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FOREWORD

The report of the activities of the National Science Foundation for the
year ended June 30, 1953, is comprehensive and reflects in considerable
detail the substantial progress made by the Director and the staff toward
the accomplishment of the Foundation’s mission as set forth in section 3
of the National Science Foundation Act of 1950. The National Science
Board wishes to express appreciation of the efforts of the Director and
staff and of the scientists and others who have served on Divisional Com-
mittees and Advisory Panels. The services of consultants play an im-
portant part in the Foundation’s activities. It is with satisfaction that
we record, as last year, the continued cooperation they have given the
Foundation.

It is unnecessary in this Foreword to comment on details of the report.
It is desirable, however, to present the point of view of the Board on
certain broad problems of the Foundation. Such a statement of prin-
ciples may be of general interest and it should be generally available for
critical review and comment.

The Board learned with satisfaction that the Congress had amended
the Act of 1950 removing the $15,000,000 ceiling upon annual appro-
priations to the Foundation. This action cleared the way for the
Foundation to assume greater responsibility for the support of basic
research—a course clearly thought to be desirable by the Administration
and the Congress. More important, however, in the view of the Board,
under the previous ceiling the Foundation could not have fulfilled the
functions with which it is charged by the Act. The existence of a ceiling
made a contradiction in the Act that appeared likely to interfere with the
maintenance of competent staff and the continued cooperation and sup-
port of individuals and public and private academic institutions.

The sympathetic response to this problem by many members of the
Congress was encouraging. Nevertheless, it seems clear that misunder-
standing or lack of understanding of science and its methods is wide-
spread. 'This is probably due, at least in part, to the great speed of
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vi FOREWORD

scientific development in the past 50 years. In 1900 X-rays and radio-
active elements had just been discovered, nuclear physics hardly begun,
the nature and carriers of yellow fever and malaria only recently learned,
modern genetics barely started, antibiotics unknown—the list could be
expanded for pages. Progress in science almost stuns us, yet it is easy
to take for granted. We fail to realize that it comes from deep devotion,
hard work, sacrifices, and the popular support of our academic institu-
tions. Wider public understanding of science, scientists, and the impli-
cations of scientific development is of vital concern not only to the
National Science Foundation, but to the Federal and state governments,
academic institutions, and industrial concerns.

The very rapid progress outlined above has wrought radical changes
in, what I shall call, the economics of basic scientific research. Perhaps
50, certainly one hundred years ago, it was uneconomic to give general
support to basic scientific research. The lag between a scientific dis-
covery and its practical application was so great that even a large ultimate
value had little present worth. The isolation of scientific discovery
caused the lag. Scientific knowledge was not dense. A glance at
present-day textbooks, encyclopedias, libraries, and the voluminous di-
gests convinces one of how this has changed. There are and probably
will continue to be new isolated discoveries, but for the most part new
knowledge is quickly tied to old knowledge, and the inferences from the
combination rapidly lead to further expansion of knowledge or new
practical applications.

We ask today: How much can we afford to spend for basic research?
The answer is: We cannot spend as much as would be economically
advantageous. The bottleneck, I believe, will be lack of men and women
who have the capacity, the interest and the willingness to pursue science.
In numbers they constitute a restricted part of the population; and
science is not the only profession calling for high intelligence and disci-
plined capabilities. »

‘The upshot is that an economic test of basic research is now irrelevant.
This does not mean that we should disregard budgetary, fiscal, and
short-term administrative problems. It does mean that solutions to
many current problems reside in the long-term functions of the National
Science Foundation. It is the duty of the National Science Board to
make this clear.

What are the relatively immediate consequences of basic research?
First, the development of scientists. These are the people who by train-
ing and experience know how to use scientific knowledge, scientific
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techniques, and scientific instruments. Second, the production of new
scientific knowledge, a high proportion of which may prove useful in
ways unforeseeable today. Third, the application of the results of re-
search to the solution of practical problems by a body of men who know
how to apply scientific methods. An example is what has been called
“Operations Analysis,” which has for its objective not knowledge, but
the best practical decisions. More and more we shall depend upon
such talent for both military and industrial operations.

The National Science Foundation Act of 1950 authorizes and directs
the Foundation “to develop and encourage the pursuit of a national
policy for the promotion of basic research and education in the sciences.”
Except for certain specified operating functions, the Foundation is essen-
tially an authoritative advisory body, potentially capable of securing fac-
tual knowledge and advisory opinion, that makes its advice authentic
but not determinative. Whom doesit advise? Obviously, the President
and the Congress; but also, through publication and consultation, other
agencies and institutions, public and private, and individuals. The point
to these observations is that the Foundation can neither police nor direct
activities of other agencies, of academic institutions, of industrial research,
or of individual scientists.

The Board believes it important to emphasize this view, because there
is, on one hand, a natural tendency to utilize the Foundation for second-
ary purposes and immediate administrative convenience and, on the
other, a fear that the interposition of government in science will lead to
attempts to dominate science and thus to destroy it. The Board is aware
of these dangers. It believes that its major function is to operate so as
to minimize both dangers. But we realize that a new era has come
when the interest of governments and of societies in the development of
science is great and the need exists for large financial support to scientific
research and for the development of adequate numbers of scientists.

CHESTER 1. BARNARD,
Chairman, National Science Board.



SCIENCE AND PUBLIC POLICY

With increasing participation of Federal agencies in research and
development activities, there has been a growing realization of the need
for formulation of sound national policies with respect to science. The
day-to-day operations of an agency necessarily result in policy formula-
tion to a degree, and the several agencies supporting research have con-
sciously sought to broaden operating policies by interagency liaison and
appointment of non-Governmental advisory groups.

In the case of the National Science Foundation many decisions having
policy implications have been made during the year in connection with
the research support activities, the graduate fellowship program in the
sciences, and other program activities; they are reported elsewhere
under appropriate headings in this report.

During the year, however, numerous additional activities were carried
on which were related to policy formulation but not connected with
specific programs. The first two parts of a continuing series of reports
were issued under the general title, Federal Funds for Science. Definite
plans were made for a survey of the Nation’s present efforts and needs
in research and development. The gathering of information on several
phases of the survey was well along.

On several occasions during the year the Foundation was able to pro-
vide background information and recommendations on scientific ques-
tions raised by other executive agencies and the Congress. In such
advisory capacity the Foundation was able to draw upon the opinion of
the scientific community in general by means of its established system of
advisory committees and panels in all fields of science.

FEDERAL RESEARCH AND DEVELOPMENT BUDGET

A comprehensive report on Federal funds for research and develop-
ment was issued in June 1953, entitled The Federal Research and
Development Budget, Fiscal Years 1952 and 1953. The information
in this report is not readily available in the ordinary financial reports
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2 NATIONAL SCIENCE FOUNDATION

issued by the Government, since the greater part of Federal scientific
activities is budgeted and reported as an integral part of the operating
responsibilities of the various agencies. Following congressional appro-
priation action in July 1953 the figures for fiscal year 1953 given in
the report were revised and preliminary figures were given for fiscal
year 1954. The revised figures as estimated by the Foundation are
given below.

For fiscal year 1952 total Federal obligations for research and develop-
ment activities reached $2.22 billion while actual expenditures for the
same purpose totaled $1.84 billion. (See table I.)

