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Foreword 

The following Fourth Annual Report of the National Science Founda- 
tion gives a view of what has been accomplished and what inquiries are 
in progress. It calls attention to certain broad problems of national 
interest in scientific development that have become evident in the past 
year. The kind of report now submitted would not have been possible 
at an earlier date, because of the early limitations of funds, the emphasis 
upon recruiting of staffs and committees and organizing of the work, and 
the need for experience in carrying on one of the more recently recognized 
functions of government. 

I believe that those who read this report will readily recognize the 
wisdom of the Congress in establishing the Foundation and in specifying 
its duties, and of the President in clarifying its functions in relation to 
those of other government departments and agencies. The national 
interest, whether for defense or for the improvement of the level of living 
and of employment, requires comprehensive understanding of our s&n- 
tific resources in men, facilities and organization, a matured judgment of 
present and future needs, and perspective about the relation of science to 
the rest of the economy and culture. For the future our ability to defend 
ourselves, to develop usable energy, to conserve resources, to protect 
against old and newly evolving diseases of men, animals, and plants, 
will no doubt depend upon much more than what we now calI science; 
but it is clear that science has been highly successful and, indeed, essen- 
tial in the recent past and that it will continue to be indispensable. 

It is the function of the National Science Foundation to furnish leader- 
ship-not to direct-in the broad effort to promote science and to assess 
the situation and the need. This it will do through factual inquiry and 
the mgbilization of the judgments of those most competent, including 
those in the various fields of sciimce and of education. Neither the 
colleges and universities nor the private foundations could perform, or 
accept responsibility for this function. It is a function that would have 
had little meaning fifty years ago and probably none a century ago. 
Today, it is clear that responsible, co+ming and comprehensive ap 
praisal of our scientific resources, needs and opportunities is an essential 
element of public policy. . 
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The recognition that this function is of primary concern to the Federal 
Government might lead some to be&eve that government can and should 
direct the count of scientific development in this country. It is clearly 
the view of the memh of the NationalScience Board that neither the 
National Science Foundation nor any other agency of the Government 
should attempt to direct the course of scientific development and that 
such an attempt would fail. Cultivation, not control, is the feasible and 
appropriate process here. Both individuals and institutions require 
public knowledge concerning science that they may continue to act, 
autonomously but more effectively, in the public interest. 

The futility of central control of science arises in part because science 
is essentially non-national in character, being concerned with natural 
phenomena rather than polity, but also because pioneering into the 
unknown calls for imagination and novelty of conception and of meth- 
od-abilities that are stifled by control and specific direction. This must 
be conceded to the scientists-not merely because they say so and because 
the history of science thus far confirms their view-but because it is true 
also of the application of science and of the management of affairs, 
public, private, industrial, social or military, though often in much less 
degree. 

The promotion or cultivation of science in the United States is the cen- 
tral task of the National Science Foundation. Performance of the task 
still depends upon scientists, academic institutions, industry and the 
professional societies, not less, but more, than heretofore. Indeed, the 
Foundation, its staff, its Board, and its advisory Committees and panels 
are made up of personnel drawn chiefly from the roster of scientists and 
from their institutions. 

In fostering scientific progress, we must henceforth be conscious of a 
multitude of interests--separate administratively perhaps, but neverthe- 
less related and interdependent-such as general and technical educa- 
tion, financial support of schools, colleges, universities, and public and 
private laboratories, recruitment of talent, conduct of research, provision 
of physical facilities, and the relationships between governments, educa- 
tional and scientific institutions and industry. Thii is not the time nor 
the place to indulge in comprehensive discusson of these matters. Many 
are touched upon in the present report. Here, I attempt only to note a 
few aspects of our general concern. 

The first of these is the matter of incentives. It seems certain that 
the public interest requires for the future more scientists and other tech- 
nically trained men in &sely related fields than will be forthcoming at 
‘present rates. Not a large proportion of the population has both the 
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inteIlectual capacity and the essential interest to become scientists and 
it is evident that much potential talent is now being lost. Thus, as never 
before, the matter of incentives for the pursuit of scientific careers 
becomes an important social problem. 

The primary and indispensable incentive is a deep, personal, and inde- 
fatigable interest in scientific discovery. To find ways to promote that 
interest is of first importance and leads directly to the quality of the teach- 
ing in the secondary schools and the early college years. But this does 
not imply that relative freedom, adequate monetary remuneration, and 
public recognition and appreciation can be neglected. 

The increase in govermnent contract work, security considerations, 
and the necessity for huge-scale cooperation and team research may be 
limiting conditions on scientific freedom and in many cases impose a 
discouraging degree of anonymity upon individuals. The tendency of 
these conditions to restrict initiative, imagination, and persistence is a 
matter of real concern. The problem cannot be dissipated simply by 
the lavish and indiscriminate expenditure of money. 

Scholarship and fellowship programs wisely administered are useful 
means for inducing and supporting the development of scientists. How- 
ever, not merely financial assistance but the recognition and prestige that 
are conferred by the process of careful selection are required. 

Scientific development also requires money for basic research. Abun- 
dant funds are necessary in many types of inquiries for physical equip 
ment, energy, and personal services, for chemical materials, for biologi- 
cal specimens, and for travel and gear for field work. It is sometimes 
thought that such expenditures are solely for the acquisition of knowl- 
edge. This view misses the point. Mere accumulation of knowledge is 
not understanding, which is a human attribute. Scientific knowledge 
without scientists would be nearly useless, and scientists are made and 
acquire understanding by practicing science. Research is the school in 
which this is done. Financial support for research serves a double pur- 
posoacquisition of scientific knowledge and development of scientists. 

CHESTER I. BARNARD, 
Chairman, National Science Board. 
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The Year in keview 

Scientific activity in the United States during the past year lo con- 
tinued at a high rate. Among significant findings reported in all Wds 
of science the following selected items may be considered representative : 

The announcement by Marcel Scheiq University of Chicago, and Bruno Rossi, 
Massachusetts Institute of Technology, of comic ray events of very high energy, 
suggestive of super protons or perhaps nuclei with negative charges. If cor- 
roborated by further research, these discoveries may lead to new concepts re- 
garding the origin of cosmic rays and the constitution of the universe. 

The first actual glimpse of the internal electrical structure of atomic nuclei 
was reported by Robert Hofstadter and colleagues of Stanford University. 
According to the laws of optics, in order to “set” or measure an object, the 
wave length of the radiation-whether light, X-rays, or electron be-must 
be at least as short as the distances to be measured. Hofstadter, using ultra- 
high energy electrons with wavelengths of the order of intranuclear distances 

found that the charge of the nucleus was not uniformly distributed throughout 
the nuclear volume. 

The model of desoxyribonucleic acid-the basic material of which genes and 
viruses are made-proposed by J. D. Watson, California Institute of Tech- 
nology, and F. H. C, Crick, Cambridge University. This model has proved 
helpful in attempts to explain such diverse biological actions as chromosome 
division and virus activity. 

The complete synthesis of morphine, which has eluded organic chemists for 
decades, announced by M. D. Gates, University of Rochester. 

James D. Ebert, Indiana University, continuing the work of Paul Weiss, 
implanted kidney, liver and spleen tissue in chick embryos and noted greatly 
increased rates of growth in the respective embryonic organs. Apparently, the 
growing organ can utilize specific organic components almost intact without 
first breaking them down into simpler building blocks. His experiments also 
revealed the effectiveness of the growth regulating mechanism. Although the 
growth of the treated organs for a time outstrips that of the rest of the embryo, 
the accelerated growth stops when it reaches the normal adult stage. 

Further progress was reported in explaining physiological and psychological 
actions in terms of biochemistry or biophysics. George Wald, Harvard University, 
traced the chemical steps taken by the eye in adapting to light or darkness. W. 
S. McCulloch, Massachusetts Institute of Technology, W. H. Mosberg, Illinois 
State Hospital for Mental Diseases, and their colleagues, reported temporary 
relief for schizophrenia by injecting appropriate chemotherapeutic compounds 
directly into the brain. Wilder Penfield of McGill Univcnity, Montreal, and 
Maitland Baldwin and his associates at the National Institute of Neurology and 
Blindness have shown how memory responds to electric and mechanical stimui 
lation. 

The mass antipolio inoculation with the vaccine developed by J. E. Salk, 
University of Pittsburgh, was an outstanding development of research in the 
field of preventive medicine. 
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As in other recent years well over half of the support for scientific 
research was supplied by t&e Federal Governmeut. The President 
issued au Executive order designed to strengthen and increase the ef- 
fectivewss of Federal participation in scientific activities. In so doing 
he called particular attention to the importance of greater support for 
basic research. 

He wrote: 
In 1940, the Federal Government spent about $100 million in supporting 

research and development. The budget which I have just transmitted to the 
Congress calls for expenditures for these purposes in the next fiscal year of over 
$2 billion. This is convincing evidence of the important role of science and 
technology in our national afIairs l * * more than 90 percent of this Federal 
support is presently going into applied research and development. This is the 
practical application of basic knowledge to a variety of products and devices. 
However, only a small fraction of the Federal funds is being used to stimulate 
and support the vital basic research which makes possible our practical scientific 
progress. I believe strongly that this Nation must extend its support of research 
in basic science. 

The United States took steps to join with more than 30 other na- 
tions in the International Geophysical Year (1957-58)-one of the 
largest and most significant international scientific undertakings ever 
attempted. Dozens of scientific groups and thousands of scientists 
throughout the world will engage in this concerted effort to observe and 
measure important natural phenomena associated with geophysics, 
meteorology, oceanography and upper atmosphere research. 

The President’s A-bank proposal for joint international participation 
in the development and use of atomic energy for peaceful purposes cap- 
tured the imagination of the citizens of many nations. 

The research support programs of the Defense Department research 
agencies, the Atomic Energy Commission, the National Institutes of 
Health, the Department of Agriculture, National Advisory Committee 
for Aeronautics, and the National Science Foundation continued at a 
vigorous pace. 

The Foundation was well along in its overall survey of scientific ac- 
tivities and the likely future requirements for trained scientists and re- 
search facilities. For the third successive year the Foundation con- 
ducted a graduate fellowship program under which some 700 talented 
young scientists are provided support for graduate study. In addition 
many hundreds of graduate students receive assistance through the 
Federal research support programs. 

Thus, outwardly at least, American science was thriving. Never- 
theless, there was evidence of an underlying uneasiness on the part of 
many citizens about the‘ aims and values of science and its role in a 
‘free society. 
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This in part stemmed from the increasingly esoteric and abstract 
nature of scientific thought, espeklly at the front& of knowledge. 
It was difficult for scientists to communicate their ideas not only to non- 
scientists but to colleagues in other scientific fields. Although he clearly 
saw the operational effectiveness of these ideas, the nonspecialist had 
no base in ordinary experience from which to gain understanding of 
present day scientific thought. In the absence of a clear understanding 
of what science is about, the average citizen more and more was re- 
quired to accept or reject science uncritically and on faith. 

The laws of nature take no sides on the question of how the power of 
science should be directed-whether toward good or evil. The control 
of such power rests with men and calls for ceaseless vigilance and firm- 
ness on the part of all men of good will. A generation that had wit- 
nessed two world wars and innumerable lesser crises felt natural resent- 
ment against the continuing stress and tension. Rightly or wrongly, 
some of the blame attached to science. 
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But although the laws of nature might be unbiased as to the ends to 
which they were put, scientists were not. They had responded loyally 
and with devotion to the urgent national call for their services. In 
so doing they set aside some of the traditional satisfactions to be gained 
from scientific pursuits. For the foreseeable future they would occupy 
a central place in the Nation’s defense and technological development. 
They were in process of adjusting to their new status but it was a trying 
and critical experience. 

Further uncertainty was felt by many citizens, scientist and non- 
scientist alike, in attempting to reconcile the demands of technological 
and military secrecy with basic democratic freedoms. L. V. Berkner 
at Ann Arbor described the point of view of many scientists on this 
conflict in the following terms : 

Scientific greatness always rises from diversity of thought, never from con- 
formity. Since the security procedures that support technulogical secrecy 
inevitably put a premium on conformity, they tend to prevent our Nation’s 
realization of the very greatness that we seek. Technological secrecy tends to 
obscure the essential dependence of democracy on diversity of thought and 
opinion. * * * The strength of democracy lies in the perspective and propor- 
tion that the diversity of public opinion provides for the guidance of our public 
officers. This guidance is now entirely lacking with respect to our most critical 
problem, because information is either restricted, or because public opinion is 
influenced by “leaks” to the press of information that supports some special 
interest or point of view. * * * 

But beyond its direct effect on the formulation of pubhc policy, technological 
secrecy has an even greater impact on the public adjustment to the new 
environment produced by technology. As technology emerging from science 
becomes more and more a major part of our living fabrics, just so will its control 
become more and more a major factor in shaping our whole society and political 
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structure. Therefore, the deckionr that direct the application of technology for 
man’s benefit should not be reserved to any class, creed, political party, or indi- 
viduals-whether they be scientists or churchmen, military strategists or rtates- 
men, for the concept of ‘benefit” may be viewed differently by different groups. 
This responsibility for the application of technological development to man’s 
benefit murt rest with the whole of society, of which science ia only one part, 
and in which each man, on the basis of his peculiar experience, partakes of 
the decision. For deep comprehension and intelligent action by society can be 
achieved only after all implications of scientific discovery are fully disclosed, 
explored and evaluated. 

Perhaps the most hopeful note was found in the fact that so many 
thoughtful Americans, of every class and interest, were aware of these 
problems and had the will to face up to them. 



National Science Policy 

On March 17,1954, President Eisenhower issued an Executive order 
concerning Government scientific research and the responsibilities of 
the National Science Foundation and other Federal agencies engaged in 
research and development. The text of the Order 10521 is given in 
Appendix V, p. 118. 

The Executive order clarified and helped to define areas of interest 
of the several agencies with a view toward conservation of fiscal and 
manpower resources in the conduct of research. It made clear that 
agencies having operating missions depending upon research for their 
proper execution should continue to conduct and support basic research 
in areas closely related to their missions. At the same time, it stated that 
the National Science Foundation should be increasingly responsible for 
providing Federal support for general-purpose basic research. 

The order called for the establishment of effective working arrange- 
ments between the Foundation and other agencies in arriving at mutu- 
ally agreeable policies concerning the support of basic research. Each 
agency is charged with the responsibility for making continuous review 
and evaluation of its applied research and development programs with 
a view to maximizing efficiency and economy, Among the factors to be 
considered in such review are the status of basic research underlying de- 
velopment work, the relative priority of various development programs, 
project costs, and availability of manpower and facilities. 

To the extent consistent with national security the order requires in- 
creased attention to the reporting and dissemination within the Federal 
Government of reports on the nature and progress of research projects 
undertaken by the various agencies. To facilitate this exchange of re- 
search information, the Foundation in cooperation with other agencies 
is directed to develop improved methods of classification and reporting. 
Other provisions of the order require the establishment of an inventory 
of major scientific facilities and equipment to facilitate the joint use and 
exchange of such items. This is under the primary supervision of the 
Interdepartmental Committee on Scientific Research and Development. 

SUkVEYS OF NATIONAL SClENTIFIC ACTIVITIES 

Several sections of the Executive order have to do with developing 
and encouraging the pursuit of an appropriate and effective national 

820814-562 I 
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policy for the promotion of basic research and education in the sciences. 
This is of major concern to the National Science Foundation. In carry- 
ing out such responsibilities the Foundation is directed to recommend to 
the President policies for the Federal Government which will strengthen 
the national scientific effort and furnish guidance toward deiking the 
proper role of the Federal Government in the conduct and support of 
scientific research. 

During the past 2 years the Foundation has been engaged in making 
studies of the scientific resources of this country and of the manner in 
which they are being used to promote the national security, health, and 
economic welfare. This has involved the review and study of scientific 
research and training activities of the Government, industry, universities, 
and other public and private institutions. ‘The order confirms the desir- 
ability and need for such studies. 

The National Science Foundation Act of 1950 specifically authorizes 
and directs the Foundation to appraise the impact of research upon 
industrial development and upon the general welfare. The new order 
makes clear that this directive extends to the study of the effects upon 
educational institutions of Federal policies and administration of support 
programs for scientific research and development. In December the 
Foundation announced the appointment of an Advisory Committee on 
Government-University Relationships. It is the intention of the Com- 
mittee to consider Federal policies and procedures which will promote 
general national research objectives and realization of Federal research 
needs while safeguarding the strength and independence of the Nation’s 
institutions of learning. 

By the close of the fiscal year, the Foundation had started several 
cooperative studies of Federal agencies, educational institutions, and 
industrial groups engaged in research and development. 

RESEARCH AT EDUCATIONAL AND OTHER NONPROFIT INSTITUTIONS 

During the year, an extended study was made of the type of informa- 
tion needed for analysis of scientific research and training activities at 
educational institutions. Questionnaires for obtaining such information 
were pretested at selected representative universities. Following the 
pretest a modified questionnaire-schedule was sent to over 400 universi- 
ties and colleges which offer graduate study at least through the master’s 
degree level. 

The initial survey will provide statistics on the current enrollment of 
graduate students in the natural and social sciences, as well as in the 
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humanities and most professional fields, and on the amount of financial 
support that is now available to graduate students in various fields. 

Other segments of the study of nonprofit institutional r-h will be 
concerned with the analysis of sources of support for research at universi- 
ties and colleges, the nature of such research, and the effect oi research 
upon the teaching programs of the institutions. In order to define 
posible trends in research, case studies will be made of the research 
experience of some 30 selected institutions throughout the United States. 

A separate project on the effects of outside research support on the 
development of an educational institution is being conducted at one 
leading university noted for its long and successful research experience. 
This analysis will cover research undertaken in the biological sciences 
department of the institution over the past 25 years. Among the factors 
to be considered are the relationship of research support to the profes- 
sional development of individual investigators, the fate of research pro- 
posals that fail to attract nonunivetity support, the interplay of factors 
which influence the level and frequency of research support, and the 
influence of research support on education. This study will supplement 
the more general studies in appraising the impact of the type and 
quantity of support available for research upon scientific education and 
scientific productivity. 

RESEARCH PROGRAMS OF FEDERAL AND STATE GOVERNMENTS 

A second broad area of study of research activity in the United States 
is centered on current programs of Federal agencies in support of research 
in the natural and social sciences. The past year has been devoted to 

the development, with the advice and cooperation of the interested agen- 
cies, of a series of questionnaires to obtain comparable information on 
funds for research, scientific manpower resources, research programs, 
and related activities. At the present time the following information is 
being compiled : . 

Agency organization for science.- This is designed to develop a “map” of the 
organizational structure of units in Government performing scientific functions. 
It will eventually be reduced to an organizational directory of Government 
science for both Federal officials and private groups. 

Personnel engaged in scientific actioities.-This will provide information on 
the supply and distribution of scientific and supporting technical personnel in 
Government. The Government is the largest user of scientific and specialized 
personnel in the United States, either directly in its own laboratories or indirectly 
in industry or academic institutions working on Government contracts or grants. 
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Goonmwnt s&nt@c hstaUations.- This in dkct will be a descriptive invcn- 
tory of Federal &nti& installationa, facilities, and other capital items for con- 
duct of reseti and development. Under Executive Order 10521 the Intcr- 
depaxtmcntal Committee for ScientXc Resamh and Development ia directed 
to maintain a continuing inventory of large-scale research equipment owned and 
operated by Federal agencies. 

Funds for scientific activitim.- This will continue the f&al analyses of Federal 
research and development activities of the type previously reported in the Foun- 
dation’r published report wrier, Federal Funds for Science. 

Preparation of a history of the activities of the Federal Government 
in science from 1789 to 1940 is being supported by the FoundaXon at 
the American Academy of Arts and Sciences. This historical account 
will supply important background information. 

A survey of research activities of State governments is being done in 
two parts : ( 1) By the Bureau of the Census, Department of Commerce, 
and (2) by the Institute for Research in Social Science, University of 
North Carolina, Chapel Hill. The Census Bureau will analyze perti- 
nent information now available in its extensive files and will determine 
in what respects additional investigations are necessary to study State- 
financed and State-controlled research activities throughout the country. 
The Institute at North Carolina will participate in the initial analysis 
and will conduct the followup investigations. Information will be gath- 
ered on research costs, manpower, research administration, and research 
content of State-supported programs. 

RESEARCH ACTIVITIES OF INDUSTRY AND OTHER PRIVATE GROUPS 

The National Science Foundation has started four studies of industrial 
and other private research activities by outside survey groups to round 
out its broad investigation of science in the United States. These 
studies, supported by the Foundation under contract, are as follows : 

Survey of industrial research and development.-The preliminary phase of 
this study is being conducted for the Foundation by the Bureau of Labor Statis- 
tics, Department of Labor, under the direction of a steering committee com- 
posed of staff members of the two agencies. Plans were developed in consulta- 
tion with the research committee of the National Association of Manufacturers, 
the Industrial Research Institute, and other industry groups. The study in- 
cludes a review of available information from previous studies, a questionnaire 
survey of a carefully selected sample of about 12,000 companies in the United 
States, and intensive interviews with representatives of about 200 selected large 
corporations. 

Estimates will be obtained on a nationwide basis of the amounts spent for the 
conduct of research by size of companies and by industry groups; of the source of 
these funds by major economic sectors; and of the amount spent by companies 
to purchase research conducted elsewhere, for example, in universities and 
research institutes. 
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The information will also permit the estimation by gpwqm of cmqmh, of 
rrrtiosofrertarchexpcnditurcatocrpikrle3tpewiihuar,toutw,torerwndrrad 
development pcrsonncl, and to other relevant measures. In addition to dollar 
figures, the questionnaires will furnish in considerable detail information on the 
use of scientific and technical manpower in industrial research and development. 

In the interviews an attempt will be made to ascertain the opinion of indus- 
trial leaders with rcspcct to policies which might strengthen the scientifk re- 
search effort of the United States. The intcrvicws will also provide clues to 
specific bottlenecks faced by industry in planning its research. Some estimates 
may be obtained of the economic payoff of research. 

Finally a historical analysis of selected companies will be carried out in an 
attempt to reconstruct the gross pattern of industry rcscamh over the past two or 
three decades. It is hoped that this will assist in the estimation of manpower and 
capital requirements that arc likely to confront the Nation’s economy in the near 
future. 

Survey of research by truds associations and simitar organixntions.-TEs study 
is being conducted by the Battelle Memorial Institute, Columbus, Ohio. There 
arc about 16,000 trade associations in the United States, of which 200 to 400 
conduct or support research programs in the natural sciences. A somewhat 
larger number have research programs in economics and other social science 
fields. The study will also include other types of cooperative industrial research 
organizations and certain professional societies which conduct research programs, 
largely supported by industry. 

Survpy of research at nonprofit institutus and tommrrcial &borutories.--Thir 
study is being conducted by the Maxwell Research Center, Syracuse University, 
Syracuse, N. Y. It is planned to explore the research programs of the SO to 100 
independent nonprofit research institutes and the estimated 250 to 400 com- 
mercial research laboratories in the United States. In many instances these 
organizations are concerned with research of interest to industry, but they differ 
from industrial laboratories in that the primary emphasis is upon rcscamh, and 
production, if any, is secondary. 

Status of research in fmmrntation .-This study, undertaken as a cast history 
in industry-government research relationships, is being conducted by the Roger 
Williams Technical and Economic Services, Inc., of New York. The field of 
fermentation was selected for such a pilot study for a number of reasons: ( 1) It 
involves both basic and applied research by industry, govcrnm ent, universities, 
and commercial laboratories; (2) it cuts across disciplinary lines, since both 
physical and biological research is required; (3) it is of interest to several impor- 
tant industries, including distilling, brewing, chemicals, food, and pharmaccuti- 
cals ; and (4) the problem of security, such as would be encountered in the field 
of electronics, for example, is minimal. 

RESEARCH PROJECT INFORMATION COORDINATION 

The need for improved exchange of research information among 
Federal agencies has been stressed frequently. During the past year the 
Foundation has expanded its program of compiling and publishing un- 
classified lists of Federal research projecta in various fields of science. 
The previously announced quarterly and semiannual lists of projects in 
psychology and the social sciences have been continued. 
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Preparation of the first annual list of extramural projects in the life 
sciences supported by Federal agencies has been completed and issued 
to the interested agencies for comment and suggestions for improving 
coverage in subsequent editions. The information on projects in the 

life sciences covers nearly 6,400 grants and contracts totaling almost $47 
million for the calendar year 1952, or about 80 percent of the estimated 
Federal expenditures for research in biology, medicine, and agriculture 
for that year. The following seven Federal agencies having major re- 
search programs in the life sciences cooperated in the study: The Office 
of Naval Research, Office of Surgeon General of the Department of the 
Army, the Department of the Air Force, the Department of Agriculture, 
the Department of Health, Education, and Welfare, the Atomic Energy 
Commission, and the National Science Foundation. The analysis does 
not include research on human resources problems or psychology, nor 
does it include biological and medical research supported by the Atomic 
Energy Co mmission at its operating laboratories, such as the Oak Ridge, 
Brookhaven, and Argonne National Laboratories. 

The Foundation is one of seven Federal agencies supporting the 
Biological Sciences Information Exchange, a cooperative enterprise ad- 
ministered by the Smithsonian Institution for the exchange of research 
information among scientific administrators of the contributing agencies. 

Parallel activities in mathematics and the physical sciences are being 
carried on by means of compilations of projects in various fields and by 
informal liaison among program directors of the interested agencies. 



International Geophysical Year 

During 1957-58 for the third time in a century scientists of many 
countries will join in a critical examination of the ever-changing aspects 
of man’s immediate physical environment. 

The International Geophysical Year (IGY) is a major research 
undertaking in the earth sciences, including astrogeophysical measure- 
ments, meteorology, oceanography, glaciology, ionospheric physics, aurora 
and airglow, geomagnetism, cosmic rays, and rocket exploration of the 
upper atmosphere. The undertaking must be conducted on an inter- 
national scale, for the problems are global in character. Each field of 
study requires observations and measurements on a worldwide basis. 
Moreover, these scientific fields are closely interrelated, so that maximum 
progress can be made only if the technical work in all fields is performed 
simultaneously. 

Much effort has already gone into planning the program. Scientists 
from many countries have worked together in laying out the necessary 
scientific projects and activities, both on a national and international 
scale. In this sense, the IGY has already begun. Activity will increase 
during the next 2 years, culminating in intensive studies during calendar 
years 1957 and 1958. The years 1957-58 were selected for the observa- 
tion period to take advantage of a period of maximum solar activity and 
of concurrent eclipses. 

That geophysical problems could benefit from internation; coopera- 
tion was recognized in 1882433 when the First Polar Year was launched, 
and again in 1932-33 during the Second Polar Year. These previous 
ventures were more limited in scope. Geographically, the areas of inter- 
est were restricted to regions about the North Pole, in contrast to the cur- 
rent worldwide program. Nevertheless, studies of the ionosphere during 
the Second Polar Year, by techniques then recently developed, gave rise 
to communications information that proved to be worth hundreds of 
millions of dollars. 

INTERNATIONAL BACKGROUND 

The proposal for the present international geophysical research effort 
originated in the International Council of Scientific Unions (ICSU) , the 
central organization representing the several specialized international 

13 
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scientific unions. Toward the end of 1952, ICSU began planning for 
the IGY program. ICSU established a special committee for planning 
at an international level, and associated scientific groups in various na- 
tions were asked to set up national committees for planning and under- 
taking their national programs. The afIiliated body in the United 
States is the National Academy of Sciences-National Research Council, 
which established a national committee for the preparation of the 
United States program. 

As of November 1,38 nations had signified that they would participate 
intheprogram: 

ARGENTINA ICELAND SPAIN 

AUSTRAIJA INDIA SWEDEN 

Ausmu IRELAND SWITZERLAND 

BELGIUM ISRAEL THAILAND 

BRAZIL ITALY TUNISIA 

BURMA J APAN UNION OF SOUTH 

CANADA MEXICO APRXCA 
CZECHOSLOVAKIA MOROCCO UNIONOFSOVIETSO- 

DENMARK NETHERLANDS CIALIST REPUBLICS 

FINLAND NEW ZEALAND UNITED KINGDOM 

FRANCE NORWAY UNITED STATES 
GERMANY&ST PAKISTAN YUGOSLAVIA 
GERMANY, WEST PERU 

GREECE PHIIJPPINES 

Details of the technical and fiscal plans of other nations during the 
International Geophysical Year were not available at the time of writing, 
but the final plans were to be formulated at a general meeting of the 
IGY Committee held in Rome in September 1954. 

THE UNITED STATES PROGRAM 

Many agencies and institutions assisted in planning the United State 
program. Within the Government, the program is of most immediate 
concern to the Departments of Commerce, Defense, State, and the Na- 
tional Science Foundation. In response to the request of the United 
States National Committee, the National Science Foundation has under- 
taken to coordinate various Federal interests. The Foundation will also 
handle the administrative and fiscal planning for the United States 
Government. Many universities, private foundations, observatories, and 
laboratories have specific interests. In the formulation of the program, 
several hundred scientists from Federal and private agencies and research 
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institutions have contributed theii services. Execution of this program 
fl involve the continuing cooperation of all of the8e groups. 

The United States program includes activities in several geographical 
regions of importance to this country: (1) The Arctic and sub-Arctic 
regions; (2) the middle latitudes of the Northern and Southern Hemis- 
pheres, including the United States, Central America, South America, 
and adjacent stretches of the Atlantic and Pacific Oceans; and (3) the 
Antarctic and sub-Antarctic regions. In each region the type of program 
to be pursued will depend on present geophysical activities in the region. 
Existing activities provide a substantial base for the total endeavor, but 
the proposed program will stress specific areas of research in geophysics 
for which existing programs are inadequate or lacking altogether. A 
more detailed summary of the United States program is given in Appen- 
dix VII, p. 123. 

In many fields little additional activity need be carried on within the 
continental United States, since normal operations provide the necessary 
information. For example, the planned meteorology program calls for 
observations from only a few additional South American and Antarctic 
stations. Data from these regions, added to those gathered at existing 
Weather Bureau stations in the United States and the Arctic, will give 
adequate weather coverage for the Western Hemisphere. Similarly, the 

ionospheric, auroral, and geomagnetic programs stress the northern and 
southern latitudes. The planned Antarctic activity will require a major 
expedition. 

In a letter to the Chairman of the National Science Board, President 
Eisenhower gave the International Geophysical Year strong endorsement 
calling particular attention to the value of scientific cooperation among 
nations. The President wrote : 

I am glad to support this undertaking. It is a striking example of the 
opportunities which exist for cooperative action among the peoples of the 
world. * * * Under especially favorable conditions, scientists of many nations 

1 will work together in extending man’s knowledge of the universe. The 
findings of this research will be widely disseminated throughout the world, 
aiding in the further development of telecommunications, aviation, navigation, 
and weather forecasting. It is doubtful whether any single nation could under- 
take such a program. Acting in concert, each participating nation, contributing 
within its means, secures the benefits of the program. The United States has 
become strong through its diligence in expanding the frontiers of scientific 
knowledge. Our technology is built upon a solid foundation of basic scientific 
inquiry, which must be continuously enriched if we are to make further progress. 
The International Geophysical Year is a unique opportunity to advance science, 
while at the same time it holds the promise of greater technological gains both 
for ourselves and for other nations. I am sure that our participation in this 
far-reaching effort will very materially strengthen our bonds with the many 
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cooperating nations and make a constructive contriiution toward the solution of 
mutual problems. 

The budget request for support of the International Geophysical Year 
was submitted to the Congress in June 1954, and an expenditure of $2 
million was authorized for the initial phase of the program. It is esti- 
mated that an additional $11 million will be required to complete the 
United States program. 



Utilization and Training of American Scientists 

THE INCREASE IN TECHNICALLY TRAINED PERSONNEL 

In 1870, the population of the United States totaled nearly 40 million 
persons. Of every thousand persons in the population, 325 were gain- 
fully employed. Only about 12,000 individuals in alI, or 1 in 1,000 
workers, were employed in science and technology. During the next 
threequarters of a century these figures changed rapidly. By 1950 the 
population exceeded 150 million, and 400 persons out of every thousand 
were at that time in the labor force. The number of scientific and 
technical employed had passed the million mark, so that 1 in every 60 
individuals in the labor force was a scientist, engineer, or other type of 
technologist (fig. 1) . 

FIGURE 1. Ratio of scientific and technical workers to total labor force in 
1870,191O and 1950. 

Another indication of the trend toward technology is seen in the 
changing ratio of farm to nonfarm workers in the labor force. In 1820, 
some 72 percent of the labor force was classified as agricultural workers; 
by 1870 this proportion had fallen to 53 percent; and in 1950 less than 
12 percent was so classified. 
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me m cc&ntim a& engineers” is limited here to those who have 

at least a &d&m’s degree, or its equivaknt in profhond eqmknce, 
and who ax-e employed iri rcco@zed bknches of the natural sciences, 

engineering, or mathematics. By 1953, the population of scientists and 

engine meeting this definition was estimated at 400,000 to 500,008 

engineem and 200,000 scientists. About half of the scientists were chem- 

ists, a fourth were biologists or agricultural scientists, and the remaining 
fourth were earth scientists, physicists, mathematicians, and other scien- 
tific specialists. 

According to the 1950 Census of Population, about 24 percent of the 
engineers in the United States were in civil engineering, 21 percent in 
mechanical engineering, and 20 percent in electrical engineering. The 
remaining 35 percent were distributed among chemical, industrial, aero- 
nautical, mining and metallurgical engineering, and other engineering 
fields. 

UTILIZATION OF SCIENTISTS AND ENGINEERS 

In 195 1, the Bureau of Labor Statistics estimated that about 48 percent 
of the scientists in the United States were employed in private industry, 
26 percent in Government, and 26 percent in education. Of the engi- 
neers, 75 percent were employed in private industry, 22 percent in Gov- 
ernment and 3 percent in education. 

In 1951 the proportion of scientists actually engaged in research, as 
contrasted with development work and other professional activities, was 
highest (58 percent) in geology, which includes field exploration, and 
lowest ( 13 percent) in psychology. Nearly half of the physicists and 
chemists listed research as their primary activity. Eighty percent of the 

mathematicians reported principal professional activity as teaching, as 
contrasted with only 11 percent of chemists and geologists. 

In 1953 the Research and Development Board of the Department of 
Defense reported that 17 percent of scientists and engineers in research 
and development were employed in Federal Government, 68 percent in 
private industry, and 15 percent in educational and other nonprofit 
institutions. 

Although figures are available on the number of college graduates 
receiving degrees in science, less is known about the number who actually 
enter scientific professions after graduation. The National Science Foun- 

dation has obtained some information on this point from a study of 
persons graduating from college in June 195 1 (fig. 2 ) . 



FICWRE 2. bEmployment status of 1951 college graduates in science, 1 year 
following graduation. 

Approximately 1 year after graduation, 32 percent of the science grad- 
uates were continuing their education in graduate studies-+0 percent in 
science, 45 percent in health fields including medicine, and the remainder 
in other fields. Fourteen percent of the total were in the Armed Forces, 
another 46 percent were professionally employed, and the remaining 8 
percent were mainly women graduates who had married and become 
housewives. Of those professionally employed, 46 percent were working 
in the natural sciences, 21 percent in education, 15 percent in business 
and commerce, 10 percent in engineering, 6 percent in health fields, and 
3 percent in occupations not elsewhere classified. 

UNIVERSITY OUTPUT OF SCIENTISTS 

The Commission on Human Resources and Advanced Training es- 
timates that about 44,000 of the 200,000 scientists have doctors’ de- 
grees. Of this number about 55 percent are in physical sciences, 39 
percent in agricultural and biological sciences, and 6 percent in the 
earth sciences. 

Since 1900, the number of doctoral degrees granted annually in 
science by American universities has approximately doubled every 10 
years. In 1900, 102 degrees were reported, and 4,631 in 1953. This 
increase, however, conceals a serious loss in the output of science doc- 
torates during the years 1942-49. The low point of recent yeamwas 
reached at 833 in 1945. Figure 3 shows the number of such degrees 
granted since 1920. 
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FIGURE 3. Ph. D. degrees in science awarded in the United States, 1920-54, 
with prewar trend through 1960. 

The loss of science doctorates during 194249 is attributable in large 
part to military requirements which sharply reduced the college stu- 
dent population in both graduate and undergraduate training. A 
secondary factor, operating importantly during at least part of the 
period, was the great number of employment opportunities which made 
graduate study less attractive. The loss of science doctorates during 
this period may be estimated at about 9,000 on the basis of the prewar 
trend. 

The downward trend in bachelors’ degrees awarded in science and 
lower undergraduate enrollments of recent years will be followed by a 
smaller number of doctorates in 1954 and the next few years, or until 
the youth of the higher birthrate years of the 1940’s appear in the grad- 
uate schools. There is no present indication that the loss of 1942-49 will 
be made up. 

The highpoint of bachelors’ degrees awarded in science and engi- 
neering occurred in 1950 largely as the result of the GI bill and the 
return to the colleges of the youth whose education was interrupted by 
the war. In that year, 57,000 bachelors’ degrees in science and 52,000 
in engineering were reported. By 1953, bachelors’ degrees in science 
numbered 34,000 and in engineering 24,000. The low point was prob- 
ably reached in 1954.F Thereafter, the larger first-year college classes 
of the past few years should result in increased numbers of science grad- 
uates. Significant increases are in prospect for the early 1960’s. 
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SHORTAGES OF SCIRNCE TBAG#ERS 

Little that is definitivean be said on the praent requirementi and 
shortages of scientists and engineers. The Committee on Manpower 
Resources for National Security of the Office of Defense Mobilization 
in its review of the situation in 1953 pointed to current shortages in 
engineering, to needs for advanced degree holders in the physical 
sciences, in medicine, and in teaching. Shortages in engineering and 
physical science fields are shown by recruiting difficulties and the in- 
crease in entrance salaries. The shortage of qualified science teachers 
in the secondary schools is well known. The shortage of teachers may be 
expected to extend to the colleges as the student population bulge ad- 
vances to that point. 

Enrollments in elementary schools in the United States were esti- 
mated at about 18 million in 19 19-20. There was a slight increase 
during the next 30 years to about 20 million in 1949-50. The high 
birthrates of the war and postwar years have led the Commission on 
Human Resources and Advanced Training to estimate that elementary 
school enrollments will reach nearly 32 million by 196465. 

The increase in secondary school enrollments will be proportionately 
greater. In 1919-20 there were an estimated 2.5 million students in 
high school, compared with 7 million in 1949-50 and an estimate of 
12.7 million in 1964-65. 

According to information in the Biennial Survey of Education in the 
United States, 1948-50, the Office of Education reports that the stu- 
dent-teacher ratio in colleges was 14 to 1 in 1950 as contrasted to 18 
to 1 in secondary schools and 33 to 1 in the elementary schools. In 
order to maintain a reasonable student-teacher ratio in the secondary 
schools many thousands of newly trained teachers are needed each year 
to provide for the increasing enrollments and to replace those leaving 
teaching. The National Education Association estimates the need for 
new high school science teachers over the next decade as increasing 
from 7,700 per year in 1954-55 to about 10,000 per year in 1965-66. 

While high school enrollments go steadily upward, the proportion of 
college graduates who qualify to teach high school subjects continues to 
decrease. The situation is particularly critical in the case of graduates 
qualifying to teach high school science and mathematics. Between 1950 
and 1954, the total number of bachelors’ degrees granted -dropped by 
34 percent. During this same period, according to the National Edu- 
cation Association, the number of college graduates meeting certifica- 
tion requirements to teach in high school dropped 42 percent, and the 
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number qua&d to teach mathematb and science dropped 51 and 
56 percent, respe&vely. 

More seriousst3l is the fact that many college graduates who qualify to 
teach high-school science subjects actually 6nd employment in other 
fields. A recent study of 1953 college graduates in teacher prepara- 
tion programs showed that only 40 percent of those qualified to teach 
science and mathematics were actually teaching in November 1953. 
These percentages compare with 70 percent for home economics, 62 
percent for English, and 53 percent for commercial subjects. 

LOSS OF POTENTIAL SCIENTIFIC AND TECHNICAL PERSONNEL 

It is generally agreed that successful pursuit of a professional career 
in science requires a high level of mental ability. The Commission on 
Human Resources and Advanced Training has attempted to relate the 
distribution of intelligence in a population group to levels of education. 
The resulting data show the average abiity rating of high school gradu- 
ates to be about 110 and of college graduates to be about 120, in 
comparison with 100 for the general population of the same age group. 

About 13 percent or 1, out of 8 of an age group possesses a rating of 
120 or more, equivalent to that of the average college graduate. This 
is the group from which intellectual leadership not only in science but 
in all fields must be sought. Presumably, this relatively small group 
contains most of the individuals who are capable of benefiting from 
advanced training and who, in turn, will be best able to benefit society 
as a result of such training. The extent to which this group continues 
its formal education is a measure of our success in training up to our 
potential manpower resources. 

Nearly all of this potentially productive group now finishes high 
school, with only about 1 percent loss reported by the Commission. 
However, 47 percent fail to continue formal education beyond this 
point, and another 13 percent drop out before completing college. 
Thus, about 60 percent of the group with the greatest potential fail to 
complete a college education. Only 2 percent of all college graduates, or 
one quarter of 1 percent of the total age group, continue their education 
through the Ph.D. level. 

Economic and cultural factors have an important bearing on the 
failure of large numbers of the more talented youth to continue their 
education. The high cost of a college education, a traditional inde- 
pendence from family support at about college age, competing interests 
in employment, early marriages, and lack of interest and knowledge of 
opportunities available to college graduates are other important fac- 



Graduate assistants (right) at 

Massachusetts Institute of 

Technology, adjust terminal of 

~-million-volt Van de Graaf 

accelerator, used to study 

electron emission from metals 

under high-energy bombardment. 

John G. Trump directs research. 

Makalu (below) world’s 4th highest 

peak, rises to 27,790 feet 

near Nepal-Tibet border. 

California-Himalayan Expedition 

in April 1954 reached 23,000 feet, 

highest point yet attained 

on Makalu’s frigid, wind-swept slopes. 

NSF support enabled Nello Pace, 

University of California physiologist, 

to study human body changes 

at high altitudes. Lawrence Swan, 

biologist on lo-man team, 
found native spiders at 20,000 feet, 

“the highest animal level in the world.’ 
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at the University of Pennsylvania, 

is studying the enzymes 

that produces energy from food. 
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measures small gas changes 

from”breathing”of microorganisms 

John D. Kraus (below), 

of Ohio State University, 

is shown with an unusual type 
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beam antennas mounted on 

a pivoted 160-foot steel frame. 

The antenna picks up weak radio 

waves from celestial objects. 

The Ohio State radio telescope 

has located over 200 spots 

of radiation in the sky. 

Most of these “radio stars” 

are not associated with 

any known visible object. 

Kraus is now making a radio map 

of all sky visible from Columbus. 
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tars. A positive decision to attend college is xelated to the socio-eco- 
non& status and such additional factors as parend education, books 
in the home, and the counsel of teachers z&d friends. 

There are no simple solutions to the problem of increas@ our poten- 
tial of highly trained scientific and technical manpower. They may 
include greater public support of education in order ,to reduce the fi- 
nancial burden of attending college, at least in those fields where policy 
&tat.- that increases are essential. The motivation to undertake 

V science training can be increased by stressing the national imporiance 
and the pemnd satisfactions and rewards of carem in science and 

!t &&kgy. 

t. A summary of the Foundation’s efforts to increase the Nation’s com- 
i petence by encouraging policies to increase the quality and number of 
i, young people trained in science is given in later sections of this report. 
’ I, 
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Research in Colleges 

A conference on physics research in colleges held at Amherst College 
in May 1953 (See Third Annual Report, p. 36) was the first of a series 
of conferences sponsored by the Foundation on the subject of research in 
colleges, as distinguished from unive&ies. During the past year con- 
ferences of this type were held on research in geology, Beloit College, 
October 1953 ; biology, Bryn Mawr College, April 1954; astronomy, 
Swarthmore College, April 1954; and chemistry, Washington and Lee 
University, May 1954. 

The conferences were called to consider problems associated with the 
conduct of research in colleges or small university departments, to assess 
the value of research as an adjunct to teaching in such institutions, and 
to determine the desirability of increasing the research activities in the 
normal undergraduate schedule. 

The participating institutions were selected so as to represent various 
regions and types of institutions. Altogether, 92 institutions were repre- 
sented, of which 63 may be classified as strictly liberal arts colleges. 
(See Appendix VI, p. 120.) The average attendance at the conferences 
was about 30. Some colleges were represented at more than one 
meeting. 

