uppsala, Sweden;
Arne Tisellus; Methods for the Separation
of Particles and Macromolecules in Biolog-
ical Systems ; 3 years; $120,000

UNIVERSITY OF UTAH, Salt Lake City; John
D. Spikes; The Physical-Chemical Properties
of Tendon and Other Mechanical Tissues in
Animals; 2 years ; $20,000

UNIVERSITY OF VERMONT, Burlington;
Thomas B, Tomasl; Relation of Rheumatoid
Factors to 198 Antibodies; 2 years; $4,000
Robert C. Woodworth; 8tructure of the
Specific Binding Sites; 2 years; $16,000

UNIVRBRSITY OF VIRGINIA, Charlottesville ; R.
Bruce Martin; Ligand Field and Charge
Transfer Spectra; 2 years; $20,000
UNIVERSITY OF WASHINGTON, Seattle; Mil-
ton P. Gordon ; Modification of Tobacco Mo-
gaic Virus; 2 years ; $50,000

Donald J. Hanahan; Compler Lipids; 3
years ; $40,000

Robert F. Labbe ; Enzymatic Mechanism of
Iron-Protoporphyrin Chelation; 3 years;
$40,000
UNIVERSITY OF WISCONSIN, Madison ; Julius
Adler ; Biochemistry of Virus Production; 2
years ; $23,000

Philip P. Cohen; Biochemistry of Urea
Biosynthesis; 2 years; $35,000

Stephen A. Kuby, Glucose 6-Phosphate De-
hydrogenase; 2 years ; $55,000

Henry A. Lardy; Energy Transfer Reac-
tions ; 3 years; $160,000

F. M. Strong; Chemistry and Metabolism
of Substances; 3 years; $54,000

George C. Webster ; Enzymatic Synthesis
of Protein; 2 years; $19,000
WASHINGTON UNIVERSITY, St. Louls, Mo.;
Luis Glaser; The Synthesis and Metabolism
of Thymidine Diphosphate Rhamnose; 2
years ; $25,000

Roger G. Hart; Observation of Particles;
2 years ; $15,000

Jack L. Strominger; Structure and Bio-
synthesis of Bacterial Cell Walls 3 years;
$90,000

Tung-Yue Wang; Proteing and Nucleic
Acids of Cell Nucleus; 2 years; $25,000

UNIVERSITY OF ROME, Rome, Italy ; Wyman,
Jeffries; Relation Between Structure and
Function in the Hemoglobins, Myoglobins,
and Related Substances; 2 years; $45,000

YALe UN1VERSITY, New Haven, Conn. ; Henry
G. Mautner ; Analogoue Oxygen, Sulfur, and
Relentum Oompounds; 2 years; $30,000
YESHIVA UNIVERSITY, New York, N.Y.; Na-
thar W. Penn; Nature and Role of the Mito-
chondrial Acceptor Fraction in Protein Me-
tabolism ; 1 year; $2,000

N. W. Penn ; RNA Synthesis in the Liver
Mitochondrial Fractéion; 1 year; $20,000

Maurice M. Rapport; The Chemical Struc-
ture and Immunochemical Properties of Lipid
Haptens; 2 years ; $40,000

Jonathan B. Wittenberg; Ooygen Trans-
port; Retia Mirabilia; 8 years; $55,000

PHYSICS

ADELPHI COLLEGE, Garden City, N. Y. ; Henry
Brysk; Theory of Scattering; 2 years;
$12,000

Melvin Schwartz; Canonical Formulation
of Blectrodynamics; 2 years; $12,000
AMEBRICAN INSTITUTE OF PHYSICS, New
York, N.Y.; Elmer Hutchisson; The De-
velopment of Physgics Research Opportunitiecs
in Small Colleges; 1 year; $36,100
AMERICAN UNIVERSITY OF BEIRUT, Beirut,
Lebanon; Frans Bruin; Paramagnetic Res-
onance of Free Radicals at Weak Magnetic
Fields; 2 months; $7,800

ANnrtiocH Coriece, Yellow Springs, Ohio;
Robert B. Warner ; Proton Reactions at 18
Mev ; 8 years ; $30,400
ARIZONA STATE UNIVERSITY, Tempe; Arnold
G, Meister and Jerome M. Dowling ; Infrared
Spectra of Polyatomic Molecules; 1 year;
$19,000
BosTON UNIVERSITY, Mass.; Edward C.
Booth; Nuclear Resonance Scatlering of
Bremsstrahlung ; 2 years; $25,700

Wolfgang Franzen; Optical Pumping and
Optical Coherence; 2 years ; $40,000

BowDOIN CoOLLEGE, Brunswick, Maine;
Myron A. Jeppesen; Thin Solid Filme; 2
years; $20,400

BRANDEIS TUNIVERSITY, Waltham, Mass.;
Stephan Berko ; Positron, Electron and Pho-
non Interaction Ezperiments; 2 years;
$43,500

Edgar Lipworth and Mlilton Baker; High
Resolution Atomic Beam RStudy of Rare
Earths; 2 years; $66,000
BriGHAM YOUNG UNIVERSITY, Provo, Utah;
John H. Gardner ; Gyromagnetic Ratio of the
Free Electron; 2 years; $22,800

BrowN UNIVERSITY, Providence R.I.; H. H.
Farnsworth ; Ohemical Reactions at Atomi-
cally-Clean Surfaces ; 2 years; $57,600
Howard A. Snyder; Quantized Vorter
Lines in Liquid Helium; 2 years; $43,300

CALIFORNIA INSTITUTE OF TECHNOLOGY, Pasa-
dena ; John R. Pellam; Low Temperature
Physica; 2 years ; $144,400

Jesse W. M. DuMond, An Inhomogeneous
Field Magnetic Specirometer; 3 years;
$108,300
CARLETON COLLEGE, Northfield, Minn. 