The comparable estimated totals were $2.19 billion in obligations and
$2.20 billion for expenditures in fiscal year 1953 and $2.07 billion and
$2.19 billion, respectively, for fiscal 1954. Over the past several years
a 9-month lag has existed between obligations and expenditures so that
the downward trend in obligations in 1953 and 1954 will presumably be
reflected in lower expenditures in 1954 and 1955.

‘TABLE 1.—Obligations and Expenditures of Federal Agencies for Scientific Research
and Development in Fiscal Years 1952, 1953, and 1954

[Millions of dollars]

Obligations Expenditures
Agency Fiscal | Fiscal | Fiscal | Fiscal | Fiscal | Fiscal
year | year | year | year | year | year

1952 | 1953 | 19541 1952 | 1953 [ 19541

Department of Defense. . . ............. 1,705 |1, 650 |1,556 {1,315 [1,646 | 1,636

Atomic Energy Commission............ 229 | 247 | 239 | 250 | 260 266
National Advisory Committee for Aero-

nautics. . ...t i 82 79 73 67 79 88

Department of Agriculture............. 56 57 68 57 58 63
Department of Health, Education and

Welfare. . ........ ... ... L. 53 67 63 65 74 61

Department of the Interior............. 36 36 32 33 37 33

Department of Commerce............. 3 23 17 28 24 17

Other agencies....................... 25 28 26 24 26 24

Total, all agencies.............. 2,217 12,187 (2,074 1,839 |2,205 | 2,187

1 Estimate. Revised: August 24, 1953,
Source: Natlonal Science Foundation.
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Roughly 85 percent of the total obligations and expenditures in 1952
and 1953 represent research and development operations and the re-
maining 15 percent went for increased research and development plant.
The postwar peak in obligations for plant additions reached about
$330 million in 1951; expenditures for the same purpose reached a
maximum in 1953.

The Federal research and development budget is the composite
financial expression of the individual programs of many agencies.
Slightly less than half of all Federal agencies—24 in 1952 and 22 in’
1953—obligated funds for such programs. In both years, however, the
Department of Defense accounted for about 76 percent of the total and
the Atomic Energy Commission for about 10 percent. Only five other
agencies, the National Advisory Committee for Aeronautics, Depart-
ment of Health, Education and Welfare, Department of Agriculture,
Department of Interior, and Department of Commerce had research
and development budgets of one percent or more of the total.

On the whole, Federal research activities heavily emphasize the
practical and immediately useful. Almost 94 percent of the research
and development funds go for applied research and development; only
6 percent for basic research.

Support for the physical sciences far outranked the other fields, ab-
sorbing about 90 percent of the total funds in 1952 and 1953. From
7 to 8 percent of the funds is for work in the life sciences and the
remainder for work in the social sciences. The designation “social
science” includes the gathering and processing of statistical data on
social phenomena where the information has general utility. Although
not research in a conventional sense, the collection of general-purpose
statistics by the Government forms the basis for much of the research
done in the social sciences, especially for population and economic studies.
(See figs. 1 and 2.)

Trend in Research and Development, 1940-54

From fiscal year 1940 through fiscal year 1954, the longest period for
which reasonably comparable data are available, there has been a general
tendency for Federal research and development expenditures to rise. In
1940, these expenditures amounted to $97 million, while in 1953 they
are estimated at $2.20 billion, a more than twentyfold increase in 13
years. The 1954 estimates show a slight decline which may continue in
1955. (See fig. 1.)
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OBLIGATIONS FOR RESEARCH AND DEVELOPMENT

BY SCIENTIFIC FIELD
Fiscal Years 1952 and 1953
( Billions of Dollars )
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Figure 1

OBLIGATIONS FOR RESEARCH AND DEVELOPMENT

BY CHARACTER OF WORK
Fiscal Years 1952 and 1953

{ Billions of Dollars)
o 0.5 LO LS 2.0

FISCAL BASIC RESEARCH
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1952
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SOURCE: Netional Science Foundation.

Figure 2

During this period two separate cycles of Federal research and de-
velopment expenditures are discernible. The first, starting in 1940,
reached its peak in 1945. About half of the total research and develop-
ment expenditures during the peak period of the first cycle is directly
traceable to the activities of the Manhattan Engineer District, the
organization responsible for the development of the atom bomb.

The second cycle began in 1946. It appears to have reached its
peak in 1953. 'The sharp rise beginning in 1951 was the result of heavy
defense expenditures for research and development stimulated by Korean
hostilities. During the same period, however, there was a general
tendency for the expenditures of all agencies to increase.
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Not only have expenditures for research and development increased
in absolute terms, but during this period the relative proportion of the
Federal budget for these purposes has increased from roughly 1 percent
of the total budget in 194043 to about 3 percent in 1952-54.

FEDERAL FUNDS FOR SCIENCE AT NONPROFIT INSTITUTIONS

A second published study entitled Federal Funds for Scientific Re-
search and Development at Nonprofit Institutions, 1950-51 and 1951-
52, was issued by the Foundation during the year. This report shows
that about $338 million out of total Federal research and development
obligations of $2.22 billion in fiscal year 1952 financed research and
development activities at nonprofit institutions. Seventeen Federal
agencies administered the funds, but four agencies—the Department of
Defense, the Atomic Energy Commission, the Department of Health,
Education, and Welfare, and the Department of Agriculture—accounted
for about $330 million (98 percent) of the total. About 1 out of every
5 dollars which went to nonprofit institutions in 1951-52 was for basic
research; the other 4 went for applied research, development, and large-
scale additions to the research and development plants of these
institutions.

OBLIGATIONS AND EXPENDITURES FOR RESEARCH
AND DEVELOPMENT
Fiscal Years 1948-1954

Billions of Dollars
2.5

OBLIGATIONS
20 \

0.5

1948 1949 1950 1951 1952 1953 1954
FISCAL YEARS tes)

SOURCES: Bureou of the Budget ond National Sci Foundetl Auguet 24,1983

Figure 3
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The report also shows that of about 700 educational institutions which
appear to have immediate potential capacity for carrying out research
and development, 225 received Federal funds. With research centers
excluded, five of these institutions received about 29 percent of the total
funds going to such institutions, the 50 getting the largest amounts receiv-
ing 83 percent of the funds. This concentration is largely accounted
for by the more fully developed scientific facilities and staff of the insti-
tutions receiving the most funds and by the critical national defense needs.
The capacity to do research is also concentrated geographically. The
report indicates, however, that scientific resources do exist in many
smaller American colleges and universities not receiving support from
Federal research programs,

The report points out that the increased activities of the Government
in scientific research have resulted in the establishment of “research
centers” which are operated for the Government by nonprofit institu-
tions. These centers are usually associated with educational institutions
but because the primary emphasis is upon research they seldom maintain
a teaching staff or engage in educational activities. In general the
research centers carry out special scientific programs closely tied to the
operating responsibilities of the supporting Government agency. The
funds expended by the Government at these research centers amounted
to $159 million, or a little less than half the funds expended at all
nonprofit institutions.

In discussing Federal support of research and development at educa-
tional institutions, the report points out that about half the total—$143
million out of $295 million in 1951-52—supports research, especially
applied research and development, that probably contributes little to the
primary objectives of these institutions. There is apparent an increasing
tendency to separate research sponsored by the Government and others
from the normal functions and activities of the institutions, the report
states, adding that as this trend grows, the value of sponsored research
for educational purposes is lessened.

Imbalance in Research Programs at Nonprofit Institutions

The amount of money spent for applied research and development in
itself is understandable since there is no question that agencies having
specific responsibilities for improving our military potential or industrial
and agricultural productivity must provide support for applied research
and development devoted toward immediately practical ends.