THE PLACE OF RESEARCH IN THE COLLEGES 

The participants noted that many colleges, although operating under 
stringent financial limitations which preclude research programs, are 
sending students on to careers as scientists. It was generally felt that 
undue pressure to undertake research might unbalance the programs of 
these institutions and should be avoided. On the other hand there was 
general agreementtihat carefully conceived plans of research aid, admin- 
istered with appreciation of the special role of colleges in our educational 
system, could further enhance the service they render. 

Although the majority of the participants were active in research, it 
was clearly the consensus of opinion that the primary function of the 
liberal arts college is teaching. If not overemphasized, research was 
considered a desirable activity for the college teacher and- essential in 
realizing most completely the fundamental aims of the college. It was 
generally felt that a scientist engaged in research, even on a small scale, 
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is likely thereby to be better equipped to present his subject in dynamic 
fashion. Excellent teaching has clearly been shown as one of the best 
means to stimulate undergraduates to enter careers in science. 

The conference delegates agreed that student participation in research 
can be highly effective in motivating the students toward careers in 
science. Furthermore, the experience produces mental maturity of 
value for all students, including those who do not enter research careers. 
Several conference participants pointed out that the greater freedom 
from pressures and the simplicity of administration in small institutions 
provide an environment suited for creative work in basic science. While 
the total output of research in the small colleges cannot be expected to 
approach that of the universities, many notable investigations have been 
and are being carried out in smaller institutions. 

UNDERGRADUATE PARTICIPATION IN RESEARCH 

Undergraduate participation in research was considered at all the 
meetings, but it was the special topic of the conference on chemistry. 
Undergraduate participation is carried out under a variety of curricular 
devices, such as honors work, special study, programs, and paid assist- 
ance in faculty research. The conferees felt that in general research 
experience tends to develop enthusiasm among students. As one dele- 
gate stated : “The student becomes alive when he finds he can produce.” 
Other values noted included the added stimulation to faculty research 
and the help in selecting students fitted for graduate work. 

Undergraduate participation in research creates certain administrative 
problems, such as increasing the amount of time expended by the in- 
structor. Moreover, a research-minded faculty is essential in carrying out 
such a program. In geology and biology, where the summer is a pecu- 
liarly suitable and often the only possible time for certain kinds of re- 
search, scholarships covering travel and other expenses may be required. 

CONCLUSIONS AND RECOMMENDATIONS 

Conference recommendations for encouraging research were neces- 
sarily related to the differing needs of the various scientific fields and to 
local institutional situations that may interfere with the conduct of re- 
search. The major dficulties appear to be ( 1) inadequate faculty 
time because of heavy teaching schedules and administrative and other 
duties, and (2) inadequate salaries. The conferees recognized that the 
basic responsibility for removing these difficulties lies with the colleges. 
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This is p~c&ly true in regard to relicvi.ng the teaching load, but some 
help may prop&y be given by outside agencies to provide for asgigfants 
or partial salary for additional personnel, thus permitting the institution 
to schedule more research time for an able investigator. 

LOW s&iritf.~ militate against the use of summers for carrying out 
research, as it is frequently necessary for a faculty member to seek supple- 
mentary employment during the summer. This situation may be met by 
providing summer salaries so that competent scientists may undertake 
or continue research activities. In geology and biology, where much 
field work is carried out, assistance may be provided for attendance at 
summer stations or laboratories. In the physical sciences, there are 
analogous opportunities for summer attendance at universities, partici- 
pation in research programs at astronomical observatories, exchange 
of staff members between large and small institutions, and leaves of 
absence. 

The National Science Foundation has experimented along these lines 
by approving grants to research stations which in turn provide aid to 
college teachers. The summer institute or conference, which brings 
otherwise isolated teachem in small colleges in contact with recent scien- 
tific developments, has also proved successful. 

It was noted that frequently a college may be unable to supply scien- 
tific instruments. The conferees felt that small grants of $100 or less 
might be of real help in furnishing research supplies and small pieces of 
equipment in such cases. 

In discussing research support from Federal agencies or private foun- 
dations the conferees generally agreed that a proportion of the total 
available research funds should be reserved for research at small colleges, 
Moreover, it was felt that the point of view of the college teacher should 
be considered by the panels and project review boards which advise 
agencies in the distribution of research funds. In support of this posi- 
tion several conference participants cited the record of the Carnegie 
Foundation for the Advancement of Teaching during its !&year pro- 
gram operating in the Southeast from 1948 through 1952. Grants to 
colleges made under this program appear to have been extraordinarily 
successful in stimulating research as well as in revitalizing teaching. 

There was some discussion of appropriate procedures for awarding 
small grants. Although no definite administrative device was recom- 
mended, it seemed clear that one of the major requirements of such a 
program was an intimate knowledge of existing local problems. 



PART II 

Program Activities of the National 
Science Foundation 



Conferences in Support of Science 

&ring the year ending June 30,1954, the National Science Founda- 
tion sponsored and provided partial support for a total of 19 confer- 

enceS in special areas of science. In all cases sponsorship was shared 
with one or more private or public agencies, including universities and 
scientific societies. (See Table 1.) 

Such conferences frequently provide a unique forum for the exchange 

and full discussion of new ideas and recent experimental findings on 
rapidly developing scientific fronts. Through support of conferences 

the Foundation is able to encourage research in areas of science of po- 
tential national interest but for which industrial support is not available. 
Leading foreign scientists attend many of these meetings, and at times 
the subject matter may be of an interdisciplinary nature of interest to 
scientists in several fields of science. 

Brief notes on these conferences are given below. Normally, the re- 
quest for support of conferences originates with the scientists working in 
the field under review. Proceedings and papers are frequently published 
by the scientific sponsors at the conclusion of the meetings. 

ASTRONOMICAL RESEARCH AND PHOTOELECTRIC TECHNIQUES 

During the past 20 years astronomers have relied more and more on 
photoelectric devices for making accurate measurements of the color and 
brightness of stars and other celestial bodies. The starlight falls upon a 
surface coated with an active material which releases a stream of electrons 
proportional to the intensity of the light. Such devices can “see” and 
measure the color and intensity of light over a range of wave lengths far 
broader than can be detected by the human eye. 

In August 1953 the National Science Foundation and the Lowell 
Observatory sponsored a conference on Photoelectric Problems, Tech- 
niques, and Instrumentation for Astronomy Research. It was held at 
the Lowell Observatory, Flagstaff, A&. Astronomers, physicists, and 
electronic engineers discussed extension of the use of photoelectric tech- 
niques in their research. Among the problems benefiting from use of 
this type of equipment are measurement of the colors and magnitudes of 
star clusters and the study of double stars, eclipsing stars, and the Cepheids 
or pulsating stars. It is expected that work on these problems will 
clarify current views on stellar populations, stellar dimensions and masses, 
and the nature of stellar pulsations. 
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One of the important outcomes of the conference was the unanimous 
recommendation for a new tekope fully equipped for photoelectric 
methods in astronomical research and available to scientists from all parts 
of the country. The Foundation has established an advisory panel to 
consider all aspects of a cooperative National Astronomical Observatory. 

Scientific Conferences Supported by the National Science Foundation in 
Year Ending June 30, 1954 

d 
S&j& Sponsoring Organi@ion.f Chirman 

Astronomical Research and Lowell Observatory.. . . . . . . . . . A. E. Whitford. 
J Photoelectric Techniques. 

Problems in Astrometry. . . . . Northwestern University. . . . . . G. M. Clcmcncc. 
titilization of Solar Energy. . . University of Wisconsin. . . . . . . F. Daniels. 
/Huclear Processes in Geologic University of Chicago. . . . . . . . . L. T. Aldrich. 

SCtthlgS. 
Role of Proteins in the Trans- Columbia University. . . . . . . . . . D. Nachmansohn. 

port of Ions Across Mem- 
branes. 

Glutathione Research. . . . . . . Columbia University and Office D. Schwarz. 

&sm 
of Naval Research. 

ic Rays. . . . . . . . . . . . . . . . Duke University. . . . . . . . . . . . . Bruno Rossi. 
Szow Temperature Physics and Rice Institute and International W. V. Houston. 

Chemistry. Union of Pure and Applied 
Physics. 

&Validation of Scientific Theo- American Academy of Arts and P. Frank. 
ries. Sciencies, Institute for the 

Unity of Science, and the 
American Association for the 

IA 
Advancement of Science. 

., adio Astronomy. . . . . . . . . . . Carnegie Institution of Washing- M. A. Tuve. 
ton and California Institute of 
Technology. 

Luminescence of Biological Committee on Photobiology of S. B, Hendricks. 
Systems. the National Research Council. 

LF 

blem-Solving Behavior. . . . New York University. . . . . . . . . H. H. Kendler. 
igh-Speed Computing in University of California at Los J. von Neumann. 
Meteorology and Oceanog- Angeles. 
raphy. 

Physiological Development of Long Island Biological Associa- M. Demerec. 
the Mammalian Fetus. tion. 

Multidimensional Analysis in University of Michigan. . . . . . . . C. H. Coombs. 
Psychological Research. 

Problems in Human Corn- Massachusetts Institute of Tech- J. C. R. Licklider. 
munication and Control. nology. 

Fundamental Problems of Per- Cornell University. . . . . . . . . . . . J. J. Gibson. 
ception. 

Acoustics and the Structure of Brown University. . . . . . . . . . . . R. B. Lindsay. 
Liquids. 

Growth and Development. . . . National Institutes of Health, David R. Goddard. 
Society for the Study of Devel- 
opment and Growth and Dart- 

\ mouth~Collegc. 



FOUBTH ANNUAL. REPORT 31 

PROBLEMS XN ASTROYETRY 

Participants from this countx$ and abroad pet in Siptcmber 1953 at 
Northwestern University, Evanston, Ill., to discuss the present status of 
fition measurements of celestial bodies. During the course of the 
3-day meeting the conferees agreed on a number of recommendations 
for extending present work in astrometry. These included: ( 1) Mak- 
ing a third observation of all stars included in the Astronomische Gesell- 
schaft zones; (2) extension to the southern hemisphere of the astrometric 
program now in progress at the Lick Observatory; (3) relating positions 
and proper motions of stars to those of galaxies; (4) installation of a 
meridian circle in the southern hemisphere; and (5) reduction of system- 
atic errors in star positions by improvement of techniques. 

UTILIZATION OF SOLAR ENERGY 

A Symposium on Utilization of Solar Energy was sponsored jointly by 
the National Science Foundation and the University of Wisconsin at 
Madison in September 1953. The general purpose of the meeting was 
to assess progress in nonbiological aspects of solar energy research and to 
consider promising unexplored areas in which further research effort 
would appear to be desirable. The participants discussed the potential 
utilization of solar energy as a source of power from two viewpoints: 
( 1) The possible use of solar energy in the relatively near future when 
it might be competitive with present low-cost fuels and ( 2) from the 
long-range viewpoint after existing low-cost fuel supplies will have been 
depleted and the sun’s current output of energy may be the principal 
available energy source. 

NUCLEAR PROCESSES IN GEOLOGICAL SETTINGS 

Many of the processes of nuclear physics-including fission of uranium, 
production of plutonium, generation of neutrons, and the decay of radio- 
active elements-occur in nature on a small but detectable scale. Care- 
ful analysis and measurement of such events provide scientists with a 
method for attacking such problems as estimating the age of the earth 
and of meteorites, revealing the geological history of the earth, and locat- 
ing the sources of trace elements in the atmosphere. There are marked 
differences in the relative abundances of isotopes in various regions on the 
surface of the earth. Knowledge of these differences and the general 
.nature of geochemical processes permits the reconstruction of some of the 
more important events that took place from time to time during the long 
history of the earth. 
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Some 30 specialists in physics, geology, geophysics, and g=hemistry 
attencled the Ctpference on Nuclear Processes in Geological Settings 
at Wi&rns Bay, Wig., in September 1953. The conference, cosponsored 
with the University of Chicago, called particular attention to the need 
for better standardization and correlation of measurements which are 
being made at dozens of laboratories in the world. It recommended 
that a single laboratory in the United States be designated to assume the 
responsibility for maintaining records and standardizing measurements 
of interest to scientists in this country. 

ROLE OF PROTEINS IN THE TRANSPORT OF IONS ACROSS MEMBRANES 

Investigation of nerve action is one of the active fields in physiological 
research at the present time. Neurophysiologists know that the mech- 
anism depends on electrical currents set up at the cellular level. It 
involves the movement of charged organic particles or ions across cell 
walls and other biological membranes normally impervious to charged 
particles. It also appears that protein substances in the cell have much 
to do with the passage of the ions across the membranes. Similar prob- 
lems arise in the passage of nutrient or waste products across cell walls. 

Despite the obvious importance of the subject, very little is known 
about the interaction between proteins and ions. In October 1953 a 
conference on the subject supported by the Foundation at Columbia 
University made it possible for leading neurophysiologists and physical 
chemists from the United States and abroad to review recent research 
findings and to suggest promising areas for future study. The complete 
proceedings of the conference will be published. 

GLUTATHIONE RESEARCH 

Glutathione is a sulfur-containing component of body cells related 
to the proteins. It participates in many basic biochemical reactions and 
is probably a factor both in the storage and utilization of body energy, 
Available evidence points strongly to the importance of glutathione in 
the synthesis of protein, a major factor in body growth and repair. 
Apparently, it also helps to activate certain enzymes which perform vital 
functions, such as the transformation of food into tissue and energy. 
Thus, while it is clear that glutathione is essential to life, biological and 
medical scientists are still puzzled about the manner in which it acts. 

In November 1953 a Symposium on Glutathione Research was spon- 
sored jointly by the National Science Foundation and the Office of 
Naval Research and administered by Columbia University. Discussion 
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ses$ons were held on the organic chemistry of sulfhydryl components and 
glutathione, biosynthesis of glutathione and its role in peptide synthesis, 
methods for determination of glutathione, glutathione 88 a coenzyme, 
and the relation of glutathione to metabolism and digestion. The pro- 
ceedings of the conference will be published. 

COSMIC RAjls 

An international Conference on Cosmic Rays, sponsored jointly by the 
National Science Foundation and Duke University, was held at Durham, 
N. C., in November 1953. The aim of the conference was to assess the 
present status of cosmic ray research, particularly in the light of new 
high-energy accelerators, and to discuss possible future studies which 
will contribute most effectively to the solution of pressing problems on 
the physical nature of our universe. 

The introductory discussion of nuclear interactions at very high 
energies centered on meson production in nucleon-nucleon or meson- 
nucleon collisions. A number of observations were reported of new 
unstable particles- hyperons, or particles having masses greater than 
neutrons, and heavy mesons. Other problems discussed were the origin 
of cosmic rays, the primary cosmic radiation, propagation in the atmos- 
phere and time fluctuations. In many instances the conference failed to 
achieve unanimity of opinion, thus emphasizing the state of flux of many 
of the fundamental ideas in this field and the need for continuing rapid 
exchange of information about new findings and hypotheses. 

LOW TEMPERATURE PHYSICS AND CHEMISTRY 

In December 1953 the Third International Conference on Low Tern- 
perature Physics and Chemistry was held at the Rice Institute, Houston, 
Tex. The conference was sponsored jointly by the Institute, the National 
Science Foundation, and the International Union of Pure and Applied 
Physics. About 250 scientists participated in the discussion of recent 
research developments at temperatures in the vicinity of absolute zero, 
Delegates were present from leading laboratories in Australia, Belgium, 
Canada, France, Germany, Great Britain, the Netherlands, and the 
United States. 

Particular attention was given to the different properties of the helium 
isotopes, three and four, in the liquid state. Several theories of the super- 
fluid state were discussed. Steady progress was reported in research on 
the magnetic properties of matter at low temperatures, and a new mag- 
netic cycle refrigerator capable of maintaining a constant temperature 
of 0.2’ IS. was described. 
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Ample time was provided for informal discussions of special problems 
by groups of from 2 to 10 people. This me&a&m of informal ex- 
change of information is highly productive in eliminating unnecessary 
duplication among the large number of research worken in this rapidly 
developing field. 

VALIDATION OF SCIENTIFIC THEORIES 

The criteria for validity of scientif?c theories vary from science to 
science. In physics and chemistry, for example, theories may frequently 
be tested experimentally in the laboratory. In other disciplines-human 
biology, geology, astrophysics, mathematics-direct experimental tests 
are seldom possible, and indirect tests, such as those involving statistical 
methods, may be uncertain and subject to conflicting interpretations. 

At the annual meeting of the American Association for the Advance- 
ment of Science, December 1953, the Foundation, in cooperation with 
the American Academy of Arts and Sciences and the Institute for the 
Unity of Science, sponsored a conference on the Validation of Scientific 
Theories. 

The chairman, Philipp Frank of Harvard University, stressed at the 
outset that the acceptance of scientific theories involves far more than 
agreement upon the observed results of research and the drawing of 
logical conclusions. Subjective factors often enter in, manifesting them- 
selves as philosophical and sociological creeds, or even political ideologies, 
which may influence the course of science. 

Scholars from various fields of science discussed the following topics: 
The present state of operationalism; psychoanalysis and the scientific 
method; organism and machine; science as a social and historical phe- 
nomenon; and the general principles of social physics. The papers and 
discussions are being published in full in the Scientific MonthZy. 

RADIO ASTRONOMY 

The Carnegie Institution of Washington, the California Institute of 
Technology, and the National Science Foundation sponsored jointly a 
conference on radio astronomy at Washington, D. C., in January 1954. 
The conference was attended by many actively engaged in radio astron- 
omy throughout the world, plus a group of other United States astron- 
omers, physicists, electronics engineers, and a number of young research 
men especially interested in this exciting new field of research. An effort 
was made to present a comprehensive survey of current research and 
facility development, to examine in detail the most critical problems now 
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&dent in both these ark, and to indicate, as far as pakble, some of 
the directions for profitable future activity. 

At the conclusion of the conference a group of American scientists 
recommended that the National Sciepce Foundation &ablish a perma- 
nent panel to promote understanding and development of radio astron- 
omy in the United States. The advisory panel subsequently appointed 
is comprised of astronomers, engineers and physicists. 

LUMINESCENCE OF BIOLOGICAL SYSTEMS 

Bioluminescence is the process by which fireflies and many other ani- 
mals and plants produce light by biochemical means. The process 
evolves very little heat so that the light production is high in relation to 
energy expended. The study of “cold light” is of interest to biochemists 
and biophysicists, not only per se but also because it gives insight into 
life processes in general. The amount of light given off by a plant or 
an animal may indicate the effect of drugs, heat or pressure on such body 
functions as respiration, growth, and muscle action. 

A Conference on Luminescence of Biological Systems sponsored by the 
Foundation was arranged by the Committee on Photobiology of the 
National Research Council and held at Pacific Grove, Calii., in March 
1954. The range of subjects discussed included chemical luminescence 
and fluorescence, spectroscopic investigation of bioluminescence, and the 
physiology of luminescence in specific plants and animals. The pro- 
ceedings of the conference will be published. 

PROBLEM-SOLVING BEHAVIOR 

The behavior of human beings in solving problems is highly complex 
and progress in the study of such behavior has been relatively slow. 
Research workers are often faced with apparently contradictory findigs 
and only a small part of the work done has actually been reported in 
publications. For this reason individual scientists in the field are often 
poorly informed about current studies in laboratories other than their 
own. A Symposium on Problem-Solving Behavior was held in April 
1954 primarily to enable investigators working in the field to exchange 
ideas and to evaluate current progress. The meeting was jointly sup- 
ported by New York University and the National Science Foundation. 

HIGH-SPEED COMPUTING IN METEOROLOGY AND OCRANOGRAPHY 

Many of the theoretical problems associated with weather forecasting 
have been solved but the computational effort required has prevented 
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the tidqxd use of such theory in actual forecasting. The weather 
had long since come and gone by the time scientists using ordinary 
methods had analyzed and organized thousands of individual observa- 
tions on air temperatures, wind currents, and velocities. Oceanogra- 
phers are also faced with complicated, many variable problems in fluid 
dynamics. With the advent of high-speed computing machines a new 
and powerful tool is available for rapid analysis of data and prediction 
of events. 

In May 1954 the National Science Foundation and the University of 
California at Los Angeles sponsored a Conference on High-Speed Com- 
puting in Meteorology and Oceanography. About 40 meteorologists, 
oceanographers, mathematicians and fluid dynamic&s met to review 
recent accomplishments of high-speed computing in fluid dynamics and 
to discuss some of the problems to which application of computers might 
be feasible in meteorology and oceanography. Scientists from England, 
France, and Norway attended the meeting. 

Numerical weather forecasting using modern computing equipment 
is already an object of extensive study, particularly in the United States 
and the United Kingdom. In this country the work has been supported 
in large part by Federal agencies. From known meteorological condi- 
tions over the United States, the general flow pattern of the atmosphere 
for a large part of the country can now be determined one or two days 
ahead. With slight further development predictions of large-scale flow 
patterns will soon be possible on a routine basis. The next step will be to 
modify this overall flow pattern by introducing small-scale air motions 
and humidity and temperature fields in order to predict weather on a 
local basis. 

One of the most interesting sessions was devoted to the problems of air 
pollution in an industrial area, with particular emphasis upon smog con- 
ditions in the Los Angeles area. Here again high-speed computing 
methods may make possible the application of physical laws to the 
solution of a complex problem. The meteorologists will be able to deter- 
mine the distribution of contaminants originating at each of the sources 
of pollution of the area. Such atmospheric pollution studies will become 
even more important with the widespread development of atomic energy, 
which will create problems in radioactive contamination. 

PHYSIOLOGICAL DEVELOPMENT OF THE ‘MAMMALIAN FETUS 

A number of conferences in recent years have dealt with aspects of 
embryonic development but usually from the viewpoint of abnormal 
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dwelopment. The Symposium on Physiological Devebpment of the 
&mmalian Fetus held in June 1954 was devoted to discussion of the 
normal mechanisms and functions of the developing embryo. 

Participants were interested mo5tIy in those functions which are crib 
ical during the period of adjustment immediately before and after birth. 
These include circulation, respiration, and the complex of kidney-endo- 
crine-body water-electrolyte functions, as well as certain mechanisms, 
such as temperature regulation. Any major advance in understanclmg 
these factors may have immediate practical value in the evaluation of 
current practices in the clinical management of newborn and premature 
ihIltS. 

The Symposium was held at Cold Spring Harbor, Long Island, under 
the sponsorship of the Long Island Biological Association and the Na- 
tional Science Foundation. About 20 of the 50 participants were from 
laboratories in foreign countries. The complete proceedings of the Sym- 
posium will be published. 

MULTIDIMENSIONAL ANALYSIS IN PSYCHOLOGICAL RESEARCH 

From an interdisciplinary point of view one of the major conferences 
held during the year was devoted to multidimensional analysis in psy- 
chological research. This was held at the University of Michigan in 
June 1954 with support from the National Science Foundation and 
brought together interested people from the fields of psychology, soci- 
ology, mathematics, and statistics. The conference followed the Four- 
teenth International Congress of Psychology so that many individuals 
from other countries were able to attend. 

The development of useful measurement techniques and mathematical 
models is a problem of central importance in psychological research. Of 
the methods currently employed the most useful are multiple factor 
analysis, multiple correlation, and latent structure analysis. Some recent 
modifications in these models and some entirely new ones have been sug- 
gested, but these are not yet widely known or used. Further progess will 
require the close collaboration of psychologists and mathematicians in 
the basic formulation of new models and the additional collaboration 
of psychologists, mathematicians, and statisticians in testing their validity. 

ACOUSTICS AND THE STRUCTURE OF LIQUIDS 

The structure of matter in the liquid state is more complex and diffi- 
cult to understand than matter in either the solid or gaseous states. Sci- 
entists have learned that acoustics, and in particular ultrasonics, pro- 
vides a unique tool for investigation of the liquid state. This conference 
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df physicists, physical chemists and acoustical engineers, including WV- 
&l from abroad, met in June 1954 at Brown University, Protidmce, 
R. I., to review present-day theories of liquids and to plan for the further 
utilization of acoustical methods in stud& of liquids. 

Among the subjects covered at the conferenc2 were: (1) Shear and 
compressibility characteristica of liquids as revealed by the behavior of 
acoustic waves, (2) the character of chemical reactions affected by 
acoustic waves, (3) the dispersion and velocity of acoustic waves as they 
depend on liquid structure, and (4) the effect of gas nuclei on the for- 
mation of cavitation -bubbles. 

PROBLEMS IN HUMAN COMMUNICATION AND CONTROL 

During the last two decades, the theory of communication developed 
by Norbert Wiener of the Massachusetts Institute of Technology, Claude 
Shannon of the Bell Telephone Laboratories, and others, has undergone 
vigorous development. The potential value of thii theory for under- 
standing human behavior and the action of the nervous system were 
apparent from the beginning. It has taken some time, however, for the 
influence of the formal theory upon experimental psychology to extend 
beyond superficial analogy. 

The Wiener-Shannon concepts for quantifying information flow 
have recently served in the analyses of behavioral data, inasmuch as they 
are capable of handling transmissions from a multiplicity of sources to a 
multiplicity of destinations taking interactions into account. The con- 
cepts of “coding” and “context” as defined in communications theory 
are making possible new insights into perception, language, and learning. 
The techniques of time-series analysis and spectrum analysis are being 
used in studies on psychomotor control. 

In June 1954 the Conference on Problems in Human Communica- 
tion and Control sponsored by the Foundation and the Massachusetts 
Institute of Technology brought together experimental psychologists, 
physicists, engineers, and mathematicians for discussions of mutual bene- 
fit. The discussions brought out several facts that pointed up the timeli- 
ness of the conference : ( 1) That despite strong and widespread interest 
in the topic, formal channels for interdisciplinary exchange of informa- 
tion have not been adequate; (2) that there are independent and par- 
allel developments in England and the United States that would profit 
from mutual exchange of ideas; and (3) that the give-and-take of tech- 
nical discussion could not fail to assist in the solution of several basic 
research problems. 
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FUNDAMENTAL PROBLEMS OF PRRCWTION 
. 

Over the past quarter of a &nury pky&oiogiskhave been confronted 
with two different theories of sensory perception. The empiricist position, 
widely accepted for many decades, held that perception of depth, space, 
form, etc., is primarily a 1 earning process built up from a few simple ele- 
ments of sensation. This view was challenged some years ago by the 
Gestalt psychologists, Hiho believe that perception is directly determined 
by the physiology of the sensory and nerve structures invc$ved. Ad- 
herents of both viewpoints have been able to marshal hypotheses and 
experimental data, which appear to support their respective positions. 

The Conference on Fundamental Problems of Perception sponsored 
jointly by Cornell University and the National Science Foundation was 
one of a series of four psychological conferences held in conjunction with 
the Fourteenth International Congress of Psychology in June 1954. 

During the conference five specific problems were discussed in an at- 
tempt to evaluate and reconcile the apparently conflicting experimental 
results arising from the two Mering theories of perception. These in- 
eluded: ( 1) Past experience and learning in perception; (2) the per- 
ception of motion, change, and complex events; (3) the status of per- 
ceptual trace theories; (4) the effects and after effects of protracted pres- 
entations; and (5) the status of Gestalt psychology after 30 years. 

DEVELOPMENT AND GROWTH 

For the second year the National Science Foundation contributed to 
the support of the annual Symposium on Development and Growth. 
Other sponsors included the Society for the Study of Development and 
Growth and the National Institutes of Health. The Symposium was 
held at Dartmouth College in June 1954. 

Since 1936 the annual growth symposia have been unusually SUCCESS- 

ful in bringing together research investigators in the field of growth for 
the free exchange of concepts and principles common to both animal 
and plant growth and to normal and abnormal growth. 

8208i445---4 



Support of Basic Research in the Sciences 

During the year ending June 30,1954,374 grants totaling $3,888,220 
were made by the Foundation for the support of basic research in the 
natural sciences. This compares with 269 grants totaling $2,751,912 
made during the previous 2 years. 

These funds were distributed in the biological, medical, mathematical, 
physical, and engineering sciences to 170 institutions in 43 States, the 
District of Columbia, Hawaii, and Bermuda. The average research 
grant for fiscal year 1954 was $11,100, to run for 2.5 years, or about 
$4,400 per year. 

+ ertilnotod 

FIOURE 4. National Science Foundation obligations for support of research, 
fiscal years 1952 through 1955. 

The table below summarizes the research support program by broad 
subject categories. ’ A detailed list of the grants, showing institution, 
principal scientist, title of project, duration, and amount is given in 
Appendix II, page 72. 

Over the past year the Foundation has assumed primary responsibility 
for Federal support of several important fields of basic research, includ- 
ing astronomy, pure mathematics, low temperature research, systematic 
biology, and ecology. This is in line with Executive Order 10521 stat- 

40 
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National Science Fotmdation Rmaarch Grunts by Fi&is of Study 

Fii years 195243 

Field 

$110,520 
43,200 

156,900 
458,000 
293,450 
464,800 
238,500 
164,100 

Biological and medical sciences: 
Developmental biology. ........ 
Environmental biology. ........ 
Genetic biology. .............. 
Molecular biology. ............ 
Psychobiology. ................ 
Regulatory biology. ........... 
Systematic biology. ............ 
General ...................... 

$116,462 
32,560 

201, ow 
273,300 
116,400 
482, ooo 
209,780 
112,760 

13 
7 

13 
32 
27 
41 
32 
12 

15 
6 

13 
21 
10 
41 
27 

7 

1,929,470 ,544,262 Total...................... 

8 
40 

9 
21 
20 
30 

Mathematical, physical and engineer- 
ing sciences: 

Astronomy. ................... 
chemistry. ................... 

Earthsciences.. ............... 
Engineering ................... 
Mathtmatics .................. 
Physics. ..................... 

147,900 
477,400 
282,800 
390,900 
173,950 
485,800 

1,958,750 

89, ooo 
350,300 
89,850 

187,200 
104,500 
354, ooo 

19 
47 
27 
42 
21 
41 

128 Total. . . . . , . . . . . . . . . . . . . . . 

32,800 General . . . . . . . . . . . . . . . . . . . . . . . . . 

269 !, 751,912 Total..................... 

ing that the Foundation should be increasingly responsible for providing 
Federal support for general-purpose basic research. 

The subject matter of research is clearly of much more interest and 
importance than the administrative details. In a program so large and 
so varied however, it is impossible to describe the plans, methodology, 
and current activities of each of the scientists supported. Instead, in the 
paragraphs that follow certain research areas of unusual current interest 
have been selected and a brief description is given of the general status of 
research in these areas with notes concerning some of the related research 
supported by the Foundation. 

RADIO ASTRiDNOMY 

Radio astronomy is one of the youngest sciences, only slightly more 
than 20 years old. It was born when Karl G. Jansky of the Bell Tele- 
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phone Laboratories found the first faint evidence of natural radio ignal~ 
reaching the earth from outer space. The exploration of the univer3e 
by radio started some 5 years later, when another American engineer, 
Grote Reber of Wheaton, Ill., began systematic scientific studies with his 
privately constructed equipment. Radiation in the radio frequency 
bands was first detected from the sun by Reber 12 years ago. 

The United States can take pride in the fact that American engineers 
made the basic discoveries that opened up this wholly new approach to 
the study of the sun, the stars and the universe. The United States did 
not, however, stay in the lead in the young science. Since the war, 
Great Britain, Australia, and Holland have moved ahead while this 
country has lagged behind. American efforts in the field have been rela- 
tively small although significant programs are under way at the United 
States Naval Research Laboratory, the United States National Bureau 
of Standards, the Department of Terrestrial Magnetism of the Carnegie 
Institution, and a number of educational institutions. 

Radio astronomy is a field of research in which astronomers, physicists, 
and engineers can benefit by working together. Research in radio 
astronomy has important scientific values in the realm of pure astronomy 
and physics: Moreover, it leads to development of new techniques of 
great practical value in such electronic engineering fields as noise sup- 
pression and antenna and tube development. 

In undertaking to promote a greater United States effort in radio 
astronomy, the Foundation brought together about 80 scientists to dis- 
cuss the current status of this branch of science. (See Conferences in 
Support of Sciences, p. 29.) Subsequently the Foundation established 
an Advisory Panel on Radio Astronomy to assist in developing a national 
program. 

At Harvard University, where the radiation from interstellar hydrogen 
gas was first detected in 1951, Bart J. Bok and Harold I. Ewen have 
built, with the aid of a Foundation grant and private support, a 24.foot 
radio telescope at the Agassiz Station. It is now being used for a survey 
of the hydrogen clouds of the Milky Way. Radio waves from cosmic 
hydrogen are able to penetrate the cosmic gas of interstellar space, some- 
what as radar is able to penetrate atmospheric clouds. Thus, radio 
radiation enables us to “see” parts of the Milky Way that could not be 
observed with optical telescopes. Correlation of radio and optical obser- 
vations will permit estimates to be made of the temperatures inside dark 
nebulae and the ratio between gas and dust in interstellar space. 

John D. Kraus’ program at Ohio State involved the construction of 
special receiving antennas of novel design. With this low-cost equipment 
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Klaus and his associates ha+e studied the radiation from the remote pw 
of the Milky Way system and have further rtc~rded radiatian 89soci82ca 
with distant groups of galaxies. 

The work at Cornell under C. R. Burxows is prinrarily concerned with 
solar research and with radio probtems of the earth’s upper atmosphere. 
At Penn State, A. H. Waynick is conducting research on electronic 
instrumentation related to radio astronomy. 

UNCONVENTIONAL SOURCES OF POWER 

For many generations improvement in man’s ability to convert energy 
into work has been closely linked to his rising standard of living. The 
great advance occurred when he learned to use fossil fuels-coal, oil, 
and gas-to meet his major power needs. The world supply of low-cost 
fossil fuels is limited, however, and at the present rate of consumption, it 
may be a matter of survival for man to develop alternative power sources. 

The two unconventional sources of power that now seem most prom- 
ising are the energy of the atomic nucleus and solar energy. Energy 
from either or both sources may eventually be available for heating and 
for the production of power. In either case the time scale depends in 
part upon economic factors and in part upon advances in basic 
knowledge. 

From a scientific point of view the problems involved in utilizing 
energy from these two sources ,are quite different. In the fission or fusion 
of atomic nuclei the rate of energy production per unit volume is very 
high which means that the temperature level is far above that normally 
used in production of power. A basic problem, therefore, is that of the 
management and control of energy at high temperatures. 

The problem in utilizing solar energy lies at the other extreme. Solar 
energy is widely diffused-the rate of production per unit volume and, 
hence, the temperature is too low to be converted into power by known 
methods. The intermittent nature of solar energy from night to day, 
winter and summer at any point on the earth’s surface adds to the corn- 
plexity of the problem. 

High temperature energy utilization.-A basic engineering problem in 
high temperature energy utilization is to conduct heat rapidly from its 
production source into the mechanisms for converting it into usable 
power. Its solution involves basic studies on the nature of heat transfer, 
whether by solids, liquids, or gases. Research now being conducted 
under several Foundation grants may yield useful basic information in 
this tiea. Jesse M. Coates and Byron L. Sakiadis of Louisiana State 
university a;re doing research on heat capacities of pure liquids and solu- 
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&ns. Edward W. Conunings and his students at Purdue University are 
investigating heat transfer of gases at high pressures. 

The physical properties and behavior of materials at high temperatures 
is another aspect of. high-level energy utilization. New construction 
materials to handle hot gases, liquids, and solids are important. Most 
familiar materials fail or become useless because of corrosion at such 
extreme temperatures. The materials must also be able to withstand 
intense bombardment of nuclear radiation. In this area, the Founda- 
tion has provided a grant for study of the effect of nuclear radiations 
on engineering materials at the University of Wyoming under the direc- 
tion of Harold Sweet. 

Low level energy utilization.The Foundation is supporting a direct 
attack on the solar power problem at the University of Wisconsin as an 
outgrowth of the Symposium on the Utilization of Solar Energy held 
there. This program involves research in the fields of chemistry, physics, 
biology, and engineering under the leadership of John A. Duffie. 

The storage of solar energy may in principle be accomplished chemi- 
cally, electrically or mechanically, or perhaps in some other less apparent 
form. This problem is currently being attacked at the basic level through 
the use of chemicals which can be converted into a different form by 
sunlight and then reconverted in off hours. In effect, this would be a 
storage battery charged by sunlight. 

More information on the origin of fossil fuels also may provide a clue 
to the rapid conversion of solar energy to fuels. Wayne Kube at the 
University of North Dakota is attacking this phase of the general 
problem. 

The biological conversion of solar energy into forms utilizable by man 
proceeds on a tremendous scale by green plants in the process known 
as photosynthesis. The process requires small chlorophyll-containing 
particles in the leaves, called chloroplasts, and the intervention of com- 
plex enzyme systems. Scientists are attacking the problem from many 
points of view in attempting to understand the quantitative relationships 
between absorbed radiant energy and the converted chemical energy, 
in isolating and identifying enzyme systems involved in the process, and in 
probing into the relationship of growth hormones to utilization of radiant 
energy. 

Among the investigators who are pursuing these problems with the 
aid of National Science Foundation grants are Robert Emerson, of the 
University of Illinois, ‘who is determining the quantitative energy rela- 
tionships between radiant energy absorbed and the newly synthesized 

’ carbohydrate molecules.- Wolfe Vishniac, of Yale University, has suc- 

J 
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&dully obtaimi photosynthetic~~~~ W&P the iducncc csf light 
in cell free systems. He is now attempting to learn more abut the 
enzymesystemsinvolvedinthischain~freactions. 

At the California Institute of Technology, kthur Galston L tidying 
the manner in which light affects the metabolism and activity of the 
plant growth hormone, auxin. His studies indicate that plants contain 
an enzyxiie system, activated by light, which destroys auxin and therefore 
inhibits growth during the period of illumination, causing it to proceed 
mainly during the periods of darkness. Dr. Galston has some evidence 
indicating that the receptor pigment for this enzymatic reaction is a 
flavoprotein. Jack Myers of the University of Texas, is studying the 
photosynthetic activity in microorganisms in order to obtain information 
concerning the gradual evolution of the photosynthetic process from the 
primitive single-celled forms to the higher plants. Such studies may lead 
to the possible utilization of microorganisms in mass culture as a source 
of food or fuel. 

MESON PHYSICS 

At the present time understanding of the interaction of mesons with 
atomic nuclei is a basic problem of nuclear physics. Mesons are nuclear 
particles, ,heavier than electrons and lighter than protons, that have a 
brief, observable existence arising from certain nuclear reactions. They 
may be produced in laboratories by high energy accelerators and they 
are found as products of cosmic ray activity. Mesons leave visible evi- 
dence on photographic plates of the forces that hold the atomic nucleus 
together. 

For several years the major support for high energy physics research 
has come from the Atomic Energy Commission and the Office of Naval 
Research. Recently the Foundation has also been able to contribute to 
meson research in the United States in several ways. The annual 
Rochester conference on high energy physics is one example. From 
such meetings, it is clear that a great deal of progress is being made in 
the experimental study of mesons but that the theoretical interpretation 
and explanation of the experimental findings is lagging. 

One of the most useful methods for studying a complicated subject 
such as meson physics is to devise a simple model that has a few of the 
characteristics of the real thing. In attempting to explain the observed 
absorption and scattering of mesons by atomic nuclei a group of 
theorists at Indiana University suggested a model of a temporary “com- 
pound meson-nucleon state.” This model has proved quite useful in 
interpreting some of the experimental observations. The Foundation is 
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(lupporting <further research of the group under the direction of E, J. 
Konopinski. 

In the absence of adequate r&son theory, progressin this challenging 

field,will continue to depend largely on experimental work in which high 
energy accelerators are required. The Foundation is supporting re- 
search in accelerator design problems at the ,Midwest Study Group, which 
consists. of physicists from seven leading universities in the Midwest. 
This group is investigating such subjects as the effect of nonlinear force 
terms on the orbits of accelerated particles. 

During the past year the Foundation established an ad hoc Advisory 
Panel on Ultra High Energy Nuclear Accelerators, to assist the Founda- 
tion and other governmental and private groups in planning research 
support programs involving accelerators. 

< “. 
HXLBERT SPACE 1 

, 

One of the extraordinary examples of scientific collaboration in the 
history of science has been that of the geometers and physicists. As 
knowledge of physics has increased, the dimensions and characteristics 
of physical “space” have created a need for more profound geometrical 
analysis. Classical Newtonian physics was embedded in Euclidean space. 
The non-Euclidean geometers prepared the ground for relativity and the 
four dimensional space-time concept. In our day another deepening of 
geometrical concepts is playing a basic role in the theory of quantum 
mechanics. 

This development, brought to the fore by Hilbert in the early years 
of this century, extends the ideas of Euclid and Descartes to space of 
infinitely many dimensions. Such a geometry appears to be appropriate 
in describing a physical system-the hydrogen atom, for example- 
which may exist in an indefinite number of orbital or energy states, each 
having a characteristic probability and geometrical configuration. 

The mathematical structure of Hilbert space has permitted precise 
formulation of many of the ideas of quantum mechanics. The geometry 
of Hilbert space and the algebra of linear transformations acting upon it 
have been significant factors in studying atomic processes. Further prog- 
ress in this direction, however, awaits further development in Hilbert 
space of many common geometrical concepts and operations. One of 
the pressing problems is that of defining volume in Hilbert space so that 
it is a natural extension of the volume concept in spaces of finite dimen- 
sions. Until this is done little headway can. be made in developing a 
theory of integration. A solution of this problem is basic to a complete 

. theory of quantum mechanics, and hence to an adequate theoretical 
understanding of atomic’energy relations. 
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The Foundation is encouraging resear& in this important m For 

ummpk, it is qmsming research of E. R. Larch of Columbia University, 
who recently formulated some definitions of volume and integration in 
HilbUtspaCe. 

LUMINESCENCE 

Luminescence is a broad term involving all forms of “cold light.” 
Physical and chemical research have made possible such familiar exam- 
ples as fluorescent lights, phosphorescent paints and tapes, television 
screens, and other practical applications of growing importance in every- 
day life. The luminescence that accompanies certain biological proc- 
esses has long been known. Familiar examples include the flashing of 
fireflies, the phosphorescence of the sea, and the light seen emanating 
from moldy wood and leaves or from certain types of bacteria that 
thrive on dead f&h and meat. Natural luminescence has excited the 
curiosity of casual observers and has aroused the active interest of such 
scientists as Aristotle and Robert Boyle. Only recently, however, have 
scientists become fully aware of the scientific importance of luminescence 
in biology. A few widely scattered groups of contemporary scientists, 
principally in the United States, Holland, England, and Japan, are con- 
centrating their efforts on research in thii field. 

Biological luminescence is of fundamental interest since it provides a 

unique and efficient “tool” for investigating the influence of various 

substances and factors-chemotherapeutic compounds, narcotics, tem- 
perature, high pressure, and others-on the rates of life processes. 
Luminescence is virtually the only process in living organisms endowed 
with a natural, instantaneous, and measurable indicator of its own re- 

action velocity : the brightness of the light emitted is proportional to the 
rate of the underlying chemical reactions. From studies of bacterial 
luminescence as a research tool, new concepts have emerged in regard 
to basic mechanisms that control reaction rates in organisms; concepts 
that apply as well to more familiar processes, such as digestion, growth, 
muscle contraction, and nerve activity. 

Within the past year, luminescence has been obtained, after years of 
futile attempts, in extracts of bacterial cells, and major components of 
this light-emitting system have been biochemically identified. In part, 

these components are related to the B vitamins which are universally 
involved in releasing the energy on which life depends. Moreover, the 

luminescence of bacterial extracts in a test tube has the same basic char- 
acteristics, and responds to various factors in fundamentally the same 
way, as the luminescence of the living organisms. 
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In extrwta of kfliea, adencsine triphosphate has been identified as a 
subce necessary for luminescence. The same substance is intimately 
involved in muscle contraction, in the synthesis of living matter, in the 
utilization of foods, and in other life processes. Other studies have 
shown that a chemical luminescence is also associated with photosynthesis, 
the biological process on which the total food supply of the world ulti- 
mately depends. An understanding of the significance of luminescence 
in these processes is clearly prerequisite to a full understanding of the 
processes themselves. 