An imbalance between basic and applied work is a portent of danger,
however. As was pointed out in the Foundation’s Second Annual Re-
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port, “unlimited expansion of effort toward applied research and devel-
opment, without corresponding support for basic research, will defeat
the entire effort by limiting technological progress to minor improve-
ments and refinements of obsolete processes and equipment.”

Of some concern is the fact, brought to light in the report on nonprofit
institutions, that a large part of the total Federal research support at edu-
cational institutions is devoted to applied and developmental work.
This is common practice in certain fields, notably medicine, agriculture
and engineering, where work in applied areas is an accepted part of the
educational process. On the other hand, in the fundamental scientific
areas, the educational process stresses basic research and the funda-
mentals of the subject, studied both in the classroom and in the labora-
" tory, where first principles can be demonstrated. It will be desirable
periodically to review the relative support furnished to basic and applied
science.

RESPONSIBILITY OF THE FOUNDATION FOR BASIC RESEARCH

It has been the stated policy of the Executive branch of the Govern-
ment to increase the responsibility of the National Science Foundation
for Federal support of basic research. At the same time, it is desirable
for other agencies to support basic research closely related to the solution
of problems for which they have statutory responsibility.

The appropriation requests for fiscal year 1954 of the various agencies
reflected this point of view to some extent and the pattern of distribu-
tion of Federal funds for research during the year ending June 30, 1933,
indicated that the research agencies were already making adjustments
in their programs.

The effort to centralize support of basic research in the Foundation
is desirable from the standpoint of logical administration of Federal
research support, but it will clearly work against the best interests of
science in the United States unless the Foundation together with the
other research agencies can provide adequate support for basic research
in order to balance support given to applied research and development.
The Foundation has been fully aware of this danger. In order that the
Foundation might be able to carry its appropriate share of basic research
support, the Congress removed the limitation in the National Science
Foundation Act which restricted the appropriation in any fiscal year to
$15 million.
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Basic Research Needs of O perating Agencies

The Foundation is in full accord with the view that other agencies
should carry on basic research programs directly related to their operating
functions. There are two principal factors in support of this position,
First, there is the need of an operating agency for an assured and continu-
ing direct flow of fundamental knowledge relating to its practical prob-
lems. Second, in view of the increasing dependence of these agencies
upon scientific and technical developments, it is essential that the oper-
ating personnel maintain effective contact with the scientists of the coun-
try. Conversely, it is to the advantage of the country that scientists be
encouraged to be interested in fields of great potential importance to
national defense and welfare. Support of basic research in areas of
immediate interest to the agency provides opportunity to maintain this
© two-way exchange on a healthy basis.

SURVEY OF SCIENCE IN THE UNITED STATES

By June 30, 1953, the Foundation had completed preliminary plans
for a survey of the Nation’s present efforts and needs in research and
development and was well along toward completion of several phases
of the plan. The over-all survey will include six major sections, namely:

1. Research programs of the Federal Government.

. Research in industry.

. Research at nonprofit institutions.

Studies on scientific manpower.

Studies on the exchange of scientific information.

O WA W

Studies on the current status of scientific progress.

Three previous overall studies of the status of research and develop-
ment in the United States have been issued in the last 20 years. The
earliest of these, Research—A National Resource, was published in 1937
by the National Resources Committee. At the close of World War 11,
Science—the Endless Frontier, prepared under the direction of Vannevar
Bush, drew attention to the increasing importance of basic research to
our national security and welfare and reassessed our scientific resources
at that time. In 1947 the Steelman report, Science and Public Policy,
made strong recommendations for a continuing Federal program in
support of science. Many of the recommendations of the Bush and
Steelman reports were incorporated into the legislation establishing the
National Science Foundation in 1950. At the present time there is a
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clear need for a reappraisal of the status of science in this country. The
survey being undertaken by the Foundation will attempt to assess relevant
portions of the information now available.

COORDINATION OF FEDERAL RESEARCH

Many groups have need for current lists of research and develop-
ment activities supported by Federal agencies through grant or contract.
The Foundation has taken several steps toward this end. Quarterly
lists of projects in psychology and human resources research and research
in the social sciences are compiled and distributed to other interested
agencies. The Foundation participates in the support and adminis-
tration of the Biological Sciences Information Exchange for compiling
project information in the biological and medical sciences. It has also
encouraged the formation of informal liaison groups made up of rep-
resentatives of interested agencies to review research activities in specific
areas, such as high temperature research. This type of interagency
cooperation and liaison is expected to continue.

One of the problems in obtaining comparable fiscal and statistical
information from the several agencies is that of defining the terms used
in reporting research and development work. Working definitions have
been adopted for basic research, applied research and development. It
is difficult to arrive at mutually satisfactory definitions of subject field
categories used by the various agencies for reporting and record purposes.
Complications arise since some agencies are accustomed to keep records
based upon the operational goals of research and development programs
while others used traditional subject categories. Agencies also differ
widely in the use of such terms as project, task, and program as a unit
of research and development. These differences and distinctions are
gradually being worked out, or at least noted and accounted for, in the
statistics being gathered.

ADVISORY COMMITTEE ON MINERALS RESEARCH

The President’s Materials Policy Commission in June 1952, recom-
mended that there be undertaken an extensive program of basic
scientific research and technical development on techniques and instru-
ments of exploration for minerals. The first step in such a program,
the Commission suggested, should be the appointment of a committee
under the National Science Foundation, of experts from Government,
private industry, and universities, to make a full inventory of existing
scientific and technical knowledge in the field, to determine the subject

278626—54——2
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areas of greatest need for further research and development, to devise
a coordinated program to be carried out by private groups and Federa]
agencies, and to estimate the cost and the extent to which the program
will require supporting funds from the Government.

In line with these suggestions the Foundation has appointed a com-
mittee to assist in planning and executing research support and training
programs, in studying Government programs of research and develop-
ment, and in developing policies in research and training in the fields
of science and technology important to exploration for minerals. This
includes:

1. The formulation of a broad program of research and training
oriented toward strengthening exploration and discovery of min-
eral resources.

2. Development of measures to finance and execute such a program
through the Foundation, other Government agencies, and
industry.

3. Identification and study of background data and policy questions
which affect the conduct of sound research and training in this
field.

The Committee gave considerable thought to the subject areas of
interest and prepared a sample catalog of the problems facing the nation
in the minerals research field. While recognizing the importance of
Federal support of research and training in the minerals field, the Com-
mittee thought it desirable for industry to support the preponderate
amount of research in this field, especially applied research and develop-
ment. A list of areas of minerals research developed by the Advisory
Committee on Minerals Research is given in appendix VII, page 109.

TRAVEL RESTRICTIONS ON FOREIGN SCIENTISTS

In October 1952, the Director was invited to testify before the Presi-
dent’s Commission on Immigration and Naturalization concerning the
impact of existing immigration laws upon science. In assessing the
problem, he drew upon the experience of other Government agencies and
of scientists themselves. Upon the basis of information available to
the Foundation through these channels, it was clear that the provisions of
the immigration laws governing the temporary admission of aliens to this
country, and the administration of those laws, had created a problem.

The problem arose in the enlargement between 1948 and 1950 of
restrictions on temporary admission of an alien visitor. These re-
strictions were retained in the codified law becoming effective in
December 1952. In the practically unanimous opinion of scientists
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these restrictions have brought about deterioration in the relationships
of American scientists with their opposite numbers in countries friendly
to the United States, particularly in the United Kingdom and other
countries in Western Europe.

In his statement, the Director called attention to the fact that
creative scientific ability is not circumscribed by national boundaries.
He pointed to the evidence that the observations and conclusions reached
by competent scientists in any one country are invaluable to the research
of scientists in other countries working on the same or similar problems.
He further pointed out that in achieving the advanced technology and
living standards of present day America, we have drawn heavily on the
findings and accomplishments in pure science abroad. Without ready
access to these foreign sources of scientific information this progress
would have been impossible.

The number of foreign scientists excluding students visiting the United
States in 1951 was estimated at less than 3,000, or about 1 percent of the
300,000 visitors and tourists entering the country in that year. The
Director pointed out that these scientists were important to our scien-
tific strength out of all proportion to their number, for they consist, gen-
erally speaking, of the best scientific minds of the free world outside the
United States.

It appears that under existing statutes at least 50 percent of all foreign
scientists who apply to enter the United States meet difficulties or serious
delays. The number of actual refusals of permission to enter is much
less, but the principal damage to our international relationships appears
to occur in a small number of cases involving refusals to outstanding
persons which are difficult for the public to understand on the basis
of the published facts, coupled with the tedious, cumbersome, and
uncertain process experienced by those who do pass through the screen.

Recommendations

In closing his comment on the visitor visa problem, the Director made
four specific recommendations for improving the law and its admin-
istration. In so doing he recognized that rigorous and effective
security measures are required under present world conditions to pre-
serve the integrity of our Government and our country. It is believed,
however, that the recommendations will achieve better balance between
security by isolation and security by technological achievement. The
recommendations may be summarized as follows:

1. That a distinction be made in the statute between procedures and
criteria for temporary admission of a nonimmigrant alien and require-
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ments for admission of an alien who intends to become a permanent
resident of the United States. Complicated administrative procedures,
extensive security checks, exhaustive questionnaires and careful inter-
rogations are acceptable as part of an application for permanent
entrance and ultimate citizenship in the United States. The need fo
the same administrative procedures and criteria is less apparent in the
case of an application for a visit of a few weeks or months. It is im.
plicit in this suggestion, of course, that strict measures be employed to
screen out foreign agents, saboteurs, and secret couriers.

2. That the criterion requiring exclusion of an alien visitor might
rationally become present, sympathetic association with a foreign sub-
versive organization rather than, as now, affiliation, in an extremely
broad sense of the word, at any time in the past with such an organiza-
tion. The Congress has already taken a step in this direction by pro-
viding exceptions for persons who in the past were so affiliated but who
have terminated such affiliation and for five years prior to the date of
application for a visa have been actively opposed to the program of sub-
versive organizations.

3. That consideration be given to providing for selective audit from
time to time of applications for temporary admission, by a competent,
reliable and distinterested group with appropriate experience both inside
and outside of Government. This suggestion grows out of recognition
that our Government has been accumulating a wealth of experience with
security programs in which a balance must be struck between security by
isolation and security by technological achievement.

4. That, particularly if the other suggestions prove to be impractica-
ble, a separate section of the immigration law be established, which
would create a much-simplified and expeditious system for admitting
“students, trainees, teachers, guest researchers, professors and leaders in
fields of specialized knowledge or skill,” who have applied for admission
to this country for a purpose directly related to the activities of a Gov-
ernment agency, an accredited institution of higher learning or a sched-
uled meeting of an accredited international professional organization.

LEGISLATION ON WEATHER CONTROL

At the invitation of the House Committee on Interstate and Foreign
Commerce, the Foundation in July 1953, presented comment on pending
legislation relating to weather control and modification. The Founda-
tion’s recommendations were favorable to several alternate bills in view
of the close correspondence of most of their provisions. Subsequent
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action of the Congress was in accord with these recommendations
and a bill was approved in August 1953, as Public Law 256, first
session, Eighty-third Congress. The National Science Foundation was
included as a member of the interagency advisory committee established
under the law.

The bills had a common objective of establishing an advisory commit-
tee to make a complete study and evaluation of public and private experi-
ments in weather control, for the purpose of determining the extent to
which the Federal Government should experiment with, engage in, or
regulate activities designed to control weather conditions.

In endorsing the principal objective of these bills, the statement of
the Foundation presented a brief review of the present status of
knowledge regarding artificial weather modification as follows:

Developments in the study of cloud nucleation and in experimental
seeding of clouds have indicated that significant artificial modifications
of weather may be possible. Current studies, as supplemented by field
experiments, do not afford a satisfactory basis for belief that wide-
spread practical applications of weather modification efforts are feasible
at the present time. Present knowledge is inadequate for formation
of definitive conclusions as to the nature and extent of possible modi-
fications, the means by which they may best be accomplished and the
conditions and circumstances required for successful and beneficial
effects. Because of the lack of necessary basic data, much current
cloud-seeding activity appears to represent inefficient expenditure and
perhaps actual waste of energy and funds.

The greatest need at the present time is for additional basic research
in cloud nucleation processes. Such basic research should go forward
both in the laboratory, to gain an understanding of the nucleation
processes, and in the field, to investigate natural processes of cloud
nucleation. Controlled field experimentation, applying the knowl-
edge thus gained to more effective understanding and practical use of
cloud nucleation, is also necessary and desirable.

Insofar as the Federal Government is concerned, these recent
scientific developments present issues and problems which deserve
attention. Further knowledge of mechanisms underlying possible
modifications of the weather and the potentialities of practical appli-
cation is a matter of broad interest and significance to several depart-
ments and agencies including the Foundation. The nature, extent
and distribution of Federal research activities in nucleation processes
also require careful consideration and are of special interest to the
National Science Foundation.
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A further problem is presented by the possible need for Federal regu-
lation of weather modification operations. Current operations have
prompted several States to enact regulatory legislation. The potential
interstate and possibly international effects of such operations, the need
to avoid indiscriminate or wasteful seeding and the further need to
prevent interference with soundly conceived and significant field ex-
perimentation are factors which may ultimately impel some exercise
of Federal authority. Until more evidence of the practicality of
weather modification is available, however, Federal regulation seems
premature. Informal liaison with State regulatory agencies and pri-
vate operators would perhaps be useful, and would seem to be sufficient
to protect Federal interests at the present time.

SURVEY OF THE STATUS OF THE SCIENCES OF HUMAN SOCIAL BEHAVIOR

During the year ending June 30, 1952, Federal agencies obligated
over $53 million for research and development in the social scienices.
These activities were highly weighted in the direction of collection of
statistics and applied and development work, with slightly moéfe than
$3 million for basic research gtudies.

In view of these data, the Foundation undertook in March 1953 a
systematic and continuing study of the present status of the sciences of
human social behavior to determine its own position with respect to
research in the field. The Foundation is following with interest the
programs of the private foundations in the behavioral sciences.

The term “behavioral sciences” covers a wide range of activities.
"These may be thought of in terms of a continuum. At one end lie the
hard-core scientific studies of human social behavior—the use of experi-
mental techniques, controlled experiments, laboratory studies, statistical
and mathematical methods, survey design techniques, development of
measurement devices and instruments such as standardized tests and
scales, empirical testing of hypotheses and concepts, and other char-
acteristic features of scientific research. At the other end of the
continuum lie the philosophical, ethical and political studies and
interpretations of human social conduct.