Two Foundation grants have been awarded to specialists in this field. 
E. Newton Harvey, of the Department of Biology, Princeton University, 
is engaged in a 3-year laboratory program during which he hopes to 
describe more precisely the chemical constituents of luciferin and luci- 
ferase, principle components in the process. Such research may establish 
the basis for the eventual synthesis of these substances. William D. Mc- 
Elroy of the McCollum-Pratt Institute, Johns Hopkins University, also 
has a grant for the study of the mechanism by which chemical energy is 
converted into light energy by biological systems. Professor McElroy 
and others have noted that the light-emitting components in the process 
are not merely caused by the release of excess energy from excited mole- 
cules but also depend upon certain dark reactions which occur prior 
to light emission. At present his research centers upon the study of re- 
actions of known enzymes upon purified luciferin extracted from fireflies. 

STEROID CHEMISTRY 

The steroids are a group of naturally occurring compounds derived 
from the hydrocarbon cyclopentanoperhydrophenanthrene. Among the 
common steroids are cholesterol, vitamin D, bile acids, heart poisons, such 
as digitoxin, toad poisons, sex hormones, and adrenal cortical hormones, 
such as cortisone. 

While the complicated analysis of certain sterols and heart and toad 
poisons was started over a century ago, the major advances have been 
made during the past few decades and represent one of the outstanding 
achievements of modem organic chemistry. The structural chemistry 
of the sex hormones and the adrenal cortical hormones was solved in 
still more recent years. 

Because of the remarkable biological properties and therapeutic value 
of certain of these compounds a search is being made for suitable methods 
and improved starting materials for their large scale preparation. 

. Many are found in limited quantities in nature and are very expensive. 
The total synthesis of -a few individual compounds in this series, for 
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example, cortisone, has already been accompli&d, hugely becwse of 
basic resear& on the spatial arrangement of the atom8 into molecuh?& 
Further work will undoubtedly sugge& new approaches to the problem 
in which more readily available start& materials may be used, the 
number of synthetic steps reduced and simplified, and the final yield 
increased. 

The National Science Foundation is supporting the research of Wiiam 
S. Johnson and A. L. Wilds of the University of Wisconsin, who are work- 
ing on the total synthesis of the nonaromatic steroids, their stereochemistry 
and the development of new synthetic approaches, The most significant 
advance made in this research has been the total synthesis of epiandro- 
sterone, related to the male sex hormone, adrosterone, and the discovery 
of androgenic activity in certain intermediates with a structure similar to 
that of the sex hormone. Some of the compounds being studied are of 
current interest in cancer research. 

Richard B. Turner of the Rice Institute, Houston, is working on the 
total synthesis of the adrenal cortical hormones and intermediates which 
lead to them. Carl Djerassi of Wayne University, Detroit, is studying 
a new method for the identification and characterization of steroids. 

< ARCHEOLOGY 

Archeology contributes to our knowledge of the species, man (Homo 
sapiens), by reclaiming and interpreting the material remains of his 
past. It has advanced from an art which attracted amateur diggers in 
search of curios to a well-defined science. Archeologists are currently 
attempting to isolate and identify the characteristic features of early 
human technology and the physical, biological, and environmental forces 
which effected the change from one stage of development to another. 

The record of these changes and the appearance of civilization is 
buried in prehistory. No written records describe how and why civili- 
zation first appeared. The only source materials available are those 
which can be directly excavated from the prehistoric levels of archeologi- 
cal sites. The effective analysis of these materials is an interdisciplinary 
task. The techniques of the archeologist must be supplemented with 
those of the paleontologist, botanist, ceramicist, engineer, and geologist 
in order to understand prehistoric finds in the full perspective of all 
aspects of the early environment. 

Two studies supported by the National Science Foundation will con- 
tribute to better understanding of the beginnings and evolution of civili- 
zation. One group, under Robert J. Braidwood of the University of 
Chicago, is investigating the zoological, demographic, and environ- 
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mental aspects of the variegated human populations that have lived and 
died in the Fertile Crescent. This area encompasses modern Iraq, low- 
land Turkey, Syria, Palestine, and TraxwJordan. Here occurred the 
earliest transition from a food-gathering to a food-producing economy in 
human history. 

To understand and explain this great change, the archeologist relies 
on both artifactual and nom-&factual materials. The artifacts-vil- 
lages, dwellings, pottery, tools, weapons, objects of decoration and the 
like-are the familiar subjects of archeological attention. The study of 
artifacts sheds some light on how civilization evolved. 

The nonartifactual materials are as important as the artifacts. These 
materials include the utilized but unworked materials and refuse from 
an ancient site : animal bones, remnants of burned grain or seeds, bits of 
unworked stone or metal, and the skeletons of men themselves. In the 
study of nonartifactual materials, the natural scientists play the greatest 
role in archeological expeditions. It is essential to understand the physi- 
cal environment in which the changeover from nomadic food-gathering 
to settled food-producing and village life came about. Study of the 
ecological situation helps to answer the why of cultural evolution. 

The Foundation’s contribution to the Fertile Crescent expedition will 
enable a zoologist and a ceramic technologist to join an agronomist, 
geneticist, physical anthropologist, ecologist, and archeologist in a coop- 
erative effort to understand the environment at the time the foundations 
of civilization were laid. It is hoped that their participation will develop 
the natural history of animal domestication and will establish an appro- 
priate time-scale for the appearance of new technologies and their eco- 
nomic consequences. Through such coordinated interdisciplinary teams 
of specialists, understanding and knowledge can be advanced most 
effectively. 

A second project being supported by the Foundation focuses attention 
on another important problem in prehistoric archeology. For over a 
century we have known about and marveled at the artistic and intellec- 
tual achievements of the Mayas of ancient Mexico as shown in their 
architecture, sculpture, and hieroglyphic systems. Their great civiliza- 
tion arose, flourished for some 600 years, and then declined. The 
reasons behind this cultural decline, disruption, and abandonment of 
important centers are not known. 

Gordon R. Willey of Harvard University has proposed a new and 
significant approach to the problem. He .is studying the prehistoric 
settlement patterns in the Mayan area. Although many persons have 
studied the spectacular artifacts of the Mayas, little is known of the pre- 
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historic Mayan dwellings, the number and arrangement of these dwell- 
ings, and how they were distributed over the landscape. The nature of 
a settlement reflects not only the natural environment but the way in 
which that environment was exploited to maintain a society. The phys- 
ical form of a community reveals the technology of the society and offers 
insights into the social, political, and religious characteristics of the pea- 
ple. By plotting dwelling sites and dating them from their potsherd con- 
tents, Dr. Willey hopes to relate dwellings to the temple centers, establish 
population data and relate population to the physical setting. 

Other Foundation-supported studies, directly related to geologic and 
minerals research, were indirectly of help to the archeologist in the inve& 
tigation of ancient man and his environment. These included resear& 
on radiocarbon dating by J. L. Kulp, Lamont Geological Observatory; 
W. F. Libby, University of Chicago; and R. N. Keller, University of 
Colorado. 

x 
HISTORY, PHILOSOPHY, AND SOCIOLOGY OF SCIENCE 

j’ 
$9 

In any period of history scientific thought is an integral part of t& 
culture of the period. In measuring the progress and impact of s&n&, 
the pursuit of subject matter research is not enough. It becomes 
sary to study the historical, philosophical and sociological aspects 
cultural setting as well. ’ : $ .I ! 

Development of a worthwhile program of study in these field$$s 
difkult, however, since the area of interest is not well defined. Du&$g 
the coming year the Foundation plans to sponsor a conference to cons&& 
appropriate programs for further investigation and support. ’ ‘>:‘a 

The Foundation has made a research grant to Philipp Frank of H& 
vard University to undertake an historical analysis of the validatibg 
grounds of scientific theories together with the social and psychologi&l 
atmosphere in which theoretical ideas originate, develop, and become 
accepted, rejected or modified. This investigation is aimed at clarify&g 
the relations and interactions of various fields of science on each other 
and in demonstrating what influences have contributed to the progress 
of modem science. 

Another project in this area is under the direction of Henry Margenau 
of Yale University, who is reex amining the basic concepts, definitions, 
and laws employed in the physical sciences. The two components of 
scientific definitions-the operational and the logical-are being exam- 
ined in the fields of classical mechanics and thermodynamics. A re- 
appraisal of the underlying philosophical theories may aid in establishing 
common ground leading to increased communication and understanding 
among the scientific disciplines. 



Education in the Sciences 

GRADUATE FELLOWSHIP PROGRAM 

Late in March the Foundation announced the award of 657 predoc- 
toral graduate fellowships and 79 postdoctoral fellowships for advanced 
study in the natural sciences for the academic year 1954-55. This was 
the third year in which such awards were made. The distribution of 
fellowship awards by field of study and comparative figures for the pre- 
vious programs are summarized in figure 5. A table giving the number 
of applicants and awards by state and region, a complete list of fellowship 
holders, and a list of institutions attended by the fellowship holders as 
undergraduates and graduate students is given in Appendix IV, p. 96. 

FIWJRE 5. Predoctoral graduate jellowshifis>ruarded by National Science 
Foundation by field of science, 195254. 

FELLOWSHIP SELECTION PROCEDURES 

The National Science Foundation Act states that fellowships must be 
awarded solely on the basis of ability. In setting up screening and se- 
lection procedures for its fellowship program, the Foundation drew 

. heavily upon the experience of other groups whose programs have 

s2 
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operated successfully for several decades. The excellence of the selection 
methods used by the National Research Council and the Rockcfcll~ 

Foundation, for example, has been shown by followup studies of the 
later scientific careers of successful applicants. 

In the system used for selection of National Science Foundation Fel- 
lows, the National Research Council, which admix&ten the rating pro- 
gram, appoints rating panels of leading scientists in each of the fields for 
which awards are made. Each panel evaluates the records of candidates 
in its respective field. The ratings are then submitted to the Foundation 
which makes the final selection. 

The record of each predoctoral applicant from which the evaluation is 
made consists of three parts : ( 1) Test scores on verbal ability, quantita- 
tive ability, and scientific aptitude in chosen field; ( 2) previous scho- 
lastic record; and (3) confidential evaluation reports of faculty advisers. 

Figure 6 shows the distribution of scores on the Quantitative Aptitude 
Test of all 1954 first year applicants for Foundation fellowships compared 
with the standard distribution of scores. Only 7 percent of the fellowship 

FICZURE 6. Distribution of quantitative aptitude test scores of applicants 
for National Science Foundation predoctoral fellowships compared with 
distribution for standard group. 

applicants have test scores below the median for the standard group. 
There is little doubt that a powerful preselection factor is at work, in that 
only the highest ranking students in their classes apply for Foundation 
fellowships. 
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While considerable intellectual capacity is a prerequisite to success in 
scientific research, it is not the sole factor involved. However, very little 
progress has been made to date in isolating and defining other mental, 
personality, and physiological factors that may be required for scientific 
creativity and achievement. The Foundation believes this to be an 
important area for further research and during the year it has supported 
studies on fellowship selection techniques administered by the Office of 
Scientific Personnel, National Research Council, under the direction of 
C. W. Taylor. In connection with this program two conferences on 
fellowship selection techniques and criteria of scientific achievement have 
been held. 

INSTITUTES FOR COLLEGE SCIENCE TEACHERS 

The success of the regional summer institutes and conferences for col- 
lege teachers of science, begun on an experimental basis by the Founda- 
tion during fiscal year 1953; resulted in the extension of this program 
during the summer of 1954. These conferences are designed primarily to 
assist science teachers in small colleges with limited research activities to 
keep abreast of recent research in their own and allied fields. Four sum- 
mer conferences were held : 

Colloquium on Collegiate Math&natics, University of North Carolina, June 
15-August 6, 1954. 

Conference on Collegiate Mathematics, University of Oregon, June 21- 
August 13, 1954. 

First Chemistry Institute, sponsored by the American Chemical Society, 
University of Wyoming, July 19-August 20, 1954. 

Colloquium of College Physicists, State University of Iowa, June 16-19, 1954. 

The conferences are attended normally by teachers from the regions 
in which the institutes are held. The programs are built around out- 
standing research leaders who serve as lecturers and seminar directors. 
The direct contact with active scientists has been beneficial in improving 
teaching and curricula, which in turn stimulates students at the under- 
graduate level, making them more aware of current scientific progress 
at an early stage in their training and encouraging them to undertake 
careers in research. 

CONFERENCES IN ENGINEERING SCIENCES 

During the past few years, engineering educators have realized that 
engineering education is in a transitory stage. At this time there is, first, 
an increasing emphasis on the inclusion of engineering subjects in the 

. undergraduate curriculum and, secondly, ‘an increase in the need for a 
larger number of students to obtain advanced degrees in engineering. A 



Kenneth B. Raper (right), University of Wisconsin, 

Madison, studies slime molds. 

These curious creatures are on the borderline 

between the plant and animal kingdoms. 

At a certain stage in their life cycle, 

individual cells migrate to a central point 

where they join hundreds of similar cells. 

Then the cells combine. Some become stalk cells. 

Others become parts of reproductive system. 

Study of these lifeforms may reveal 

how cells become specialized 

for particular jobs in plants and animals. 

David B. Erickson (below), 

of the Lamont Geological Observatory, 

Columbia University, 

inspects ocean-bottom cores 

in the “core library” at Lamont. 

Study of such cores reveals 

how and at what rate sediments 

were laid down on the ocean floor 
I 

The amount of radiocarbon ! 

in the sediment tells its age. 

This radioactive clock is accurate 

for estimating ages of deposits 

up to about 30,000 years old. 



Graduate students in geophysics 

(left) at the Pennsylvania State 

University study the generation 

of seismic waves. The XI-lb. 

weight is dropped to the ground 

and vibrations are measured. The 

research is directed by Benjamin J. 

Howell, third from left. (Below) 

Edward L. Walker of the University 

of Michigan uses white rats and 

electric shock in experimental 

study of learning behavior. The 

rat learns to avoid mild electric 

shocks on its tail by hunching 

forward when a tone sounds. 

This acquired “avoidance” habit 

persists long after the need for it 

has passed. Dr. Walker is 

exploring the psychological 

problems of “unlearning” or 

eliminating such rigid acquired 

habits--a situation that arises in 

treatment of some types of 

pathological human behavior. 
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&cl important factor is the need for inclusion of some of the more 
recent advances of science into the engineering curriculum so that the 
engineers will be able to apply these new principles as rapidly as possible. 

Several groups interested in these problems have asked the Foundation 
to assist educational authorities in the “pure science” fields to meet with 
responsible leaden in engineering education in an attempt to resolve 
the problem. The American Society for Engineering Education selected 
two specific areas for such conferences: ( 1) Solid State Physics in Engi- 
neering Education, and (2) Nuclear Physics in Engineering Education. 
In each subject a double conference composed of physicists and engi- 
neers was held with Foundation support. The first conference was com- 
posed of persons who were conversant with the problems in the area 
under discussion. The conferees spent 3 days discussing such subjects 
as (a) the status of the basic science areas, (b) the most important 
areas to be included in the engineering curricula, and (c) how these 
added materials can be introduced into an overcrowded curriculum. 

Following the initial conference, a program was prepared for a larger 
open conference in each case, and all interested members of the staffs 
of all engineering institutions were invited to attend the open meetings. 

The first double conference of this type was the invitational conference 
in the field of Solid State Physics in Engineering Education, held at 
Allerton House at the University of Illinois in March 1954. During 
three fruitful days of discussion a picture developed of the need for the 
inclusion of solid state physics in the regular engineering curriculum. 
The recommendations of this conference were published in summary 
form so that participants in the second conference held at Carnegie In- 
stitute of Technology in June 1954 would be advised of the background 
before attendance at the meeting. The proceedings of the entire double 
conference will be published so that the information will be available to 
engineering educators generally. 

The initial session of the conference on Nuclear Physics in Engineering 
Education was held at Columbia University in April 1954. At this con- 
ference it was generally agreed that it was desirable for information on 
nuclear processes to be included in the standard engineering curricula 
and that the development of specialized curricula in nuclear engineering 
should be undertaken with considerable caution. The decision on how 
much and in what way such material should be incorporated in the 
standard engineering curricula, is of importance. The conferees reached 
some tentative conclusions which were presented to a larger audience at 
the open conference at Northwestern University held in September 1954. 

820814-5Lc6__Q 
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In this instance again, a publication of the proceedings of the conferences 
will be prepared for wide distribution. 

This experience suggests that the double conference technique has 
certain advantages. It permits a small group well versed in the prob- 
luns under discussion to come to some tentative conclusions and arrive 
at a meaningful agenda. The larger group is then in a position to ex- 
amine critically and revise the tentative conclusions in light of their 
more general background. 

SCIENCE TEACHING IN THE SECONDARY SCHOOLS 

The quality of science teaching at the secondary school level is of the 
utmost importance, for it is normally at the high school level that students 
first exhibit interest in scientific careers. More important, decisions are 

made at this time in selection of course work, such as mathematics, which 
is prerequisite to continuing scientific training in later years. Many or- 

ganizations, both private and public, have studied the problem and gen- 
erally agree that the high school science teacher ha8 a unique opportunity 
to recognize talent early and to stimulate students toward more intensive 
science training at college and postgraduate levels. The teacher needs 

guidance and assistance, however, in carrying out this responsibility. 
During the past year the Foundation has continued to support 

Science Service, Inc., which administers the Science Clubs of America 
and science fairs on a local and national basis. This program provides a 

practical outlet for the scientific enterprise and imagination of young 
students and encourages and rewards them for their early scientific 
achievement. Science clubs are located in many of the States of the 
country and receive strong support from many community groups. The 

membership, now estimated at 300,000, continues to grow. 
The Foundation also sponsored an experimental Summer Conference 

for High School Mathematics Teachers at the University of Washington, 
Seattle, July 26-August 20, 1954. This conference, somewhat similar 
to the college institutes, was aimed at the high school teaching level 
and emphasized modern viewpoints in the teaching of algebra and 
geometry. 



Exchange of Science Information 

In the interest of scientific progress American scientists must be in- 
formed on research developments throughout the world. At this partic- 
ular time, however, the most acute need is for more wichsprd 
knowledge in the United States of the status of Russian science, and the 
National Science Foundation has turned its attention to this problem, 

The American Institute of Physics at the request of the Foundation 
has undertaken to develop a plan for improving the comprehensive cov- 
,erage, abstracting, and translation of important current reports on 
physics research in the Soviet Union. During the course of this study 
the Institute questioned over 600 members of the American Physical 
Society to determine the limits of such a program and to pinpoint those 
areas of most immediate interest. In their replies the American physicists 
urged that complete English translations of Soviet physics journals be 
made available for two principal reasons : 

1. Because of the technical value of the research now in progress in the 
U. S. S. R. 

2. Bekause of the national danger of underestimating the strength of the 
U. S. S. R., particularly as far as scientific advances are concerned. 

Among the specific areas listed in which the Russians have shown 
unusual competence and originality were molecular spectroscopy, mag- 
netism, low temperature physics, underwater sound and related applied 
acoustics, solid state physics, nonlinear mechanics and differential equa- 
tions. 

During the year the Foundation provided support to the American 
Mathematical Society to continue its program of translating about 1,000 
pages a year of the most significant Russian mathematical papers.’ 

The Scientific Translation Center of the Library of Congress estab- 
lished under the sponsorship of the Foundation and the Atomic Energy 
Commission has collected, catalogued, and listed over 2,000 recent sci- 
entific translations from Russian journals. The translations are col- 
lected from many sources, including Government agencies, scientific 
societies, industrial laboratories, and universities. The Center issues a 
monthly Bibliography of Translations from Russian Scientific and Tech- 
nical Literature from which scientists can order microfilms or enlarged 

1 Copies of these traneIatione mar be obta!ned UfrectIy from the American IMathemuffeaI 
Society, 80 Waterman Street, Providence, B. L 

pi7 
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photocopies. The response to this service, particularly among scientists 
from Government and industrial laboratories, has definitely shown its 
value. Translations are collected on mathematics, astronomy, physics, 
chemistry, earth sciences, biological sciences, agriculture, medicine, en- 
gineering and technology. 

SUPPORT OF SCIENTIFIC PUBLICATION 

In its initial statement of policy regarding the support of research the 
National Science Foundation adopted the principle that publication of 
the results was an essential element of good research. In pursuing this 
policy the Foundation has approved inclusion of publication costs in its 
grants for research support, and from time to time grants have been made 
solely for support of scientific publications. At the same time, however, 
the Foundation has maintained that direct Federal subsidy of private 
scientific publications is neither necessary nor desirable at this time. In 
order to reconcile these two policies, it seemed appropriate to establish 
criteria for use by the Foundation in evaluating requests for financial 
assistance to publications. 

During the year with the advice and assistance of the Advisory Panel 
on Scientific Information tentative criteria were developed. These cri- 
teria, which take account of both scientific and economic factors, are : 

The publication should have an adequate referee system to insure that only 
material of high quality is published. 

Only publications covering original basic research in the sciences, including 
monographs and secondary publications, such as index, abstract and review 
journals, should be considered for support. It was felt that except for histori- 
cal material, manuscript collections, and other unique or scarce materials, sci- 
entific bibliographies should not in general be supported. 

Foundation support should be primarily of an emergency nature and it should 
be clear that the publication is taking steps to become self-supporting within 
a reasonable time. 

Highly specialized or “splinter” journals sho,uld not be supported if it is feasible 
to publish the material more economically in a journal or journals of broader 
coverage. 

Federal support of scientific publication is undesirable if it is used so that the 
published material is priced at an artificially low level. 

Alternative methods of publishing the material in question should be con- 
sidered, for the Foundation’s primary interest lies in making the information 
available rather than in supporting any established publication or reference 
service. 

Federal support should not normally be given local publications or services of 
interest primarily to scientists in a particular geographic locality. 

In considering requests for support for publication of books and monographs, 
all methods of printing should be investigated to determine how the work can 

be published in the most economical way. 
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INTERNATIONAL INFORMATION EXCHANGE 

During the year the Foundation approved individual travel grants to 
101 American scientists to permit them to participate in 25 of the ap- 
proximately 250 international scientific meetings held during the year. 
In order to insure the maximum benefit to science and to the Nation, the 
meetings for which travel grants are awarded are carefully selected. In- 
dividual scientists are selected with the assistance of panels of consultants, 
scientific societies, or the appropriate committees of the National Acad- 
emy of Sciences. 

One of the most important international meetings held on the North 
American Continent during 1954 was the Fourteenth International Psy- 
chological Congress at Montreal, sponsored jointly by the American 
Psychological Association and the Canadian Psychological Association. 
The Foundation approved a grant to defray part of the costs of the 
Congress and it also sponsored four individual conferences on special 
areas in which leading scientists attending the Congress participated. 
The special conferences are described in a previous section of this report. 
The total attendance at the Montreal meeting was 1,500, including some 
250 scientists from abroad. 

Outstanding foreign scientists in many other fields were able to partic- 
ipate in l$oundationsponsored conferences held during the year. The 
Foundation has encouraged such meetings in the belief that personal con- 
tact with leading scientists of other countries stimulates exchange of sci- 
entific information in a way that cannot be done by any other means of 
communication. 
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APPENDIX I 

NATIONALSCIENCEBOARD, STAFF, D~VISIONALCOMMMTEESAND 

ADVISORY PANELS 

NATIONALSCIENCEBOARD 

Terms Expire May lo,1956 

JOHN W. DAVIS, President (ret.), West Virginia State College, Englewood, 
N. J. 

EDWIN B. FRED, President, the University of Wisconsin, Madison, Wis. 
hJRENCE M. GOULD, President, Carleton College, Northfield, Minn. 
PAUL M. GROSS: Vice President and Dean of Duke University, Duke 

University, Durham, N. C. 
GEORGE D. HUMPHREY, President, the University of Wyoming, Laramie, 

wyo. 
0. W. HYMAN, Vice President, the University of Tennessee, Memphis, Term. 
FREDERICK A. MIDDLEBUSH,~ President Emeritus, University of Missouri, 

Columbia, MO. 
EARL P. STJWENSON,~ President, Arthur D. Little, Inc., Cambridge, Mass. 

Terms Expire May lo,1958 

SOPHIE D. ABERLE,~ Special Research Director, the University of New 
Mexico, Albuquerque, N. Mex. 

CHESTER I. BARN~,~ Chairman of the Board, President (ret.), Rocke- 
feller Foundation, New York, N. Y. 

ROBERT P. BARNES, Professor of Chemistry, Howard University, Washing- 
ton, D. C. 

DETLEV W. BRONIC,~ Vice Chairman of the Board and Chairman of the 
Executive Committee, President, National Academy of Sciences, Wash- 
ington, D. C., and President, Rockefeller Institute for Medical Research, 
New York, N. Y. 

GERTY T. Coar, Professor of Biological Chemistry, School of Medicine, 
Washington University, St. Louis, MO. 

CHARLES DOLLARD, President, Carnegie Corp. of New York, New York, 
N. Y. 

ROBERT F. LOEB,~ Bard Professor of Medicine, College of Physicians and 
Surgeons, Columbia University, New York, N. Y. 

ANDREY A. POTTER, Dean Emeritus of Engineering, Purdue University, 
Lafayette, Ind. 

Terms Expire May 10, 1960 

RWER ADAMS, Department of Chemistry and Chemical Engineering, Uni- 
versity of Illinois, Urbana, Ill. 

60 
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THEODORE M. HESBUROH, C. S. C., President, University of Notre Dame, 
Notre Dame!, Ind. 

WILLXAM V. HOUSTON, President, Rice Institute, Houston, Tex. 
JAMES B. MACELWANE, S. J., Dean, Institute of Technology, St. Louis 

University, St. Louis, MO. 
DONALD H. MCLAUGHLIN, President, Homestake Miig Co., San Fran- 

cisco, calif. 
GEORCJE W. MERCK: Chairman of the Board, Merck & Co., Inc., New York, 

N. Y. 
JOSEPH C. MORRIS: Vice President, Tulane University, New Orleans, La. 
DOUGLAS M. WHITAKER, Provost, Stanford University, Stanford, Calif. 

Ex-O&i0 Member 

ALAN T. WATERMAN: Dire&or, National Science Foundation, Washington, 
D. C. 

STAFF 

Director --------------------------- ALAN T. WATERMAN. 
Deputy Director---------,,--- _____ C. E. SUNDERLIN. 

Associate Director------, _____-_____ PAUL E. KLOPSTEO. 
GeneralCounsel -__________________ WILLIAM J.HoFF. 
Special Assistant to the Director-,,,, NEIL CAROTHERS III. 
Secretary to the National Science Board, VERNICE ANDERSON. 

Assistant Director for Mathematical, 
Physical, and Engineering Sciences,, RAYMOND J. SEEOER (acting). 

Program Director for: 
hYOnO??ly -------------- --_ PETER VAN DE &MP 

Chemistry ______-__________ WALTER R. KIRNER. 

Earth Sciences _--______---- H. Knw STEPHENSON. 

Engineering Sciences ___--_- GEORGE H. HICKOX. 
Mathematical Sciences,-,,,, LEON W. COHEN. 

Physics ____________________ J. HOWARD MCMILLEN (acting). 
Assistant Director for Biological and 

Medical Sciences _________________ LAWRENCE R. BLINKS. 
Program Director for: 

Environmental Biology,,,,,, GEORGE SPRUGEL, JR. 
Genetic and Developmental 

Biology ----------------- MARGARET C. GREEN. 

Molecular Biology _________- WILLIAM V- CONSOLUKL 
Psychobiology ___L__-_____-- JOHN T. WILSON. 
Regulatory Biology _-_----_- LOTJIS LEVIIV. 
Systematic Biology---------- WULLW C. STEERE. 
Anthropological and Related 

Sciences ______--_-_- ----- HARRY &PERT. 

1 Member of the Executive C0xnmW.w. 
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Assistant Director for Scientific Person- 
nel and Education ________________ HARRY C. I(ELLY. 

Program Director for: 
Fellowships ___________-___ BOWEN C. DEES. 
Scientific Manpower ________ THOMAS J. MILLS. 

Assistant Director for Program Analysis, RAYMOND H. EWELL. 

Study Director for: 
Government Research _______ JOHN C. HONEY. 

Industrial Research --_-_-__- HERBERT E. S~UNER (acting). 

Institutional Research _____-_ RICHARD G. Acr. 
Social Science Research----- HARRY ALPERT. 

Assistant Director for Administration-- WILSON F. HAFXWOOD. 
Fiscal Officer -______-_--___ FRANKLIN C. SHEPPARD. 

Grants Administrator _----_---- FRANKLIN J. CALLENDER. 

Personnel Oficer -__________-_ LELAND P. DECK. 

Head, O&e of Scientific Information- ROBERT TUMBLESON. 
Program Director for: 

Foreign Science Information- NORMAN BALL. 

Scientific Documentation---- HELEN L. BROWNSON. 

Executive Secretary, Interdepartmental 
Committee for Research and Devel- 
opment------------------------- NORMAN BALL. 

DMSIONAL COMMITTEES 

Divisional Committee for Mathematical, Physical, and Engineering Sciences 

JESSE W. BEAMS, Chairman, School of Physics, University of Virginia, 
Charlottesville, Va. 

CAREY CRONEIS, Provost and Wiess Professor of Geology, Rice Institute, 
Houston, Tex. 

WILLZAM L. EVEFUTT, Dean, College of Engineering, University of Illinois, 
Urbana, Ill. 

LEO GOLDBERG, Department of Astronomy, University of Michigan, Ann 
Arbor, Mich. 

EINAR HILLE, Department of Mathematics, Yale University, New Haven, 
Conn. 

ALFRED 0. C. NIER, Department of Physics, University of Minnesota, Min- 
neapolis, Minn. 

CHARLES C. PRICE, Department of Chemistry, University of Pennsylvania, 
Philadelphia, Pa. 

FREDERICK D. ROSSINI, Chemistry Department, Carnegie Institute of Tech- 
nology, Pittsburgh, Pa. 

WILLIAM W. RUBEY, Principal Geologist, United States Geological Survey, 
Washington, D. C. 

THOMAS K. SHERWOOD, Department of Chemical Engineering, Massachu- 
setts Institute of Technology, Cambridge, Mass. 

One STRUVE, Department of Astronomy, University of California, Berkeley, 
calif. 
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SABAUEL S. WILKS, Department of Mathenwia, princtto~~ U~~VCIY&Y, 
Princeton, N. J. 

Divisional Committee for Biological and Medical Sciences 

-AR ANDERSON, Director, Missouri Botanical Garden, St. Louis, MO. 
MARSTON BATES, Department of Zoology, University of Michigan, Ann 

Arbor, Mich; 
FRANK BRINK, Rockefeller Institute for Medical Research, New York, N. Y. 
BERNARD D. DAVIS, Department of Pharmacology, Bellevue Medical Center, 

New York University, New York, N. Y. 
JACKSON W. FOSTER, Professor of Bacteriology, University of Texas, Austin, 

Tex. 
FMNK A. GELDARD, Psychological Laboratory, University of Virginia, Char- 

lottesville, Va. 
ERNEST W. GOODPASTURE, School of Medicine, Vanderbilt University, 

Nashville, Term. 
GEORGE WALD, The Biological Laboratories, Harvard University, Cam- 

bridge, Mass. 
ARNOLD D. WELCH, School of Medicine, Yale University, New Haven, 

COM. 

Divisional Committee for Scientific Personnel and Education 

JOEL H. HILDEBRAND, Professor Emeritus of Chemistry, University of Cali- 
fornia, Berkeley, Calif. 

KATHERINE E. MCBRIDE, President, Bryn Mawr College, Bryn Mawr, Pa. 
HAROLD W. STOKE, Dean of the Graduate School, University of Washing- 

ton, Seattle, Wash. 
GEORGE W. THOM, Peter Bent Brigham Hospital, Boston, Mass. 
RALPH W. TYLER, Center for Advanced Studies, Behavioral Sciences, Stan- 

ford, Calif. * 
FRANK J. WELCH, Dean and Director, College of Agriculture and Home 

Economics, Agricultural Experiment Station, University of Kentucky, 
Lexington, Ky. 

HARRY A. WINNE, Vice President for Engineering (ret.), General Electric 
Co., Redford, N. Y. 

ADVISORY PANELS 

Advisory Panel for Anthropological and Related Sciences 

MARSTON BATES, Department of Zoology, University of Michigan, AM 
Arbor, Mich. 

LUTHER S. CRESSMAN, Department of Anthropology, University of Oregon, 
Eugene, Oreg. 

WILL W. HOWELLS, Department of Sociology and Anthropology, Uni- 
versity of Wisconsin, Madison, Wis. 
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CLYDE KLUCKHOWN, Professor of Anthropology, Harvard University, 
Cambridge, Mass. 

RUPERT B. VANCE, Kenan Professor of Sociology, University of North Caro- 
lina, Chapel Hill, N. C. 

S. L. WA~SHBURN, Department of Anthropology, University of Chicago, 
chicago, Ill. 

Advisory Panel for Astronomy 

JESSE L. GREENSTEIN, Mount Wilson and Palomar Observatories, Califor- 
nia Institute of Technology Pasadena, Calif. 

,PAUL HEROET, Cincinnati Observatory, Cincinnati, Ohio. 
GEOFFREY KELLER, Perkins Observatory, Delaware, Ohio. 
GERARD P. KUIPER, Yerkes Observatory, Williams Bay, Wis. 
NICHOLAS U. MAYALL, Hick Observatory, Mount Hamilton, Calif. 
LYMAN SPITZER, Jr., Princeton University, Princeton, N. J. 
K. A. STRAND, Northwestern University, Evanston, Ill. 
FRED L. WHIPPLE, Harvard University, Cambridge, Mass. 
A. E. WHITFORD, Director, Washburn Observatory, University of Wisconsin, 

Madison, Wis. 

Advisory Panel for Chemistry 

PAUL D. BARTLETT, Harvard University, Cambridge, Mass. 
PAUL C. CROSS, University of Washington, Seattle, Wash. 
NATHANIEL H. FURMAN, Princeton University, Princeton, N. J. 
L. P. HAMMETT, Columbia University, New York, N. Y. 
WILL;IAM S. JOHNSON, University of Wisconsin, Madison, Wis. 
JOSEPH KENNEDY, Washington University, St. Louis, MO. 
CARL S. MARVEL, University of Illinois, Urbana, Ill. 
FREDERICK MATSEN, University of Texas, Austin, Tex. 
K. S. PITZER, University of California, Berkeley, Calif. 
HERMANN I. SCHLESINGER, University of Chicago, Chicago, Ill. 
ERNEST H. SWIFT, California Institute of Technology, Pasadena, Calif. 
W. G. YOUNG, University of California, Los Angeles, Calif. 

Adbisory Panel for Developmental, Environmental, and Systematic Biology 

WILLIAM D. BILLINGS, Department of Botany, Duke University, Durham, 
N. C. 

ELMER G. BUTLER, Professor of Biology, Princeton University, Pr&eton, 
N. J. 

GEORGE H. CLARKE, Harvard University, Cambridge, Mass. 
WILLIAM A. DAYTON, U. S. Forest Service, U. S. Department of Agriculture, 

Washington, D. C. 
ALFRED E. EMERSON, Professor of Zoology, University of Chicago, Chicago, 

Ill. 
DAVID D. I(eCK, New York, Botanical Garden, New York, N. Y. 
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%mINGTON K~uo00, Director, United States National Museum, Wash- 
ington, D. C. 

ERNST MAYR, Professor of Zoology, Harvard University, Cambridge, Mass. 
SAM~RL H. MEW, Department of Botany, Florida State University, Talla- 

hassee, Fla. 
c. LNlD PROSSER, Professor Of tilOgY, university Of l[&DoiS, ui&l,DZk, I& 

A. C. SMITH, U. S. National Museum, Washington, D. C. 

Advisory Panel for Earth Sciences 

Huoo BENIOFF, California Institute of Technology, Pasadena, Calif. 
JAMES GILLULY, United States Geological Survey, Denver, Colo. 
M. KING HUBBERT, Shell Oil Co., Houston, Tex. 
LUNA LEOPOLD, United States Geological Survey, Denver, &lo. 
WALTER H. MUNK, Scripps Institute of Oceanography, La Jolla, Calif. 
ELBURT F. OSBORN, Pennsylvania State University, State College, Pa. 
WILLIAM T. PECORA, United States Geological Survey, Denver, Colo. 
SVERRE PETTERSSEN, University of Chicago, Chicago, 111. 
RICHARD J, RUSSELL, Louisiana State University, Baton Rouge, La. 
PHILZP J. SHENON, Salt Lake City, Utah. 
GEORGE G. SIMPSON, American Museum of Natural History, New York, 

N. Y. 
CHAR=.S W. THORNTHWAITE, Johns Hopkins Laboratory of Climatology, 

Seabrook, N. J. 

Advisory Panel for Engineering Sciences 

ALLAN P. COLBURN, Department of Chemical Engineering, University of 
Delaware, Newark, Del. 

THOMAS J. DOLAN, Department of Theoretical and Applied Mechanics, 
University of Illinois, Urbana, Ill. 

RALPH E. FADUM, Department of Civil Engineering, North Carolina State 
College, Raleigh, N. C. 

GEORGE W. GLEESON, School of Engineering and Industrial Arts, Oregon 
State College, Corvallis, Oreg. 

GEORGE A. HAWKINS, Office of the Dean of Engineering, Purdue Univer- 
sity, Lafayette, Ind. 

VERNON P. JENSEN, C. F. Braun and Co., Alhambra, Calif. 
R. C. JORDAN, Department of Mechanical Engineering, University of Min- 

nesota, Minneapolis, Minn. 
ROBERT F. MEHL, Carnegie Institute of Technology, Pittsburgh, Pa. 
HUNTER ROUSE, Director, Iowa Institute of Hydraulic Research, State Uni- 

versity of Iowa, Iowa City, Iowa. 
THORNDYKE SAWLIZ, College of Engineering, New York University, Uni- 

vexsity Heights, New York, N. Y. 
ERIC A. WALKER, Pennsylvania State University, State College, Pa. 



66 NATIONAL SC8ENCE FOmvDdTION 

I(VWT F. WENDT, College of Engineering, University of Wisconsin, Madi- 
son, Wis. 

Advisory Panel on Foreign Scientific Literature 

I~ER IOELSRUD, Librarian, Battelle Memorial Institute, Columbus, Ohio. 
V~IDAIR RO JANSKY, Department of Physics, Union College, Schenectady, 

N. Y. 
JOHN TURKEVICH, Department of Chemistry, Princeton University, Prince- 

ton, N. J. 

Advisory Panel for Genetic Biology 

ASBERT W. Bmuos, Lankenau Hospital Research Institute, Philadelphia, Pa. 
R. H. GOODWIN, Department of Botany, Connecticut College, New London, 

Conn. 
JOSHUA LEDERBER~, Department of Genetics, University of Wisconsin, 

Madison, Wis. 
TRACY M. SONNEBORN, Department of Zoology, University of Indiana, 

Bloomington, Ind. 
CLIFFORD GROBSTEIN, National Cancer Institute, Bethesda, Md. 
CURT STERN, Department of Zoology, University of California, Berkeley, 

Calif. 
PAUL B. WEISZ, Department of Biology, Brown University, Providence, R. I. 

Advisory Panel for Low Temperature Research 

F. G. BIUCKWEDDE, National Bureau of Standards, Washington, D. C. 
S. G. COLLINS, Massachusetts Instiute of Technology, Cambridge, Mass. 
J. G. DAUNT, Department of Physics, Ohio State University, Columbus, 

Ohio. 
E. A. LONG, University of Chicago, Chicago, Ill. 
C. F. SQUIRE, Department of Physics, Rice Institute, Houston, Tex. 

Advisory Panel for Mathematical Sciences 

DAVID BLACKWELL, Howard University, Washington, D. C. 
RALPH P. BOAS, Jr., Northwestern University, Evanston, Ill. 
SOLOMON BOCHNER, Statistical Laboratory, University of California, Berke- 

ley, Calif. 
KURT 0. FREIDRICHS, New York University, New York, N. Y. 
DERRICK H. LEHMER, University of California, Berkeley, Calif. 
SAUNDERS MMLANE, University of Chicago, Chicago, Ill. 
E. J. MCSHANE, University of Virginia, Charlottesville, Va. 
PAUL C. ROSENBLOOM, University of Minnesota, Minneapolis, Minn. 
HASSL~R WHITNEY, Institute for Advanced Study, Princeton, N. J, 
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Advisory Panel for Motecular Biology 

ALLAN H. BROWN, Department of Botany, University of Minnesota, Mime- 
apolis, Minn. 

B~lrrro~ CHANCE, University of Pennsylvania, Philadelphia, Pa. 
WALDO E. COHN, Oak Ridge National Laboratory, Oak Ridge, Term. 
JOHN T. EDSALL, Biological Laboratories, Harvard University, Cambridge, 

Mass. 
STERLINO B. HENDRICKS, Agricultural Research Service, United States 

Department of Agriculture, Beltsville, Md. 
FRANK H. JOHNSON, Princeton University, Princeton, N. J. 
HENRY A. LARDY, Enzyme Institute, University of Wisconsin, Madison, Wis. 
HOWARD K. SCHACHMAN, University of California, Berkeley, Calif. 
DAVID SHEMIN, Department of Biochemistry, Columbia University, New 

York, N. Y. 

Advisory Panel for National Astronomical Observatory 

IRA SPRAGUE BOWEN, Mount Wilson and Palomar Observatories, California 
Institute of Technology, Pasadena, Calif. 

ROBERT R. MCMATH, McMath-Hulbert Obervatory, University of Michi- 
gan, Pontiac, Mich. 

BENT G. D. STROMUREN, Director, Yerkes and McDonald Observatories, 
University of Chicago, Williams Bay, Wis. 

OTTO STRUVE, Department of Astronomy, University of California, Berkeley, 
Chlif. 

ALBERT E. WHITFORD, Director, Washburn Observatory, University of 
Wisconsin, Madison, Wis. 

Advisory Panel for Physics 

SAMUEL K. ALLISON, University of Chicago, Chicago, Ill. 
CARL D. ANDERSON, California Institute of Technology, Pasadena, Calif. 
R. B. BRODE, University of California, Berkeley, Calif. 
GAYLORD P. HARNWELL, University of Pennsylvania, Philadelphia, Pa. 
KARL F. HERZFELD, Catholic University of America, Washington, D. C. 
JOSEPH KAPLAN, University of California, Los Angeles, Calif. 
C. T. LANE, Yale University, New Haven, Conn. 
W. K. H. PANOFSKY, Stanford University, Stanford, Calif. 
EDWARD M. PURCELL, Harvard University, Cambridge, Mass. 
FREDERICK SEITZ, University of Illinois, Urbana, Ill. 

JOHN SLATER, Massachusetts Institute of Technology, Cambridge, Mass. 
EUGENE P. WIONER, Princeton University, Princeton, N. J. 
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Advisory Panel for Psychology 

FRANK A. BEACH, Professor of Psychology, Yale University, New Haven, 
ConxL 

ti I. HOLLAND, Professor of Psychology, Yale University, New Haven, 
corm. 

LYLE H. LANIER, Professor of Psychology, UnivexGty of Illinois, Urbana, Ill. 
QUINN MCNEMAR, Professor of Psychology, Stanford University, Stanford, 

Cdif. 
W. D. NEFF, Department of Psychology, University of Chicago, Chicago, Ill. 
BENTON J. UNDERWOOD, Department of Psychology, Northwestern Univer- 

sity, Evanston, Ill. 

Advisory Panel for Radio Astronomy 

BART J. BOK, Harvard College Observatory, Cambridge, Mass. 
JESSE L. GREENSTEIN, Mount Wilson and Palomar Observatories, Califor- 

nia Institute of Technology, Pasadena, Calif. 
JOHN PETER HAOEN, Naval Research Laboratory, Washington, D. C. 
JOHN D. KRAUS, Ohio State University, Columbus, Ohio. 
RUDOLPH L. B. MINKOWSKI, Mount Wilson and Palomar Observatories, 

Pasadena, Calif. 
E. M. PURCELL, Harvard University, Cambridge, Mass. 
M. A. TUVE, Carnegie Institution, Washington, D. C. 

Advisory Committee for Regulatory Biology 

H. ALBERT BARKER, Professor of Plant Biochemistry, University of Cali- 
fornia, Berkeley, Calif. 

RICHARD H. BARNES, Associate Director of Research, Sharpe and Dohme, 
West Point, Pa. 

R. H. BURRIS, Professor of Bacteriology, Department of Agriculture, Univer- 
sity of Wisconsin, Madison, Wis. 

IRWIN C. GUNSALUS, Professor of Bacteriology, University of Illinois, 
Urbana, Ill. 

FRITZ A. LIPMANN, Professor of Biological Chemistry, Harvard University 
School of Medicine, Boston, Mass. 