In its current survey of the status of research in this broad area,
the Foundation will seek to identify the hard-core scientific end of the
continuum. Of particular interest are certain interdisciplinary areas
of convergence of the natural and social sciences. These include such
areas, for example, as anthropology, human ecology, statistical and
experimental design, and demography.
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SPECIAL STUDIES ON THE CURRENT STATUS OF SCIENCE

The Foundation is interested both in the long-range development of
knowledge in broad fields of science and in short-range studies of science,
uggﬁxi from the standpoint of national defense, the general welfare, or
peogress in science itself.

In considering the subject matter and progress of science as opposed
tgjts organization, financing, and manpower utilization, the Foundation
believes that the scientists themselves must make the major contribution.
There are dangers in self-analysis but these can be guarded against. An
evaluation of the development and status of a domain of science
attempted by individuals unfamiliar with the current state of knowledge
in that science would be of little value.

" To test the merits of self-appraisal the Foundation has supported three
general long-range surveys of fields of science—physiology, psychology,
and applied mathematics. As presently planned these studies will re-
quire up to three years to complete. None has been completed to date
but the progress reports below show the methods of attack that have
been decided upon.

SURVEY OF PHYSIOLOGY
The survey of physiological science, being conducted by the American

Physiological Society, is under the general direction of a central com-
mittee of physiologists representative of the several subdisciplines of physi-

- ology. Specific segments of the survey are guided by subcommittees of
- physiologists who will evaluate those data pertinent to their special areas

of cognizance and, on the basis of these data, will formulate individual

- reports and conclusions. The subcommittees, with the central com-
~ mittee, will then prepare the final report which is expected to be published
- during the autumn of 1954.

One of the most important information gathering phases of the study

s the use of questionnaires, supplemented by data from existing rosters
- of the scientific population. The information will be checked by a
 limited number of interviews. The questionnaire, to be submitted to

15
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all American physiologists (estimated to number between 4,000 and
5,000) is designed to obtain information about the profession of physi.
ology, of what and whom it is constituted, why persons enter and leave
the field, what are the motivations and the attitudes of these persons
toward the profession and the problems encountered in practicing it.
Information is being obtained about research, teaching, and administra-
tive activities. The educational, social, economic, and geographic back-
grounds of physiologists will be investigated.

Another part of the study has to do with the function of scientific
literature in physiological science. Analysis of the data will show past
and present interests in physiological science, the interweaving of other
disciplines into physiological research, the development of concepts ang
the effects thereof on progressin the field.

Correlative studies are being made of college course offerings, contéddt
of such courses and methods used in teaching them, textbook and thono-
graph analyses, student populations and factors related to recruiting of
physiologists. Special studies designed to evaluate the presentation of
physiological science to the lay public are also being made. An evalua-
tion of the usefulness of physiology and of its contributions to society and
the general welfare are being undertaken. For comparative purposes,
a brief examination of the general status of physiology in selected foreign
countries is being made.

The effects of the physiological survey are already being felt. Asa
result of discussion surrounding the formulation and development of the
survey and also as a result of several meetings held by the survey at
national scientific meetings, it is apparent that physiologists are individ-
ually and collectively beginning to take an introspective look at them-
selves, their relation to society and the contributions they and their science
are making to our culture and well-being.

DEVELOPMENT AND STATUS OF PSYCHOLOGY

On October 1, 1952, the American Psychological Association entered
into a contract with the National Science Foundation to conduct a study
of the development and status of psychology in the United States. The
need for such a study was perhaps more acute in psychology than in some
older sciences. Psychology in recent years has shown a very rapid rate
of change and increasing diversity of functions. Spanning the broad
gap between the natural and social sciences, its relations with other
sciences are growing in volume and in complexity. Such relationships
are not limited to the strictly scientific domain. During and since World



THIRD ANNUAL REPORT 17

War II the various fields of applied psychology have undergone rapid
expansion. This has led to closer relationships with other professions
in the fields of health, welfare, education, industry, military service, and
Government.

The study of the development and status of psychology has been
divided into two major parts:

Project A, an evaluation of the status of psychological knowledge with
special reference to general scientific methodology, development of
theory, and dependence upon empirical laws.

Project B, an analysis of occupations in psychology, including supply,
demand, and utilization of scientific manpower in the various branches
of the science. This part of the study is oriented toward the individual
psychologist, his characteristics, interests, values, and social origins, the
nature of his training, his output, and the cultural factors that influence
him in his research and professional work.

APPLIED MATHEMATICS SURVEY

The survey of applied mathematics is being conducted under the direc-
tion of the National Research Council Committee on Training and
Research in Applied Mathematics in cooperation with the Defense
Department. A questionnaire has been sent to approximately fifty
university departments with interest in applied mathematics to obtain
factual data. Two national meetings were also scheduled for the fall
of 1953 in conjunction with regular meetings of the American Mathe-
matical Society. The first was devoted to the philosophy of and the
training in applied mathematics, and the second to selected topics in
applied mathematics.

Fifty years ago applied mathematics consisted essentially of the treat-
ment of physical problems involving calculus and analysis. Today,
quantum mechanics, statistical mechanics, numerical analysis, and the
creation of biological and economic models have advanced applied
mathematics to a state far beyond conventional analysis. Although
this specialization is taking place on the pure side of mathematics as
well as the applied, there is considerable risk of a drifting apart between
the two categories of mathematicians. Practical techniques must be
found for encouraging and facilitating cooperation between pure and
applied mathematicians. Periodic revision of undergraduate curricula
to take advantage of both empiricism and postulational mathematics
I8 a possible approach to the problem.
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The final report of the survey group will attempt to chart the prin-
cipal factors involved in the training for and practice of applied
mathematics. One fact is already clear. The applied mathematicians
of the future will need deeper understanding of pure mathematics as
well as an open mind toward the experimental sciences.



CONFERENCES IN SUPPORT OF SCIENCE

One of the significant programs undertaken by the Foundation has
been the sponsorship of conferences and symposia to review current
scientific advances in special areas of science. The conferences have
drawn together leading scientists from this country and abroad to ex-
change information on latest research findings, to develop improvements
in theory and procedures, and to lay plans for future research. As a
rule the subjects discussed are at the frontiers of knowledge where ideas
are in a state of flux and the participants attempt to resolve theoretical
differences and explain the known facts.

During the year ending June 30, 1953, a total of eight conferences
were sponsored by the National Science Foundation, jointly with uni-
versities, scientific societies and other Government agencies. (See
table II.)

Brief notes on these conferences are given below. In general, the
request for support of conferences originates with the scientists doing
active research in the field under review. Proceedings and papers are
usually published at the conclusion of the conference so that the value
extends well beyond that to the actual participants.

In addition to the listed conferences devoted to discussion of special
areas of science, numerous other conferences, symposia and meetings
were sponsored by the Foundation for other purposes. These included
four summer institutes attended by college science teachers (p. 53);
a Conference on Physics Research in Colleges (p. 37); a Symposium
on Education in Physiological Science, sponsored by the Foundation-
financed Survey of Physiological Science and held in conjunction with
the St. Louis meeting of the American Association for the Advancement
of Science; a Workshop on the Production and Use of Technical
Reports, jointly sponsored by the Foundation, the Catholic University
of America, the American Chemical Society, American Documentation
Institute and Special Libraries Association; and a number of ad hoc
adv1sory conferences held in Washington to which were invited specialists
in various fields of scientific research and education.