Cl. N. H. LONG, Professor of Physiology, Yale University School of Medicine, 
New Haven., COM. 

ALWIN M. PAPPENHEIMER, Jr., Professor of Microbiology, New York Uni- 
versity College of Medicine, New York, N. Y. 

FOLKE Seooo, Botany Department, University of Wisconsin, Madison, Wis. 
ESMOND E. SNELL, Professor of Chemistry, University of Texas, Austin, 

TeX. 

ALFRED E. WILHELMI, Professor of Biochemistry, Emory University, Ga. 
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Advisory Panel on Scientific Information 

CURE G. BENJAMIN, President, McGraw-Hill Book Co., New York, N. Y. 
BERNARD R. BERELSON, Director, Behavioral Sciences Division, Ford Foun- 

dation, New York, N. Y. 
VERNER W. CLAPP, Chief Assistant Librarian, Library of Congress, 

Washington, D. C. 
GAYLORD P. HARNWELL, President, University of Pennsylvania, Philadelphia, 

Pa. 
G. E. HUTCHINSON, Director of Graduate Studies in Zoology, Yale Univer- 

sity, New Haven, Conn. 
WILLIAM A. NOYES, Jr., Chairman, Department of Chemistry, Universitv 

of Rochester, Rochester, N. Y. 

Advisory Panel on Scientific Manpower Data 

JAMES W. COLE, Jr., Department of Chemistry, University of Virginia, 
Charlottesville, Va. 

HAROLD GOLDSTEIN, Bureau of Labor Statistics, United States Department 
of Labor, Washington, D. C. 

CHARLES V. KIDD, Director, Research Planning Branch, National Institute 
of Health, Bethesda, Md. 

JAMES M. MIXHELL, Deputy Assistant Secretary of Defense (Manpower 
and Personnel), Washington, D. C. 

JAMES 6. O’BRIEN, Director of Personnel, Department of Health, Educa- 
tion, and Welfare, Washington, D. C. 

PHIL~~P N. POWERS, Executive Administrator, Atomic Electric Project, 
Monsanto Chemical Co., St. Louis, MO. 

MERRIAM H. TRYTTEN, Director, Office of Scientific Personnel, National 
Research Council, Washington, D. C. 

JOHN F. WELLEMEYER, Staff Advisor on Personnel Studies, American 
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APPENDIX II 

RESEARCH SUPPORT PRCX~RAM 

BASIC RESEARCH GRANTS AWARDED IN FISCAL YBAB 195 4 

Astronomy 

THE AMERICAN ASSOCIATION OF VARIABLE STAR OBSERVERS, HARVARD UNXVERSMY, 
Cambridge, Mass.; W. Myall; The Light Variations of More than 500 Variable 
Stars; 1 year; $10,000. 

U~nmnsnr OP CHICAGO, Chicago, Ill.; W. A. Hiltner, Department of Astronomy; 
Intsfdellar Polarization; 2 years; $10,900. 

UNIVERSI~ OF Cmcmo, Chicago, Ill.; G. P. Kuiper, Department of Astronomy; 
Physical and Statistical Study of the Asteroids; 2 years; $23,000. 

UNWERSITY OF CHICAGO, Chicago, Ill.; G. van Biesbroeck, Yerkes Observatory; 
Astrometric ObseruatiolcJ; 1 year; $4,400. 

UNIVERSI’PY OF FLORIDA, Gainesville, Fla.; D. Duke, Department of Astronomy; 
Photografihic Studies of CZose Binaries; 1 year; $1,200. 

HARVARD UNWERSIT~, Cambridge, Mass.; B. J. Bok and H. I. Ewen, Harvard Col- 
lege Observatory; Radio Astronomy in the Microwave Region; 1 year; $17,000. 

HARV~ UNIVERSITY, Cambridge, Mass.; D. Hoffleit, Harvard College Observatory; 
Variable Stars in the Milky Way; 2 years; $5,500. 

HARVARD UNIWRSITY, Cambridge, Mass. ; H. Shapley, Department of Astronomy; 
The Stellar Corona Surrounding our Discoidal Galactic System; 1 year; $3,800. 

UNIVERSITY OF ILLINOIS, Urbana, Ill. ; G. C. McVittie, Department of Astronomy; 
Classical and Relativistic Gas-Dynamics by the Method of Einstein’s Equations; 
2 years; $11,400. 

INDIANA UNIVERSITY, Bloomington, Ind. ; F. K. Edmondson, Department of As- 
tronomy; Observations of Asteroids; 1 year; $5,000. 

LOUISIANA STATE UNIVERSITY, Baton Rouge, La.; K. Yoss, Department of Physics 
and Astronomy; Relative Frequencies of Galactic Star Populations; 2 years; 
$2,700. 

UNIVERSITY OF MICEWAN, Ann Arbor, Mich.; L. H. Aller, Department of Astron- 
omy; Abundances of Light Metals in Stars and Nebulae; 2 years; $11,000. 

MOUNT HOLYOKB COLLEOE, South Hadley, Mass.; A. H. Farnsworth, Department 
of Astronomy; Study of u Milky Way Field; 3 years; $1,500. 

NORTHWRSTERN UNIVERSITY, Evanston, Ill.; K. Aa Strand, Department of As- 
tronomy; Photographic Observation of Double Stars; 2 years; $6,500. 

OHIO STATE UNIVERSITY, Columbus, Ohio; P. C. Keenan, Department of Physics and 
Astronomy; Spectroscopic Study of Luminosity and Composition of S-Type and 
Rekuted Stars; 2 years; $3,700. 

OHIO STATE UNIVERSITY, Columbus, Ohio; A. Slettebak, Department of Physics and 
Astronomy; Line Broadening in Early-Typs Supergiant Stars; 1 year; $2,700. 

PRINCETON UXUIIIERSITY, Princeton, N. J.; M. Schwarzschild, Department of Astron- 
omy; Advanced Stages of Stellar Evolution; 2 years; $12,600. 

UNIWERSIT~ OF VIRGINIA, Charlottesville, Va. ; A. N. Vyssotsky, Department of 
Astronomy; Spectra of Faint Stars; 1 year; $3,500. 

YALE UNIVERSITY, New Haven, Conn.; D. Brouwer, Department of Astronomy; 
Systems of Fundamental Catalogues from Observations of Sekcted Minor Planets; 
2 yeRl-8; $11,500. 
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Chdstry 

aSTON UMVERSW, htOA, b&US.; N. N. Lichtin, Department of Chemistry; 
Ionic Dissociation Equilibria in Solutions in Liquid Sulfur Dioxide; 2 yeam; 
$12,900. 

BRANDIWS UNI-MITY, wdtham, hss.; S. G. Cohen, Deparhneat of Chemistry; 
Chemistry of Free Radicals: 3 yeara; $18,000. 

BRIOXAM YOUNO urmB8um~, Provo, Utah; J. R. Goates, Department of Chcmhy; 
Mechanism of Adsorption of Ions by Silicate Minerals; 1 year; $4,400. 

UNIVERSITY OF CALIFORNIA, Berkeley, Calif.; T. L. Allen, Department of Chemia- 
try; Dissociation Equilibria of Metallic Halides at High Tempercrtures; 3 yearn; 
$9,000. 

UNIVERSITY OF CALIFORNIA, Berkeley, Calif.; D. W. Mitchell, Inatitutc of Engineer- 
ing Research; A Study of the Structure of Molten Silicates by Measurements of 
Partial Molar Volumes; 1 year; $3,000. 

UNIVERSITY OF CALIFORNIA, Los Angeles, Callf.; R. L. Scott, Department of Chem- 
istry; Molecular Complexes Involving Halogens; 3 years; $14,800. 

CARNEGIE INSTITUTE OF TECENOLWY, Pittsburgh, Pa.; P. Fugassi, Department of 
Chemistry; Chemical Nature of Coal Hydrogenation Products; 3 years; $12,000. 

CENTRAL STATE COLLEGE, Wilberforce, Ohio; E. 0. Woolfolk, Department of Chem- 
istty; P-Phenylazo-Bsnroyl Chloride for Identification and Separation of Alcohols, 
Amines, and Phenols; 2 years; $3,100. 

UNIVERSITY OF COLORADO, Boulder, Colo.; R. N. Keller, Department of Chemistry; 
Low Count-Rats Techniques in Radiocarbon Dating; 2 years; $10,000. 

COLUMBIA UNIVERSITY, New York, N. Y.; G. Stork, Department of Chemistry; 
Synthesis of the Polycyclic Di- and Tri-Terpenes; 2 years; $13,300. 

UNIVBRSITY OF DELAWARE, Newark, Del. ; E. Dyer, Department of Chemistry; Eflect 

of Oxygen on Vinyl Compounds in the presence of Free Radicals; 18 months; 
$10,000. 

UNXVBRSXT~ OF FLOIUDA, Gainesville, Fla; G. A. Greathouse, Engineering and Indur- 
trial Experiment Station; Mechanism of Synthesis and Degradation of Specifically 
Labeled C“ Celluose; 2 years, $6,500. 

GEORCNA INSTITUTE OF TECHNOLOGY, Atlanta, Ga.; J. Hine, Department of Chem- 
istry; Eflect of Halogen Atoms on Reactivity of Other Halogen Atoms in the Same 
Molecule; 2 years; $10,000. 

HOWARD UNNERSITY, Washington, D. C. ; M. D. Taylor, Department of Chemistry; 
Action of Simple and Complex Hydrides on Rare Earth Compounds; 2 yeare; 
$12,000. 

ILLINOIS INSTITUTE OF TECHNOLOGY, Chicago, Ill.; S. E. Wood, Department of 
Chemistry; Properties of Nonelectrolytic Solutions; 3 years; $24,000. 

UNIVERSITY OF ILLINOIS, Urbana, Ill.; H. A. La&en, Department of Chemistry and 
Chemical Engineering; Adsorption Processes at Electrode Surfaces; 2 years; $11,800. 

UNIVERSITY OF ILLINOIS, Urbana, Ill.; B. R. Ray, Department of Chemistry; Trans- 
ference Numbers of Salts in Non-Aqueous Solvents; 1 year; $5,390. 

UNIVERslm OF ILLINOIS, Urbana, Ill.; H. R. Snyder, Department of Chemistry; 
Alkaloids of Haplophyton Cimicidum; 3 years; $29,600. 

UNIVBRS~~Y OF ILLINOIS, Urbana, Ill. ; E. C. Taylor, Jr., Department of Chemistry; 
An Investigation of the Pyridinopyrimidines; 2 years; $5,000. 

KIWYON COLLEGE, Gambicr, Ohio; B. M. Norton, Department of Chemistry; Liquid 
Phase Photochemical Reactions; 3 years; $4,600. 

UNIVBRSXTY OF L~~I~~LLIE, Louisville, Ky. ; J. P. Phillips, Department of Chemistry; 
Analytical Reagents Related to 8-Quinolinol; 2 years; 5,100. 
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UNIvEnSe OF MAR YLAND, College Park, Md.; G. Brown, Dqxwtment of chemistry; 
X-Ray Analysis of Organic Crystal Structures; 2 years; $10,400. 

MASSACHUSETTS INSTITUTE OF TBOHNOLOOY, Cambridge, Mass.; G. Swain, Depart- 
ment of Chemistry; Quantitive Cowelation of Relatives Rates of Polar Displacement 
Reactions; 3 years; $13,000. 

UNIVERSITY OF MISSISSIPPI, University, Miss.; W. L. Nobles, School of ‘Pharmacy; 
Studies Involving the Mann&h Reaction; 2 years; $4,100. 

MONMOUTH COLLEGE, Monmouth, Ill.; G. W. Thiessen, Department of Chemistry; 
Benzenoid Inhibition of the Kolba Electrolysis; 1 year; $5,000. 

MOUNT HOLYOICE COLLME, South Hadley, Mass.; L. W. Pickett, Department of 
Chemistry; Vacuum Ultraviolet Spectra of Selected Organic Compounds; 2 years 
$11,000. 

STATE UNIVERSITY OF NEW YORK, Albany, N. Y.; M. Szwarc, Department of 
Chemistry, School of Forestry, Syracuse, N. Y.; Heats of Formation of Radicals and 
of Bond Dissociation Energies; 2 years; $16,000. 

UNIVERSITY OF NOTRE DAME, Notre Dame, Ind.; C. Curran, Department of Chemis- 
try; Localixed and Nonlocalized Hydrogen Bonding; 2 years; $6,100. 

OHIO STATE UNIVERSITY, Columbus, Ohio; M. L. Wolfrom, Department of Chemis- 
try; Determination of Polysaccharide Structure by Degradativs Methods; 3 yeara; 
.$25,000. 

PENNSYLVANU STATE UNNERSI~, State College, Pa.; N. C. Deno, Department of 
Chemistry; Factors Governing Stability of Carbonium Ions; 2 years; $4,600. 

REED COLLEOE, Portland, Oreg.; A. F. Scott, Department of Chemistry; Chemical 
Determination of Atomic Weights; 2 years; $8,000. 

RENSSELAER POLYTECHNIC INSTITUTE, Troy, N. Y.; S. Ross, Department of Chem- 
istry; Two-Dimensional Condensation of Adsorbed Vapors on Solid Surfaces; 
1 year; $5,000. 

RICE INSTITUTE, Houston, Tex.; R. B. Turner, Department of Chemistry; Total 
Synthesis in the Steroid Series; 2 years; $16,300. 

UNIVERSITY OF SOUTH CAROLINA, Columbia, S. C.; D. F. De Tar, Department of 
Chemistry; Intramolecular Reactions of Free Radicals; 2 years; $13,100. 

UNIVERSITY OF SOUTHERN CALIFORNIA, Los Angeles, Calif. ; W. K. Wilmarth, Depart- 
ment of Chemistry; Chemistry of Aromatic Free Radicals; 2 years, $6,300. 

TUFTS COLLEOE, Medford, Mass.; C. E. Messer, Department of Chemistry; Solid 
Solution Formation and Solid-Liquid Phase Equilibria in Systems of Aromatic Ring 
Compounds; 1 year; $5,000. 

UNIVERSITY OF UTAH, Salt Lake City, Utah; R. E. Han-q Department of Chemistry; 
Solution Chemistry of Complex Ions; 2 years; $9,700. 

VANDERBILT UNIVERSITY, Nashville, Tenn. ; D. E. Pearson, Department of Chemistry; 
Mechanisms of Electrophylic Reactions; 2 years; $9,200. 

UNNERSITY OF’VIROINIA, %harlottesville, Va.; R. E. Lutz, Department of Chemistry; 
Stereochemistry and Effectiveness of Conjugation in Chalcones and Related Sys- 
tems; 2 years; $6,600. 

STATE COLLEOE OF WASWINOTON, Pullman, Wash; G. W. Stacy, Department of Chem- 
istry; Addition of Thiols to Schif Base Systems; 1 year; $4,100. 

UNIVERSITY OF WASHINGTON, Seattle, Wash.; W. M. Schubert, Department of Chem- 
istry; Aromatic Electrophilic Substitution by Hydrogen; 3 years; $6,500. 

UNIVERSITY OF WASHINGTON, Seattle, Wash. ; B. S. Rabinovitch, Department of 
Chemistry; Kinetics of Homogeneous Unimolecular Isomerixation Reaction; 2 
yem ; $12,400. 

WASHINGTON UNNERSITY, St. Louis, MO.; A. C. Wahl, Department of Chemistry; 
Kinetic Studies of Oxidation-Reduction Reactions; 2 years; $17,700. 
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Was- RILSERVB UNIV=SITY, Ckvcland, Ohio; E. L. Pace, Department of Chczn- 
istry; Thermodynamics and Molecular Structure of Simpk Fluorine Compounds; 
2 lean; $10,500. 

UNIVBRSITY OF WISCONSIN, MSU~OA, Wk.; W. S. Johnson, Department of Chcm- 
istry; Synthesis of Structures Related to the Steroids; 2 years; $15,000. 

UNITTERSITY OF WISCONSIN, Madison, Wis. ; A. L. Wilds, Department of Chcxnby; 
Total Synthesis of Nonaromatic Steroids; 1 year; $8,600. 

YALE UNIVERSITY, New Haven, Conn.; B. Owen, Department of Chemistry; The 
Dielectric Constants of Liquids at High Pressures; 1 year; $3,800. 

Developmental Biology 

ATLANTA UNIVERSITY, Atlanta, Ga.; M. L. Reddick, Department of Biology; Pattern 
of Outgrowth of Cells from Chick Medulla Grown in Vitro; 2 years; $4,600. 

UNIVERSITY OF CALIFORNIA, Berkeley, Calif.; R. Y. Stainer, Department of Bacteri- 
ulogy; Physiology and Photosynthetic Bacteria; 3 years; $20,700. 

UNIVERSITY OF COLORADO, Boulder, Cola.; H. Herrmann, Department of ‘Pediatrics, 
School of Medicine; Embryonic Development and Maturation of Muscle Tissue; 
1 year; $7,500. 

FLORIDA STATE UNTVERSITY, Tallahassee, Fla; C. B. Metz, Department of Zoology; 
The Nature and Role of Specific Substances in Fertilixin; 2 yeam; $8,100. 

GRINNELL COLLEGE, Grinnell, Iowa; G. Mendaa, Department of Biology; Yolk 
Nucleus of the Teleost Ova; 1 year; $500. 

STATE UNIVERSITY OF IOWA, Iowa City, Iowa; R. B. Wylie, Department of Botany; 
New Methods in Leaf Research; 15 months; $5,400. 

MACALESTER COLLEGE, St. Paul, Minn.; W. S. Glock, Department of Geology; Tree 
Growth and Climate; 3 years; $13,000. 

UNIVERSITY OF PENNSYLVANIA, Philadelphia, Pa.; C. E. Wilde, School of Dentistry; 
Embryogenesis of the Vertebrate Head; 2 years; $10,800. 

RICE INSTITUTE, Houston, Tex. ; R. V. Talmadge, Department of Biology; Hormonal 
Basis for Implantation of Blustocyst in Armadillo; 2 years; $13,000. 

ST. AMBROSE COLLEGE, Davenport, Iowa; W. F. Lynch, Department of Biology; 
Factors Inducing Metamorphosis in Bugula; 1 year: $450. 

UNIVERSITY OF WASHINGTON, Seattle, Wash.; W. S. Hsu, Department of Zoology; 
Bdelloid Cytology; 2 years; $3,200. 

UNIVERSITY OF WISCONSIN, Madison, Wis.; H. W. Mossman, Department of Anat- 
omy; Utsrine Vascular System in the Hamster; 1 year; $4,370. 

UNIVERSITY OF WISCONSIN, Madison Wis.; K. B. Raper, Department of Botany; 
Speciation in Simple Slime Molds; 3 years; $18,900. 

Earth Sciences 

UNIVERSITY OF ALASKA, College, Alaska; C. T. Elvey, Director, Geophysical Insti- 
tute; Ionospheric Research Using Both Radio Waves of Extraterrestrial Origin 
and from Controlled Transmitters; 2 years; $20,000. 

AMERICAN MUSEUM OF NATURAL HISTORY, New York, N. Y.; N. D. Newell, Curator 
of Historical Geology and Fossil Invertebrates; Phylogenetic Studiss of Pelecypoda; 
1 year; $3,100. 

BROWN UNIVERSITY, Providence, R. I.; R. B. Montgomery, Visiting Professor of 
Oceanography; Analysis of Serial Oceanographic Observations; 2 years; $12,200. 

UN~YERSITY OF CALIFORNU, Los Angeles, Calif.; D. I. Axelrod, Department of 
“Geology; Pliocene Floras of Western Nevada; 3 years; $13,800. 
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UN~SIW OR CALIFORNIA, &rkeky, csdif.; c. Meyer, Department of -logical 
Sdenccr; Hydrothermal Alteration Studies of Micas, Mica-Like Clays and Related 
Minerals; 2 yeara ; $19,500. 

UNIVBRSITY OF CALIFORNIA, Berkeley, Calif.; C. A. Nelson, Department of -108y; 
Cambrian Strata of the Inyo Mountains, c~ifornia; 3 years; $8,600. 

UNIVERSE OF CALIFORNIA, Los Angeles, Calif.; G. Tune& Department of Geology; 
Geochemistry of Mercury Ores; 2 years; $17,700. 

UNIVERSITY OF CHICAOO, Chicago, Ill. ; H. C. Urey, Institute for Nuclear Studies; 
Isotopic Abundances Relating to Geochemical Research; 1 year; $21,400. 

COLUMBU. UNIVERSITY, New York, N. Y. ; W. H. Bucher, Department of Geology; 
Geologic Investigation of the Tectonic Settling of Land Masses Adjacent to thr 
Puerto Rican Trench; 1 year; $14,000. 

COLUMBIA UNIVERSITY, New York, N. Y.; D. B. Ericson, Iamont Geological Observa- 
tory; Lithological and Mictopal6ontological Investigation of Atlantic Ocean 
SGdiment Cores; 2 years ; $18,000. 

COLUMBIA UNIVERSITY, New York, N. Y.; J. L. Kulp, Department of Geology; Time 
Rslations of Ocean Floor Sediments; 1 year; $13,000. 

HIOH ALTITUDE OBSERVATORY OF HARVARD UNIVERSITY AND THE UNIVERSITY OF 
COLORADO, Boulder, Colo.; W. 0. Roberts, Director, High Altitude Observatory; 
Observational Studies of Solar Activity; 1 year; $10,000. 

UNIVERSITY OF ILLINOIS, Urbana, Ill.; G. W. White, Department of Geology; Prop- 
dies of Glacial Tills; 15 months ; $11,800. 

UNIVERSITY OF MIAMI, Coral Gables, Fla.; R. N. Ginsburg, Marine Laboratory; 
Geological Role of Some Blue-Green Algae; 6 months; $3,300. 

UNIVERSITY OF NEBRASKA, Lincoln, Nebr.; R. L. Threet, Department of Geology; 
Structures of the Colorado Plateau Margin in Southwestsrn Utah; 2 years; $4,400. 

NORTX DAKOTA AGRICULTURAL COLLEGE, Fargo, N. Dak.; P. Tasch, Department of 
Geology; Fauna and Palroecology of the Depauperate Zone of the Maquoketa 
Shale of Iowa; 1 year; $1,000. . 

OBERLIN COLLEGE, Oberlin, Ohio; P. B. Sears, K. Clisby, and F. Foreman; Continu- 
ous History of Vegetation, Climate and Sedimsnts Extending into the Pleistocene; 
1 year; $9,000. 

PALEONTOLOOICAL RESEARCH INSTITUTION, Ithaca, N. Y.; J. D. McLean, Jr.; 
Foraminifera of the Yorktown Formation; 1 year; $5,200. 

PENNSYLVANIA STATE UNIVERSITY, State College, Pa.; B. F. Howell, Jr., Department 
of Earth Sciences; Formation of Beimic Pulses; 2 years; $12,100. 

PENNSYLVANIA STATE UNIVERSITY, State College, Pa,; M. L. Keith, Department of 
Earth Sciences; Fractionation of Stable Zsotopes in Geologic Processes; 2 years; 
$15,100. 

PENNSYLVANIA STATE UNIVERSITY, State College, Pa.; 0. F. Tuttle, Department of 
Earth Sciences; Stability Rslations of Siticatc-Carbonat6s at Elevated Temperatures 
and Pressures; 1 year; $5,500. 

PRINCETON UNIVERSITY, Princeton, N. J.; J. C. Maxwell, Department of Geology; 
Compaction and Cementation of Sediments; 2 years; $10,800. 

PRINCETON UNIVERSITY, Princeton, N. J., W. T. Thorn, Jr., Department of Geological 
Engineering; Crustal Deformation in Portions of the Great Plains and Cordilleran 
Regions; 1 year; $8,700. 

UNIVERSITY OF UTAEI, Salt Lake City, Utah; E. Roedder, Department of Mineral- 
ogy; Phase Equilibrium Retations in the System K,O-FeO-Al,O4iO,; 2 years; 
$13,400. 

WASHINOTON UNIVERSITY, St. Louis, MO.; J. C. B&e, Department of Geology; 
Pleistocene Geology of Northeastern Missouri; 2 years; $3,!588. 
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WAYNE UNIVERSITY, Detroit, Mid; W. H. Parsons, Department of Geology; &neow 
Geology in the Bear-tooth Mountain Area* Wyoming-Montana; 6 months; $4$00. 

WAYNI& UNIVI=SMY, Detroit, b&h. ; W. H. Pmna, Department of Geology; Prob- 
lems of Igneous Geology in the Beartooth Mountain Area, Wyoming-Montana; 
1 year; $3,700. 

Enginsm’ng Scisnca 

UNIVBRSITY OF ARIEONA, Tucson, Ark; T. L. Martin, Jr. and C. R Hamenbauer, 
Department of Electrical Engineering; Thermionic Ion Generation in Contami- 
nated Air and Other Gases; 2 years; $10,000. 

POLYTECHNIC INSTITUTE OF BROOKLYN, Brooklyn, N. Y.; J. C. Chu, Department of 
Chemical Engineering; Drying with Superheated Vapors; 2 years; $3,500. 

UNIVERSITY OF CALIFORNLA, Berkeley, Calif.; W. T. Thomson, Department of Engi- 
neering; Wave Propogation Through Hydrocarbons; 2 years; $9,600. 

\ 
CARNILGIR INSTITUTE OF TECHNOLWY, Pittsburgh, Pa; C. L. McCabe, Department 

of Metallurgical Engineering; Determination of Activity of Silicon in Liquid Siii- 
cute Systems; 18 months; $11,000. 

Chsa, INSTXTUTE OF TECSNOLOOY, Cleveland, Ohio; W. L. Bryan, Mechanical Engi- 
neering Department ; Hsat Transfer to Boiling Liquids Flowing in Horizontal 
Tubes; 1 year; $5,700. 

COLOW AGRICULTURAL AND MECHANICAL COLLEGE, Fort Collins, Colo.; M. L. 
Albertson, Department of Civil Engineering; Resistance to Flow in Open Channels; 
30 months; $12,500. 

UNIVERSITY OF DELAWARE, Newark, Del.; A. B. Metzner, Department of Chemical 
Engineering; Engineering Reaction Kinetics of Ethylene Oxide Hydration; 18 
months; $9,000. 

UNIVERS~V OF DETROIT, Detroit, Mich.; R H. McCormack, Department of Chemi- 
cal Engineering; Solubility of Hydrogen Chloride and Ammonia in Water and 
Organic Solvents; 18 months; $2,300. 

GEORGIA INSTITUTE OF TECHNOLOOY, Atlanta, Ga.; W. T. Ziegler, Department of 
Chemical Engineering; Studies of Compounds for Superconductivity; 2 ycura; 
$13,000. 

UNWERS~~Y OF ILLINOIS, Urbana, Ill.; J. W. Westwater, Division of Chemical Engi- 
neering; Metastable Boiling; 2 years; $13,500. 

STATE UNIVERSITY OF IOWA, Iowa City, Iowa; J. 0. Osburn, Division of Chemical 
Engineering; Supersaturation in Liquid Solutions; 1 year; $8,000. 

JOHNS HOPKINS UNIVERSITY, Baltimore, Md.; H. E. Hoelscher, Department of 
Chemical Engineering; Kinetics of Reactions in Three-Phase Systems; 2 yean; 
$9,000. 

KANSAS STATE COLLIE, Manhattan, Kans. ; D. R. Carver, Applied Mechanics 
Department; Stability of Rings and Circular Arches under Arbitrary Loading; 2 
years; $10,000. 

/, UNIVERSITY OF KENTUCKY, Lexington, Ky. ; C. S. Crouse and J. P. Hammond, 
Department of Mining and Metallurgical Engineering; Eflect of Deformation 
Temperature on the Rolling Textures of Metals; 1 Year; $9,000. 

LEEI~H UNNERSITY, Bethlehem, Pa.; L. S. Beedle, Department of Civil Engineering; 
The InjDuence of Residual Stress on Column Strength; 3 years; $15,000. 

LEHIGX UNIVERSITY, Bethlehem, Pa.; A. C. Zettlemoyer, Department of Chemistry; 
Mixed Vapor Adsorption; 2 yearu; $6,200. 

LOUISIANA STATE UNWERS~Y, Baton Rouge, La.; J. Coates, Department of Chemi- 
cal Engineering; Thermal Conductivity of Liquids and Solutions as a Function of 
Temperature; 2 years; $13,800. 
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Y M~ss~caus~ns INSTITUTE OF TEGRNOL~OY; Cambridge, Mass.; M. C. Shaw, 
# Department of Mechanical Engineering; Stress and Energy Clicractsristics of 

Brittk Matsrials During Comminution; 1 year; $6,000. 
MASSAG~USEET~ INSTZTUTE OF TECXNOLWY; Cambridge, Mass,; J. WulfF, Depart- 

‘mat of Metallurgy; Adsorption of Gasei on Solid M6tals; 1 year; $8,600. 
UNIWWIT~ OF MINNESOTA, Minneapolis, Minn.; E. L. Piret, Department of Chemi- 

cal Engineering; R6action and Dislocation Kin6tics of Crushing and Grinding; 2 
years; $15,000. 

Mxssresl~~x STATE COLLEGE, State College, Miss.; D. M. McCain, Department of 
civil Engineering; Strsss-Strain &hztions in Plain Concrst6 Undsr Simulated 
Bsam Action; 1 year; $5,500. 

MONTANA SCHOOL OF MINES; Butte, Mont.; D. W. McGlashan, Department of Min- 
ing Engineering; Efl6cts of Progr6ssiv6 Chang6 of Position on th6 Surfacr Reac- 
tivity of Aliphatic Derivatives; 2 years; $13,000. 

NEW YORK UNIVERSITY, New York, N. Y.; Y. C. Liu, Department of Metallurgy; 
Eflsct of Crystal Ori6ntation in Cold-Rolled and Recrystallized TGXtUr6S of Cop- 

” p6r; 18 months; $6,000. 
NEW YORK UNIVERSITY, New York, N. Y. ; R. E. Treybal, Department of Chemical 

Engineering; Mass Transfer to and from Solid Spheres Immsrsed in a Flowing 
Fluid; 30 months; $7,000. 

NORTH CAROLINA STATE COLLEGE, Raleigh, N. C. ; N. L. Memerow, Department of 
Engineering Research; Mtxhanism of Biochemical Oxidation of Organic Mattsr; 
1 year; $7,000. 

UNIVERSITY OF NORTH DAKOTA, Grand Forks, N. Dak. ; W. R. Kube, Department 
of Chemical Engineering; Sorption of Water Vapor by Thermally Trsat6d Lignite; 
18 months; $3,400. 

NORTHWESTERN UNIVERSITY, Evanston, Ill.; A. B. Bronwell, Department of Elec- 
trical Engineering; Microwavs Conversion and Detection; 1 year; $5,000. 

NORTHWESTERN UNIVERSITY, Evanston, Ill.; G. Thodos, Department of Chemical 
Engineering; Vapor Liquid Equilibrium Studies in Multicomponsnt Systsms; 
2 years; $10,000. 

OHIO STATE UNIVERSITY, Columbus, Ohio; J. D. Kraus, Department of Electrical 
Engineering; Positions and Charact6ristics of D&rste Radio Sourc6s; 2 years; 
$9,800. 

OREOON STATE COLLEGE, Con&is, Oreg.; J. G. Knudsen, Department of Chemical 
Engineering; Heat Transfer Coeficients in Bafied Tubular Heat Exchanges; 2 
years ; $7,200. 

PENNSYLVANU STATE UNIVERSITY, State College, Pa., L. W. Hu and J. Marin, 

I 
Department of Engineering; Creep Stress-Strain-Tim6 Rslations for Combinsd 
StY6ss6s; 2 YCarS; $13,000. 

! PENNSYLVANIA STATE UNIVERSITY, State College, Pa., A. H. Waynick, Department 
x.1 - of Electrical Engineering; Detecting Solar and Upper Atmospherr Phenomena by 

Long-Wavr Radio Methods; 1 year; $12,000. 
UNIVERSITY OF PENNSYLVANIA, Philadelphia, Pa.; F. J. Dunkerley, Department of 

Metallurgical Engineering; Thermodynamic Ptofi6tties of Sulphur and Oxygen 
in Liquid Iron Alloys; 2 years; $20,000. 

UNIWRSITY OF PENNSYLVANIA, Philadelphia, Pa.; F. F. Hagerty, Department of 
Chemical Engineering; Fixed Bed Problem with a Nonlinear Equilibrium Rsla- 
tionship; 1 year; $5,000. 

PRATT INSTITUTE, Brooklyn, N. Y.; G. B. Diamond, Department of Chemical Engi- 
neering; Selective El6cttolytic Reduction of Carbocyclic Unsaturat6d Compounds; 
2 years; $10,000. 
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panbrrnc UNXVBRSITY, Lafayette* Ind.; E. W. Comings, S&o01 of Chemical and 
Metakrgid Engineering; Pro@rtirs of Chses ut High Pr6ssur6.s; 2 yeam; $14*000. 

~NSSELASR POLYTECHNIC INSTITUTE, Troy, N. Y.; J. 0. Hougen, Department of 
Chemical Engineering; Rsduction of &ta%c Gxidrs with Hydrogm; 1 year; 
$4,300. 

&J~TH DAKOTA SCHOOL OF MINSS AND TLCHNOLOOY, Rapid City, S. Dak.; W. A. 
I&son, Department of Electrical Engineering; Observable FaiZur6s of Electricalfy 
Strsssrd Transformer oil; 2 years; $3,500. 

SWARTHYORE COLLEGE, Swarthmore, Pa.; C. Barus, Department of Electrical Engi- 
neering; Electronic Instrumrntation in Neurophysiology; 1 year; $8,500. 

UNIVERSITY OF TEXAS, Austin, Tut.; W. L. Moore, Department of Civil Engineering; 
Diifusion of a Two-Dimensional Submrrgsd 1st; 1 fear; $10,000. 

UNIVERSITY OF UTAH, Salt Lake City, Utah; J. H. Hamilton and J. R. Lewis, De- 
partment of Metallurgical Engineering; Rimstics of the Removal of Carbon from 
Moltcrn M6tal-Carbon Mixtures by Rsaction with Carbon Dioxide; 3 years; $13,000. 

’ UNIVERSITY OF WISCONSIN, Madison, Wis.; J. A. Duffie, Engineering Experiment 
Station; Solar En6rgy Rssearch; 3 years; $13,000. 

Environmental Biology 

UNIVERSITY OF ARIZONA, Tucson, Ariz.; A. R. Mead, Department of Zoology; Popu- . 
lation D6dins of ths Giant African Snail; 1 year; $8,300. 

EMORY UNIVERSITY, Emory University, Ga.; F. H. Bormann, Department of Biology; 
Ecology of Southsrn Pine; 2 years; $4,200. 

UNIVERSITY OF MIAMI, Coral Gables, Fla.; H. B. Moore, Assistant Director, Marine 
Laboratory; Reactions of the Copepods of the Florida Currsnt; 2 years; $11,600. 

MIGHIC~AN STATE COLLEGE, East Lansing, Mich.; G. W. Prescott, Department of 
Botany; Alpine and Arctic Alga6; 1 year; $2,200. 

ST. LOUIS UNIVERSITY, St. Louis, MO. ; B. J. Luyet, Institute of Biophysics; Survival 
of Vitrifisd and Dried Organisms; 1 year; $4,500. 

STANFORD UNIVERSITY, Palo Alto, Calif.; D. P. Abbott and R. L. Bolin, Hopkins 
Marine Station; Populations of Marinr Organisms; 1 year; $7,100. 

VASSAR COLLEGE, Poughkeepsie, N. Y. ; G. E. Baker, Plant Science Department; 
Microorganisms in Laks Wutsr; 3 years; $5,300. 

Genetic Biology . 

ALABAMA POLYTECHNIC INSTITUTE, Auburn, Ala. ; C. D. Squiers and L. E. Gregory, 
Department of Animal Husbandry and Nutrition; Fertility, Viability, and Growth in 
ths Rat; 3 years; $18,000. 

UNNERSITY OF CALIFORNIA, Berkeley, Calif.; C. M. Rick, Department of Vegetable 
Crops; Cytogenetic Studies in the Genus Lycoperiscon; 3 years; $7,000. 

UNIVERSITY OF DETROIT, Detroit, Mich. ; P. F. Forsthocfel, Department of Zoology; 
The Developemental Genetics of Luxoid, A New Skeletal Variation in ths Hous 
h4OW6; 2 years; $7,900. 

HARVARD UNIVERSITY, Cambridge, Mass. ; J. R. Raper, Professor of Botany; Naturally 
Occurring Filtrabls Mutag6ns in Schixophyllum; 1 year; $5,500. 

MISSOURI BOTANICAL GARDEN, St. Louis, MO.; E. Anderson, Genetics; Introgrsssion 
in Natural Populations; 3 years; $19,000. * 

UNIVERSITY OF NORTH CAROLINA, Chapel Hall, N. C.; D. U. Gerstel, Department 
of Agronomy, North Carolina State College, Raleigh, N. C.; Ssgregation in Arti- 
ficial Amphidiploids in Gsnus Gossypium; 3 years; $12,500. 
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Pustnua U~nwurrry, Lafayette, Ind.; D. C. Warren and A. E. Bell, Department oi 
Poultry Husbandry, Agricultural Experiment Stdon; H6t6YdS in Drosoph& 
M6knogastn; 3 years; $18,400. 

j 

RADvonn COLLWE, R&ford, Va ; V. L. House, Department of Biology; G6?86tk 
Control of V6nation in Drosophila; 2 yeala; $7,500. 

RANOHO SANTA ANA BOTANICAL GARDEN, Claremont, Calif.; V. Grant, Biosystematist; 
Gsnstics of thr Genus Gilia; 3 years; $7,700. 

UNIWERSITY OF ROCHESTER, Rochester, N. Y.; K. W. Cooper, Department of Biology; 
Pattsrns of Chromosomr Segrsgation; 3 years; $24,000. 

SMITH COLLEOE, Northampton, Mass. ; A. F. Blakeslee, Director, Genetics Experiment 
Station; Evolution and Lif6 Procsss6s in Plants; 2 years; $14,000. 

TEXAS AGRICULTURAL EXPERIMENT STATION, College Station, Tex. ; H. H. Hadley, 
Department of Genetics; Cytogsnrtic Relationships Among Sorghums; 3 years; 
$3,900. 

WASHINOTON UNIVERSITY, St. Louis, MO.; H. L. Carson and H. D. Stalker, Depart- 
ment of Zoology; Invsstigation of Drosophila and Diptsra; 3 years; $11,500. 

Mathematical Sciences 

ALABAMA POLYTECHNIC INSTITUTE, Auburn, Ala.; Hsicn-Chung Wang; Subgroups of 
Compkx Lis Groups and Groups of Holomorphic Homeomor~hisms; 1 year; 
$8,900. 

AMERICAN MATHEMATICAL SOCIETY, Providence, R. I.; Summer Mathsmatical Insti- 
tuts for the Study of Functions of Sev6ral Compl6x Variabl6s; $25,000. 

BROWN UNIVERSITY, Providence, R. I.; H. Federer, Department of Mathematics; 
Thsory of M6asur6 and Arca; 1 year; $7,000. 

BROWN UNIVERSITY, Providence, R. I.; B. Jonsson, Department of Mathematics; 
Probkms in Modular Latticss; 1 year; $3,400. 

COLUMBIA UNI~ERSMY, New York, N. Y.; E. R. Larch, Department of Mathematics; 
Volume in Hilbsrt Space; 1 year; $5,700. 

HAVERFORD COLLEOE, Haverford, Pa.; R. C. James, Department of Mathematics; 
Implications of ths Existsncr of Banach Spacss; 1 year; $2,500. 

ILLINOIS INSTITUTE OF TECHNOLOOY, Chicago, Ill.; L. R. Wilcox, Department of 
Mathematics, Imbedding Theorsms and Topologks for Luttices; 1 year; $7,000. 

INSTITUTE FOR ADVANCED STUDY, Princeton, N. J.; H. Sam&on, School of Mathe- 
matics; Topology of Lie Groups and Spaces of Paths; 1 year; $9,200. 

INSTITUTE FOR ADVANCED STUDY, Princeton, N. J.; Shing-Shen Chem, Department 
of Mathematics; Pssudo Groups with Emphasis on Compl6x and Symplsetic Mani- 
folds; 1 year; $3,450. 

LEHIGH UNIVERSITY, Bethlehem, Pa.; E. A. Pitcher, Department of Mathematics; 
Probl6ms in Criticd Point Thsory; 1 year; $3,000. 

UNIVERSITY OF MICHIOAN, Ann Arbor, Mich. ; W. Kaplan, Department of Mathe- 
matics; Problems in the Theory of Functions of a Complex Variable; 6 months; 
$1,600. 

NORTHWESTERN UNIVERSITY, Evanston, Ill. ; A. Rosenberg and D. Zelinsky, Depart- 
ment of Mathematics; Galois Theory of Rings; 1 year; $6,800. 

OHIO STATE UNIVERSITY, Columbus, Ohio; M. Hall, Jr., Department of Mathe- 
matics; Combinatorial Problems; 18 months; $10,400. 

PBNNSYLVAN~ STATE UNIVERSITY, State College, Pa.; H. B. Curry, Department of 
Mathematics; Combinatory Logic; 1 year; $9,400. 

PRINCETON UNWRSITY, Princeton, N. J. ; A. Church, Department of Mathematics; 
Preparation of R6sdts of Basic Research Entitled “Introduction to Mathsmatical 
Logic, Volumes I and II”; 1 year; $5,600. 
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muz JIWmucca FOUNDATION, Lafayette, Ind. ; C. R Putnam, Department of 
Mathematb; Invsstigation of Singdttr Boundary Value Problems and Operators 
in Hilbert Space; 2 years ; $12,000. 

QUEENS coLLIK% Flushing, N. Y. ; L. tippin, Department of Mathematics; To@- 
logical Groups Acting as Transformation Groups; 1 year; $7,780. 

UNIt’msm OF VmOINU, Charlottesville, Va.; E. J. McShane, School of I&the- 
n&c%; Convergence Problems in Partially Ordered Spaces; 1 year; $1,700, 

WAYNE UNIVERSITY, Detroit, Mich.; C. Goffman, Department of Mathematics; 
Lower Semicontinuous Functionals and Surface Area; 1 year; $8,200. 

UNNERSITY OF WASHINGTON, Seattle, Wash. ; E. Hewitt, Department of Mathe- 
matics; Investigations in Functional Analysis; 21 months; $30,000. 

UNIVERSITY OF WISCONSIN, Madison, Wis. ; R. H. Bing, Department of Mathe- 
mathics; Imbedding Sets in Manifolds; 1 year; $5,400. 

Molecular Biology 

UNIVERSITY OF ALABAMA, Birmingham, Ala.; W. Pigman, Department of Biochem- 
istry; Biologically Significant Reactions and Interactions of Nitrogenous Carbohy- 
drates and Related Substances; 3 years; $13,000. 

UNIVERSITY OF CALIFORNIA, Berkeley, Calif.; G. Mackinney, Department of Food 
Technology; Carotenoid Biosynthesis; 2 years; $16,000. 

UNIVERSITY OF CALIFORNIA, Berkeley, Calif. ; H. K. Schachman and C. A. Dekker, 
Virus Laboratory; Mechanisms of Enzymatic Breakdown of Proteins and Nucleic 
Acids; 3 years; $25,000. 

CHICAGO hhDICAL SCHOOL, Chicago, Ill. ; A. R. Goldfarb, Department of Biochem- 
istry; Structure and Reactions of the Peptide Bond in Aqueous Solution as Indi- 
cated by Ultraviolet Absorption Spectra; 1 year; $8,000. 

UNIVERSITY- OF CHICAOO, Chicago, Ill.; L. Bogorad, Department of Botany; Envy- 
matic Synthesis of Porphyrins from Porphobilinogsn; 2 years; $12,000. 

CORNELL UNIVERSITY, Ithaca, N. Y.; H. A. Scheraga, Department of Chemistry; 
Hydrodynamic Properties of Proteins; 3 years; $15,500. 

DUQUESNE UNIVERSITY, Pittsburgh, Pa. ; N. Cl. Li, Department of Chemistry; 
Metal-Protein Interactions; 2 years; $13,000. 

FORD~AM UNIVERSITY, New York City, N. Y. ; F. F. Nord, Department of Organic 
Chemistry; Structural, Biochemical and Physicochemical Studies of Lignin; 3 
years ; $2 1,000. 

HAE~VARD UNIVERSITY, Cambridge, Mass. ; J. T. Edsall, Biological Laboratories; 
Physical Chemistry of Amino Acids, PePtides, and Proteins with Special Reference 
to Raman Spectra; 3 years; $30,000. 

HARVARD UNIVERSITY, Cambridge Mass. ; L. F. Fieser, Department of Chemistry; 
Role of Sterols in Health and Disease; 3 years; $30,000. 

HARVARD UNIVERSITY, Cambridge, Mass. ; A. F. Riggs, Biological Laboratories; Bio- 
chemistry of Hemoglobin; 2 years; $3,500. 

UNIVERSITY OF ILLINOIS, Urbana, Ill. ; I. C. Gunsalus, Department of Bacteriology; 
Biosynthesis and Function of Microbial Chromoproteins; 2 years; $11,000. 

STATE UNIVERSITY OF IOWA, Iowa City, Iowa; R. Benesch, Department of Bio- 
chemistry; The Reactivity of Sulfhydryl Croups in Peptides and Proteins; 2 years; 
$12,000. 

JOHNS HOPKINS UNIVERSE, Baltimore, Md. ; W. L. Hughes, McCollum-Pratt 
Institute; Nature of the Hemoglobin Linkage; 3 years; $18,000. 

JOHNS HOPKINS UNIVERSITY, Baltimore, Md. ; W. C. McElroy, McCollum-Pratt 
Institute; Biological Conversion of Chemical Energy to Light; 3 years; $15,000. 
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UNIVEREITY OP MIOICIOAN, Ann Arbor, Mich.; A. G. Nom, Department of 
titsny; InterreZationships Between PZant CeZZ WaZZ Polysaccharides; 2 years; 
$16,008. 

MONTANA STATE COLLEOE, Bozcman, Mont.; R H. McBee, Department of Botmy 
and Bacteriology; Bacterial CsZZu&se Decomposition; 3 years; $12,000. 

MONTANA STATE COLLEOE, Bozeman, Mont.; J. H. Pepper, Department of Zoology 
and Entomology, and L. H. Johnson, Department of Chemistry Research; Ths 
Composition and Structure of the CuticuZar Components of the Exoskeleton of 
the Mormon Cricket; 2 years; $10,000. 

UNIVERSITY OF NEBRASKA, Lincoln, Nebr.; H. Jehle, Department of Physics; SKI- 
cific Interactions of Biological Significance; 2 years; $10,000. 

UNIVERSITY OF NEBRASKA, Lincoln, Nebr.; J. N. Pazur, Department of Biochemistry 
and Nutrition, Agricultural Experiment Station; Enzymatic Synthesis of Glucosyl 
Carbohydrates; 2 years; $10,500. 

NEW YORK UNIVERSITY, New York, N. Y. ; M. Levy, Medical Center, College of Med- 
icine, Department of Chemistry; ChemicaZ Sfructure of Proteins; 3 years; $18,000, 

UNIVERSITY OF PENNSYLVANU, Philadelphia, Pa.; M. J. Coon, Department of 
Physiological Chemistry, School of Medicine; Amino Acid Metabolism; 3 years; 
$25,000. 

UNIVERSITY OF PENNSYLVANIA, Philadelphia, Pa. ; S. D. Rode&erg, Laboratory of 
Microbiology; Biosynthesis of Proteins Associated with Microbial Cells; 2 years; 
$2,200. 

UNIVERSITY OF PITTSBURGH, Pittsburgh, Pa.; M. A. Lauffer, Department of Bio- 
physics; Biophysical Studies on Plant Viruses; 2 years; $16,000. 

PRINCETON UNIVERSITY, Princeton, N. J.; E. N. Harvey, Department of Biology; 
The Biochemistry of Light Production in the Ostracod Crustacean, Cypridina 
Hilgenderfii; 3 years; $13,000. 

VANDERBILT UNIVERSITY, Nashville, Tenn.; 0. Touster, Department of Biochemistry; 
The Origin and Metabolic Fate of L-Xyh1ose; 2 years; $8,000. 

WASHINOTON UNIVERSITY, St. Louis, Mu. ; M. Cohn, Department of Biological 
Chemistry; Mechanism of Phosphorylation and Phosphate Transfer Reactions; 3 
years; $18,000. 

WESTERN RESERVE UNNERSITY, Cleveland Ohio; H. Z. Sable, Department of Bio- 
chemistry; Intermediary Metabolism of NucZeic Acid Fragments; 2 years; $10,000. 

WESTERN RESERVE UNIVERSITY, Cleveland Ohio; J. B. Wittenberg, Department of 
Biochemistry; The In Vitro Synthesis of Sphingosine; 2 years; $3,500. 

UNIVERSITY OF WISCONSIN, Madison, Wis.; R. A. Alberty and R. M. Bock, Depart- 
ment of Chemistry; Investigation of En%yme Fumarase; 2 years; $15,000. 

WOODS HOLE OCEANOGRAPHIC INSTITUTION, Woods Hole, Mass. ; F. A. Richards; 
Significance of Chlorophyll C; 2 years; $8,000. 

R. W. G. WYCKOFF, Science Attach& U. S. Embassy, London, England; Eleotron 
Microscopic Study of the Structure of Biological Tissues; 1 year; $3,000. 

YALE UNIVERSITY, New Haven, Corm.; E. C. Pollard and F. Hutchinson, Depart- 
ment of Physics; X-Ray Studies of Viruses; 2 years; $13,000. 

Physics 

UNIVERSITY OF ALABAMA, University, Ala.; A. E. Ruark, Department of Physics; 
A Cloud Chamber Search for Free Magnetic Poks; 3 years;; $14,300. 

ANTIOCH COLLEOE, Yellow Springs, Ohio; A. B. Stewart and G. E. Owen, De- 
partment of Physics; Glow Discharge Oscillations; 2 years; $10,000. 

BOWLXMN COLLIE, Brunswick, Maine; M. A. Jeppesen, Department of Physics; 
Optical Studies of Surface and Body Properties of Crystalline and Amorphous 
Solids; 2 years; $14,100. 
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BawtHAjr YOUNO UNIVILRSITY, h’~vo, Utah; H. IpletcheF, Deparbnent of Physica; 
Definitive Physical Characteristics of Tones; 2 yeara; $11,100. 

BRYN MAWR COLWB, Bryn Mawr, Pa; J. R. Pruett, Department of Physirv; Di- 
rection Correlations and Forbidden Beta~pectra; 2 ycarg; $8,0(N). 

U~~.~WTY OF WORNU, Berkeley, Calif.; C. Kit&l, Department of Physics; 
Interaction of Fundamental Particles with Solid State Systems; 2 yea~ll; $11,800. 

USE INSTITUTE OF TECHNOLOOY, Cleveland, Ohio; L. L. Foldy and M. J. Kkh, 
Department of Physics; Theoretical Research in Nuclear and Solid State Physics; 
2 years; $15,600. 

UNIVERSITY OF CHICAOO, Chicago, Ill.; M. G. Inghram, Department of Physica; 
Mass Spectrometric Investigations; 2 years; $20,000. 

UNIVERSITY OF COLORADO, Boulder, Colo.; W. A. Rense, Department of Physics; 
Polarixation Measurements of the Zodiacal Light During Total Solar EclipJe of 
June ‘54; 6 months; $1,700. 

COLUMBIA UNIVERSITY, New York, N. Y.; H. M. Foley Department of Phynics; 
Theory of Nuclear Quadrupole Efiects>-18 months; $11,300. 

UN~ERSITY OF CONNECTICUT, Storm, Conn.; C. A. Reynolds, Department of Physics; 
Hydrodynamics of Liquid Helium II; 1 year; $8,400. 

CORNELL UNIVERSITY, Ithaca, N. Y.; R. L. Sproull, Department of Physics; Thermal 
Conductivity and Crystal Imperfections; 3 years; $15,000. 

DUKE UNIVERSITY, Durham, N. Cl.; L. W. Nordheim and E. Greuling, Department 
of Physics; Theory of Nuclear Shell Structure; 2 years; $20,600. 

UNIVERSITY OF ILLINOIS, Urbana, Ill.; D. W. Kerst, Department of Physics; Photo 
Production of Pi-Mesons; 2 years; $12,000. 

JOHNS HOPKINS UNIVERSITY, Baltimore, Md.; H. Meissner, Department of Physics; 
intermediate State of Superconductivity; 2 years; $6,000. 

KENT STATE UNIVERSITY, Kent, Ohio; A. A. Silvidi, Department of Physics; Con- 
tinuous Cloud Chambers; 1 year; $3,000. 

LOUISIANA STATE UNIVERSITY, Baton Rouge, La. ; J. S. Levinger, Department of 
Physics; Theory of Photonuclear Reactions; 2 years; $8,700. 

LOUISIANA STATE UNIVERSITY, Baton Rouge, La.; J. M. Reynolds, Department of 
Physics; Electric and Magnetic Measurements on Bismuth at Low Temperatures; 
1 year; $9,800. 

MARQUE~E UNIVERSITY, Milwaukee, Wis., l A. G. Barkow, Department of Physics; 
Elementary Particle Reactions in Photographic Emulsions; 2 years; $5,500. 

UNIVERSITY OF MARYLAND, College Park, Md.; S. F. Singer; Origin of Ultrahigh 
Energy Cosmic Rays; 2 years; $15,800. 

UNIVERSITY OF MICWI~AN, Ann Arbor, Mich.; D. A. Glaser, Department of Physics; 
Use of Bubble Chambers in the Study of High Energy Nuclear Interactions; 
2 years; $12,600. 

MICHIGAN STATE COLLEOE, East Lansing, Mich.; E. A. Hiedemann, Department of 
Physics; Light Diflraction and Ultrasonic Waves; 2 ylks; $10,600. 

UNIVERSITY OF MINNESOTA, Minneapolis, Minn.; A. 0. C. Nier, Department of 
Physics; Atomic Mass Determinations; 2 years; $15,500. 

UNIVERSITY OF NEBRASKA, Lincoln, Nebr.; D. C. Moore, Department of Physics; 
Hdf-Life of Positrons in Condensed Matter; 2 years; $10,000. 

UNI~ERS~Y OF NEW MEXICO, Albuquerque, N. Mex.; J. R. Green and Y. H. Regener, 
Department of Physics; Collision CrossSections for Cosmic Ray Showers; 2 years; 
$8,900. 

NEW’ YORK UNIVERSITY, New York, N. Y. ; A. Beiser, Department of Physics; Time 
Sensitivity in Nuclear Emulsions; 1 year; $7,200. 

UNXVERWY OF NORTH CAROLINA, Chapel Hill, N. C.; J. W. Straley, Department of 
Physics; The Intensities of Infrared Absorption Bands; 3 years; $11,700. 
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NORTIXWESTEPN UNIVERSITY, Evanston, Ill.; J. A. Marcus, Department of Physics; 
Hall E#rct in Single Crystals at Low Temperatures; 2 years; $11,108. 

On10 STATE UNIVERSITY, Cohambua, Ohio; J. G. Daunt and P. S. J-tram, Depart. 
ment of Physics; Nuclear Orientation at Low Temperatures; 2 years; $17,800. 

UN~~ER~~TY 01 OKLAHOMA, Norman, Okla ; J. R. Nielsen, Department of Phyaia; 
Vibrational Spectra of Compounds in Diflerent States of Aggregation; 3 yean; 
$21,200. 

UNIWDWTY OF PUERTO RICO, Rio Piedras, Puerto Rico; A. Cobaa, Department of 
Phyaicr; Zenith Angle Variation of Cosmic Rays; 1 year; $6,600. 

PURDUE RESEARCH FOUNDATION, Lafayette, Ind.; F. J. Belinfante, Department of 
Physics; Elementary Particles and Field Theory; 2 years; $6,000. 

REED COLLEGE, Portland, Oreg. ; F. C. Brown, Department of Physics; Conduction 
and Trapping in Ionic Crystals; 2 years; $8,500. 

RENSSELAER POLYTECHNIC INSTITUTE, Troy, N. Y.; P. J. Bray, Department of 
Physics; Molecular and Crystalline Structure by a Nuclear Resonance Absorption 
Technique; 2 years ; $17,200. 

RICE INSTITUTE, Houston, Tex.; C. F. Squire, Department of Physics; Studies in 
solid State Physics; 1 year; $14,300. 

SOUTHWESTERN AT MEMPHIS, Memphis, Tenn.; D. ,E. Matthews, Department of 
Physics; Critical Energy for Secondary Electron Research; 1 year; $9,400. 

UNIVERSITY OF VIRGINIA, Charlottesville, Va.; J. W. Beams, Department of Physics; 
Ultracentrifuge Research on Molecular Weights; 2 years; $9,800. 

WESTERN RESERVE UNIVERSITY, Cleveland, Ohio; R. G. Winter, Department of 
Physics; Double Beta Decay; 1 year; $7,600. 

WISCONSIN ALUMNI RESEARCH FOUNDATION, Madison, Wis.; D. W. Kerat, Depart- 
ment of Physics, University of Illinois; High-Energy Accelerator Problems; 9 
monthr; $53,300. 

YALE UNIVERSITY, New Haven, Conn. ; H. Margenau, Department of Physics; 
Definition and Law in the Physical Sciences; 2 years; $4,600. 

Psychobiology 

ABSERICAN MUSEUM OF NATURAL HISTORY, New York, N. Y.; T. C. Schneirla, De- 
partment of Animal Behavior; Development of Behavior Patterns in Lower Mam- 
mals; 2 years; $16,500. 

BOSTON UNIVERSITY, Boston, Mass. ; J. M. Harrison, Department of Psychology; The 
Relation Between the Hippocampus and Sensory Hyperasthesia; 2 years; $9,400. 

UNIVERSITY OF CALIFORNIA, Berkeley, Calif.; D. A. Riley, Department of Psychology; 
Research in Rote Learning; 1 year; $3,400. 

DUKR UNIVERSITY, Durham, N. C. ; G. A. Kimble, Department of Psychology; Re- 
search in Avoidance Learning; 2 yean; $6,100. 

DUKE UNIVERSITY, Durham, N. C.; K. Zener, Department of Psychology; Visual 
Perception of Spatial Relationships; 2 years; $11,800. 

FLORIDA STATE UNIVERSITY, Tallahassee, Fla.; W. N. Kellogg, Oceanographic Insti- 
tute; Echolocation in the Dolphin; 1 year; $7,000. 

GEORGE WASRINCJTON UNIVERSITY, Washington, D. C.; B. H. Fox, Department 
of Psychology; Research on Vision; 1 year; $5,900. 

STATE UNIVE~SMY OF IOWA, Iowa City, Iowa; D. Lewis, Department of Psy= 
chology; Research on Perceptual-Motor Tasks; 2 years; $11,700. 

JOEN HOPICINS UNIVERSITY, Baltimore, Md.; E. F. MacNichol, Jr., Department d 
Biophysics; Visual Research; 3 years; $9,800. . 

UNXVERSITY OF MISSOURI, Columbia, MO.; M. H. Marx, Department of Psychologv; 
Experimental Analysis of Food Hoarding Behavior; 2 years; $8,400. 
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MOUNT HOLYO~~ Co=-, South Hadky, Mass.; J. Volkmann, Dcparunent of 
+ogy; Research in Visual Perception; 2 yearn; $9,800. 

NJW Yo~lr UN-==, New York, N. Y.; H. H. 8ad ‘I’. S. I&x&r, Dcportmeat of 
Psychology; Research on Problem-Solving Behavior; 2 yean; $14,100. 

UNIVERSITY OF NORTH CMOLINA, Chapel Hill, N. C.; L. L. Thurstonc, The Psy- 
&ometric Laboratory; Research in Multiple Factor analysis; 2 yww; $17,700. 

NORTRWSSTERN UN-SW, Evanston, Ill.; A, L. Diamond, Department of Pay- 
chology; The PsYcho-Physialom of Vision: Simultaneous Brightness Contrast; 

2 ye-s; $W~* 
~NNSYLVANIA STATS UNNERSITY, State College, Pa; J. H. Grosslight, Dcpartmcnt 

of Pqwhology; The Role of Reinforcement in Learning; 2 yeam; $7,600. 
~NCETON UNI~VEEISITY, Princeton, N. J. ; H. Gulliksen, Dcpmcnt of Psychology; 

&thematical Techniques in Psychology; 3 years; $24,400. 
Runta~s UNIVERSITY, New Brunswick, N. J.; D. S. Lchrman, Dcpurtmcnt of Psy- 

chology; The Physiological Basis of Incubation Behavior in the Ring Dove; 2 years; 
$9,500. 

upnv~nsrr~ OF SOUTHERN CALIFORNIA, Los Angeles, Calif.; W. W. Grings, Dcpart- 
mcnt of Psychology; Studies of Stimulus Patterning in Learning; 3 yew; $9,400. 

S~IUCUSB UNIVERSITY, Syracuse, N. Y.; W. R. and D. 33. McAlliat,cr, Department of 
Psychology; Eyelid Conditioning and Generalization of the Conditioned Eyelid 
Response; 2 years; $12,300. 

UNIV~~~SITY OF UTAH, Salt Lake City, Utah; F. B. Porter, Department of Psychology; 
Psychological Efects of Antimetabolites; 2 years; $10,000. 

STATE COLLEGE OF WASHINGTON, Pullman, Wash.; F. A. Young, Department of 
Psychology; A Systematic Investigation of Pupillary Conditioning; 2 years; $11,400. 

UN~VBRS~~Y OF WASHINGTON, Seattle, Wash.; A. F. Ax, Department of Pay&a&y; 
Investigat{ons of Human Reactions to Stress; 3 years; $17,200. 

UNFYEEISITY OF WISCONSIN, Madison, Wis.; W. J. Brogdcn, Department of Prychol- 
ogy; Verbal Factors in the Learning of Motor Skill; 3 years; $15,100. 

UNIVERSITY OF WISCONSIN, Madison, Wk.; K. U. Smith, Department of Psychology; 
The Role of Perception in Patterned Motion; 2 years; $7,800. 

YALB UNIV~~~Y, New Haven, Conn.; F. A. Logan, Department of Psychology; 
Conditions of Reinforcement; 1 year; $5,200. 

Y&s U~nransnr, New Haven, Corm.; K. C. Montgomery, Department of Psychology; 
Exploratory and Fear Behavior in Lower Mammals; 2 yew; $11,400. 

YALE UNIVERSITY, New Haven, Corm.; F. D. Schcffield, Department of Psychology; 
A Comparison of Autonomic Conditioning and Skeletal Instrumental Learning; 
3 years; $11,550. 

.Regulatory Biology 

Umsmr OF CALIFORNIA, Berkeley, Calif.; C. H. Sawyer, Department of Anatomy, 
School of Medicine; The Hormonal Control of Enzyme Synthesis; 3 years; $6,000. 

UNIVERSITY OF CALIFORNIA, Berkeley, Calif.; P. XC. Stumpf, Department of Plant 
Biochemistry; The Oxidation of Short Chain Fatty Acids by Plant Extracts; 1 year; 
$1,050. i 

CALIFORNIA INSTITUTE OF TECHNOL~Y, Pasadena, Calif.; J. Bonncr, Division of 
Biology; Energetic Coupling in Plant Systems; 1 year; $8,500. 

COLUMBIA UNIVERSITY, New York City, N. Y.; H. Elftman, Department of Anatomy, 
School of Physicians and Surgeons; The Cytochemical Investigation of Phospho- 
lipids; 2 years; $9,300. 

EMORY U~mmsm, Emory Univcraity, Ga.; F. W. F&s, Department of Biochcmbtry; 
Alkali-Insoluble Reserve Carbohydrate of Yeast Cells; 2 years; $9,100. 

fisrws Lmorw~omm, New York, N. Y.; L. Provasoli; Nutritional Requirements of 

Marine Algae; 3 years; $9,000. 
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INDIANA UNIV~~~Y, BloozGqton, Ind.; W. J. van Wagendoak, Department of 
Zwlogy; Role of Steroids in the Metabolism of Paramecium Aurelia; 2 yeara; 
$14,000. 

JEFFERSON MEDICAL C~LLBOE OF PEILADBLPBIA, Philadelphia, Pa.; B. W. Koft, 
Depaxtment of Bacteriology; Growth Factor to RePlace P-Aminobenxoic and Folk 
Acids; 2 yeurn, $5,100. i 

KAISER FOUNDATION, Oakland, Calif.; E. C. Dougherty, Department of Internal 
Medicine; Nutrition of Free-Living Nematodes; 2 years; $13,400. 

UNNERSITY OF KANSAS, Lawrence, Kana.; J. Jensen and A. Werdcr, Department of 
Medical Micr&iology, School of Medicine; Host-Parasite Relationships Between 
Viruses, Iielminths and Protozoa; 3 years; $14,500. 

MASSACHUSETTS GENERAL HOSPITAL, Boston, Mass.; A. Leaf, Department of Me& 
tine; Mode of Action of the Antidiuretic Hormone; 1 year; $1,000. 

MICHIOAN STATE COLLEOE, East Lansing, Mich.; H. M. Sell, Department of Agricul- 
tural Chemistry; The Biochemistry of Growth Substances in Corn Pollen; 2 years; 
$6,900. 

NORTHWESTERN UNIVERSITY, Evanston, Ill.; C. L. Turner, Department of Biology; 
Hormonal Control of Growth and Diflersntiation of Regenerating Tissue; 2 years; 
$9,000. 

OKLAHOMA AOIUCULTURAL AND MECHANICIAL C~LLEOE, Stillwater, Okla. ; R. J. Sirny, 
Department of Agricultural Chemistry Research; Sodium and Potassium Require- 
ments of Lactic Acid; 2 yeam; $7,900. 

OREWN STATE COLLEOE, Corvallis, Oreg.; V. H. Cheldelin, Department of Chemis- 
try; Nutrition and Metabolism of Insects; 2 years; $15,000. 

UN~VRRSITY OF PITTSBUROH, Pittsburgh, Pa.; R. Bentley, Department of Biochemis- 
try and Nutrition; Carbohydrate Metabolism in Molds; 3 years; $16,500. 

PRINCETON UNNERSITY, Princeton, N. J.; J. T. Bonner, Department of Biology; 
Diflerentiation of the Amoeboid Slime Molds; 3 years; $8,800. 

PRINCETON UNIVERSITY, Princeton, N. J.; W. P. Jacobs, Department of Biology; 
Internal Factors Limiting Differentiation of Plant Cells; 3 years; $15,400. 

PRINCETON UNIVERSITY, Princeton, N. J.; W. W. Swingle, Department of Biology; 
The Isolation, Physiologic& Properties and Bioassay of the Amorphous Fraction 
of Adrenal Cortical Extracts; 2 years, $11,500. 

RESEARCI-X FOUNDATION OF CHILDREN’S HOSPITAL, Washington, D. C. ; S. P. Bess- 
man; Low Energy Transacylation in Animal Tissues; 2 years; $15,000. 

UNIWRSITY OF ROCHESTER, Rochester, N. Y.; E. F. Adolph, School of Medicine and 
Dentistry; Physiological Devetopment of Regulatory Functions; 3 years; $24,000. 

ST. JOHN’S UNIVERSITY, Brooklyn, N. Y.; D. M. Lilly, Department of Biology; 
Nutritional Factors in Growth of Carnivorous Protozoa; 2 years; $7,600. 

UNIVERSITY OF TENNESSEE, Memphis, Tenn.; J. S. Davis, Division of Anatomy, 
Medical Units Division; The Effects of Accessory Nutritional Factors on the 
Nucleic Acids of Uterine Tissue; 2 years, $9,000. 

UNIVERSITY OF TENNESSEE, Knoxville, Tenn. ; D. F. Holtman, Department of Bac- 
teriology; Role of Amino Acids in ths Host-parasite Relationship; 2 years; $8,300. 

VANDERBILT UNIVERSITY, Nashville, Term.; C. R. Park, Department of Physiology, 
School of Medicine; Factors Influencing Glucose Penetration into Cells; 2 years; 
$16,000. 

WABASH COLLEOE, Crawfordsville, Ind.; W. H. Johnson, Department of Biology; 
Nutritive RUqUir6mUnts of Paramecium Multimicronucleatum; 2 years; $3,000. 

VIRGINM POLYTECHNIC INSTITUTE, Blacksburg, Virginia; K. W. King, Department 
of Biology; The Mechanism of C6llulos6 Dscomposition by Aerobic Bacteria; 2 
yeam; $6,000. 
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UNIVERSITY OF WASEZNGTON, Me, Wash.; E. C. Roo&n-Rungs, aepartmcnt of 
&atom& School of Medkine; Mammalian Splrmatogenesis; 2 yeare; $lO,ooO. 

WASHINOTON UrurvgasIw, St. Louis, MO.; hf. Cohn, Department of Microbiollogy, 
School of Medicine; Induced En+ymr and Anfibody Synth&; 3 pean; $22,500. 

WASHINC~TON UNIVI~RSITY, St. Louis, MO.; ‘A. Kronberg, Department of Microbiol- 
ogy, School of Medicine; Enzymatic Mechanisms in Nucleic Acid Synthesis; 3 
pars; $26,000. 

WESTERN RESERVE UNIVERSITY, Cleveland, Ohio; E. W. Sutherland, Department of 
Pharrx~~logy; The Mechanism of Action of Epinephrine and Reluted Synpatho- 
mimetic Amines; 3 years; $22,750. 

UNIV~SW OF WISCONSIN, Madison, Wis.; G. W. Keitt, Department of Plant 
Pathology, College of Agriculture; The Nature of Parasitism and Disease Resist- 
ance; 2 years; $15,000. 

UNIVERSITY OF WISCONSIN, Madison, Wk.; F. M. Strong, Department of Biochem- 
istry; The Chemistry and Metabolism of Biologically Active Substances; 3 years; 
$15,700. 

WOODS HOLE OCEANOGRAPHIC INSTITUTION, Woods Hole, Mass.; P. F. Scholander, 
Physiologist; The Mechanism of Gas Secretion in Fishes; 2 ye-; $8,500. 

WORCESTER FOUNDATION FOR EXPERIMENTAL BIOLOGY, Shewsbury, Mass.; R. I. 
Dorfman, Associate Director of Laboratories; Metabolism of Steroid Hormones by 
the Guinea Pig; 3 years; $20,000. 

YALE UNTYERSITY, New Haven, Conn. ; M. Foster, Osbom Zoological Laboratory; 
Inherited Pigmentary Variations; 2 years; $5,800. 

YALE UNIVERSITY, New Haven, Conn.; G. E. Pickford, The Bingham Oceanographic 
Laboratory; Pituitary Hormones of Fish; 3 years; $14,400. 

YALE UNIIVERSITY, New Haven, COM.; W. Vishniac, Department of Microbiology; 
Enqma$ic Reactions in Photosynthesis and Chemosynthesis; 3 years; $10,000. 

Systematic Biology 

ACADEMY OF NATURAL SCIENCES OF PHILADELPHIA, Philadelphia, Pa.; J. A. G. 
Rehn, Curator, Department of Insects; Orthoptera of North America; 2 years; 
$16,000. 

BERNICE P. BISHOP MUSEUM, Honolulu, Hawaii; J. L. Gresaitt; Insects of Micro- 
ncsia; 3 years; $30,000. 

UNIVERSITY OF CALIFORNU, Berkeley, Calif.; G. F. Papenfuss, Department of Bot- 
any; Marine Algal Flora of South Africa; 3 years; $12,250. 

UNIVERSITY OF CALIFORNIA, Berkeley, Calif.; A. E. Pritchard, Department of En- 
tomology and Parasitology; The Tetranychoid Acatids of Europe; 1 year; $6,500. 

CHICAGO NATURAL HISTORY MUSEUM, Chicago, Ill.; C. C. Sanborn, Curator of 
Mammals; A Catalog of the Microchiroptera; 5 years; $10,000. 

DUKE UNIVERSITY, Durham, N. C.; L. E. Anderson, Department of Botany; Bryo- 
phytes of the Ozarks; 18 months; $4,600. 

DUKE UNIVERSITY, Durham, N. C.; R. M. Schuster, Department of Botany; The 
Hepaticae of Eastern North America; 2 years; $7,200. 

UNIVERSITY OF FLORXDA, Gainesville, Fla.; J. C. Dickinson, Jr., Department of Bi- 
ology; Biological Survey of Flint-Chattahoochee-A~~dachicola Drainage Basins; 
.3 years; $5,200. 

FRANCIS HARPER, MOUNT HOLLY, N. J., Flora and Fauna of the Central Labrador 
Peninsula; 2 years, $10,300. 

UNIVERSITY OF HAWAII, Honolulu, Hawaii; D. E. Hardy, College of Agriculture, 
Department of Entomology; Diptera of Hawaii; 1 year; $2,000. 

HOLLINS COLLEGE, VWOINIA; P. M. Patterson, Department of Biology; Bryophyte 
Flora of Virginia; 1 year; $1,000. 

820?814-5+7 
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UNIVBRMTY 01 IDAXO, Moscow, Idaho; H. A. Imshaug, Department of Biological 
Sckmxa; Alpine Lichens of Western America; 2 years; $3,500. 

MICIXIGAN STATE COLLSSGE, East Lansing, Mich. ; I. W. Knobloch, Department of 
Natural Sciencea; The Flora of the Barranca Del Cobre Region; 1 year; $1,700. 

UNIVERSE OF MINNESOTA, Minneapolis, Minn.; J. W. Hall, Department of Botany; 
Coat Ball Floras; 2 years; $2,600. 

UNIVERSI~ OF NEW HAMPSHIRE, Durham, N. H.; M. H. Pettibone, Department of 
Zoology; The Potychaete Annetids of New England; 2 years; $11,500. 

NEW MEKICO HICJEILANDS UNNERSITY, Las Vegas, N. Mex.; L. M. Shields, Depart- 
ment of Biology; Nitrogen Sources and Nitrogen Content of Plants in Gyjsum, 
Lava, and Alkali Deserts; 2 years; $3,450. 

COLLEOE OF NEW ROCHELLE, N. Y.; M. D. Rogick, Department of Biology; Bryozoa 
of the Antarctic; 2 years; $3,900. 

STATE UNIVERSITY OF NEW YORY, Albany, N. Y.; J. L. Lowe, College of Forestry, 
Syracuse, N. Y.; Polyporaceae of North America; 1 year; $1,200. 

NEW YORK BOTANICAL GARDEN, New York, N. Y.; B. Maguire, Curator; The FZora of 

the Cuayana Highland; 2 years; $12,400. 
UNIVERSITY OF NORTH CAROLINA, Chapel Hill, N. C.; J. N. Couch, Department of 

Botany; The Genus Actinoptanes; 3 years; $15,300. 
UNIVERSITY OF NORTH CAROLINA, Chapel Hill, N. Cl. ; 2. P. Metcalf, Division of 

Biological Sciences; Catalogue of World Homoptera; 2 years; $16,000. 
UNIVERSITY OF PENNSYLVANIA, Philadelphia, Pa.; J. M. Fogg, Jr., Department of 

Botany; The Flora of Pennsylvania; 1 year; $4,600. 
ROOSEVELT COLLEGE, Chicago, Ill.; C. H. Seevers, Department of Biology; 

Systematics and Evolution of Sta$hylinidae; 3 years; $8,400. 
TEXAS AORICULTURE AND MECHANICS RESEARCH FOUNDATION, College Station, 

Tex.; S. 0. Brown, Department of Biology, Texas Agriculture and Mechanics 
College; Microscopic Structure of Fossil Bone; 1 years; $2,650. 

TULANE UNIVERSITY, New Orleans, La.; G. H. Penn, Department of Zoology; 
Speciation in Crawfih; 2 years; $5,200. 

UNITED STATES GEOLOGICAL SURVEY, Washington, D. C. ; P. E. Cloud, Jr., Paleon- 
tology and Stratigraphy Branch; Marine Mollusks of Reefs of the Pacific Ocean; 
1 year; $3,000. 

UNIVERSITY OF WASHINGTON, Seattle, Wash.; P. L. Illg, Department of Zoology; 
Systematics of North American Copepods; 3 years; $5,900. 

STATE COLLEGE OF WASHINOTON, Pullman, Wash.; G. W. Fischer, Department of 
Plant Pathology; Revision of the Genus Tilletia; 2 years; $6,500. 

UN~VBRSITY OF WISCONSIN, Madison, Wis.; E. V. Morse, Department of Veterinary 
Science, and E. McCoy, Department of Bacteriology; Spsciation of Animal 
Pothogens of the Csnus Vibrio; 2 years; $9,550. 

UNIVERSITY OF WISCONSIN, Madison, Wis.; J. T. Medler and S. D. Beck, Depart- 
ment of Entomology; Nutrition of Plant-Sucking Hemiptera; 2 years; $6,500. 

WOODS HOLE OCEANOGRAPHIC INSTITUTION, Woods Hole, Mass.; G. L. Clarke, 
Marine Biologist; The Penetration of Light Into the Sea and its Effect on Aquatic 
Organisms; 1 yea’r; $6,200. 

WOODS HOLE OCEANOGRAPHIC INSTITUTION, Woods Hole, Mass.; J. H. Ryther; 
Basic Biological Productivity of Offshore Waters; 3 years; $6,700. 

YALE UNIVERSITY, New Haven? Conn.; S. D. Ripley, Peabody Museum of Natural 
History; Speciation in Bird Fauna of the Eastern Moluccan Islands; 1 year; $1,700. 

General 

AMERICAN TYPE CULTURE COLLECTION, Washington, D. C.; F. Weiss, Curator; 
A Collection of Bacteriophages (Bacterial Viruses) ; 2 years; $11,000. 
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BZRMUDA B~o~ooxc~~ STATION FOR RESMRC~, INC., St, George’s, Bermuda; Bio- 
logical Research a# ths Bermuda Biological Station for R6s6arth; 5 years; $lO,ooO. 

UNIVERSE OF CXICAOO, Chicago, Ill. ; R. J. Braidwood, Department of Anthro- 
pology; Human Population Studies in th6 Fe&6 Clssc6nt; 3 years; $23,500. 

DPKB uNWERSI’=, Durham, N. C. ; Biological Rwarch at thr Dukr hivdty 
Mufin~ Luborutory; 3 years; $12,000. 

UNIVERSITY OF GEOROIA, Athens, Ga.; P. R. Burkholder, Department of Bacteriology; 
D6v6~o~m6nt of National Culturs Collsction of Algas; 2 years; $f,!500. 

HARVARD UNIVERS~W, Cambridge, Mass.; P. Doty, Department uf Chemistry; 
Physico-Chsmicczl Profisrtiss and Charact6risation of Polymer Mo~6cu~6ss; 3 ytara; 
$16,000. 

I&RVARD UNIVERSXTY, Cambridge, Mass. ; G. R. Willey, Peabody Museum of 
Archaeology and Ethnology; Prehistoric Scttlemsnt Pattrrns in ths Muya Arsu; 
1 year; $11,500. 

UNIVERSITY OF ILLINOIS, Urbana, Ill.; L. M. Black, Department of Botany; Isolation 
and Characteritation of Plant Virusss; 3 years; $5,500. 

UNIVERSITY OF MINNESOTA, Minneapolis, Minn.; Biological Rsssarch at ths Itasca 
Biological Station; 1 year; $3,000. 

MOUNT DESERT ISLAND BIOLOGICAL LABORATORY, Salisbury Cove, Maine; W. F. 
Sheldon; Investigations in Gensral und Comparativs Physiology; 3 years; $26,000. 

NATIONAL ACADEMY OF SCIENCES, Washington, D. C.; Oprrating Ex~snsrs of ths 
Pacific Sci6ncs Board; 3 years; $39,000. 

NATIONAL ACADEMY OF SCIENCES, Washingtan, D. C. ; U. S. National Committ66 for 
th6 Intcmational Geophysical Year 29574958; $22,000. 

SIERRA CLUB, San Francisco, Calif.; California Himalayan Expsdition Committss; 
1 year; $5,000. 

WASHINGTON UNIVERSITY, St. Louis, MO.; Summer Rsscarch by Medical Studmts; 
3 years; $6,900. 
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APPENDIX III 

CONTRACTS AND GRANTS OTHER THAN RESEARCH AWARDED IN FISCAL 
YEAR 19% 

Conferences in Support of Science 

AYERICAN ACADEMY OF ARTS AND SCIENCES, Boston, Mass.; The Validation of 

Scientific Theories; $5,000. 
AMERICAN PSYGHOL~~ICAL ASSOCIATION, Washington, D. C.; Fourt66nth Intsrna- 

tionol Congress of Psychology; $10,000. 
BELOIT COLLECUZ, Beloit, Wis. ; Geology Res6arch in Small Colleges; $7,000. 
BROWN UNIVERSITY, Providence, R. I.; Liquid Structure and Acoustics; $7,000.. 
BRYN MA~R COLLEGE, Bryn Mawr, Pa.; The Plats of Biological Ressarch in th6 

LiberaZ Arts College; $7,000. 
UNIVERSITY OF CALIPORNU, Berkeley, Calif.; Anomalous Magnetization of Rocks; 

$7,400. 
UNIVERSITY OF CALIFORNIA, Los Angeles, Calif.; Th6 Significance and Possibilities 

of High SP66d Computing in Meteorology; $6,000. 
CARNEOIE INSTITUTION OF WASHINOTON, Washington, D. C.; Radio Astronomy; 

$8,500. 
UNIVERSITY OF CHICAOO, Chicago, Ill.; Nuclear Process6s in G6ological Settings; 

$4,800. 
COLUMBIA UNIVERSITY, New York, N. Y.; RoZ6 of Proteins in the Transport 

of Ions Across Membranss; $4,100. 
COLUMBU UNNERSITY, New York, N. Y.; Th6 Crust of th6 Earth; $6,000. 
CORNELL UNIVERSITY, Ithaca, N. Y.; Fundamental Problems of Perception; $4,500. 
HARVARD UNIVERSITY, Cambridge, Mass.; Problems in Comparative Behavoir; $6,300. 
INDIANA UNIVERSITY, Bloomington, Ind.; Stellar Atmospheres; $3,300. 
UNIVERSITY OF KANSAS, Lawrence, Kans.; Genetic, Psychological, and Hormonal 

Factors in ths Rsgulation of Patterns of Sexual B6havoir in Mammals; $5,000. 
LONO ISLAND BIOLOGICAL ASSOCIATION, Cold Spring Harbor, N. Y.; The Mammalian 

Fstus-Physiological Aspects of Develofiment; $6,500. 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY, Cambridge, Mass.; Probkms in 

Human Communication and Control; $5,200. 
MASSACRUSETTS INSTITUTE OF TECHNOLOOY, Cambridge, Mass.; &fath+rmatical 

Tables; $4,700. 
UN~YERSITY OF MICHIOAN, Ann Arbor, Mich. ; Multidimsnsional Analysis; $5,300. 
NATIONAL ACADEMY OF SCIENCES, Washington, D. C.; Radiation Biochemistry; 

$3,100. 
NEW YORK UNI~ERSMY, New York, N. Y.; Probkm Solving Bshavior; $5,700. 
SOCIETY FOR THE STUDY OF DEVELOPMENT AND GROWTH, University of Pehnsyl- 

vania, Philadelphia, Pa. ; Thirteenth Symposium on Developmant and Growth; 

g1,500. 
SWARTHMORE COLLEGE, Swarthmore, Pa. ; Astronomy Research in Colldg6s; 

$5,000. 

Studies in Science 

AMERICAN ACADEMY OF ARTS AND SCIENCES, Boston, Mass.; A. H. Dupree; History 
of Activitim of ths Federal Governm6nt in Science; 2 years; $29,400. 

AMERICAN PSYCHOL~ICAL ASSOCIATION, Washington, D. C.; Study of the Develop- 
msnt and Status of Psychology; $45,000. 

90 
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~TTELLE MEYORIAL INSTITVTB, chicsgo, Ill.; &dy of Rwarch d&ities of Trad# 
Associations, Cooperative Zndustrial Research OrganZtcrtions~ and ZnduJtry Su#- 
ported Research Activities of Professional Societies and Associations; $42,331. 

UNWBRSMY OF CHICAM, Chicago, IIL; I. V&h, Department of Medicine and Divi- 
sion of the Biological Sciences; Study of Endowed and Grant Supported Research 
in the Division of Biological Sciences of thr University of Chicago Over the Past 
Twenty-five Years; 3 ye-; $12,500. 

~IARVARD UNIVERSITY, Cambridge, Mass. ; P. G. Frank, Department of Physica; 
Study of ccReasons for Acceptance of Scientific Theories”; 1 year; $11,600. 

RARER .WILLUMS TECHNICAL AND ECONOMIC SERVICES, INC., New York, N. Y.; 
Pilot Study of Industry-Government Relationships in Research by Survey of 

Present Status of Bask and Applied Research Bearing on Industrial Fermenta- 
tion Processes; $15,000. 

SYRACVSB UNIVERSITY, Syracuse, N. Y.; Survey of Past History and Present Status of 
Research Activities of Independent and Qua&Zndependent Nonprofit Research 
Institutes and of Commercial Research Laboratories; $32,000. 

Education in the Sciences 

UNIVERSITY OF CALIFORNIA, Berkeley, Calif.; summer Conference for Teachers of 
Astronomy; 4 weeks; $8,750. 

CITY COLLEOE, New York, N. Y.; Preliminary Survey of the Teaching of Biochemistry; 
$500. 

COLUMBIA UNIVERSITY, New York, N. Y.; Conference on Nuclear Physics in Engineer- 
ing Education; 10 days; $8,200. 

UNIVERSITY OF ILLINOIS, Urbana, Ill.; Conference on Solid State Physics in Engi- 
neering Education; 10 days; $7,000. 

MATHEMATICAL ASSOCIATION OF AUERICA, University of Buffalo, Buffalo, N. Y.; 
Program of Visiting Scientists; 1 year; $15,000. 

NATIONAL ACADEMY OF SCIENCES, Washington, D. C.; Committee on Educational 
Policies in the Division of Biology and Agriculture of the National Research 
Council; $1,725. 

NATIONAL ASSOCIATION OF BIOLOGY TEACHERS, Crystal Lake, Ill.; Southeast Con- 
ference on Training in Biology; $15,000. 

UNNERSITY OF NORTH CAROLINA, Chapel Hill, N. C.; Summer Conference in CoE 
legiate Mathematics; 8 weeks; $15,000. 

NORTHWESTERN UNXVERSIT~, Evanston, 111. ; Conference on the Training of L&o- 

ratory Assistants in Physics; $2,220. 
UNIVERSMY OF ORE<H)N, Eugene, Oreg.; Summer Conference in Collegiate Mathe- 

matics; 8 weeks ; $15,000. 
SCIENCE SERVICE, INC., Washington, D. C.; Service Clubs of America; 1 year; $10,000. 
UNIVERSITY OF WASHINOTON, Seattle, Wash.; Summer Conference for High School 

Mathematics Teachers; 4 weeks; $10,000. 
WASHINOTON AND LEE UNIVERSITY, Lexington, Va.; Conference on Undergraduate 

Research in Chemistry; 3 days; $5,700. 
UNIVERSITY OF WYOMINO, Laramie, Wyo.; Summer Conference in Collegiate Chem- 

istry; 5 weeks; $10,500. 

Scientific Manpower 

AMERICAN CHEMICAL SOCIETY, Washington, D. C.; Register of Scientific and 
Technical Personnel in the Field of Chemistry; $69,000. 

AMERICAN INSTITUTE OF PHYSICS, New York, N. Y.; H. A. Barton, Director; 
Register of Scientific and Technical Personnel in the Field of Physics; 1 year; 
$14,500. 
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AYEIUCAN MATHEMATICAL SOCIETY, Providence, R I.; Register of Scientific und 
Technical Personnel in Field of ~athematkal Sciences; 1 year; $13,800. 

AXERICAN METIWIO~ICAL SOCIBTY, Boston, Mass.; K. C. Spcngler, Executive 
Secrctsuy; Register of Scientific and Technical Personnel in the Field of 
~UtUOrOlOgy; 1 J’CZU; $g,ooo. 

AMERICAN PSYCHO~ICAL ASS~CXATION, Washington, D. C. ; Register of Scientific 
and Technical Personnel in the Field of Psychology; 1 year; $11,600. 

ENGINEERS JOINT COUNCIL, New York, N. Y.; Register of Scientific and Technical 
Personnel in Engineering; $25,000. 

UNIVERSITY OF MINNESOTA, Minneapolis, Minn.; The Loss of Talent Through Edu- 
cational Dro$-Out at High School Graduation: A Followup Study of Talented 

High School &aduates Who Did Not Attend College; $8,250. 
NATIONAL ACADEMY OF SCIENCES, Washington, D. C.; American Geological Insti- 

tute; Register of Scientific and Technical Personnel in the Earth Sciences; $5,500. 