19
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ASTROPHYSICS

The 4-week Symposium on Astrophysics conducted at the University
of Michigan consisted of lectures and discussions on subjects of current
interest in the field, including the composition and structure of galaxies;
the origin, evolution, and age of the stars and galaxies; and the problem
of turbulence as it applies to stars and nebulae. Discussion leaders
included W. Baade, G. K. Batchelor, G. Gamov, G. Keller, G. P. Kuiper,
D. Osterbrock, E. E. Salpeter, and A. Sandage.

PHOTOSYNTHESIS

Sunlight as a continuing source of energy far surpasses coal and oil
and even atomic fuel. On an average day the sunlight falling on the
United States equals in energy some 40 tons of coal for each man, woman,
and child in the country. Plants and plant life have been our principal
means for tapping this abundant energy source, although wind and
waterpower are converted forms of solar energy independent of the
plant cycle.

The Conference on Photosynthesis at Gatlinburg was of primary in-
terest to biologists working on the problem of how plants convert the
energy of sunlight into food and fuel. The Conference was adminis-
tered by the Committee on Photobiology of the National Research Coun-
cil with support of the Foundation, the Office of Naval Research, the
National Institutes of Health, and the Atomic Energy Commission.

Sunlight consists of a countless number of small energy-carrying
packets, called photons. Altogether the energy thus transported is
enormous. The quantum of energy represented by the individual
photon, however, is almost incredibly small. - This gives rise to one of
the major theoretical problems in the study of photosynthesis. What is
the nature of the chemical reaction that can be activated by the energy
in a single photon? Apparently the process takes place in steps, the
energy for each step being supplied quantum by quantum from the
absorbed photons of light. ~ Although some of the intermediate products
have been identified, scientists have not determined conclusively the num-
ber of steps and the number of quanta required in the total reaction.
Solution of this problem will be an important key to the commercial
utilization of photosynthesis. It was the major topic of interest at the
Gatlinburg meeting.
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ABUNDANCE OF ELEMENTS

The University of Chicago-National Science Foundation Conference
on the Abundance of Elements at the Yerkes Observatory was particu.
larly notable for bringing together scientists of several disciplines to
discuss a common problem. More than 50 physicists, chemists, geolo-
gists, and astronomers met to discuss the present status of knowledge of
the abundance and distribution of chemical elements, both on earth ang
in the universe as a whole.

Information on the relative abundance of the elements provides the
key to many puzzling and important scientific problems. For example,
the sun and the stars are great natural laboratories operating at tem-
peratures and pressures unattainable to the scientist on earth, even with
the most powerful instruments now available. Accurate estimates of
the ratio of the various elements in a star aid in understanding the origin
and nature of the reactions that are taking place. These estimates are
also used by scientists to calculate the age of the earth and the universe
and trace the decline of dying stars. They also give the theoretical
limits of our material resources.

HIGH-ENERGY PHYSICS

Over 100 representatives from 45 physics laboratories in the United
States and eight foreign countries attended the Third Annual Rochester
Conference on High-Energy Physics sponsored jointly by the Founda-
tion, the University of Rochester, and a group of Rochester industrial
concerns. Nuclear physicists at the present time are faced with the
problem of formulating a suitable theoretical explanation of the massive
forces within the nuclei of atoms. Well over 99 percent of all the energy
in the universe is locked within atomic nuclei. Indeed, atomic fission,
the basic physical process in atomic bombs, releases only about one-tenth
of 1 percent of the total energy available in the uranium nucleus.

Several years ago physicists appeared to be on the threshold of reach-
ing a complete and reliable theory of nuclear forces. The theory in-
volved the assumption of an unknown entity called the meson, which
in the nucleus appeared to bind the nuclear particles together but at
the instant of destruction of a nucleus would be observed as a new type
of particle. Shortly thereafter such particles were actually found—
first in cosmic ray collisions, then in the laboratory. It now appear,
however, that there are many meson-like particles having various masses
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and electrical charges. As a result, previous theories of nuclear forces
have had to be revised, and nuclear physicists are in need of a unifying
principle that will account for the vast array of new experimental data
now available. The Rochester Conference was devoted to the discus-
sion of such problems. The proceedings of the conference have been
published. |

FIBER BUNDLES AND DIFFERENTIAL GEOMETRY

Some 17 years ago Hassler Whitney of Harvard University developed
the concept of fiber bundle in mathematics and noted the possible
application of algebraic topology to other branches of geometry. The
Conference on Fiber Bundles and Differential Geometry at Cornell
University constituted a survey of the very extensive developments of
this concept during the post-war years. The first half of the program
was devoted to the problems within topology itself resulting from the
use of fiber space techniques. The second half reviewed the appli-
cations to Lie groups, differential geometry, complex analytic manifolds,
and algebraic geometry. The most striking feature of the conference
was the frequent use of the same mathematical treatment of problems
in two or more widely separated disciplines. This strongly suggested
that some unification of geometry at a higher level than now exists will
probably be developed in the future. The discussions were marked
by the presentation of numerous unsolved problems. These were
recorded. A report on the conference is now being prepared for
publication.

METHODS OF DETERMINATION OF STEROIDS

Steroid hormones, of which cortisone is a well-known example, are
highly important factors in the regulation of many body functions. They
are closely involved in growth, deposition of proteins, utilization of carbo-
hydrates as energy sources, response to physical and mental stress, and
regulation of reproductive processes in both male and female. The
steroid hormones are often used by physicians to treat arthritic diseases,
allergic conditions, a few types of malignant growth, and disorders of
the reproductive systems. Despite their widespread clinical uses, how-
ever, exact knowledge of their function and sites of action is incomplete.

One of the remarkable properties of steroid hormones is their great
potency. Small amounts will produce extraordinarily large effects.
Thus, it is highly important in research and therapy to have reliable
means for measuring minute quantities of steroid hormones and related
Products in blood, excreta and other body fluids and tissues.
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The Conference on Methods for Determination of Steroids in Blood
and Urine was organized to review recent progress in this field and o
discuss the validity of present methods. It was a further goal of this
conference to stimulate research for the development of better methods,
The proceedings of the conference will appear in published form avail.
able to all investigators in the field.

SPECIFICITY IN DEVELOPMENT

The Twelfth Growth Symposium on Specificity in Development was
supported jointly by the Foundation, the National Cancer Institute, and
the American Cancer Society, under the direction of the Society for the
Study of Development and Growth. About 150 persons attended the
Symposium at Durham, N. H. Speakers were drawn from all parts of
the United States and Europe.

The Conference was mainly interested in the biochemical differences
in species, individuals, and the various parts of a single organism,
These chemical differences are the basis for the more readily recog-
nizable physical and physiological differences. Biological specificity of
form and action is one of the basic problems before biologists at present.
It has to do with such matters as the biochemical differences between
the sexes, the immunity reactions, blood groups, and the origin of the
different parts of an embryo.

Typical questions discussed at the conference were the following:
What is the relation in the adult of the nucleus and cytoplasm in the
cell? What are the biochemical factors that cause tissue antagonism
preventing transplanting of tissue between different individuals? Why
can a parasite exist in one organism and not in another?

LIE GROUPS AND LIE ALGEBRAS

The Summer Institute of Mathematics, sponsored by the American
Mathematical Society and the Foundation at Colby College, brought
together about 30 mathematicians for 8 weeks to discuss one of the
foremost problem areas in present-day mathematics. The group con-
tained specialists from Europe, the Far East and the Middle East as
well as from the United States.