NATIONAL ACADEMY OF SCIRNCES, Washington, D. C. ; American Institute of Bio- 
logical Sciences; Register of Scientific and Technical Personnel in the Field of 

Biology; 1 year; $19,200. 
NATIONAL ACADEMY OF SCIENCES, Washington, D. C. ; M. H. Trytten, Office of Sci- 

entific Personnel, National Research Council; Studies on Doctoral D#gr#es; 1 year; 
$12,000. 

NATIONAL BUREAU OF ECONOMIC RESEARCH, INC., New York, N. Y. ; A Technical 
Study of Methods for Determining Demand and Supply of Specialized Personnel; 
1 year; $25,000. 

International Travel Grants 

A. A. ALBERT, University of Chicago, Chicago, Ill., to Amsterdam, Netherlands. 
L. W. ALVAREZ, University of California, Berkeley, Calif., to Canberra, Australia. 
N. C. BAENZIOER, State University of Iowa, Iowa City, Iowa, to Paris, France. 
E. BALL, North Carolina State College, Raleigh, N. C., to Paris, France. 
S. S. BALLARD, Santa Monica, Calif., to Parma, Italy. 
J. J. BIESELE, Sloan-Kettering Institute for Cancer Research, New York, N. Y., to 

Leiden, Netherlands. 
J. E. BIRREN, National Institutes of Health, Bethesda, Md., to London, England. 
J. B JERRNES, University of California, Los Angeles, Calif., to Rome, Italy. 
H. F. BLANEY, Agricultural Research Service, Los Angeles, Calif., to Rome, Italy. 
R. M. BLOUCH, Colorado A. and M. College, Fort Collins, Colo., to Paris, France. 
W. BLUM, Washington, D. C., to London, England. 
R BRAUER, Harvard University, Cambridge, Mass., to Amsterdam, Netherlands. 
W. R. BRENEMAN, Indiana University, Bloomington, Ind., to London, England. 
D. BROUWER, Yale University, New Haven, Conn., to Leningrad, Russia. 
J. E. CANRIGHT, Indiana University, Bloomington, Ind., to Paris, France. 
E. C. CANTINO, University of Pennsylvania, Philadelphia, Pa., to Paris, France. 
A. J. CARLSON, University of Chicago, Chicago, Ill., to London, England. 
E. CHARGAFF, Columbia University, New York, N. Y., to London, England. 
L. C. COCHRAN, University of California, Riverside, Calif., to Paris, France. 
A. L. COHEN, Oglethorpe University, Oglethorpe University, Ga., to Paris, France. 
H. B. CREIC)HTON, Wellesley College, Wellesley, Mass., to Paris, France. 
A. T. CROSS, West Virginia University, Morgantown, W. Pa., to Paris, France. 
K. K. DARROW, Bell Telephone Laboratory, New York, N. Y., to London, England. 
E. W. DEMPSEY, Washington University, St. Louis, MO., to London, England. 
J. D. H. DONNAY, Johns Hopkins University, Baltimore, Md., to Paris, France. 
J. D. DWYER, St. Louis University, St. Louis, MO., to Paris, France. 
J. D. EBERT, Indiana University, Bloomington, Ind., to Leiden, Netherlands. 



FOURTH klN3mAL REPORT 93 

A. ERDEL~, California Institute of Technology* Pasadena, Calif., to Amsterdam, 
Netherlands. 

H. I. EWBN, Harvard University, Cambridge, Mass., to Amsterdam, Netherlands. 
1. FANKUCHBN, Polytechnic I~~titutc of Brooklyn, Brooklyn, N. Y., to Paris, France. 
Ii. FEIOL, University of Minnesota, Minneapolis, Mlnn., to Zurich, Switzerland. 
M. CELL-MANN, University of Chicago, Chicago, Ill., to Glasgow, Scotland. 
A. GORBMAN; Columbia University, New York, N. Y., to London, England. 
C. S. GREENE, Howard University, Washington, D. C., to Li&on, pomqpl. 
R. 0. GREEP, Harvard University, Boston, Mass., to London, England. 
C. GROBSTEIN, National Cancer Institute, Bethesda, Md., to Leiden, Netherlands. 
J. E. GUNCKEL, Rutgers University, New Brunswick, N. J., to Paris, France, 
P. L. HALMOS, University of Chicago, Chicago, Ill., to Amsterdam, Netherlands. 
R. R. HEINRICH, St. Louis University, St. Louis, MO., to Rome, Italy, 
A. C. HELMHOLZ, University of California, Berkeley, Calif., to Glasgow, Scotland. 
J. H. M. Henderson, Tuskegee Institute, Tuskegee Institute, Ala, to Paris, France. 
L. HENKIN, University of California, Berkeley, Calif., to Amsterdam, Netherlands. 
E. HWVITT, University of Washington, Seattle, Wash,, to Amsterdam, Netherlands. 
E. HILL& Yale University, New Haven, Corm., to The Hague, Netherlands. 
F. L. HISAW, Harvard University, Cambridge, Mass., to London, England. 
F. G. HOFFMAN, Culumbia University, New York, N. Y., to London, England. 
A. S. HOLT, University of Illinois, Urbana, Ill., to Paris, France. 
V. H. JONES, University of Michigan, Ann Arbor, Mich., to Paris, France. 
E. C. JORDAN, University of Illinois, Urbana, Ill., to Amsterdam, Netherlands, 
0. J. KAPLAN, San Diego State College, San Diego, Calif., to London, England. 
M. C. KIK, University of Arkansas, Fayetteville, Ark., to Quezon City, Philippines. 
I. M. KOLTHOFP, University of Minnesota, Minneapolis, Minn., to Birmingham, 

England. 
P. J. KRAMER, Duke University, Durham, N. C., to Paris, France. 
W. D. LAMBERT, Canaan, Conn., to Rome, Italy. 
J. H. LEATHEN, Rutgers University, New Brunswick, N. J., to London, England. 
W. A. LEWIS, Illinois Institute of Technology, Chicago, Ill., to Rio de Janeiro, 

Brazil. 
G, 0. G. LOF, Denver, Colo., to Rio de Janeiro, Brazil. 
G. H. LOWERY, JR., Louisiana State University, Baton Rouge, La., to Basel, Switzer- 

land. 
G. S. S. LUDFORD, University of Maryland, College Park, Md., to Amsterdam, Neth- 

erlands. 
S. MACLANE, University of Chicago, Chicago, Ill., to The Hague, Netherlands. 
W. MAONUS, New York University, New York, N. Y., to The Hague and Amsterdam, 

Netherlands. 
H. MAROENAU, Yale University, New Haven, Conn., to Zurich, Switzerland. 
L. MARTON, National Bureau of Standards, Washington, D. C., to London, England. 
S. L. MEYER, Florida State University, Tallahassee, Fla., to Paris, France. 
E. E. MOISE, University of Michigan, Ann Arbor, Mich., to Amsterdam, Netherlands. 
M. G. MOROAN, Dartmouth College, Hanover, N. H., to Amsterdam, Netherlands. 
R. S. MULLIKEN, University of Chicago, Chicago, Ill., to Lund, Sweden. 
M. R. MURRAY, Columbia University, New York, N. Y., to Leiden, Netherlands. 
J. J. NASSAU, Case Institute of Technology, Cleveland, Ohio, to Leningrad, Russia. 
A. H. NORRIS, Baltimore City Hospital, Baltimore, Md., to London, England. 
L. S. OLIVE, Columbia University, New York, N. Y., to Paris, France. 
I. I. OSTER, Institute of Animal Genetics, Edinburgh, Scotland, to Leiden, Nether- 

lands. 
R G. PEARSON, Northwestern University, Evanston, Ill., to Birmingham, England. 
J. M. PETTIT, Stanford University, Stanford, Calif., to Amsterdam, Netherlands. 
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E. A. PRILLIPI, Pomona College, Claremont, Cali&, 30 Paris, France. 
C. M. POHERAT, University of Texas, Galveston, Tex., to Leiden, Netherlands. 
H. Rrs, University of Wisconsin, Madison, Wi., to Leiden, Netherlands. 
V. H. RUMSEY, Ohio State University, Columbus, Ohio, to Amsterdam, Netherlands. 
W, H. SAG, New York University, New York, N. Y., to London, England. 
A. M. SCHECHTMAN, University of California, Los Angeles, Calif., to I.&den, Neth- 

erlands. 
M. 0. Scsr~mr, University of Illinois, Urbana, Ill., to Rome, Italy. 
L. P. SCHULTZ, Takoma Park, Md., to Quezon City, Philippines. 
W. G. SEEPHERD, University of Minnesota, Minneapolis, Minn., to Amsterdam, 

Netherlands. 
C. G. SIBLEY, Cornell University, Ithaca, N. Y., to Basel, Switzerland. 
P. C. SILVA, University of Illinois, Urbana, Ill., to Paris, France. 
S. SILVER, University of California, Berkeley, Calif., to Amsterdam, Netherlands. 
W. E. SMMITH, American Geophysical Union, Washington, D. C., to Rome, Italy. 
R. S~o~ucaows~~, Carnegie Institute of Technology, Pittsburgh, Pa., to London, 

England. 
R. W. STORER, University of Michigan, Ann Arbor, Mich., to Base& Switzerland. 
A. W. SULLIVAN, University of Florida, Gainesville, Fla., to Amsterdam, Netherlands. 
A. TAI\SKI, University of California, Berkeley, Calif., to Amsterdam, Netherlands. 
R. H. THOMPSON, University of Kansas, Lawrence, Kans., to Paris, France. 
J. THORP, Earlham College, Richmond, Ind., to Quezon City, Philippines. 
R. M. TRYON, Missouri Botanical Garden, St. Louis, MO., to Paris, France. 
D. F. TUTTLE, Stanford University, Stanford, Calif., to Amsterdam, Netherlands. 
C. VAURIE, American Museum of Natural History, New York, N. Y., to Basel, 

Switzerland. 
B. E. WARREN, Massachusetts Institute of Technology, Cambridge, Mass., to Paris, 

France. 
P. WEISS, National Research Council, Washington, D. C., to Europe. 
J. A. WHEELER, Princeton University, Princeton, N. J., to London, England. 
G. T. WHYBURN, University of Virginia, Charlottesville, Va., to Amsterdam, 

Netherlands. 
R. L. WILDER, University of Michigan, Ann Arbor, Mich., to Amsterdam, Netherlands. 
H. G. WON, State University of New York, Syracuse, N. Y., to Rome, Italy. 
E. W~SCHI, State University of Iowa, Iowa City, Iowa, to London, England. 
CHIEN-SHIUNO WV, Columbia University, New York, N. Y., to Glasgow, Scotland. 
W. H. ZACHARIASEN, University of Chicago, Chicago, Ill., to Paris, France. 
L. ZIPPIN, Queens College, Flushing, N. Y., to Amsterdam, Netherlands. 

Scientific Information Exchange 

AMERICAN INSTITUTE OF PHYSICS, New York, N. Y.; A Study of a Comprehensive 
Russian-English Translating Service in the Field of Physics; $3,300. 

AMERICAN MATHEMATICAL SOCIETY, Providence, R. I.; Preparation and Distribu- 
tion of Selected Translations of Russian Mathematics Articles; 1 year; $14,500. 

UNIVERSITY OF CALIFORNIA, Berkeley, Calif. ; Preparation of a Punched Card File 
of Double Star Measures; $15,500. 

UNIVERSITY OF CHICAGO, Chicago, Ill.; S. Polyak, Department of Anatomy; Pub- 
lishing Results of Basic Research Entitled “The Vertebrate Visual System”; 4 

years; $13,300. 
DOCUMENTATION, INC.~ Washington, D. C.; Semi-Mechanized System for Indexing 

and Retrieving Scientific Information; $8,000. 
UNIVERSITY OF &wm, Honolulu, Hawaii; Exchange of Biological Research Infor- 

mation at the Hawaii Marine Laboratory; $6,000. 
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WY OF CONORESS, Washington, D. C.; Compikrtion of Lists of Currrnt Biologkal 
I’%riodicals; $8,800. 

~RARY OF ~~OxtEs8, Washington, D. C. ; Compilation of Lists of Scientific urd 
Technical Serial Publications; 6 months; $6,500. 

LIBRARY OF CONORESS, Washington, D. C.; R. L. Zwemer, Chief, Science Division; 
Establishing and Operating a .Center for Recording, Reporting, Duplicating, and 
Distributing Translations of Scientific Literature; 1 year; $29,500. 

I,~~~ARY OF CONGRESS, Washington, D. C.; D. E. Gray, Chief, Technical Information 
Division; Study of Publications Stemming from Defense-Related Technical 
R6poYtS; 1 year; $4,000. 

MARINE BIOL~CXCAL LABORATORY, Woods Hole, Mass.; Participation in the Exchcnge 
of Scientific Information at the Marine Biological Laboratory, Woods Hole, Mass.; 
$1,800. 

MINERALOOICAL SOCIETY OF AMERICA, Washington, D. C.; Publishing an Expanded 
Issue of “The American Mineralogist”; 1 year; $1,100. 

NATIONAL ACADEMY OF SCIENCES, Washington, D. C.; Preparation of a Monograph 
on the Training of Scientists and Engineers in Russia; $1,900. 

NEW YORK UNIVVERS~TY, New York, N. Y.; S. A. Kor& Department of Physics; 
Survey of High Altitude Cosmic Ray Stations; 2 years; $1,000. . 

UNIVERSITY OF PENNSYLVANIA, Philadelphia, Pa.; L. V. Heilbrunn, Zoological 
Laboratory; Assistance in Editing an International Treatise on Protoplasm Entitled 
“Protoplasmatologia”; $1,000. 

SMITHSONIAN INSTITUTION, Washington, D. C.; S. L. Deignan; Partial Support of 
ccBiological Sciences Information Exchange”; 1 year; $22,000. 

THE TORREY BOTANICAL CLUB, New York, N. Y. ; E. Lawton, Treasurer; Publishing 
a “75-year Index of the Bulletin of the Torrey Botanical Club”; 3 years; $5,000. 

UNITED STATES DEPARTMENT OF AGRICULTURE GRADUATE SCHOOL, Washington, 
D. C.; R. R. Shaw, Librarian; Investigation of the Efiectiveness of Information 
Sources Available to American Scientists; 1 year; $20,700. 

WAYNE UNTVERSITY, Detroit, Mich. ; Human Biology, A Quarterly Journal of 
Research; $3,250. 



APPENDIX IV 

GRADUATE FELLOWSHIP PROGRAM 

Distribution of NSF Fellowships by State of Residence for the Academic 
Year 195445 

Region and State Applica-m 
tions Awards 

NORTHEAST 

Connecticut. ......... 
Maine. .............. 
Massachusetts. ....... 
New Hampshire. ...... 
New Jersey. .......... 
New York. ........... 
Pennsylvania. ........ 
Rhode Island. ........ 
Vermont ............. 

SOUTH 

Alabama ............. 
Arkansas. ............ 
Delaware. ........... 
District of Columbia. .. 
Florida. ............. 
Georgia .............. 
Kentucky. ........... 
Louisiana. ........... 
Maryland. ........... 
Mississippi, .......... 
North Carolina. ...... 
Oklahoma. .......... 
South Carolina. ...... 
Tennessee. ........... 
Texas. .............. 
Virginia. ............ 
West Virginia. ....... 

96 

received 

81 
9 

169 
11 

157 
602 
221 

21 
6 

33 
16 
4 

39 
59 
31 
16 
26 
63 
20 
47 
42 
17 
43 
84 
46 
19 

made 
18 
2 

38 
3 

28 
99 
56 

4 
2 

4 
1 
0 
7 
9 
3 
3 
3 

15 
7 
4 

17 
1 
7 

19 
6 
a 

Rcgion~and State : k A@:- 
Awards 

NORTH CENTRAL 
rllinoil ............... 
Lndiana .............. 
Cowa. ............... 
Kansas. ............. 
Michigan ............ 
Minnesota. .......... 
Missouri. ............ 
Nebraska. ........... 
North Dakota. ....... 
3hio ................ 
south Dakota. ........ 
Wisconsin. ........... 

WEST 
Arizona. ............. 
California. ........... 
Colorado. ............ 
Idaho ............... 
Montana. ............ 
Nevada. ............. 
New Mexico .......... 
Oregon .............. 
Utah ................ 
Washington. ......... 
Wyoming. ........... 

POSSESSIONS 
Alaska ............... 
Hawaii. ............. 
Puerto Rico. ......... 

receizud 

250 
72 
51 
46 

107 
68 
66 
26 
10 

121 
9 

70 

18 
304 
61 

5 
15 
9 

15 
40 
18 
43 

8 

1 
7 
4 

made 

50 
23 
17 
11 
23 
21 
24 

8 
4 

35 
2 

26 

3 
85 

9 
0 
4 
3 
4 
9 
5 

12 
1 

0 
1 
0 
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l)&ibution of NSF Fellowships by Year of Study and Field for thr Academic 
Year 195M5 

Field 

Life sciences .................... 
Chemistry ...................... 
Engineering .................... 
Earth sciences .................. 
Mathematics ................... 
Physics and astronomy. ......... , 

Total. .................... 

First 
Y* 

40 
59 
41 

8 
20 
52 

220 

Predoctoral T 
Intcr- 

81 
54 
22 
15 
21 
47 

240 

56 
43 
28 

8 
19 
43 

197 

‘I 
d%al 

36 
15 

1 
2 

12 
13 

79 

Total 

213 
171 
92 
33 
72 

155 

736 

Names, Residences, and Fields of Study of Individuals Awarded National 
Science Foundation Graduate Fellowships for Fiscal Year 1954 

J?REDOCTORAL FELLOWS 

ALABAMA 

ROY RONALD ODOM, Fairfield, Chemistry. 
CHARLES M. STEINBERG, Montgomery, 

Biophysics. 
PRIESTLY TOULMIN III, Birmingham, 

Earth Sceinces. 

ARIZONA 

DONALD G. BRYANT, Tucson, Earth 
Sciences. 

BRADLEY DEAN BUCHER, Phoenix, Mathe- 
matics. 

ARKANSAS 

JAMES FRED HAYS,* Little Rock, Earth 
Sciences. , 

CALIFORNIA 

DANA LEROY ABELL, Fresno, Zoology. 
EDWARD MCINTOSH ACTON, Morgan Hill, 

Chemistry. 
DOWLAS E. APPLEQUIST, Berkeley, 

Chemistry. 
JON BARR APPLEQUIST,~ Berkeley, Chem- 

istry. 

IDeianed. 

GEOROE ALLEN BAKER, Jr.,’ Davisa Phya- 
its. 

ALWN MARION BARNES, Richmond, Zool- 
. 

ED’; DEMUTSZ BECKER, Berkeley, 
Chemistry. 

DAVID RALPH BENNION, Los Altos, En- 
gineering. 

IVAN STANLEY BJORKLUND, LCM Angeles, 
Engineering. 

ALBERT THOMAS BOTTINI, Petaluma, 
Chemistry. 

JOHN DOYLE BRITTON, Loa Angeles, 
Chemistry. 

MICHAEL EDWIN BROWNE, Long Beach, 
Physics. 

DON LOUIS BUNKER, Simi, Chemistry. 
SHERWIN JOHN CAEILQUIST; San Marino, 

Botany. 
JOHN ARTHUR CARLSON, Pasadena, En- 

gineering. 
MARK CHER, Los Angeles, Chemistry. 

J OHN WILLIAM CRIJMP, Sebastopol, 
Chemistry. 

NOEL HOWARD DE NEVERS,’ San Fran- 
cisco, Engineering. 

WILLMM EDWIN DIBBLE, Gltadale, Bio- 
physics. 
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Low&L RALPzi poaBuTY, San Diego, 

Physica. 
WALTER JOHN Domsowgn, Altadena, 

Engineering. 
ROBERT Lours DRESSLER, Inglewood, 

Botany. 
WALTER PASOLD EATBERLY, Temple City, 

Physics. 
SXZELDEN D. ELLIOTT, Jr., Independence, 

Physics. 
RONALD FUCHS, Altadena, Physics. 
ROBERT HOWARD GOOD, Berkeley, Physics. 
ANDREW L. GRAM III, San Ma&o, En- 

gineering. 
BRUNO HARRIS, Arcadia, Mathematics. 
BILLY J. HARTZ, Albany, Engineering. 
ROBERT SHAW HOFFMAN, Albany, Zool- 

OgY* 
CLIPPOIU) ANDRE HOPSON, Mill Valley, 

Earth Sciences. 
MARY LAWRENCE HOUSTON, San Fran- 

cisco, Zoology. 
CLIFFE DAVJD JOEL, Vista, Biochemistry. 
ROBERT EUGENE JONES, Watsonville, En- 

gineering. 
GLENN HOWARD KEITEL, Palo Alto, En- 

gineering. 
JOHN HARVEY KENNEDY, Los Angeles, 

Chemistry. 
ROBERT P. KRAFT, Albany, Physics. 
ROBERT EDMOND LENIN, Santa Ana, En- 

gineering. 
JOHN CLAYTON LITTLE, Stockton, Chem- 

i8tl-y. 
JON MATHEWS, Sierra Madre, Physics. 
DONALD S. MATTESON, Berkeley, Chema 

istry. 
ERNEST ALAN MEYER, Berkeley, Micros 

biology. 
JERRY CHARLES MITCHELL, Van Nuys, 

Chemistry. 
JAMES DAWSON MOHLER, Berkeley, 

Genetics. 
JAMES EDWARD MONSON, Palo Alto, En- 

gineering. 
LLOM) N. MORRISETT, Jr., Los Angeles, 

Psychology. 
ALLEN PARDUCCI, Berkeley, Psychology. 
PETER MARTIN RAY, Saratoga, Botany. 
WALTER BARCLAY RAY, Saratoga, Eartl 

Sciences. 
Rxaxum ALLEN REEVES, Los Angeles 

Chemistry. 

lOEN IIAW. RI~EAI~)~, Berkeley, chcm- 
istry. 

Losus~zo W. R~CHARI)S, Riverside, Chem- 
istry. 

KENNETH W. ROBINSON, Loa Angeles, 
Physics. 

Wn~lw, N. RUNQUIST, Green Valley 
Lake, Psychology. 

TACK SANDWEISS, Berkeley, Physics. 
RONALD LEE SHREVE, Biiop, Earth 

Sciences. 
JEROME WILLUM SIDMAN,’ Berkeley, 

Chemistry. 
HAROLD KINO SINCLAIR, Los Angeles, 

Chemistry. 
FELIX TEISSEIRE SMITH, San Francisco, 

Chemistry. 
RONALD DEAN SYNCH, Oakland, Chem- 

istry. 
EDWARD ABRAHAM STERN, Los Angeles, 

Physics. 
ROBERT W. TANKERSLEY, JR., Stanford, 

Microbiology. 
RICH- B. TAYLOR, Claremont, Earth 

Sciences. 
JOHN BOWMAN THOMAS, Stanford, En- 

gineering. 
WALTER ROLLIER THORSON, Los Angeles, 

Chemistry. 
EDWARD OAKLEY THORP, Los Angeles, 

Physics. 
WALTER M. WALSH, La Angeles, Physics. 
HAROLD WEITZNER, San Francisco, 

Physics. 
ARTHUR EDWIN WENNSTROM: Los An- 

geles, Engineering. 

COLORADO 

ARNOLD BENSON, Boulder, Zoology. 
ALFRED DANTI, Colorado Springs, Chem- 

istry. 
ROBERT C. GUNNING, Longmont, Mathe- 

matics. 
VANCE CLIFFORD KENNEDY, Denver, 

Earth Sciences. 
FRED BARROWS KNIOHT, Fort Collins, 

Agriculture. 
JOHN A. LASWICK, Boulder, Chemistry. 
JOHN ROBERT NAZY, Denver, Chemistry. 
L~wrs TODD REYNOLDS, Denver, Chem- 

istry. 

‘Deelined. 
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CONNECTNWT 

NORMAND CONRAD BLAIS, New Haven, 
PhySkS. 

I$I,UWIS GERALD CAREY, Rockville, Zool- 
WY* 

WX,LIAM THOMAS DOYLB, New Haven, 
Physics. 

GEOROE BROOKS FOLD, Pomfret, ‘Physics. 
DONALD LAWRENCE GILMAN, Storrs, 

Earth Sciences. 
CAROL Loursa KILBOURNE, Woodmont, 

Chemistry. 
FRANK BRYANT MALLORY, New Haven, 

Chemistry. 
HARRY Down PECK, JR., Middletown, 

Microbiology. 
WALTER RALPH REITYAN, Middletown, 

Psychology. 
MAXINE FRANK SINGER, New Haven, Bio- 

chemistry. 
WILLIAM GRANTTIPFT,S~~~O~T, Physics. 
JAMES V. TRUMBULL, Stonington, Earth 

Sciences. 
CHARLES F. WILCOX, Cos Cob, Chemistry. 

DISTRICT OF COLUMBIA 

THOMAS ALBERT FARLEY, Washington, 
Physics. 

ROYAL BRUCE KELLO~, Washington, 
Mathematics 

FRANCIS L. LAMBERT, Washington, Zoo& 

PA~IA C. REYNOLDS, Washington 
Chemistry. 

LEO BLASE SCHLEOEL,' Washington, 
Mathematics. 

JEROME SPANIER, Washington, Mathe- 
matics. 

FLORIDA 

HERBERT CHARLES CURL, Tallahassee, 
General Biology. 

DAVID JAMES FOULIS, South Miami 
Mathematics. 

11~s MABEL KIEM, Miami, Microbiology 
ARTHUR R. MARSHALL, Miami, Genera 

Biology. 
RALPH DAYLD MCWILLIAMS, Fort Myers 

Mathematics. 
WALLACE A. MOSER, Bradenton, Physica 
R. CHARD C. PILCSER, West Palm Beach 

Chemistry. 

:OB~TSIDNIYSILAS,G&CS~%,~~ 
istry. \ 

OEOROU 

YILLIAY &ZCHERHAC+INs,Oli~, Medi- 
cal Sciences. 

!ELVIN LEVINE, Savannah, Engineering. 
UtTEIIIXt Houtnn NEAL, Atlanta, Chcm- 

istry. 

ILLIN 

IAMES STUART AAOMRD, Chicago, En- 
gineering. 

~EOROB EDWARD BACKUS, Chicago, 
Physics. 

~OBERTELIBARON,C~~C~~O~ Physics. 
CHARLES EARL BARR, Elmwood Park, Bot- 

any. 
WALTER SCOTT BAELTKY, Chicago, Mathe- 

matics. 
PLAN HERBERT CROMER, Chicago, Phys- 

ics. 
DARWIN DARRELL DAVIS, Salem,Chem- 

istry. 
IAM, HIRSCH EZEKIEL, Urbana, Micro- 

biology. 
&ICHARD WARPEN FULMER, Champaign, 

Chemistry. 
DONALD SHEPARD GAGE, Palatine, Engi- 

neering. 
ROBERT BRUCE GARLAND, Elgin, Chem- 

istry. 
DAVID MELVILLE GELLER, Oak Park, Bi- 

ochemistry. 
[AMES W. GEWABTOWSXI, Chicago, Engi- 

neering. 
&HARD WILLIAM GLADE, Urbana, Zo- 

ology. 
RAMON DON HAMILTON, Colfax, Micro- 

biology. 
ROBERT JUNIOR HARDER, Gibson City, 

Chemistry. 
ROBERTWOLDHARDIN, Champaign,En- 

gineering. 
HARRIS DALE HAI~TZLER, Downers Grove, 

Chemistry. 
ALFRED HELLER, Chicago, Medical Sci- 

ences. 
DALE RICHARD HOFF, Galesburg, Chem- 

istry. 
DELBERT LEROY JOHNSON, Monmouth, 

Engineering. 
GEORGE J. KACEK, JR., Berwyn, Engineer- 

ing. 
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&LES VINCBNT KLEIN, Highland Park, 
Physics. 

ARTXUR A. Kwwzm, Evanston, Chem- 
istry. 

JOHN HAROLD LAW, JR., Park Forest, Bio- 
chemistry. 

SEYMOUR LBDERBERCS, Urbana, Microbi- 
ology. 

ANDREW DAVID Lmm, Chicago, Physics. 
TREOD~RE DEAN LITTLE, Marissa, Engi- 

neering. 
HARVEY MONROE Loux, St. Joseph, Chem- 

istry. 
LOIS W. MEDNICK, Chicago, Anthropol- 

. 
ROOST LEE METZENBERO, Highland 

Park, Biochemistry. 
ROBERT LEE MIIEHER, Waverly, Engineer- 

ing. 
FRANKLIN PAUL PETERSON, Naperville, 

Mathematics. 
WESLEY JOHN PETERSON,’ Chicago, Zo. 

ology. 
LIONEL ISRAEL REBHUN, Chicago, Bio- 

chemistry. 
FRANCO SCARDIOLIA, Chicago, Chemistry 
THEODORE DAVID SCHULTZ, Glencoe, 

Physics. 
JUSTIN ISABEL SIMON, Wheaton, Chem- 

isty. 
DONALD ARTHUR SPEER, Morton Grove 

Chemistry. 
EDWARD OTTO STE J SKAL, Berwyn, Chema 

istry. 
ROBERT ALLAN SWANSON, Chicago, Phys 

its. 
RXCHARD SANBORN THOMAS, Champaign 

Biochemistry. 
HAL RIC~RD WAITE, Chicago, Chem 

istry. 
JAMES WILLIAM WILT, Chicago, Chem 

istry. 
JOHN WIDMER WINCHESTER, Westen 

Spring, Chemistry. 

INDIANA 

ILA GLOVER CARROLL, West Lafayette 
Microbiology. 

JOHN POLK CHESICK, New Castle, Chem 
istry. 

WILLIAM W. CLELAND, Bloomington 
Biochemistry. 
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WILLIAM ROBERT FRAZER, Indianapolis, 
Physics. 

WOOER ESTLICK GERKIN, South Bend, 
Chemistry. 

‘THEODORE M. HALLMAN,’ West Lafayette, 
Engineering. 

OSEPH DAVID HARRIS, West Lafayette, 
Biophysics. 

OHN BURNETT HEYWALL, West Lafay- 
ette, Agriculture. 

VIAROARET MARIE HIATT, Indianapolis, 
Microbiology. 

4~~~~ MILTON HOROER, West Lafayette, 
Zoology. 

KENNETH ALAN JOHNSON, Hobart, Phys- 
ics. 

1. JOHANNA JONES, Indianapolis, Botany. 
LOBERT PAUL KAISER, South Bend, Engi- 

neering. 
WILLIAM CHARLES LORDAN, Gary, Mathe- 

matics. 
DONALD JOSEPH MASON, Cutler, Micro- 

biology. 
THOMAS ROBERT MERTENS, St. Joe, Ge- 

netics. 
DAVID JOHN MESCHI, Hammond, Chem- 

istry. 
[OSEPH P. MUTSCHLECNER, Fort Wayne, 

Physics. 
MICHAEL EDWARD SENKO, Crown Point, 

Chemistry. 
WILLIAM DANKS SHEPHARD, Gary, Phys- 

ics. 
FRANK SAMUEL STEPHENS, Wabash, 

Chemistry. 
T’HOMAS LEE SWIHART, Elkhart, Physics. 

IOWA 

JAMES ROBERT ANDERSON, Ames, Physics. 
GEORGE EDWIN COLLINS, Adel, Mathe- 

matics. 
SPERRY EUGENE DARDEN, Sioux City, 

Physics. 
DANIEL HARTZ Huo, Davenport, Micro- 

biology. 
JAMES STEWART HYDE, Des Moines, 

Physics. 
CLAUDE G. KINO, Jr., Cedar Rapids, En- 

gineering. 
BRUCE OWEN NOLF, Iowa City, Earth 

Sciences. 

’ Deelined. 
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WIIAIAY D~vrn OHLSEN, Ames, Physics. 
JOHN FREDERICK PAUL& thShbgtOIl, 

Mathematics. 
J,AURAMAURERROTH, Waterloo,Physics. 
WILLIAM W. ROZEBOOM, Ottumwa, Psy- 

chology. 
RICHARD MARK SANDERS, Waterloo, 

Physics. 
RONALD LEWIS SASS, Davenport, Chem- 

istry. 
CIIARLES F. SCHUMACHER, Ames, Psy- 

chology. 
TRAVIS E. STEVENS, Ames, Chemistry. 
HUGH DAVID YOUNO, Osage, Physics. 

KANSAS 

NORMAN PAUL BAUMANN, Sylvan Grove, 
Physics. 

ROBERT REX BROWNLEE, Zenith, Physics. 
T. M. BURFORD, Wichita, Engineering. 
RICHARD HUNTLEY CAPPS, Wichita, 

Physics. 
HOWARD BRITT~K HAMILTON, Wichita, 

Engineering. 
EDWIN DALE HORNBAKER, Louisburg, 

Chemistry 
FORREST EARL LADD, Jr., Lawrence, Psy- 

chology. 
ALLEN JAY LUNDEEN, Fowler, Chemistry. 
FRANCIS WARE PROSSER, Lawrence, 

Physics. 
ROBERT WARREN RYDJORD, Wichita, Psy- 

chology. 
ROBERT LYNN SHAFPER, Kinsley, Botany. 

KENTUCKY 

JOE Wool CABLE, Murray, Chemistry. 
ALAN STANLEY HOROWITZ,~ Ashland, 

Earth Sciences. 
WILLIAM WALLACE HUNT, Franklin, 

Chemistry. 
LOUISIANA 

PAULA JEAN BEAVER, New Orleans, Mi- 
crobiology. 

PIERRE EUCLIDE CONNER, Lafayette, 
Mathematics. 

ROBERT EDGAR WEAVER, New Orleans, 
Engineering. 

1 Declined. 

XAINB 

E&XXNAL+D A. DSBRING~ Brooks, Biophtica. 
DAVID BBN JAY~IN STISWART, East Sumner, 

Earth Sciences. 

MARYLAND 

ROBERT WAUCEOPE BASS, Bdtimo~, 
Mathematics. 

FERNAND DBNIS BBDARD, Baltimore, 
Physics. 

ALVIN L. BERMAN, Baltimore, Zoology. 
PAUL ANDREW COOK, Baltimore, Engi- 

neering. 
ALBERT WILLIAM CURRIER, West An- 

napolis, Mathematics. 
ROBERT HARRY GILPIN, Cumberland, 

Botany. 
JOHN JOSEPH HOPFIELD: Bethesda, 

Physics. 
ESKIN HUFF, Bethesda, Biochemistry. 
JOHN EDWARD LAYNOR, Bethesda, Engi- 

neering. 
HIRSCH I. MANDELBERO, Baltimore, 

Physics. 
LEONARD SIDNEY RODBER~, Baltimore, 

Physics. 
L. EDWARD SCRIVRN II, Elkton, Engi- 

neering. 
THOMAS DARRAH THOMAS, Chevy Chase, 

Chemistry. 
CARROLL VANCE TRUSS, Baltimore, Psy- 

chology. 

MASSACHUSETTS 

MARGARET STUART BRYAN, Cambridge, 
Botany. 

EDITH CONSTANCE CLARXE, Concord, 
Biochemistry. 

LLOYD ARTHUR Cuaam, Somerville, 
Chemistry. 

Lours SELI~ HARRIS, Brookline, Medical 
Sciences. 

RICHARD J. HERRNSTEIN, Newton, Psy- 
chology. 

WINBORNE TERRY JENKINS, Cambridge, 
Biochemistry. 

HAROLD MELVIN KAPLAN, Northampton, 
Mathematics. 

1 Declined. 
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FRANCIS THOXA~ KENNEY, Spri&eid, 
Biochemistry. 

THOMAS BUL~LBY KNAPP, Newton, 
Mathematics. 

Joesu~ KURLAND KOPP, Dorchester, 
Physics. 

ANN MATTHEWB LACY, Newton Center, 
Genetics. 

ELLIOTT HERSHEL LIEB, Boston, Physics. 
ROBERT MANDEL LURIE, Cambridge, En- 

gineering. 
GERALD E. MAHONEY, Norwood, Mathe- 

matics. 
ROBERT BRUCE MARR, West Bridgewater, 

Physica. 
EDWARD JAMES OFENOAND, Taunton, Bio- 

chemistry. 
RICHARD SHELDON PALAIS, Brookline, 

Mathematics. 
JOHN WINSOR PRATT, Concord, Mathe- 

matics. 
STUART ALAN RICIE,’ Cambridge, Chem- 

istry. 
PHILLIPS W. ROBBINS, Leominster, Bio- 

chemistry. 
ROBERT HORTON ROYER, Cambridge, 

Physics. 
FRANKLIN WILLIAM STAHL, Needham, 

Genetics. 
ROBERT DAVID STOLOW, Brookline, Chem- 

istry. 
ROBERT W. THRASHER, Greenfield, Phys- 

ics. 
BEATRICE TUOENDHAT, Webster, Psychol. 

WY* 
PETER HANS VON HIPPEL, Weston, Bio. 

physics. 
EDWIN SNELL WEAVER, Andover, Chem. 

istry. 
CHARLES ALLEN WHITNEY, Cambridge, 

Physics. 
MICIXIOAN 

ARDEN LEROY ALBEE, Mount Clemens, 
Earth Sciences. 

JAMES WILLIAM ALBRECHT, Detroit 
Physics. 

SAM ALLAN BRADY, South Haven, Chems 
istry. 

GERALD WALTER CAMIENER, Detroit 
Microbiology. 

MARY RUTH DAWSON, Ferndale, Eartl 
Sciences. 

‘Deelipad 

IOWARD ALVIN DIMS, hn Arbor, 
-0 

‘OHN MITCHELL GARY, &&mmoo, 
Mathematics. 

IAVID MARVIN GREEN, Ann Arbor, Psy- 
chology. 

~OBF+T ARTHUR J. HEPNER, Ann Arbor, 
Psychology. 

WILLIAM S. JEWELL, Detroit, Engineering. 
A~o~ EDWARD KAECHELE, Allegen, En- 

gineering. 
DUANE FRANCIS MORROW, Detroit, Chem- 

istry. 
U~ORTON E. MUNK, Detroit, Chemistry. 
EDWARD H. POINDEXTER, Lansing, Phys- 

ics. 
LUUZY LEE SCHOTT, Huntington Woods, 

Chemistry. 
OWEN JAMES SEXTON, Pinckney, Zoology. 
ANTHONY EDWARD SIEOMAN, POntiaC, En- 

gineering. 
DAM, SLAWSON WILLIAM: Grand Rapids, 

Physics. 
HUGH LATIMER SMITH, Ann Arbor, En- 

gineering. 
ZEOROE A. VIDAVER, Detroit, Biochemis- 

w* 
I’HOMAS FRANIC WATERS, East Lansing, 

Zoology. 
ANDRE M. WEITZENHOPPER, Ann Arbor, 

Psychology. 

MINNESOTA 

NORMAN HENRY ANDERSON, Minneapolis, 
Psychology. 

I’HEOD~RE E. DICKELMAN, Minneapolis, 
Chemistry. 

MORTON ALBERT ELIASON, Moorhead, 
Chemistry. 

WILLIAM C. ERICKSON, Duluth, Physics. 
MARK STANLEY FAWCETT, Winona, 

Chemistry. 
CLAYTON FREDERIC GIESE, Minneapolis, 

Physics. 
RICHARD EVANS GRANT, St. Paul, Earth 

Sciences. 
JOHN CARL HOLMES, South St. Paul, 

Zoology. 
NAHMIN HOR~ITZ, Minneapolis, Physics. 
FRANK JEREMIAH LYON, Minneapolis, 

Engineering. 

‘Deellned. 
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ROBERT L. NICXBLSON, Minneapolis, En- 
gineerins, 

ALLEN EU~BNB O~JUCD, Ada, Chemi&y. 
JAMES HARUND OSBORN, Winona, Chem- 

iSUp 
JOHN FETSCH READY, Minneapolj, Php 

. . 
Pi: CaA~wIcr ROYCB: Brainerd, Zool- 

WY* 
RICHARD MYRON STRAW, St. Paul, Botany. 
JEROME DOUGLAS SWALEN, Minneapolis, 

Chemistry. 
WARREN FREYSCHLAO WADE, Minneapo- 

lis, Engineering. 
NORMAN MALTBY WOLCOTT, St. Paul, 

Physics. 
MISSISSIPPI 

JOHN BALLARD BREAZEALE, Brandon, 
Physics. 

CHARLES JULIAN BROWN, Utica, Chem- 
istry. 

JOHN FREDERIC GARST, Jackson, Chem- 
istry. 

EDWARD EVERETT GRACE, Corinth, Math- 
ematics. 

ALAN B. GROSSBERO, Gulfport, Chemistry, 
JOHN -FINCHER HOWELL, Cleveland, 

Microbiology. 
NORMAN CHARLES MERWINE, Leakesville, 

Agriculture. 
MISSOURI 

ELIZABETH BECKER, Williamsville, Chem- 
istry. 

ROBERT LOUIS BECKER, Kirkwood, 
Physics. 

JOSEPH HAROLD BELL, Ferguson, Engi- 
neering. 

ROBERT EARL LEE BLACK, Harrisonville, 
zoology. 

ARTHUR MAR BOLSTERLI, St. Louis, 
Physics. 

ROBERT MURRAY CANTWELL, St. Louis, 
Physics. 

GERALD ALLEN COHEN, University Cityj 
Engineering. 

ALONZO J. FAIRBANKS, St. Louis, Bio- 
physics. 

LISB GRUEN, Kansas City, Chemistry. 
Pam GEORGE HALLOF, Kirkwood, Earth 

Sciences. 

1 Decliaed. 
820814-55--S 

‘OHN HOWIS& JR., St. Louir, Eurh 
SCiaCCS. 

iEONARD s. &WtINQ~ St, Lwir, 
Phyaiu. 

h8TER IiERMAN -ONE, JR., Je 
Engineering. 

hn~ Exxwt LIWBF~TH~, St. Lou& Bio- 
chemistry. 

aHESTERfbR,N ~~AD,WC~#&XG~VCS, 
Chemistry. 

RALPH MOON MOBBRLY, JR., Ferguaon, 
Earth Sciences. 

[OE MANFORD PARIS, Clinton, Chemistry. 
[OSEPH W. RITTX~NHOUBB,~ Rolla, En& 

neering. 
BYRON PAUL ROB, St. Louis, Physics 
%ORQE HUBERT STOUT, St. Louis, 

Chemistry. 
LOUIS JOSEPH TICHAOEK, St. kds, 

Engineering. 
KENNBTH GENE WERNICKE, Kanms City, 

Engineering. 

MONTANA 

MARVIN THEOD~BB BEATIY, Bozeman, 
Agriculture. 

JOHN E. BUTCHER, Albion, Agriculture. 
JOSEPH CONRAD CLIFFORD, Great Fall, 

Engineering. 
JOHN ANTHONY ‘%XRIER, Harlowton, 

Physics. 
NEBRASKA 

EIARRY LAWRENCE GOLDINO, Omaha, 
Biochemistry. 

RALPH WOLFOANO KILB, Lincoln, Chem- 
istry. 

DAVID .CARTER MCGARYEY, Omaha, 
Mathematiu. 

JAMES RAYMOND MUNKREI, Broadwater, 
Mathematics. 

RUSSELL L. SOHELKOPF, Shictlq’, A&- 
culture. 

WILLIAM F. VO~ELSAN~, Lincoln, Physica. 
JERROLD MOORE Yes, Lincoln, Phyaicr. 

NEVADA 

IRVING POPE CRAWFORD, Rena, Micro- 
biology. 

FREDIUUCK R. JILNSEN, Reno, Chembtry. 
ROBBRT DEAN SMYTH, Rena, Zoology, 

1 D4?clined, 
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NEW HAMPBHIRE 

DONALD DENNIS Frrrs, Keene, Chemistry. 
WILLIAM F. HOFFMANN, Manchester, 

Physics. 
Pnrtnxrua ALLAN JOHNSON, Concord, 

Chemistry. 

NEW JERSEY 

RALPH RAYMOND BEROOREN, Short Hills, 
Physics. 

RONALD CHARLES BRESLOW, Rahway, 
Chemistry. 

STEPHEN URBAN CHASE, Princeton, 
Mathematics. 

GEORGE A. CONDOURIS, Passaic, Medical 
Sciences. 

RUDOLPH JOHN DIETZ, New Brunswick, 
Chemistry. 

PHYLLIS B. EVELETH, Neptune City, 
Anthropology. 

PAUL EDWARD GRAY, Livingston, Engi- 
neering. 

OSCAR W. GREENBERG, Newark, Physics, 
PETER HAROLD GREENE, East Orange, 

General Biology. 
NELLIE ROBBINS HARRIS, Port Norris 

Medical Sciences. 
ROBERT HOBART, JR., Ramsey, Physics. 
BENTZ BUELL HOWARD, JR., Plainfield, 

Chemistry. 
DANIEL KLEITMAN, Morristown, Physics 
PHILIP CHARLES LARKS, Perth Amboy, 

Zoology. 
ROBERT MARC MAZO, Camden, Physics. 
VICTOR KENNETH PARE, Woodbury 

Physics. 
WILLARD VAN Tun RUSCH, Lamberb 

ville, Engineering. 
JOSEPH A. SHROPSHIRE, New Gretna 

Chemistry. 
MALCOLM SAUL STEINBERG, Highlanc 

Park, Zoology. 
RICHARD GORDON SWAN, Boonton, Mathe 

matics. 
PETER JAMES WARTER, JR., Trenton, En 

gineering. 
HENRY OSCAR WERNTZ, Margate 

Zoology. 
PETER JOSEPH WOJTO~ICZ, Linden 

Chemistry. 
WILLIAM G. ZOELLNER, East Orange 

Chemistry. 

NEW MEXICO 

racy EDGAR AGNEW, JR., Los Alamos, 
‘Physics. 

VALTE6L REILLY ONE, Los Alamos, 
Physics. 

:EOROE W. LECOMPTE, Los Alamos, 
Engineering. 

‘AMES CHARLES PXXILLIPS, Albuquerque, 
Physics. 

NEW YORK 

ran RICHARD ABRAMSON, New York, 
Mathematics. 

ERNEST A. ALLTON, Bronx, Physics. 
MICHAEL KLAUX BACH, Flushing, Bio- 

chemistry. 
ROBERT J. BALLENGEE, New Rochelle, 

Engineering. 
EMANUEL BASKIR, Rochester, Physics. 
LEONARD E. BAUM, Brooklyn, Mathe- 

matics. 
ROBERT GORDON BEARD, Oswego, Zool- 

WY. 
ARNOLD MIXON BENSON, New York, 

Engineering. 
JOAN BERKOWITZ, Brooklyn, Chemistry. 
SAMUEL DAVID BERKOWITZ, Bronx, 

Mathematics. 
MARTIN BARRY BRILLIANT, Brooklyn, 

Engineering. 
WILLIAM BROODER, Yonkers, Mathe- 

matics. 
EDWARD REYNOLDS BYRNE, Kenmore, 

Engineering. 
FRANK VINCENT CACCAVO, Upton, En- 

gineering. 
MORTON IRVING COHEN, New York, 

Zoology. 
PAUL J. COHEN, Brooklyn, Mathematics. 
WILLIAM CHARLES COHEN, Brooklyn, 

Engineering. 
MORRIS A. CYNKIN, Brooklyn, Micro- 

biulogy. 
DANIEL FUNK DE SANTO, New Rochelle, 

Engineering. 
ROBERT W. DETENBECK, Kenmore, 

Physics. 
GEORGE HOWARD DINSMORE, Ridgewood, 

Mathematics. 
RICHARD J. DRACHMAN, Brooklyn, 

Physics. 
PAUL RAYMOND DROUILLHET, Poughkeep- 

sie, Engineering. 
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GERALD DUD=, Binghamton, Chemistry. 
HEL\BERT LEO ENNIS, Brooklp, Micro- 

biology. 
DAVID S. FALK, Long Island City, Physica. 
GERALD FEINBERO, New York, ‘Physics. 
MAY FELDMAN, Brooklyn, Psychology. 
DUNCAN GRAHAM FOSTER, Ithaca, 

Physics. 
MARSHALL L. FREIMER, Brooklyn, Mathe- 

matics. 
AARON JUDAH FRIEDLAND, Bronx, En- 

gineering. 
WALTER GILBERT, New York, Physiu. 
MELVIN J. GOLDSTEIN, New York, Chem- 

istry. 
MALCOLM STEPHEN GORDON, Brooklyn, 

Zoology. 
JOHN MORGAN GREENE, Rochester, 

Physics. 
ROSEMARY HAMMER, Franklin Square, 

Microbiology. 
RICHARD HECHT, Bronx, Physics. 
JUL~N P. HEICICLEN, Rochester, Chem- 

istry. 
DAVID HERTZIO, Brooklyn, Mathematics. 
LEONARD A. HERZENBERO, Brooklyn, Bio- 

chemistry. 
RICH& fi. HILLSLEY, Larchmont, En- 

gineering. 
PAUL HOROWICZ, New York, Zoology. 
SON JA KRAUSE, New York, Chemistry. 
ARTHUR F. KUCKES, Yonkers, Physics. 
AIMLEE D. LADERMAN, New York, Zool- 

WY. 
HENRY JACOB LANDAU, New York, Math- 

ematics. 
DAWD B. LEWIN,’ New York, Mathe- 

matics. 
MICHAEL LITT, New Rochelle, Biochem- 

istry. 
JAMES DUANE LIVINGSTON, Brooklyn, 

Physics. 
ROBERT GERALD LOOMIS, Mount Vernon. 

Mathematics. 
IRVING JACK LOWE, Brooklyn, Physics. 
ELIHU LUBKIN, Brooklyn, Physics. 
DAVID WILLIAM LYNCH, Ithaca, Physics. 
DEAN EVERETT MCCUMBER, Rochester, 

Engineering. 
ELLIOTT MENDELSON, Brooklyn, Mathe- 

matics. 

1 Declined, 

JOHN JACWB METZNER, Long Island, 
Engineering. 

JOHN DAVIS MUSA, Farmingdale, En- 
gineering. 

JACK NACHYIAS, Brooklyn, Psycbolugy. 
MARSHALL IRA NATHAN, New York, 

Physics. 
NORMAN PAUL NEURBITISR, Generco, 

Chemistry. 
MARTHA MOUNT NICELY, Mount Kisco, 

Zoology. 
DONALD SAMUEL C)RNSTILIN, Harrison, 

Mathematics. 
ROBERT PEARLMAN, Long Beach, Mathe- 

matics. 
THERON STANDISH PIP=, Elmira, Chem- 

istry. 
EDWARD CHARLES POSNER, Brooklyn, 

Mathematics. 
DAVID PRATT, Ithaca, Agriculture. 
LAWRENCE ROSLER, Brooklyn, Physics. 
DAVID ROTHMAN, Bronx, Mathematics. 
JEROME LEO SACKMAN,~ Rome, Engineer- 

ing. 
PHILIP EUGENE SARACHIK, Flushing, 

Engineering. 
RICHARD M. SCRIBNER, Snyder, Chem- 

istry. 
HENRY SEIWATZ, Ithaca, Biophysics. 
RUTH FRIEDLAND SEIWATZ, Ithaca, Bio- 

physics. 
CHARLES M. SOMMERFIELD, Brooklyn, 

Physics. 
DAVID SPIELBERG, Richmond Hill, Physics. 
ELIAS M. STEIN, New York, Mathematics. 
SIDNEY STEIN, New York, Engineering. 
WILLUM JOHN STEIN, Flushing, Engineer- 

ing. 
LISA AMELIA STEINER, Kew Gardens, 

Mathematics. 
SAUL HERBERT STERNBERG,’ Bronx, Math- 

ematics. 
MENASHA JOSEPH TAUSNER, Bronx, 

Physics. 
DAVID ANDREW TREPFS, South Schroon, 

Engineering. 
URSULA VIVLAN VICTOR, Pleasantville, 

Genetics. 
ALLEN W. WACHTEL, Irvington, Zoology. 
ROSELIN S. WAGNER, Jackson Heights, 

Chemistry. 

1 Declined. 
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WALTEB D. WALM, Oneonta, Physics. 
EDBL WASSERMAN, Brooklyn, C&u&try. 
&‘BVEN WEINBEna, New York, Physics. 
DONALD EARL WILCOX, Fanningdale, En- 

gineering. 
LOUIS MUZ~HALL WINER, Spring Valley, 

Mathematics. 
ERICI WOLMAN, Rye, Mathematics. 
AREL CHARLES ZEYACH, New York, 

Physics. 

NORTH CAROLINA 

ALBERT RI(IEI ERWIN, JR., Concord, Phys- 
ics. 

ROBERT WINSHIP HEATH, Chapel Hill: 
Mathematics. 

DAVID RONALD KREIO, Lorain, Genetics. 
Lo16 CAROLYN LAWRENCE, Cincinnati, 

Psychology. 

E 
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1 . 

# . 

( 

. 4 
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KATHERINE RONDTHALER, Ocracoke Is- 
land, Botany. 

DANIEL LEDNICER, Columbus, Chemistry. 
WALTER LESLIE MEYER, Oak Harbor, 

Chemistry. 
WILLIAM VAUGHN WRIGHT, Wilson, 

Mathematics. 
~AHES THOMAS MORSE, Mentor, Mathe- 

matics. 

NORTH DAKOTA 
GEORGE RAYMOND MURRAY, Dayton, 

Chemistry. 

JULIUS ADLXR, GRAND FORKS, B&hem. 
istry. 

ZLEN ANDERSON REBKA, J~.,Cincinnati, 
Physics. 

WILLIAM PATRICK BROWN, Stanley, Engi. 
neering. 

DAVID JOHN PARKER,’ Fargo, Chemistry 
PAUL EMERY THOMAS, Fargo, Mathe- 

matics. 
OHIO 

%xu., FREDERICK ROTHE,' Lima,Zoology. 
DAVID RYEBURN, Goshen, Mathematics. 
DAVID ALAN SLOUGH, Findlay, Earth Sci- 

ences. 
DAVID ARTHUR STRANG, Girard, Engineer- 

ing. 

JAMES NOEL BAPTIST, Olmsted Falls, Bio- 
chemistry. 

ANDREW ALBERT WEAVER, Wooster, Zo- 
ology. 

NORMAN ANDREW BATES, Cleveland, Bio 
chemistry. 

PETER NORD WOLFE, Columbus, Physics. 

EDWARD GBORCSE DANIELS, Lorain, Bio 
chemistry. 

RIOHARD L. DEININOER, Dayton, Psycho1 

WY* 

REAGAN HOWARD BRADFORD, Lawton, Bio- 
chemistry. 

HARMON CRAIG DUNATHAN, St. Mary8 
Chemistry. 

LEONJAMESBRUNER, PoncaCity,Physics. 
RODNEY JEAN COOPER, Mutual, Agricul- 

ture. 
MARSHALL PAUL ERNSTENE, Cleveland 

Physics. 
CHARLES RUSSELL CRANE, Barnsdall, 

Biochemistry. 
ALVIN ELI FEIN, University Heights, Phys 

its. 
PAT W. K. FLANAOAN, Dayton, Chem 

istry. 

JACK H. ESSLINGER, Oklahoma City, 
Medical Sciences. 

JOSEPH PAVER DEYOHULL, Tulsa,Earth 
Sciences. 

EDWARD LEE GARWIN, Cleveland, Physica 
JOHN EDWARD GORDON, Columbus 

Chemistry. 
WALTER ASHLEY HARRISON, Toleda 

Physics. 

HAROW) JOSEPH KIDD, Red Rock, Ge- 
netics. 

E-L BUDDY KILPATRICK, Durant, Zool- 
WY. 

‘Decllnad 

OMER KIRCHER, Fairland, Engineering. 

‘Deellneds 

~NXtY~vILL~HBI6EY,&Ui8v&!,Bio- 
chemistry. 

ROBERT TWEH) MARSH, Cleveland 
Heights, Biochemistry. 

FRED DONALD HOEIXQSR, Wadsworth, 
Chemistry. 

OSEPH H. HOLLOWAY, Shaker Heights, 
Physics. 

&RED ANDERSON HOWALD, Perrysburg, 
Chemistry. 

NILLIAH HENRY KASNER, Killbuck, Phys- 
ics. 

OKLAHOMA 
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LOLL FQLD KNUTirON,' Ponea city, 
Earth Sciences. 

JANB~ ELLIOTT MCCUNB, Tulsa, Engi- 
Ilcuing. 

MARKALDRID~EMELTON,NO~W, Earth 
SCiCnCU. 

&R~DON LEON NELSON, Stillwater, Engi- 
neering. 

JAMES VERNON PARCEER, Stillwater, 
Engineering. 

CHARLES WILLIAM REICH, Oklahoma 
City, Physics. 

RICHARD LEWXS WILLHAM, Stillwater, 
Agriculture. 

OREGON 

RICHARD LEROY B-, Portland, Chem- 
istry. 

JOHN WILLIAM DALY, Portland, Bio- 
chemistry. 

BERTRAM GALE DICK, Jr., Portland, 
Physics. 

DOUGLAS 0. GEYMER, Clackamas, Chem- 
istry. 

MARGERY PEARL GRAY, Eugene, Anthro 
poh3Y. 

BARBAM LEE MANLEY, Medford, Zo 
ology. 

IRA KELLY MILLS, Corvallis, Botany. 
EDWIN NORBECK, Milwaukie, Physics. 
DOUGLAS L. VAN FLEET, Portland, Bio. 

chemistry. 

PENNSYLVANIA 

WALTER LEWIS BAILEY, Jr., Waynesburg; 
Mathematics. 

PAUL BOOTH BARTON, Jr., Pittsburgh 
Earth Sciences. 

JOANNE MARIE BR~WES, McKee8 Rocl;a 
Chemistry. 

ARTHUR JERRY BUSLIK, Philadelphia 
Physics. 

KALMAN JOSEPH COHEN, Pittsburgh 
Mathematics. 

VICTOR Huoo COHN, Jr., Reading, Medi 
Cal Sciences. 

RICHARD BERTRAM CURTIS, Ardmorc 
Physics. 

RICHARD TODD DENTON: State College 
Engineering. 

‘Deelined. 

~OBIIRT HRMPEILL DBPWX,’ Rutledge, 
Biochemistry. 

~YMOND EDWIN ~SSY, Blawnox, Chan- 
istry. 

rHOMA &&%EOWN DJS~LIN, Phil&d& 
phia, Biochemistry. 

'061~~ ENG-O, Philadelphia, Bio- 
phy&s. 

BRUCE SIOxum FIBHIIR, Philadelphia, 
Chemistry. 

ROBERT T. FOLK, Allentown, Phy&s. 
1. NEWTON GARB~R, Philadelphia, Engi- 

neering. 
SLAIN MALCOLM GOODMAN, Philadelphia, 

Engineering. 
MARTIN PAUL GOUTBRYAN, Philadelphia, 

Biophysics. 
PAUL BARNETT GREEN, Bala Cynwyd, 

Botany. 
JOSEPH JOHN HIOOINS, Philadelphia, 

Physics. 
FRANK SCANLAND HOUCK, Newville, 

Chemistry. 
PAUL MITCHELL HURST, Jr., Hellam, 

Psychology. 
NEIL RAYMOND JOHNSON, McKeesport, 

Engineering. 
I’BEODORE ARTHUR LISS, Temple, Chem- 

istry. 
WILLL+M ALFRED LOVE, Pittsburgh, 

Physics. 
LEWIS NELSON LUKENS, Philadelphia, 

Biochemistry. 
PAUL SCHULTZ MARTIN, West Chester, 

ZOOlOgy. 

THOMAS JOSEPH MATHIA, Strabane, 
Chemistry. 

JOHN EDWARD MEYER,’ Pittsburgh, Engi- 
neering. 

ROBERT KENNETH MILLER, Harrisburg, 
Chemistry. 

JAMES OKEY MONTAGUE, Pittsburgh, 
Physics. 

JOSEPH T. MULLHAUPT, Warren, Chem- 
istry. 

FREDERICK C. NEIDHARDT, Bucks County, 
Microbiology. 

ROBERT CLARK NEWMAN, State College, 
Engineering. 

CHARLES JOSEPH NOEL, Philadelphia, 
Chemistry. 

1 
1 Declined. 



108 NATIONAL SCIENCE FOUNDATION 

RIGSARD .EYRE NORTON, Philadelphia, 
Physics. 

hTRUI2 s. oBzRMAyz& philad&.&& 
Chemistry. 

JOIIN MELVIN OLSON, Philadelphia, Bio- 
physics. 

CI~ARLEB ARTHUR PLANTZ, Pittsburgh, 
Chemistry. 

JAMES RUSSELL POWELL, Bradford 
Woods, Engineering 

mv ELr+fxrz Rnrvv, Allentown, Chem- 
istry. 

KURT REIBEL, Philadelphia, Physics. 
JUDITEZ A. RICHMAN, Philadelphia, Math- 

ematics. 
JOHN ALBERT ROMBEROER, Hershey, 

Botany. 
RONALD RAYMOND SAUERS, Irwin, Chem- 

istry. 
RAYMOND FRANCIS SAWYER, Bethlehem, 

Physics. 
Leon, ROBERT SCHISSLER, Alburtis, En- 

gineering. 
ALBIN EUGENE SCHRAEDER, Nanticuke, 

Physics. 
DOROTHY ANN SEMENOW, Pittsburgh, 

Chemistry. 
FRANK V. SHALLCROSS, Philadelphia, 

Chemistry. 
PAUL HERMAN SQUIRES, Ambridge, En- 

gineering. 
WERNER TEUTSCR, Philadelphia, Physics. 
KURT FALKE WISSBRUN, Philadelphia, 

Chemistry. 
JOHN WILLIAM WOLL, JR., Newtown, 

Mathematics. 

RHODE ISLAND 

PAUL ROBERT CHAONON, Woonsocket, 
Physics. 

LINCOLN EKSTROM, Providence, Chm 
idly. 

ROBERT HERMANN, Kingston, Mathe. 
matics. 

JOSEPH N. PALMIERI, Providence, Physics, 

SOUTH CAzOLINA 

VICTOR WILLIAM LAURIE, Columbia, 
Cbesnisq. 

SOUTH DAKOTA 

KZRMIT MARC BANDT, Revillo, Earth 
Sciences. 

XODNEY RAYMOND RANKIN, Draper, 
Earth Sciences, 

TBNNESSEE 

IAMES REED Cox, JR., Nashville, Chem- 
istry. 

LOYAL DURAND III, Knoxville, Physics. 
WILLIAM PERRY FLATT, Newbern, Agri- 

culture. 
PREDERICK REDLINE, Chattanooga, En- 

gineering. 
~OIIN CHARLES STEWART, Sewanee, 

Physics. 
ANNE STOCKELL, Nashville, Biochem- 

istry. 
SAMUEL GUY TAYLOR, JR., Memphis, 

Earth Sciences. 

TEXAS 

WILLIAM C. AOOSTA, Dallas, Chemistry. 
DAVID LEONARD AMSBURY, Houston, 

Earth Sciences. 
CALVIN LARUE BARKER, Dallas, Engineer- 

ing. 
R. LINN BZLPORD, Laporte, Chemistry. 
JAMES ERWIN COOPER III, Waxahachie, 

Chemistry. 
JAMES WATSON CRONIN, Dallas, Physics. 
ROBERT FLOYD CURL, JR., San Antonio, 

Chemistry. 
PAUL LEIGHTON DONOHO, Houston, 

Physics. 
MARTIN DWORKIN, Austin, Microbiology. 
JAMES FRANKLIN GIBBONS, Texarkana, 

Engineering. 
WILLIAM CECIL HERNDON, El Paso, 

Chemistry. 
LLOYD S. LOCKINOEN, Austin, Biophysics. 
ELLIN~TON MCFALL MAOEZ, San Augus- 

tine, Chemistry. 
JERRY BASCERVIL MARION, Houston, 

Physics. 
JOHN STEPHEN MZCHAM, Austin, Zool- 

ogY* 
PAUL EU~ZNB PETERSON, Denison, Chem- 

iSUy. 
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IDE P~ZBL~S TROTTER, JR., Bryan, En- 
gineering. 

GEOR~Z ROWLAND WHITE, Abilcne, 
Physics. 

UTAH 

DAVID ALAN BRODI~, Salt Lake City, 
Medical Sciences. 

ROBERT VAN NOY DAVIS, Provo, Micro- 
biology. 

DON W. ESPLIN, Salt Lake City, Medical 
Sciences, 

DAVXD MORRIS GRANT, Salt Lake City, 
Chemistry. 

RXCHARD LEWIS SNOW, salt Lake city, 
Chemistry. 

VERMONT 

NORMAN A. FRIOZRIO, Lyndonville, Bio- 
chemistry. 

ROBERT C. WOODWORTH, Bennington, 
Chemistry. 

VXROXNXA 

JAMES HARRISON BOYI)EN, Wytheville, 
Physics. 

KENT COMBS BRANNOCK, Independence: 
Chemistry. 

CHARLES EUGENE COFFEY, Bristol, Chem 
istry. 

Huo~ EVERETT 3d, Alexandria, Physics. 
MELVIN MORDZCAI LEVINE, Charlottea 

ville, Physics. 
WAYLAND WALDEN RENNIE, Richmond 

Agriculture. 

WASHINoTON 

LOWELL L. ANDERSON, Spokane, Bio 
physics. 

CHARLES BALLANTINE, Seattle, Mathe 
matics. 

DENNIS MARTIN FAHZY, Walla Walla 
Chemistry. 

MARK ‘PHXLLXPS FREEMAN, Seattle, Chem 
istry. 

PAUL AMOS JOHNSON, Seattle, Engineer 
ing. 

DOUGLAS BRUCE MASSON, Pullman 
Chemistry. 

DAVID DOLPH NYBERO, Carnas, Chem 
istry. 

ROBERT ALLEN OLSON, Pullman, Micrc 
biology. 
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ION LEE FRTERSON, Seattle, Chemistry. 
HARLRS J4hox htILBYa Mt. VuaOn, 
Earth Sciences. 

AURENCZ EDWARD WILSON, Mt. Vunon, 
Chemistry. 

WISCONSIN 

-TIN ALEWNDZR, Madison, Micro- 
biology. 

WILLIAM F. BATTI~, Wauwatosa, Psychol; 
WY* 

LOBERT JAMES BLATTNZR, Milwaukee, 
Mathematics. 

‘REDERICK GRAYM BROWN, Madison, 
Psychology. 

~TBPHEN DZZXEL DARLINO, Appleton, 
Chemistry. 

ITEVEN CLARK FRAUTSOHI,’ Madison, 
Physics. 

~RBMXA JZAN HAMILTON, Manitowoc, 
Botany. 

ROBERT N. HAZELWOOD, Milwaukee, Bio- 
physics. 

<ICHARD, JACOB HOLL, Madison, Physics. 
JOHN WARREN HUMBERT, Kohler, En- 

gineering. 
NAYNE EDWARD MAOEE, Madison, Bio- 

chemistry. 
RICHARD JAMES PLANO, Merrill, Physics. 
JOHN EDWARD QUINLAN, Milwaukee, 

Chemistry. 
[EROME WILLIAM REESE, Kaukauna, 

‘Physics. 
DONALD FRANCIS ROOT, Madison, En- 

gineering. 
JOHN HOKE SCHNEIDER, Madison, Medi- 

cal Sciences. 
ERNEST F, SILVERSMITH, Madison, Chem- 

istry. 
E&HARD ALLEN SNEEN, Menomonie, 

Chemistry. 
EDWARD CARL THI~L, Wausau, Earth 

Sciences. 
J OHN DIRK WALECKA, Wauwatosa, 

Chemistry. 
HAWAII 

ALFRED S. L. Hu, Honolulu, Zoology. 

POSTDOCTORAL FELLOWS 

ALABAYA 

JOSEPH CHARLES O’I(ELLEY, Tuscaloosa. 
Botany. 
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ARIZONA 

Wtllnnn~ V. F. Bstoosta, Tucson, Chcm- 
irttp 

CALIFORNIA 

RICII~~~D CHALLLES BLANCUZPIUD~ South 
Pasadena, Mathematical Sciences. 

~~IXU JOSEPH COHIBN, Lor Angeles, 2% 
ology. 

J. WYATT DURHAM: Berkeley, Earth Sci- 
enter. 

RICHARD E. GLICK,’ Sherman Oaks, 
Chemistry. 

DONALD LZONARD GLUIBKER, Santa Mon- 
ica, Chemistry. 

RIGZWRD FRED HECK, Lor Angeles, Chem- 
istry. 

JAMES ARTHUR IBEAS, Pasadena, Chem- 
istry. 

LSONEL FRANCIS JAFFE, Pacific Grove, 
Botany. 

JAMES ARTHUR LOCKHART, Los Angeles, 
Botany. 

PAUL CECIL MARTIN: Los Angeles, Phys- 
ics. 

LAWRENCE ORDIN, Berkeley, Botany. 
DAVID DEXTER PERKINS, Stanford, Ges 

netics. 
DAVID MARSHALL PRESCOTT,' Berkeley 

ZOOlOgy. 
EDGAR REICH, Santa Monica, Mathema 

tical Sciences. 
WILLIAM GLENN SLY, Lakeside, Chem, 

istry. 
MILTON DENMAN VAN DYKE,’ Los Altos 

Engineering. 

coLoRADo 

JOHN LEONARD WESTLEY, Denver, Ge 
ne tics. 

CONNECTICUT 

How- MARVI[N DINTZIS, New Haven 
Biochemistry. 

WILLUM SZRMOLINO HILLMAN, Westporl 
Botany. 

WILLIAM CHARLES G. ORTEL, Nev 
Haven, Physics. 

FRP~ERIC M. RICHARDS, Wilton, Biochem 
imy. 

IRWIN TESSMAN, New Haven, Physics. 

DISTRICT OF CoLUYzxh 

‘UNK SLAOLEHAM:WS&iIl#OIl,Phys- 
its. 

FLORIDA 

~TOZNE FLOYD Cox, Bradenton, Chcm- 
istry. 

ILLINOIS 

JE~NON ROBERT DORJAHN, Evanston, 
Anthropology. 

WILLIAM E. M. LANDS, Urbana, Bio- 
chemistry. 

LOBERT WILLIAM LICHT~AI~IIT, Cham- 
paign, Botany. 

ZAIIL ROBERT RICH, Chicago, General 
Biology. 

JONATHAN GEOROE WEOENZR~ Chicago, 
Psychology. 

INDUNA 

WILLIAM MARTIN HUZBSCH, South Bend, 
Mathematical Sciences. 

IOWA 

WALLACE HERMAN OROELL, Hubbard, 
Botany. 

MARYLAND 

HENRY LEROY PLAINE,' Babixnore, Ge- 
netics. 

MASSACHUSETTS 

PHILIP STANLEY CHEN, JR.., South Lan- 
caster, Medical Sciences. 

THEODORE DZLEVORYAS: Chicopee Falls, 
Botany. 

WILLIAM BRUCZ HAWKINS, JR., Spring- 
field, Physics. 

MARTIN KARPLUS, West Newton, Chem- 
istry. 

HENRY WAY KENDALL, Sharon, Physics. 
JOHN HERMAN LUPT,I Boston, Zoology. 
DONALDMORE MAYNARD, J~.,WestNew- 

ton, Zoology. 
JOHN COLEMAN MOORE, Belmont, Mathe- 

matical Sciences. 
ANTHONY G. OETTINOER, Cambridge, 

Mathematics. 
BRUCE BERNOT STOWE, Cambridge, Bot- 

=lY* 
LAWRZNCEWILETS, Auburn,Physics. 

’ Tleelined. 
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YICHBSAN 

EDWIN WEISS, Ann Arbor, Mathematical 
Ecienctr. 

MINNESOTA 

G-N EARL BAXTBK,’ Minneapolis, Mathe- 
~tical Sciences. 

DAVID THORESON LYICKBN, Minneapolis, 
Psychology. 

MISSOUIu 

S. GAYLEN BRADLEY: Springfield, Micro- 
biology. 

KENNETH L. RINEHART, JR.,~ Chillicothe, 
Chemistry. 

NEBRASKA 

WILL~M L. BADE: Omaha, Physics. 
MA~HALL FLYNN RUCHTE, Lincoln 

Mathematical Sciences. 

NEW JERSEY 

GEORGE LEE BATE, Bergenfield, Earth 
Sciences. 

GERALD SANFORD BERNSTEIN, Trenton, 
Biochemistry. 

DAVID ALVIN BUCHSBAUM, Princeton 
Mathematical Sciences. 

VICTOR LENARD SHAPIRO, Universiq 
Heights, New Brunswick, Mathematical 
Sciences. 

NEW YORK 

LEON N. COOPER, Great Neck, Physics. 
GERARD F. ENDRES: Brooklyn, Chemistry 
GARYFELSENPELD,N~~ York,Chemistry 
RICHARD C. LEWONTIN: Flushing 

Genetics. 
ARTHUR PAUL MATTUCK, Brooklyn 

Mathematical Sciences. 
ARTHUR ROBERTS,' Rochester,Physics. 
DEXTER ROOERS, Buff alo, Biochemistry. 

OHIO 

GEOROE EDWARD BRIO&S,* Briggsdalc 
Psychology. 

1 Declined. 
* withdlrew. 

~BNNETR TAYLOR I&OWN, Yellow 
Springs, Psychology. 

‘AMBS BRIOOS HENDRICKSON,' Toledo, 
Chemistry. 

iARL GORDON )I[lrNIZK: Cin&m& 
Astronomy. 

CHARLES HBNRY SOUTHWICK, Wooster, 
Eoology. 

OKLAHOMA 

WALTER CLARK HAMILTON, Stillwater, 
Chemistry. 

PENNSYLVANIA 

LAROY NORTHROP CASTOR, JR.,’ Philadel- 
phia, Eoology. 

[ACOB FELDMAN, Philadelphia, Mathc- 
matical Sciences. 

WADE LANPORD FITE, Jenkintown, 
Physics. 

STUART HARVEY MUDD, Haverford, Medi- 
cal Sciences. 

TEXAS 

GRADY LINDER WEBSTER, Cedar Valley, 
Botany. 

WASHINOTON 

BYRON ADAMS CAMPBELL, Seattle, Psy- 
chology. 

wISCONSIN 

WILLIAM LOUIS CULBERSON, Madison, 
Botany. 

CHARLESWHITTLESEYCURTIS: Madison, 
Mathematical Sciences. 

JAMES FREDERICK HORNIO, Milwaukee, 
Chemistry. 

ROBERT ELLSWORTH IRELAND, Madison, 
Chemistry. 

WALDO E. JOHNSON, Oreo, Zoology. 
MICHAEL TINKHAM, Ripon, Physics. 

wYOYIN0 

RICHARD EDWIN CUTKOSKY, Cheyenne, 
Physics. 

1 Declined. 
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APPENDIX V 

TITLE 3-THE PRESIDENT 

Exscutivs Order 10521 

ADMINISTRATION OF %IENJTIPIG RR- 
EIEARGIB BYAOENCIES OPTHEFEDERAL 
GOVERNMENT 

Whereas the security and welfare of 
the United States depend increasingly 
upon the advancement of knowledge in 
the sciences; and 

Whereas useful applications of science 
to defense, humanitarian, and other pur- 
poses in the Nation require a strong foun- 
dation in basic scientific knowledge and 
‘trained scientific manpower; and 

Whereas the administration of Federal 
scientific research programs affecting in- 
stitutions of learning must be consistent 
with the preservation of the strength, 
vitality, and independence of higher edu- 
cation in the United States; and 

Whereas, in order to conserve fiscal 
and manpower resources, it is necessary 
that Federal scientific research programs 
be administered with all practicable effi- 
ciency and economy; and 

Whereas the National Science Foun- 
dation has been established by law for the 
purpose, among others, of developing and 
encouraging the pursuit of an appropri- 
ate and effective national policy for the 
promotion of basic research and educa- 
tion in the sciences : 

Now, therefore, by virtue of the author- 
ity vested in me as President of the United 
States, it is hereby ordered as follows: 

SECTION 1. The National Science 
Foundation (hereinafter referred to as 
the Foundation) shall from time to time 
recommend to the President policies for 
the Federal Government which will 
strengthen the national scientific effort 
and furnish guidance toward defining the 
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responsibilities of the Federal Govern- 
ment in the conduct and support of 
scientific research. 

SEC. 2. The Foundation shall continue 
to make comprehensive studies and rec- 
ommendations regarding the ‘Nation’s 
scientific research effort and its resources 
for scientific activities, including facili- 
ties and scientific personnel, and its 
foreseeable scientific needs, with particular 
attention to the extent of the Federal Gov- 
ernment’s activities and the resulting 
effects upon trained scientific personnel. 
In making such studies, the Foundation 
shall make full use of existing sources of 
information and research facilities within 
the Federal Government. 

SEC. 3. The Foundation, in concert 
with each Federal agency concerned, shall 
review the scientific research programs 
and activities of the Federal Government 
in order, among other purposes, to formu- 
late methods for strengthening the admin- 
istration of such programs and activities 
by the responsible agencies, and to study 
areas of basic research where gaps or un- 
desirable overlapping of support may 
exist, and shall recommend to the heads 
of agencies concerning the support given 
to basic research. 

Saa. 4. As now or hereafter authorized 
or permitted by law, the Foundation shall 
be increasingly responsible for providing 
support by the Federal Government for 
general-purpose basic research through 
contracts and grants. The conduct and 
support by other Federal agencies of basic 
research in areas which are closely related 
to their missions is recognized as im- 
portant and desirable, especially in re- 
sponse to current national needs, and shall 
continue. 

SEC. 5. The Foundation, in consultation 
with educational institutions, the heads 
of Federal agencies, and the Commis- 
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sioner of Education of the Department of 
Health, Education, and Welfare, shall 
study the effects upon educational institu- 
tions of FederAl policies and administra- 
tion of contracts and grants for scientifk 
research and development, and shall 
recommend policies and procedures which 
will promote the attainment. of general 
national research objectives and real&- 
tion of the research needs of Federal 
agencies while safeguarding the strength 
and independence of the Nation’s insti- 
tutions of learning. 

SEC. 6. The head of each Federal 
agency engaged in scientific research shall 
make certain that effective executive, or- 
ganizational, and fiscal practices exist to 
ensure (a) that the Foundation is con- 
sulted on policies concerning the support 
of basic research, (b) that approved 
scientific research programs conducted by 
the agency are reviewed continuously in 
order to preserve priorities in research 
efforts and to adjust programs to mcei 
changing conditions without imposing un- 
necessary added burdens on budgetary 
and other resources, (c) that applied re- 
search and % development shall be under- 
taken with sufficient consideration of the 
underlying basic research and such other 
factors as relative urgency, project costs, 
and availability of manpower and facili- 
ties, and (d) that, subject to considera- 
tions of security and applicable law, ade- 
quate dissemination shall be made within 
the Federal Government of reports on the 
nature and progress of research projects 
as an aid to the efficiency and economy 
of the overall Federal scientific research 
program. 

SEC. 7. Federal agencies supporting or 
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engaging in scientific research shall, with 
the assistance of the Foundation, coop- 
erate in an effort to improve the methods 
of classification and np&ng of scentific 
research projects and activities, subject to 
the requirements of security informa- 
tion. 

SEC. 8. To facilitate the efficient use of 
scientific research equipment and facili- 
ties held by Federal agencies: 

(a) the head of each such agency en- 
gaged in scientific research shall, to the 
extent practicable, encourage and facili- 
tate the sharing with other Federal agen- 
cies of major equipment and facilities; 

(b) a Federal agency shall procure new 
major equipment or facilities for scientific 
research purposes only after taking suit- 
able steps to ascertain that the need can- 
not be met adequately from existing inven- 
tories or facilities of its own or of other 
agencies; and 

(c) the Interdepartmental Committee 
on Scientific Research and Development 
shall take necessary steps to ensure that 
each Federal agency engaged directly in 
scientific research is kept informed of 
selected major equipment and facilities 
which could serve the needs of more than 
one agency. Each Federal agency pos- 
sessing such equipment and facilities shall 
maintain appropriate records to assist 
other agencies in arranging for their joint 
use or exchange. 

SEC. 9. The heads of the respective 
Federal agencies shall make such reports 
concerning activities within the purview 
of this order as may be required by the 
Presideqt. 

DWIGHT D. EISENHOWER. 
THE WHITE HOUSE, 

March 17,1954. 
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rJlravettcCollege,Eamn,Pa.. .......... 
I,akeFomtCokgt,I11................. 
Lawrence CM&e, Appleton, Wis ......... 
Liufield College, McMimville, Oreg. ..... 
Louisiia State University, Baton Rouge, 

La ................................. 
Loyola University, New Orleaus, La. ..... 
Maine, University of, Orono, Maine. ..... 
Michigan, University of, Am Arbor, Mich. 
Middlebury College, Middlebury, Vt. ..... 
Mississippi Southern College, Hattiesburg, 

Miss ................................ 
Monmouth College, Monmouth, Ill. ...... 
Montana School of Mines, Butte, Mont. .. 
Morehouse College, Atlanta, Ga. ......... 
Morgan State College, Baltimore, Md ..... 
Minnesota, University of, Minneapolis, 

Minn ............................... 
Mt. Holyoke College, South Hadley, Mass. 
New York College of Ceramics, N. Y. ..... 
North Carolina, University of, Chapel Hill, 

N.C ................................ 
North Dakota Agricultural College, Fargo, 

N. Dak ............................. 
North Texas State College, Denton, Tex. . 
Notre Dame, University of, Notre Dame, 
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Oklahoma, University of, Norman, Okla . . 
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Pennsylvania State College, State College, 

Pa ................................. 
Pittsburgh, University of, Pittsburgh, Pa. . 
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Toronto, University of, Toronto, Ontario. 
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Utah State Agricultural College, Logan, 

Utah ............................... 

liology 



i 

122 NATK?NAL SCIENCE+. FOUNDATION 

hnm~v.~~o~s. &WBBIENTEP AT THE CONFEBENCES~ON &?SMRCH IN SMALL 

: ‘.‘. 
::. , Institution . Biology 

Vanderbilt University, Nashville, Term . . . . . . . . . . . 
Vassar College, Poughkeepsie, N. Y . . . . . . . . . . . . . . 
Wabash College, Crawfordvilie, Ind.. . . . . . x 
Washington, State College of, Pullman, 

Wash. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :: . 
Washington and Lee University, Lexing- 

ton, Va..:. . . ,. . . . . . . . . . . . . . . . . . . . . . . , . . , . . . 
Washington, University of, Seattle, Wash. . . . . . . . . 
Wellesley College, Wellealey, Mass. . . . . . . . x 
Wesleyan College, Macon, Ga. . . . . . . . . . . . x 
Wesleyan University, Middletown, Conn. . . x 
Whitman College, Walla Walla, Wash. . . . , x * 
Wichita, University of, Wichita, Kans. . . . . . . . . . . . 
William Jewel College, Liberty, MO. . . . . . . . . . . . . . 
William and Mary, College of, W illiam~- 

burg,Va.....f . . . . . . . . . . . . . . . . . . . . . . . x 
woMer,collegeof,woout~~ohio . . . . . . . x r 

- 

.- 

Chem- 
istry 

. . . . . . 

X 

x 

,*..... 

X 

. . . . . . 

*...... 

,...... 

X 

X 

I...,.. 

X 

* . . . . . . 

b....., 

kology 

‘X 

. . . . . . 

. . . . . . 

X 

X. 

. . . . . ‘. 

.a.... 

. . . . . . 

x 

. . . . . . 

X 

. . . . . . 

. . . . . . 

. . . . . . 

- 

PhpiCS 

. . . . . . 

-., . *.. . 

f 

. . . . . . 

, . . . . . 

,...... 

, . . . . . . 

. . . . . . 

X 

. . . . . . 

,...... 

,...... 

, . . . , . . 

X 

Astron- 
omy 



APPENDIX VII 

THE INTERNATIONAL GEOPHYSICAL YEAR-PROPOSED UNITED STATBS 
PBmBAbf 

The United States program for the 
International Geophysical year is de- 
scribed by fields below. It envisages ac- 
&dies in several geographical regions of 
concern to the Nation: ( 1) The Arctic 
and sub-Arctic regions ; (2 ) the middle 
latitudes of the Northern and Southern 
Hemispheres, including the United States, 
Central America, South America, and 
adjacent stretches of the Atlantic and 
Pacific Oceans; and (3) the Antarctic 
and sub-Antarctic regions. The effort in 
these regions varies with present, sustained 
geophysical activities in each region and 
with technical needs. Existing activities 
of the former kind, whose results will be 
made available in the program, aflord a 
substantial base for the total endeavor, 
and the proposed program represents 
those added efforts which are required 
for advances in geophysics expected from 
a major United States activity, in com- 
bination with similar special. and ex- 
panded investigations by other nations. 

Emphasis of much of the program is 
upon the Arctic and sub-Arctic, Antarctic 
and sub-Antarctic, a few zones in South 
America, and the Atlantic and Pacific 
Oceans. It is not necessary, in many of 
the programs, to add much activity within 
the United States, for normal operations 
provide this data. For example, the 
meteorology program includes only a few 
South American stations and work in the 
Antarctic. The data from these regions, 
added to those from existing Weather 
Bureau stations in the United States and 
in the North Pole regions, will provide 
adequate coverage for the crucial experi- 
ments planned in the Western Hemis- 
phere. Similarly, the ionospheric, auro- 
ral, and geomagnetic programs stress the 
northern and southern latitudes. 
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ASTROOEOPHYSIW BCEASUIULY~I’JT~ 

Many of the most practical and enty- 
lay activities of man and society sure 
affected and determined by astronomical 
phenomena. Surveying, whether of con* 
tinental coast lines or real estate lo% 
mapping and charting of land and seas 
tidal currents, magnetic compass and 
radio navigation, travel and conune~~ 
over land, sea, or air, radio communiCa* 
tions, typhoons, duststorms and rainless 
regions are typical of the activities and 
phenomena that are closely linked to the 
sun, moon, and stars. 

The sun, in particular, dominates 
events and activities on the earth. The 
8un’s radiation-electromagnetic and 
particle-is the major source of energy 
for the earth’s atmosphere and indirectly 
for all types of life on this planet. Some 
solar effects are obvious to the layman- 
the gross diurnal variations in weather 
phenomena, the weather changes by sea- 
sons, the temperature differences between 
the equator and the poles. Solar varia- 
tions are not particularly important in 
these connections. Less obvious but of 
equally great significance to modem 
civilization are the effects of solar activity 
on the upper atmosphere. Unusual solar 
radiation, either in intensity or in kind; 
strongly influences the upper atmosphere 
and, indirectly, not only weather phe- 
nomena but radio communications, radio 
navigational systems, and many other 
civilian and military activities, 

Solar activity has several time scales: 
Overall activity, measured in a number 
of ways, grows and subsides alternately in 
about 11 years-the “sunspot cycle.” 
Individual active regions on the sun, 
sometimes marked by sunspots, have life- 
times of a few days to a few months, 
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changing rather gradually during thai 
time. Spurts of activity, occasionally 
during “sunspot minimum” but common 
during the high activity stages of the 1 l- 
year cycle, occur in some individual solar 
regions and last a few hours or a few 
days, with individual outbursts or flares 
lasting only 10 to 30 minutes or so. 

Variation in solar activity on each of 
these time scale8 have been shown to be 
associated with terrestrial phenomena. 
Many details of these correlations, how- 
ever, remain hazy because of the many 
interruptions in the record of solar activity 
observations. Further ‘correlations of 
broad implications to science and civilixa- 
tion require detailed and comprehensive 
records of solar activity. The chief aim 
of the solar activity work during the IGY 
is to achieve this record by systematic ob- 
servations of the sun, through improved 
coordination of the observing programs of 
the solar observatories of the world, and 
through more detailed, speedy and mean- 
ingful compilation of observations by co- 
ordinated reduction with workers in the 
relevant fields of geophysics. 

Solar activity-solar flares, coronal and 
chromospheric activity, and sun spots- 
will be observed as part of the overall 
geophysical program. In particular, solar 
flares will be studied in order to correlate 
them with changes in cosmic rays, iono- 
spheric and auroral disturbances, and 
meteorological phenomena. One of the 
immediate uses to which flare data will be 
put during the IGY has to do with the 
“Warning Service” program (see below ) . 
While regularly planned measurements 
will go on during the IGY, it is especially 
important that experiments be conducted 
simultaneously throughout the world 
during periods of unusual activity of the 
sun. The Warning Service will collect 
data from all fields, as well as solar ac- 
tivity, and will broadcast the imminence, 
onset or presence of unusual geophysical 
effeets, such as solar flares, magnetic 
storms, ionospheric fadeouts and black- 
outs, signaling the observers to proceed 
with their special preestablished study 
Programrr. 