The work of the Institute was devoted to exploring the present status
and lines of future development of Lie Groups and Lie Algebras.
These topics are closely associated with differential geometry. Last
vear when Deane Montgomery of the Institute for Advanced Study,
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Princeton, and Leo Zippin of Queens College, New York, solved Hil-
pert’s Fifth Problem—one of a famous list of problems which has been
of active interest to the mathematical world for forty years—it became
apparent that Lie Groups also were of interest in topology, and would
serve as a bridge between topology and differential geometry.

The scientific results of the Summer Institute will appear in the
mathematical journals and in a volume to be published by the American
Mathematical Society.
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SCIENTIFIC MANPOWER STUDIES

The Government, industry, and the educational and scientific instj-
tutions, all have a vital stake in the supply of scientific manpower.
Their various needs must be understood if serious shortages and
conflicting demands are to be avoided.

The Office of Defense Mobilization has the responsibility, among
others, for coordinating activities of Federal departments and agencies
looking toward the development of programs to assure that our man-
power resoures keep pace with our probable needs at any level of
mobilization. Since scientific and technical manpower is clearly a most
important segment of the whole, the ODM has established an advisory
Committee on Specialized Personnel dealing specifically with questions
relating to scientific, engineering and other specialized manpower.
The Committee is made up of representatives from government,
industry, labor, and education.

A number of private organizations have also evinced interest in
problems relating to the supply and utilization of scientific manpower.
Of these groups, one of the most active is the National Manpower
Council which has compiled a sizeable volume of information and
opinion on these problems, and within recent months has 1ssued A Policy
for Scientific and Professional Manpower.

During the past year the Foundation began to accumulate and dis-
seminate information on scientific manpower in accordance with its
clearinghouse function. The program is in three parts:

1. Operation of the National Register of Scientific and Technical
Personnel as a means of collecting information on individual
scientists and assembling available statistics concerning manpower
resources.

2. Dissemination, by bulletins and studies, of analyses of infor-
mation gathered in (1).

3. Manpower studies on the characteristics, utilization, supply
and demand for scientific and technical personnel.

26
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NATIONAL REGISTER OF SCIENTIFIC AND TECHNICAL PERSONNEL

On January 1, 1953, responsibility for maintaining a register of
scientific and technical personnel in the United States was transferred
from the Office of Education to the Foundation. Under the operating
plan developed by the Foundation, the compilation and maintenance
of the registration data will be done by professional societies in the
various scientific disciplines. Compilation of data regarding members
of their professions is a normal function of these societies. With some
modification of present procedures, they can obtain the additional data
needed for national registration of scientists and technical personnel.

Some 10 to 12 scientific societies, with financial assistance from the
Foundation, are setting up comprehensive registers to provide essential
information on scientists and engineers in the United States. Registra-
tion of about 100,000 scientists and engineers is expected by June 1954.
According to the present schedule, registers will have been established
by June 1955 for all major fields of science. Meanwhile information
previously collected is being analyzed and reports prepared on specific
scientific fields. In case of war, registration information now being
collected will facilitate the mobilization of scientists and the establish-
ment of manpower controls.

Four societies are already well along in the work of compiling their
registers: American Geological Institute, American Institute of Biologi-
cal Sciences, American Veterinary Medical Association, Federation of
American Societies for Experimental Biology. Other societies which
will participate on the program include the American Mathematical
Society, American Institute of Physics, American Chemical Society,
the American Meteorological Society, and the Engineers Joint Council.

Each society will be responsible for compilation and maintenance of
its respective register, registration of both members and nonmembers
alike, and furnishing the supervisory, administrative, and clerical services
required. The Foundation will receive duplicates of the cards produced
on each register, including replacement cards as the registrants’ records
are brought up to date. The Foundation will not use the file for place-
ment purposes.

The Foundation will furnish the societies with record cards, codes,
coding materials, and records from previous registers in order to insure
as complete and uniform registration as possible.
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MANPOWER STUDIES

~ As registration data become available, it will be possible to continye
analysis of information on the professional characteristics, training, and
employment of scientists by field and to follow trends in the utilization
of trained scientists and engineers. A series of reports on chemists, physi.
cists, chemical engineers, psychologists, geologists, and sanitary engineers
was issued by the National Scientific Register, Office of Education.
Major studies were made in two of these fields—physics and chemistry—
for the Register by the Bureau of Labor Statistics. Funds have been
provided to the Bureau of Labor Statistics to produce reports from regis-
ter data in mathematics, the earth sciences, and the agricultural and
biological sciences. These reports will be published jointly by the
Foundation and the Bureau of Labor Statistics within the next few
months.

Support has been provided for the continuation of the Studies of
Doctoral Degrees which has been made annually for a number of years
by the National Research Council and financed by the Office of Naval
Research. This study will provide a continuing flow of information
about the recipients of degrees at the doctoral level in all fields. Reports
similar to T he Baccalaureate Origins of the Science Doctorates Awarded
in the United States, 193645, will be published periodically.

Characteristics of Scientific Manpower

The analysis of 1951 registration data compiled by the National
Scientific Register deals with the professional characteristics of Ameri-
can scientists. The rate of expansion of various fields is shown by the
age of scientists in those fields. (See table III.) The chemical
engineers were the youngest group, possibly indicating the most rapid
rate of expansion in a scientific manpower sense.

Statistics on type of employment of scientists (table IV) reveals that
industry hires the majority of chemical engineers, chemists, and geolo-
gists, about 40 percent of the physicists, and but relatively few mathe-
maticians and psychologists.

Income statistics (table V) show that industrial scientists command
the highest salaries with Government scientists next. There is a marked
differential in income depending upon educational attainment. The
median annual salary of scientists with doctor of philosophy degrees is
from $1,600 to $2,000 greater than those with master’s degrees and
from $1,800 to $2,500 greater than those with bachelor’s degrees.
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TABLE I11.—Median Age of Scientists, in Selected Fields, 1951

Doctor o

Philosophy Master’s Bachelor’s
Chemical engineering. ... ............... 37 32 31
ChemiStIY . ¢ ¢ covviviienniarannnannanes 39 36 33
PhYSICB. « c v vvreee e e 39 35 32
Mathcmatics ........................... 41 b 34 ~

Source: National Scientific Register, Office of Education.

TaBLe IV.—Type of Employment of American Scientists, 1957

: Educational
Number tnstitutions  Government Industry
Degree held reporting (percent) (percent) ( percent)
MATHEMATICS
Doctor of philosophy........ 1, 320 88.0 6.1 5.9
Other.......covvviuninnnn. 700 76.7 11.4 11.9
CHEMISTRY
Doctor of philosophy........ 11, 568 32.5 7.4 60.1
Master’s. . .....oovveinn.. 7, 857 20. 8 9.4 69.8
Bachelor’s. .. .............. 25, 086 4.8 8.6 86. 6
CHEMICAL ENGINEERING
Doctor of philosophy........ 854 30.1 2.7 67.2
Master’s. . .....ooveiin e 2,329 5.5 3.8 90.7
Bachelor’s. . ............... 8, 251 .7 4.1 95.2
PHYSICS
Doctor of philosophy........ 2,784 58. 4 10.7 30.9
Master’s. . ....ooevvvnnnnn. 1,620 50. 2 15. 4 34. 4
Bachelor’s. . ............... 1, 365 21.4 23.9 54.7
GEOLOGY
Total..................... 6,089 13.6 13.0 73.4
PSYCHOLOGY
Total. .................... 5,399 55. 4 25. 6 19.0