The IGY also &ords an opportunity to 
achieve a marked advance in longitude 
and latitude measurements. There are 
two kinds of longitude and latitude: Geo- 
graphic and astronomical. Geographic 
coordinates must be used in mapping and 
can only be obtained for the earth as a 
whole by observing the moon or by meas- 
urements of gravity all over the earth, 
which have never been adequately ob- 
tained. Astronomical coordinates can be 
determined accurately only by observing 
the stars. While these are not useful for 
making maps, their high precision makes 

them useful for detecting a possible shift 
in the distance between two land masses. 

The longitudes and latitudes of numer- 
ous points in all civilized countries have 
been accurately measured so that accurate 
maps of large regions have been possible. 
But it has not been possible to extend the 
surveys across the oceans because they 
are too wide: There are not islands 
enough to use as stepping stones, nor has 
it been possible to connect the separate 
networks of longitudes and latitudes with 
each other more accurately than 200 or 
300 feet, and the location of some islands 
is uncertain by a mile. The moon, how- 
ever, can be used as a stepping stone 
across oceans, using a new photographic 
technique that makes it possible to ob- 
serve the moon with the necessary pre- 
cision whenever it can be seen at night. 
This makes it possible to accomplish as 
much in a single year as could be done in 
a century by the older methods, provided 
a sufficient number of observatories, well 
distributed geographically, are included 
in the program. The observational tech- 
nique consists of direct photography of 
the moon, the camera being specially de- 
vised to hold the image of the moon sta- 
tionary among the stars while the expo- 
sure is being made. The probable error 
of a single observation is about 0.15 sec- 
ond of arc, corresponding in general to 
about 900 feet on the earth. Thus, 200 
observations at each of 2 stations should 
give the distance between them with a 
probable error of about 90 feet. The new 
technique adds greatly to the precision 
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,&h which changes in the qxed of mta- 
6011 of the earth can be measured, and 
the observational material obtained for 
&is geodetic program may be expected to 
&ed new light on the inner constitution 
of the earth. 

METEOROLOt3Y 

The atmosphere is the working fluid of 
an enormous engine which pick5 up heat 
in the tropics and discharges it in the polar 
regions. In the course of this complex 
thermodynamic process, the atmosphere 
creates winds and weather. Measure- 
ments of temperatures, pressures, humidi- 
ties, and winds from the few hundred such 
stations in the Northern Hemisphere are 
assembled into a picture of the current 
state of the atmosphere, and are used to 
explain the existing weather pattern5 and 
to predict their changes. In spite of the 
large increase in number of these sound- 
ing-balloon observations in recent decader, 
there exist vast volumes of the atmosphere 
still unexplored. The relatively known 
portion of the atmosphere is largely lim- 
ited to the lower reaches of the atmosphere 
in the Northern Hemisphere: The air 
maSse5 of the Southern Hemisphere and of 
the whole upper atmosphere remain 
largely unknown. No marked advance in 
meteorology appears likely without a ma- 
jor international cooperative effort in this 
field and the related fields of geophysics. 

The proposed United States program in 
meteorology will provide significant data 
in three areas: The lower atmosphere in 
the Northern Hemisphere, where there 
exist a number of stations in norcal opera- 
tion ; the Southern Hemisphere where 
strategic, temporary new stations are pro- 
posed in order to understand this largely 
unknown region ; and the upper atmos- 
phere from which data will be obtained in 
the rocket-exploration program. 

The North and South Poles will be 
connected with a line of weather stations 
equipped with sounding balloons capable 
of going to heights of 100,000 feet or 
more. Station5 are to be established along 
three pole-to-pole world lines. The data 
obtained thereby should provide clues as 
to whether southern hemispheric weather 

. 

changes precede and control tho8e id the 
Northern Hemisphere,’ or whether both 
these are controlled by upper atmospheric 
conditions (perhaps brought about by 
change5 in solar radiation). The world 
line which the United States is most 
interested in is the 80th meridian, west 
of Greenwich passing through the eastern 
portions of do rth America and the west 
coast of South America, making use of 
existing stations in the Northern Hemi- 
sphere. The northern terminus of this 
line is Eureka, N. W. T. at 80” N., 
completely equipped with weather instru- 
ments and sounding balloons. The line 
then passes through the joint Canadian- 
United States operated Arctic weather 
stations in the Canadian Archipelago and 
the Canadian stations in the Hudson Bay 
area, entering the United States at Buf- 
falo. It hops along a series of United 
States stations, crosses over to station5 in 
the Caribbean, and reaches the Pacific 
Ocean at Balboa. There the presently 
existing line comes ta an end, well north 
of the equator. 

It is proposed to extend this line to the 
South Pole by establishing eight addi- 
tional weather stations-the minimum 
needed for scientific analysis. Five of 
these stations would be located along the 
west coast of South America and the re- 
maining 3 in Antarctica. The only 
presently existing station of this kind in 
South America, Port Stanley (Falkland 
Islands), would be incorporated in the 
line. 

Four of the proposed five new stations 
for South America would be located at 
sites already recommended for weather- 
aviation purposes by the International 
Civil Aeronautics Organization (ICAO) 
and endorsed by the World Meteorological 
Organization ( WMO). These four sta- 
tions are Guayaquil, Ecuador; Lima, 
Peru; Santiago, Chile; and San Carlo5 de 
Barilcche, Argentina. It is proposed that 
the United State5 furnish the technical 
guidance and specialized weather equip- 
ment, and that the respective South 
American countries furnish the 16 ob- 
servers necessary tu man the 4 statiom 
The fifth South American station would 
be located at the Smithsonian Institution 
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rolq rtation at Montemma, Chile. Exht- 
ing facilities and part-time assistance by 
resident observers tha would be used to 
reduce the cust of maintaining this iifth 
station. 

In Antarctica, three stations would be 
*utablished: At Little America, at a point 
near 80° S., 120” W., and at the South 
Pole, These &ions would complete the 
pole-to-pole line. The Little America 
rtation would also permit comparison 
with meteorological ob5ervation5 made by 
previou5 expeditions. 

The data from this line of station5 will 

be used in the study of various transport 
problems, e. g., heat, momentum, energy, 
and water vapor. Equally important uses 
will be the determination of the location, 
strength, and movement of the various 
jet streams, the study of the possible inter- 
dependence of circulations of both hemi- 
spheres, and the addition of the Southern 
Hemisphere circulation to our knowledge. 
The Antarctic observations will also shed 
further light on the reported differences 
in the wintertime structure of the upper 
troposphere and of the lower stratosphere 
between the Arctic and Antarctic regions, 
leading to a better understanding of the 
general circulation of the atmosphere., 

The proposed Antarctic station near 
80” S., 120” W., which introduces a 
slight “dog-leg” in the pole-to-pole line of 
stations, is chosen to permit the study cf 
a phenomenon uncovered from weather 
observations made by the Ross Expedition 
nearly 50 years ago. Study of these ret-fi 
ords revealed the existence of air pressure 
waves or “surges” spreading outward 
from the neighborhood of 80” S., 120” W. 
Since the atmosphere over Antartica is 
known to be the coldest in the world, both 
winter and summer, and also has in it5 
Ross Sea area the most persistent low at- 
mospheric pressure belt found anywhere, 
it is possible that the effect of Antartica 
on world weather may be proportionately 
much greater than indicated by its size. 
The propored three stations in the Ant- 
arctic, particularly that at the supposed 
point of origin of the waves, plus the 
Antarctic stations to be established by 
other countries will provide the needed 
Antarctic meteorological data. 

OCEANOWAPHY AND OLACSOLOOY 

Water in one form 05 another covcr5 
some four-fifths of the earth’s surface. 

Of the earth’s 197 million square miles of 
surface, the oceans account for some 147 
millions; ice sheets, ice caps, and glacier5 
account for another 10 million or 5o. The 
oceans are auperfZally well known as 
avenues of travel and commerce and as 
reservoirs of food and dissolved minerals. 
Glacier5 are less well known-largely and 
simply a5 ice masses associated with high 
mountain ranges. Yet these two major 
features of our earth-surface environment 
play a critical part in man’s existence and 
being. Both oceanography and glaciology 
are linked to atmospheric events. The re- 
lationship between these fields and 
meteorology and solar activity is particu- 
larly close. Oceanography is intimately 
related to weather, and there is an inter- 
play between atmospheric and oceanic 
temperatures and water content. Glaciol- 
ogy is closely related to climatology-the 
longer-range changes in weather. Both 
are tied together in their roles a5 de- 
positories of the global water budget. 

Oceanography.-As in the other fields 
of geophysics, the study of oceanography 
requires the conduct of many experiments 
and the taking of many measurements if 
major problems are to be solved. These 
problems have to do with the nature of 
oceanic currents, temperature, composi- 
tion and levels, and total water content. 
A major problem is the study of the an- 
nual cycle in sea level and the global water 
budget of the oceans. Although all avail- 
able tide gauge and temperature data have 
been studied, the problem remains un- 
soived-because a minimum of 20 years 
of tide observations at a station are re- 
quired to give a meaningful average, 50 

that values in one area can be compared 
with values in another area taken at a 
different time. As much or more could be 
learned by synchronous measurements 
during one specific year. Simultaneous 
measurements of fluctuations in sea level 
are probably the most tiective and the 
least expensive means of studying the 
“weather” of the oceans-i. e., the fluctua- 
tions in ocean currents with time. To be 

. 
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of value, these observations must extend 
over vast ocean areas. 

In low latitudes the recorded seasonal 
changes in sea level are about what can 
be inferred from observed changes in tem- 
perature of the superficial layers, indicat- 
ing a change in specific volume rather 
than in mass. In high latitudes, there is 
also a change in mass. If these changes 
are associated with changes in currents, 
the currents at mid-latitude may be essen- 
tially confined to superficial layers, where- 
as at high latitudes they may *extend to 
the very bottom and are therefore not 
measurable by present standard tech- 
niques. Moreover recorded sea level is 
lower by about one-half foot in the North- 
ern Hemisphere in northern spring and in 
the Southern Hemisphere in southern 
spring than in the respective fall seasons. 
From present data it cannot be deter- 
mined whether this involves flow of water 
across the Equator or between the fringes 
of the ocean basins (where nearly all tide 
stations are located) and the central por- 
tions (where observations are inadequate). 

Such problems are analogous in ocea- 
nography to those in the meteorologic pro- 
gram involving measurements of air flow 
across a meridian and across the Equator. 
Similarly, the solution requires synchro- 
nous global measurements, which include 
(a) observations and reduction of data 
from existing tide stations; (b) temporary 
tide gages or surge recorders at some 40 
stations with emphasis on islands and the 
Southern Hemisphere, particularly the 
Antarctic; and (c) weekly temperature 
readings to depths of about 1,000 feet 
offshore from as many tide gage stations 
as possible. In addition to these tide and 
surge observations, a major study will be 
undertaken of the sub-Antarctic oceans. 
The structure and dynamics of currents 
and other oceanic phenomena of this 
region, which is little known but of great 
importance in several fields of geophysics, 
will be explored intensively. 

GZacioZogy.--Glacier studies have giver 
clear indications that we are now in a cycle 
of warming which began about 1900. 11 

is estimated that if the indicated warming 
continues for another 25 to 50 years, the 

ice will melt out of the Arctic Ocean in 
the summer, making it navigable. In ad- 
dition, the warming cycle, if continued, 
may melt enough ice now tied up in gla- 
:iers to add to the sea level sufficiently to 
tiect the lives of millions of people liv- 
ing along low coastal lands. Whether 
this actually happens or not, the slow 
:hange of climate has heady begun to 
ihow a change of storm paths and redis- 
tribution of rainfall, rendering some areas 
previously well-watered more arid and, in 
turn, bringing water to arid regions. 

The objectives of the United States 
3laciological efforts in the IGY program 
~vill be twofold : ( 1) To extend the studies 
>f glaciers on a worldwide basis in con- 
junction with similar efforts of other coun- 
tries and (2) to coordinate the existing 
observations of glaciers with the varied 
worldwide efforts in other fields of geo- 
physics in order to establish quantitative 
and qualitative indications of long-term 
climatic variations affecting the world as 
a whole. The plan includes: ( 1) As- 
sembly of all available data on the varia- 
tions of glaciers ; (2 ) analysis of the data 
obtained to determine the extent to which 
glacier variations are caused by climatic 
change ; (3) study of the hydrological 
economy of specific glaciers with respect 
to meteorological factors; and (4) studies 
to establish, correlate, and trace climatic 
trends of the past and to improve future 
predictions by combining these findings 
with those of solar and atmospheric 
physics. 

Two major efforts are planned in the 
Northern Hemisphere: (a) Alaska. One 
study region will be concentrated in the 
vicinity of the American Geographical So- 
ciety’s Juneau Ice Field project. Because 
of the significance of data already collected 
in the region, conduct of the study during 
the IGY will be unusually valuable. (b) 

Greenland. Intensive glacial studier of 
portions of the Ice Cap and fringe area 
in Greenland will be undertaken in coop- 
eration with Danish scientists associated 
with IGY. Two Antarctic studies arc 
also planned: (a) Little America. The 
Ross Shelf is the largest sheet glacier of 
its type in the world and has been studied 
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in part by American expeditions of the 
past. Much quantitative information i 
still lacking, and considerably more car 
be supplied by this effort. Among the 
major tasks will be the survey of the 400’ 
mile front of this glacier feature for eati, 
mates of quantitative changes. Maps ant 
aerial photographs of this region are avail 
able; and the IGY efforts, taking advan, 
tage of this prior work, should provide z 
major indication of the rates of snow ac 
cumulation and wastage over a large seg 
ment of the continent. In addition, the 
Bay of Whales area provides a vast labora. 
tory of glacial phenomena fundamental tc 
the understanding of glacial mechanics 
(b) Satellite stations. Descriptions o; 
the glacial conditions and snow accumu 
lation on the high polar plateau indicate 
,that the South Pole station affords a 
unique opportunity to obtain glaciological 
data not now known. A glacial team oj 
three observers will be stationed at thiz 
substation. Similar work will be carried 
out at the station at latitude 80” S., longi. 
tude 120” W. Operation of three stations 
will permit direct correlation with one an- 
other as well as with the IGY glacial 
studies of other nations in the Antarctic, 

IONOSPHERIC PHYSICS 

The ionosphere is a region of rarified, 
ionized gas between 50 and 250 miles 
above the surface of the earth. Some- 
what as a mirror reflects light, the iono- 
sphere reflects radio waves and thus makes 
possible long-range radio communications, 
radio telephony, and radio navigation. 
The analogy between the ionosphere and 
a mirror holds roughly true only in terms 
of this reflective property, for the iono- 
sphere is a complex, vast region of the 
atmosphere, fluctuating in height and 
depth, varying in its ionization, and im- 
portantly affected by solar activity, geo- 
magnetic disturbances, the aurora, and 
perhaps by meteors and thunderstorms. 

A study of the ionosphere also inher- 
ently involves a study of geomagnetism, 
the aurora, and solar activity. While the 
“normal” (i. e., closely predictable) iono- 

sphere is maintained by solar radiation, 
the occurrences of disturbed ionic layers 

are associated with disturbances on the 
sun. A solar flare may bc immediately 
followed by a sudden ionospheric disturb- 
ance. The growth of active 5un5pot5 may 
be followed within a few days by gee-’ 
magnetic storminess and violent auroral 
displays. These displays, which occur in 
high latitudes of the Northern and South- 
ern Hemispheres, are frequently accom- 
panied by radio blackouts which may 
completely paralyze communications in 
these regions. Isolated meteorological or 
other observing stations find that although 
they may use radar locally, weather and 
associated information cannot be trans- 
mitted to central coordinating sites. 
This problem is one of immediate concern 
to the United States, particularly since 
the northern auroral zone lies more over 
North America than over any other 
continent. 

Radio blackouts affect radio contact not 
only in the Arctic but in middle latitudes 
as well. Radio waves propagating be- 
tween any two points follow the great 
circle distance between these points. Be- 
cause of the location of centers of popu- 
lation in the Northern Hemisphere, most 
radio communication paths from points in 
the United States to Great Britain, Europe 
and Asia penetrate or come close to the 
auroral zone; these communication chan- 
nels are also subjected to absorption and 
radio blackouts, and other communica- 
tion paths must be sought. 

Solar activity changes greatly during 
the 1 l-year sunspot cycle. During periods 
Df sunspot minimum, the sun is quiet; the 
ionosphere is then relatively normal and 
3adly disturbed radio conditions are rare. 
During the several years, however, when 
unspot activity is high, communications 
ire often erratic over most regions of the 
globe. The period chosen for the IGY 
:oincides with a period of maximum solar 
rctivity. 

Predicting the future state of the iono- 
iphere is one of the major problems in 
onospheric physics. The prediction must 
ndicate whether or not direct radio con- 
:act will be possible, the frequencies to be 
:mployed if the possibility is good, and 
he alternative “radio routes” and fre- 
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quencies if the probability for direct con- 
tact is low. With regard to the Arctic, 

the problems are many and complex, and 
it is equally possible to have a failure in 
an ionospheric prediction as in a weather 
forecast. Improvement in radio prog- 
nostication requires, among other things, 
additional observing stations in the Arctic 
regions, not only for the ionosphere but 
also for geomagnetism and for the aurora. 

An intensive coordinated study and ob- 
servational program in each of these fields 
is required. A study of the ionosphere 
can scarcely be undertaken from observa- 
tions made in only one nation or in one 
portion of the world. A national network 
is insufficient for the prediction of condi- 
tions either over extensive geographic 
areas or over extended time periods. 
While attempts at extrapolation may be 
made over the “silent areas,” the ac- 
curacies are quite low. 

While meteorological observations at a 

tions, involving Arctic and Antarctic rc~ 
gions as well as central zones in the 
Northern and Southern Hemisphm: 
( 1) A series of vertical incidence sound- 
ings whereby the ionosphere is probed by 
radar pulses, (2) a series of scatter sound- 
ings whereby broad areas of the ionosphen 
are swept by radio energy of fixed and 
multiple frequencies, and (3) some studies 
of basic properties of the ionosphere layers 
having to do with the mechanical and 
atomic dynamics of the ionospheric 
atmosphere. 

single site are confined to the weather 
parameters in the general vicinity of the 
station, new techniques in ionospheric 
observations make it possible to gain in- 
formation about the ionosphere thousands 
of miles away. . This is accomplished by 
oblique-incidence, back-scatter probings, 
which in one form of the experiment can 
be rotated in azimuth so as to provide in- 
formation in 1 or 2 circular zones whose 
radii may be about 600 and 1,200 miles, 
respectively. This new technique greatly 
increases the flexibility of the observa- 
tional network, but a clear interpretation 
of the results stillwquires extensive com- 
parison with the usual type of vertical 
incidence probings. The latter observa- 
tions provide ionospheric information only 
in the immediate locale of the station. 
The use of the oblique-incidence stations 
Capitalizes on this new observational 
technique and will contribute to improve- 
ments in ionospheric predictions. More 
intensive study, especially of the Arctic 
atmosphere (by ionospheric, auroral, and 
geomagnetic observations), will provide 
a new dimension for the improvement of 
radio forecasts. 

Vertical soundings.-Vertical sounding 
measurements of the ionosphere provide 
data on the vertical height of the iono- 
sphere layers and on the critical radio 
frequencies. Because the ionosphere var- 
ies in space and in time, information is 
needed over the surface of the earth, 
taken regularly throughout the day and 
night. Automatic ionospheric instruments 
are used to probe the ionosphere at fre- 
quent intervals, using radar techniques. 
The radar pulses are transmitted vertically 
up and their reflections are picked up by 
the same device, which measures the 
round-trip transit time and thus permits 
the determination of the distance to the 
ionosphere. 

The ionospheric physics program con- 
sists of three principal sets of investiga- 

These data from many stations over the 
earth are needed for an understanding of 
the ionosphere as a whole, for insight 
into the behavior of radio waves over the 
frequency range from 1 megacycle to 25 
megacycles, and for use in the prediction 
of frequencies that can be used in long- 
range radio communications. At the pres- 
ent time, reasonably adequate coverage is 

available in the United States through 
its chain of stations, while excellent cover- 
age is available in Canada, which prcG 
portionately, has a denser network of sta- 
tions. Major gaps of interest to the 
United States exist in the Arctic, South 
America, Antarctic, and North Atlantic; 
gaps in other parts of the world, of most 
direct interest to other nations, will be 
covered by the latter; and the combined 
data will be invaluable in advancing basic 
ionospheric knowledge and improving 
radio communications. The United States 
program in vertical soundings consists of 
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four park: (1) Arctic and South 
America, (2) Antarctic, (3) North At- 
lantic, and (4) Data Quality Control. 

Seattsr soundings.-Vertical 8oundings 
provide 8pecific data on ionospheric height 
in the limited region immediately over the 
8tation. Ideally, to map the ionosphere 
adequately would require a dense net- 
work-literally thousands in the United 
States alone a8 against the present four. 
To provide data over large regions, scatter 
sounding is used giving oblique incidence 
data over a large area ab the antenna is 
rotated, actually or in effect to scan the 
ionosphere. Two types of scatter sound- 
ing studiea are needed: Fixed frequency 
and multifrequency. 

Ionospheric dynamics.-More data are 
needed on the specific properties of the 
ionosphere a8 well a8 on it8 overall be- 
havior a8 a whole. The behavior of mole- 
cules and electrons in the ionosphere-in 
particular, molecular and electron colli- 
rions and motions-can reveal the radio- 
wave absorption properties and tempera- 
ture of the ionospheric layers. In addi- 
tion to individual particle motions, there 
are motion8 of patches of ionized particles. 
These motion8 constitute ionospheric 
winds, whose dynamic8 need to be ex- 
plored for basic and applied reasons. Two 
investigations are to be undertaken in this 
area: (1) I onospheric winds and (2) 
cro8s modulation experiment8 

AURORA AND AIROLOW 

The bombardment of the earth’8 atmos- 
phere by electrically charged particles 
produces four major effects. One effect 
is characterized by very high speed par- 
ticles which produce cosmic rays. The 
other three come from relatively low speed 
particles. Their manifestations are : (a) 
Magnetic storms, (b) ionospheric storms, 
and (c) the aurora, which is the luminous 
trace of the charged particle8 in the atmos- 
phere. All three of these phenomena give 
UJ an insight into the effects of the bom- 
bardment of the atmosphere by charged 
particlea. Comprehensive studies of these 
rubjects not only tell us the nature of the 
upper atmosphere and the action of the 

bombarding particles, but aho provide UI 
with the knowledge needed to predict the 
amount and kind of disruption of radio 
communications, how best to circumvent 
it, or actually how to utilize the aurora 
a8 a means of propagating radio waves. 
The disruption of radio communications 
is felt mostly in the Arctic and sub-Arctic 
region8 and corresponding area8 in the 
Southern Hemisphere. Yet it ir in these 
frozen and desolate region8 that the main- 
tenance of satisfactory radio communica- 
tions is even more important than almost 
anywhere else-in term8 both of commu- 
nications and of safety. 

The ionized sheet8 and ray8 directly 
associated with the visible aurora are di- 
rectly responsible for many of the anoma- 
lous effect8 observed in radio propagation. 
For example, the density of ionization 
gets so large that very high frequency 
radio waves may be picked up at distance8 
far beyond expectation. Thus one radio 
station may provide unwanted interfer- 
ences to another distant one during an 
aurora1 display. But more important, at 
present, are the interfering effects on radio 
waves which cause melFsages to be unin- 
telligible, or the absorption of radio waves 
which may be 80 great that no message get8 
through at all. The path8 of the charged 
particle8 in the atmosphere may be traced 
through observation of aurora. Spectro- 
scopic and photometric analyses of aurora 
show us not only the composition of the 
atmosphere at this level but also the tem- 
perature of that portion of the atmosphere 
and the energies of the bombarding 
particles. 

The North American Continent is an 
area ideally situated to study the aurora 
since it is possible to have access acros8 
the aurora1 zone and far to the north of 
it on continental land masses. There are 
already a number of stations in North 
America working on aurora1 and airglow 
problem8 that could be integrated with a 
few new stations into a very efficient net- 
work to investigate these problems. In 
general, the network required for this 
phase of the program will fit well into 
stations required for other phases of the 
IGY programs. The establishment of a 
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main base and two satellite bases on the 
Antarctic continent will be a major step 
toward the establishment of a reasonably 
8+8factory network of stations in the 
Southern Hemisphere. Two of the likely 
stations in the southern zone network are 
of particular intereat. The first is Mac- 
Quarie Island, between Australia and 
Antarctica, which is on the same geomag- 
netic field line a8 College, Alaska. A 
second is a point within a few hundred 
kilometer8 of Little America that is paired 
similarly with Chesterfield, Baker Lake, 
Canada. The establishment of aurora1 
observations at both pair8 of stations is 
essential. 

netic field developed by the8e sheet cur- 
rent8 with the normal geomagnetic field 
produce8 the innumerable variation8 80 
pronounced at high latitudes. In addi- 
tion to current8 flowing around portion8 
of the earth within ionic layers, a current 
is hypothesized which flows around the 
earth at a distance of about 20,000 miles. 
The magnetic field of this ring current also 
affects the local field and introduces fur- 
ther transients which also cause varia- 
tions in the geomagnetic field. Because 
of these effects, geomagnetic record8 dis- 
play complex fluctuations whose nature 
is incompletely understood. 

The program, requiring an orderly and 
well placed network of cooperating sta- 
tions, is concerned with large-scale air- 
glow and aurora1 phenomena. In this 
field there are four main problem8 : ( 1) 
Airglow latitude intensity profile, (2) 
aurora latitude spectrum and frequency 
profile, (3) aurora1 longitude spectrum, 
frequency, and continuity profile, and 
(4) Northern-Southern Hemisphere corre- 
lations. The program has 5 major as- 
pects: Visual and special observations, 
radar-type observations, spectrographic 
patrol, photometric observations, and 
data reduction8 and analysis. 

OEOMAONETISM 

Geomagetism ha8 various important 
relation8 and implications cutting across 
almost all areas of study in the physic8 
of the atmosphere. In addition to its own 
specific uses in surveying, navigation (in- 
cluding missile guidance), and exploration 
for mineral8 and petroleum, geomagnet- 
ism ha8 broad and basic implications in 
the study of the ionosphere, radio wave 
propagation, aurora, cosmic rays, a8 well 
as other fields of science. 

Changes in the earth’s magnetic field 
are closely linked to ionospheric and au- 
roral displays. A geomagnetic storm fre- 
quently occurs simultaneously with a 
strong aurora and a radio blackout. To 
gain better insight into the physical mech- 
anism which causes both the geomagnetic 
storminess and the ionospheric disturb- 
ances, it is essential to obtain more infor- 
mation on the interdependence between 
the two. More geomagnetic data must be 
collected, particularly at the higher lati- 
tudes. In addition to its correlation with 
radio blackout8 in the auroral zone, the 
geomagnetic field portray8 constant ir- 
regular fluctuations. Some thought ha8 
been given to the possibility that at least 
some of these rapid fluctuations are 
caused by the penetration of meteors 
through the atmosphere. 

While the main portion of the earth’8 
geomagnetic field originate8 in the solid 
core of the earth, practically all the fluc- 
tuations and variations of the field origi- 
nate in electric current8 which flow in the 
atmosphere. These current JystemJ flow 
within the altitude range 50-240 miles, 
with especilly strong current over the 
polar caps. The interaction of the mag- 

The primary objective of the geomag- 
netic program during IGY is to shed new 
light on the conditions responsible for 
magnetic storms and other little-under- 
stood transient effects. Almost all fea- 
tures of the proposed program are directed 
ta this end, the minor exception8 being 
(1) exploratory rocket observation8 at 
great heights, (2) a station at Jarvis Island 
to shed light on certain unexplained effect8 
of possibly great importance in equatorial 
regions, and (3) exploration of the prac- 
tically unknown field of high-frequency 
magnetic fluctuations. The proposed in- 
vestigations bear upon the fundamental 
problem8 of atmospheric physics. 

Two new temporary observatories will 
be established in Alaska at Big Delta and 
McKinley Park, which together with the 
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existing observatory at College will form 
a tripartite array for the recording of 
unique data bearing on the electric cur- 
rents characterirtic of the north polar 
aurora1 zone. Two outpost station8 will 
be established a few miles from the College 
observatory for the recording and analysis 
of magnetic field gradients at time8 of 
magnetic disturbance. Special rapid-run 
equipment will be installed and operated 
at seven observatories. Two magnetic 
observatories will be established and oper- 
ated at Little America and at the impor- 
tant, and unique South Pole site. A semi- 
automatic magnetic observatory at Jarvis 
Island in the Pacific will be established 
and operated for the study of daily mag- 
netic changes peculiar to the equatorial 
region. Jarvis Island is near the junction 
of the magnetic and geographic equators. 
Special apparatua will be installed at four 
high latitude observatories, including Col- 
lege, for the 8tudy of magnetic oscillation8 
in the range of l-10,000 cycles per second, 
and visible-type magnetic recorder8 will be 
installed at six sites of ionospheric and 
auroral observations. 

COSMIC RAYS 

The existence of cosmic rays has been 
known for 50 years, but our knowledge of 
them is elementary. The problem is one 
of major importance in understanding our 
universe, involved a8 it is in both astro- 
physics and in understanding the structure 
of the atomic nucleus. Implications of 
the latter are highly practical matters, for 
cosmic ray energies are literally millions 
of times greater than the energies which 
the largest atomic accelerators can pro- 
duce. 

Cosmic ray8 are known to consist of 
streams of electrically charged particles- 
mostly protons (the positive particles of 
atomic nuclei) but also the atomic nuclei 
of heavy elements. These particles bom- 
bard the earth all the time, and they come 
from every direction. Their origin ap- 
pears to be interstellar space, but whether 
the source is the sun, the stara, or some 
phenomenon or process of interstellar 
apace is unknown. There are clear con- 
nections between cosmic rays and solar 

activity, and the earth’s magnetic &Id and 
magnetic storms also afkct mmnic rays. 

The magnetic field of the earth is the 
chief instrument for analyzing the energy 
of cosmic rays. The cosmic rays arc bent 
in this field in such a way that the low- 
energy ray8 cannot arrive at equatorial 
latitude8 but tend to come in. chiefly near 
the magnetic pole8 ; the highcnergy com- 
ponents arrive at all latitudes. To study 
the high-energy portion, observations are 
made near the equator. To study the low- 
energy portion, observations should be 
made in the Arctic and Antarctic regions. 
The connection8 between 8olar effect8 and 
cosmic ray8 are generally moat conepicuous 
for the low-energy cosmic rays; thus ob- 
servations in the Far North and Far 
South may unravel the fundamental facts 
of the origin of cosmic rays. Another 
cosmic-ray phenomenon is the large de- 
crease in cosmic radiation often associated 
with magnetic storms. It appear8 that 
these storms alter the magnetic conditions 
in the vicinity of the earth, and that these 
changed condition8 may either deflect or 
decelerate cosmic radiation. This means 
that cosmic ray8 represent a powerful tool 
with which to study magnetic phenomena 
many thousands of miles from the earth. 

Perhaps the most spectacular phenom- 
ena observed in cosmic radiations have 
been the rapid and very large increases 
which sometime8 occur simultaneously 
with eruptions of gas on the solar disc. 
These coincide with disturbances in the 
ionosphere, which may be so severe a8 to 
black out radio communications. Such 
violent solar flares are generally followed 
by magnetic storms, which can be observed 
by violent changes in the earth’s magnetic 
field and which can adversely affect com- 
munication circuits. Detailed knowledge 
of cosmic rays requires simultaneous in- 
vestigations of flares, sun spots, and chro- 
mospheric eruptions. 

The question of the origin of cosmic 
rays remains the outstanding basic prob- 
lem in this field. The particles are re- 
lated to solar phenomena-in particular, 
to the large increase8 of radiation accom- 
panying some solar outbreaks. Perhaps 
conditions at the surface of the sun and 
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in the outer solar atmosphere may be such 
a8 to accelerate nuclear particles to cosmic 
my energies. In other word8, the sun 

may well behave like a giant cyclotron, 
vastly more powerful than any man-made 
reactor. The principles that nature u~lcs 
in such an accelerator are unknown; the 
study of the‘origin of co8mic rays may give 
us the answer. Most’ of the basic dis- 
coveries of the short-lived meson8 and 
other energy particles have come from 
studies of cosmic radiation. Such studies 
have blazed the trail in our understanding 
of nuclear forces, furnishing the impetus 
to the construction of large accelerators 
which are now being used for more de- 
tailed investigations in this low-energy 
range. 

The program call8 for investigations of 
three problems: ( 1) Exploration of the 
variations in mass and energy of primary 
co8mic radiation, (2) exploration of the 
variations in cosmic radiation with both 
altitude and latitude, and (3) investiga- 
tions of the long-time fluctuations in the 
neutron component of cosmic rays. These 
studies require simultaneous measurement8 
widely made over the earth, including the 
Arctic and Antarctic region8 a8 well as the 
temperate and equatorial zones; they also 
require parallel studies of solar activity, 

geomagnetism, aurora, and ionospheric 
physic8 in view of the complex interrela- 
tionships of events in these fields. 

ROCKET EXPLORATION OF THE UPPER 
ATMOSPHERE 

One of the principal problem8 in the 
investigation of atmospheric phenomena 
has been the general difficulty of obtain- 
ing direct measurements. Until relatively 
recent years the maximum height attain- 
able by sounding balloon8 has been some 
10 to 15 miles; within the last few yearr 
this range has increased to about 24 
miles. Studies in meteorology and cosmic 
rays have made extensive use of such bal- 
loons. However, the upper atmosphere 
ha8 not been open to direct observation 
by these techniques, which has meant that 
no direct data have been available in 
auroral or ionospheric physics, and the 

dy direct data in sdar studiu, mete- 
urology, and cosmic rayr have been rc- 
btricted to the lower atmosphere. 

The development of rocket8 during and 
after World War II has provided a method 
of penetrating many time8 higher into the 
atmosphere. Rockoow, balloon-borne 
unall rocket8 that are fired once the bal- 
loon ha8 reached it8 maximum altitude, 
have a range of 60 miles. Aerobees or 
ground-launched rockets, have a range of 
144 miles. Somewhat comparable rock- 
ets have been developed by other nation8 
and are to be used for similar purposes in 
the IGY program. 

Both types of measurement, direct and 
indirect, are needed. Conventional meas- 
urements, which can be made readily, 
inexpensively and extensively, provide the 
large bodies of “indirect” data upon which 
ultimate solution8 of major geophysical 
problem8 depend. Rocket measurements, 
which are relatively costly and difficult, 
provide intensive sets of “direct” data for 
a short period of time, and this informa- 
tion can be used ta “calibrate” indirect 
data. This, in effect, permits the con- 
version of large bodies of indirect data 
into direct data. At the same time, new 
discoveries are possible by rocket tech- 
niques. 

Some of the types of reaulta attained 
by rocket explorations are the following: 
( 1) Solar radiation of the shorter wave 
lengths, which are absorbed in the upper 
atmosphere and hence never reach the 
earth, has been successfully studied-for 
example, a rocket measurement led to the 
discovery of X-rays in one of the iono- 
spheric layers. (2) Solar ultraviolet light 
measurements from rocket8 have estab- 
lished the variation of the ozone with 
heights up to an altitude of 42 miles. 
(3) Electric charge densities in the iono- 
sphere and collision frequencies of the air 
particles have been meaeured directly. 
(4) What are believed to be auroral par- 
ticles have been detected in rocket-borne 
Geiger counters. 

The program calls for the launching 
of 37 rockoons and 36 Aerobees from sites 
in New Mexico, Greenland, Canada, and 
Alaska. United States firings will be co- 
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ordinated with those of other nations, 
particularly at those crucial time8 of un- 
usual solar activity. Each rocket will 
carry instrumentation within the very 
severe weight limitations, to measure sev- 
eral quantities : atmospheric pres8ure, 
temperature and density; the earth’8 mag- 
netic field, especially during aurora1 dis- 
plays; night and day airglow; rolar and 

ultraviolet light and X-rays; auroral par- 
ticles ; ozone distribution; ionospheric 
charge densi tie8 ; and cosmic radiation. 
The results of these investigations will be 
integrated with the results of simultane- 
ous measurements made in each of the 
major field8 of geophysics that represent 
aspects of or directly involve the atmos- 
phere. 



APPENDIX VIII 

I%~~IAL SPORT FOR FISCAL but 1954 

APPROPRIATRD FUNDS 

Status of Appropriation from the Congress to the National Science 
Foundations as of June 30, I954 

IiBcBIPls 
Appropriation for fkcal year 1954 ........................ $8,000,000 
Unobligated balance from fiscal year 1953 ................. 353,085 
Appropriation reimbursement ............................ 866 

Total ....................................................... $8,353,951 

OBLIOATIONS 
National science Policy studies: 

Subtotal ..,..........*.*......,...,................. $800,121 
support of science: 

Grants for support of research: 
Biological and medical sciences.. . . . . . . . . . . . . . . . . . . 1,971,789 
Mathematical, physical, and engineering sciences. . . . 2,032,780 

Grants for training of scientific manpower: 
Graduate fellowships . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,865,978 
Education in the sciences. . . . . . . . . . . . . . . . . . . . . . . . . 160,790 

Review of research and training programs.. . . . . . . . . . . . . 412,414 

Subtotal ’ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6,443,751 
ScientiJic information exchange: 

Dissemination of scientific information. . . . . . . . . . . . . . . . . 
Attendance at international scientific meetings. . . . . . . . . . 

Subtotal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Executive direction and management: 

Subtotal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

238,300 
53,058 

291,358 

426,301 

Total obligations ............................................. 
Unobligated balance carried forward to 1955. .................... 

,531 
,420 

--- --- 

WORKING FUNDS 

Status of Funds Transferred from Federal Agencies to the National Science 
Foundation as of June 30,1954 

RECEIPTS 

Atomic Energy Commission . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $25,000 
Department of Defense: 

Department of the Air Force . . . . . . . . . . . . . . . . . . . . . . . . . . . 10,000 
Surgeon General. . . . . . . . . . . . . . . . . . . . . . . . ..*.......... 5,000 
Office of Naval Research. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4,000 

Department of Health, Education, and Welfare. . . . . . . . . . . . . . . 5. 000 

Total receipts. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $49,000 
.-- 
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0BLIoATI0N8 

Dissemination ofscientific infakon.. ., . . . . . . . . . . . . . . . . . . . $45,000 
Grants for support ofrcience . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4, ooo 

Total obligationa .,................,........................... $49, ooo 

TRUST FUND 

Status of Funds Donated from Private Sources to the National Science 
Foundation as of June 30,1954 

RBcBIPTs 

Unobligated balance from prior yeara . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $1,356 

OBLIOATIONS 

Unobliiated balance carried forward . ..*........................*...... $1,356 
m- 



APPENDIX IX 

PUBIZIATIONS OF THE NATIONAL SCIENCE FOUNDATION 

ANNUAL REPORTS 

In January of each year the National 
Science Foundation issues an annual re- 
.port of activities covering the previous 
fkal year ending on June 30. The an- 
nual reports are made available to the 
public through the Superintendent of 
Documents, Government ‘Printing Office, 
Washington 25, D. C., at the prices shown. 

First Annual Report. Fiscal year end- 
ing June 30, 195 l., 20 cents. 

Second Annual Refiort. Fiscal year 
ending June 30, 1952. 30 cents. 

Third Annual Report. Fiscal year end- 
ing June 30, 1953. 40 cents. 

Fourth Annual Refiort. FiscaI year 
ending June 30, 1954. 50 cents. 

FEDERAL FUNDS FOR SCIENCE SERIES 

These reports contain information on 
the Federal research and development 
budget. Such information is compiled on 
a current basis by the National Science 
Foundation with the cooperation of other 
Federal agencies having research and de- 
velopment programs. The reports may 
be obtained from the Superintendent of 
Documents, Government Printing Office, 
Washington 25, D. C. 

I. Federal Funds for Scientific Research 
and Development at Non-Profit Znstitu 
tions, 19504951 and 1951-1952. 3C 
cents. 

II. The Federal Research and Develop. 
ment Budget, Fiscal Years 1952 and 1953, 
,Out of print. 

III. The Federal Research and Devel 
opment Budget, Fiscal Years 1953, 1954, 
and 2955. 30 cents. 

SCIENTIFIC MANPOWER SERIES 

The Scientific Manpower Series con 
sists of reports on the supply and char 
acteristics of scientific and technologica 
manpower in various fields of science 
The reports were based originally upor 

lata developed through the registration 
xogram of the National Scientific Reg- 
ster, which functioned under the policy 
md fiscal direction of the National 
science Foundation and was operated by 
:he Federal Security Agency, Office of 
Zducation. Following the transfer of 
zgistration operations to the Foundation 
:he reports were continued in cooperation 
tith the United States Department of 
Labor, Bureau of Labor Statistics. These 
reports may be purchased from the Super- 
htendent of Documents, Government 
Printing Office, Washington 25, D. C. 

Research and Development Personnel 
in Industrial Laboratories 1950. 15 cents. 

The Composition of the Sanitary En- 
gineering Profession, 15 cents. 

Manpower Resources in Physics 1951. 
20 cents. 

Manpower Resources in Chemistry and 
Chemical Engineering. 50 cents. 

Manpower Resources in Mathematics. 
20 cents. 

Manpower Resources in the Earth 
Sciences. - cents. 

SCIENTIFIC MANPOWER BULLETINS 

This series of four-page leaflets was 
also established as a means for releasing 
scientific manpower information gathered 
in connection with the scientific registra- 
tion program. Copies of Bulletins still in 
print may be obtained upon request from 
the Division of Scientific Personnel and 
Education, National Science Foundation, 
Washington 25, D. C. 

Manpower Resources in Chemistry, 
1951. 

Manpower Resources in Physics, 1951. 
Man#ower Resources in Chemical Engi- 

neering, 1951. 
Military Status and Selective Service 

Classification of June 1951 College Grad- 
uates. 

Manflower Resources in Geology, 1951. 
Manpower Resources in Psychology, 

1951. 
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Manfiowrr Resources in Mathematics, 
1951. 

Highlights of a Survey of June 1951 
collegs Craduatcs. 

Manpower RGSOUrc6S in ths Gsophysical 
Sci6nc6s* 

ManpOW6r RGSOUrCGS in Mdtdorofogy, 
1951. 

PROCEEDINGS OF CONFERENCES ON 

SCIENTIFIC MANPOWER 

Since December 1951, the National Sci- 
ence Foundation has sponsored an annual 
conference on scientific manpower in con- 
junction with the anual meetings of the 
American Association for the Advancc- 
ment of Science. In view of the wide- 
spread interest in meetings a limited num- 
ber of processed copies of the Proccsdings 
have been issued. Copies of PYOCGGdingS 
still in print may be obtained upon re- 
quest from the Division of Scientific Per- 
sonnel and Education, National Science 
Foundation, Washington 25, D. C. 

I. Philadelphia, December 1951. 
II. St. Louis, Decrmber 1952. 
III. Boston, D6cember 1953. 

SCIENCE INFORMATION EXCHANGE 

In connection with its program for ex- 
change of scientific information the Na- 
tional Science Foundation has published 
or sponsored the publication of material 

of interest to American scientists and 
scientific librarians. 

List of Intrrnational and Foreign S6i6n- 
tific and Technical Mcstings. Quarterly. 
May be ordered from Superintendent of 
Documents, Government Printing Office, 
Washington, D. C. Subscription price: 
75 cents per year, domestic ; $1 per year, 
foreign. Single copy price: 20 cents. 

Bibliography of Translations from Rus- 
sian Scientific and Technical Litrraturr. 
Monthly. May be ordered from the Card 
Division, Library of Congress, Washington 
25, D. C. Subscription price: $3 

a. . -- 
1 year. amgle copy price: 25 cents. 

Sci6ntifk and Technical Sarial Publica- 
tions. Unit6d States, 1950-53. corn- 
piled by Library of Congress. May be 
ordered from Superintendent of Docu- 
ments, Government Printing Office, 
Washington 25, D. C. $1.25. 

Sci6ntific and T6chnical Serial Publica- 
tions. Soviet Union, 1945-1953. Com- 
piled by Library of Congress. May be 
ordered from Superintendent of Docu- 
ments, Government Printing Office, 
Washington 25, D. C. 60 cents. 

Sovi6t Scicncs. A symposium prc- 
scnted on December 27, 1951, at the 
Philadelphia meeting of the American As- 
sociation for the Advancement of Science. 
May be ordered from American Associa- 
tion for the Advancement of Science, 1515 
Massachusetts Avenue NW., Washington 
5,D. C. $1. 
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