Source: National Scientific Register, Office of Education.
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TABLE V.—Median Annual Salary of American Scientists, 1957

Colleges and
Degree held universities ~ Government Industry Total
MATHEMATICS
Doctor of philosophy........ 5, 900 7, 600 9,100 6, 200
Other........covvvvnnnnnen 4,100 4, 900 5, 500 4, 400
CHEMISTRY
Doctor of philosophy. ....... 5, 600 6, 700 7, 900 7, 000
Master’s........oovvevennns 4, 000 5,100 5, 900 5, 400
Bachelor’s. ................ 3, 400 4, 400 5,100 4, 900
CHEMICAL ENGINEERING
Doctor of philosophy . ....... «c.eeiiiier ciiiieiiie eeiieeaan 7, 900
MAStEE 8. o oo evs e teseninnrs  tearaenaae  eeeriaaeas  eeaaaeaeas 5, 900
Bachelor’s. .. .......... P Ty 5, 400
PHYSICS
Doctor of philosophy. ....... 6, 400 8, 000 8, 000 7,100
Master’s........covveenenn. 4, 500 6, 000 6, 400 5, 300
Bachelor’s. .......coovvunnn 4, 000 5, 000 5, 800 5,100
PSYCHOLOGY
Doctor of philosophy. ....... 6, 300 6, 700 7, 600 6, 500
Master’s.....coovvevvnnnnn. 4, 800
Bachelor’s. . ............... } 4 500 5,000 4,800 { 4,700

Source: National Scientific Register, Office of Education.
SURVEY OF JUNE 1951 COLLEGE GRADUATES

Another important area in which more complete information is needed
is in the relationship between undergraduate and graduate specialization
in terms of “college majors” as well as between college and university
specialization and subsequent employment. The Foundation sup-
ported a study under the direction of the National Scientific Register,
Office of Education, to gather data on a sample of graduates who
received bachelor’s and master’s degrees in June 1951.

The survey of 1951 graduates was conducted about one year after
the recipients received their degrees. It was conducted by questionnaires
addressed to a third of those who had received master’s or second pro-
fessional degrees and one out of five who had been granted bachelor’s or
first professional degrees and included graduates in all major subjects
from all degree-granting institutes in the United States. Nearly 50,000
graduates returned usable questionnaires.
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One year after receiving their degrees, 61 percent of the men with
bachelor’s degrees and 77 percent of those with master’s degrees were
employed; 16 percent of bachelors and 12 percent of masters were full-
time graduate students; and 21 percent of the bachelors and 8 percent
of the masters were on active military duty. Of the women 74 percent
with bachelor’s and 84 percent with master’s degrees were employed,
13 percent of bachelors and 9 percent of masters were housewives, and
8 percent and 3.5 percent, respectively, were continuing graduate studies.

While the relationship between college specialization and employment
is probably not a true measure of the effectiveness of the educational
system, such information is of importance in estimating changes in the
supply of specialized manpower.

Table VI shows the types of employment reported by graduates who
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bachelor’s degrees specializing in health fields during college, 96 percent
report that they are employed in the same fields. At the other extreme
only 7 percent of the employed individuals who majored in psychology
report that they are now working in this field. In the case of those
receiving master’s degrees, there is in general a closer correlation between
the field of employment specialization and the field of college
specialization.



NATIONAL SCIENCE FOUNDATION

32

001 LS cz . ¢ ¢ ! S RREEE ¢ N PO .:... Cee e IO
001 1 68 14 ) 4 () | € oW [ " * 90IIWIWIOD puE ssIulsng
8.—. ﬁ ﬁﬁ N. N. @ ﬁ ﬁ N Auv N ﬁ ........ t e s 00 a0 e v e HHOMG.NUﬂﬂMvm
001 g 14 134 4! ! &) ) ® I | S "ttt sonuewingy
001 8 €S 144 14 9 1 1 () (A | S A " * 590ULIS [eI00g
001 () z () a0 () 96 o | ) | S R SPI°Y YiesH
001 1 61 143 @ |1 1 oy | I R 43o01q panddy
001 L (49 12 (4 S (4 O 4 2 L A3oroydhsg
001 ( € W (» () () W €6 7 R * * * Sulaourduy
8“ ﬁ vﬁ ,HN Aﬁv ﬁ 0 ﬂ ........ Oﬂ Qv ............... wu.ono.mnvw ﬂmhadz
STAIDAA S HOTHAHOVH
S13urtmor) uon N1 | s0uddg | spRLy | 4ASotoig A30 | Suudou | sousdG
$TOL | e B0 | B | -EonPH |-uewmpy| [ewog | yiesH | ponddy |-oyodksg | -Buy | emyeN
wng 28o100 U1 uonezieroads Jo ppPRLY

Aaamms jo swm e Juowmio[duwrs Jo proLy

[uoneziferoads a39y100 Jo pIoy yoes ut sajenpeid [e103 Jo Juaniad uj)

2321703 ur uoZyo13ags fo prarf &9 sawNpviS 3531109 66| 4q paiarus uawlo)dws Jo pray— A TIAV],



33

THIRD ANNUAL REPORT

*3ujuyel], PROUBADY PUB $30IN0SIY USWNH U0 UOJSS[UINIO)) :8dInog

001 stenbe uopezI[vIoads 033100 JO PIoY YoBd WOJ] soj8Npeid poLojduwe Lqreuoissajoid Jo jusored (8107 AYL ¢
*S3195198)S PUB ‘WSI[BWINO{ ‘aINJ0dIYOTI8 ‘MB[ ‘30U9lds AIBIQY[ ‘YIOM [6]008 sIpnlou] ¢

“Jaoezad ¢°( usyy SSOT |

001
001
001
001
001
001
oot
001
001
001

8L

¢l
9¢

€T

L ]

N <

6L

84
0c

61
€<

14

........ Aﬁv R
................ A.—v
I I A
........ Anv A.—v
() Z i

N.w ........ Aﬂv

1 I CRERREEE
I )] 144
........ Aﬁv P e e s o s e
z S CRERRREE

()
()

[\ I}

€y
€6

[T AT o I L I B B ]

N
=}

......... IDPWOI pue ssauisng
..................... uoneonpy
................... sanIURUINEY
................. SI0UDIOS [BID0Q
....................... YIesy
................ %MO»OM.M .TU.:QQ<
.................... %.MO—OJQ As, d
................. .« ME HUQE‘MG@
............... SO0USIOS [RINJEN

SEFTADAA S FTILSVH



SUPPORT OF BASIC RESEARCH IN THE SCIENCES

During the year ending June 30, 1953, 173 grants totaling $1,698,150
were made for the support of basic research in the natural sciences.
These funds were distributed for research in the biological, medical,
mathematical, physical, and engineering sciences to 85 institutions in
37 States, the District of Columbia, and Hawaii. During the previous
year 96 grants totaling $1,053,762 were made for the support of basic
research. The average research grant for both years was $10,300
to run for 1.9 years, or about $5,400 per year.

Table VII below gives a summary statement of the research support
program for fiscal years 1952 and 1953 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.

RESEARCH AND TRAINING

Research conducted in a college or university campus stimulates more
effective teaching and teaching in turn stimulates research. Graduate
and undergraduate students participating in research see the basic
information they have acquired put to use in pushing back scientific
frontiers. Good research enriches the educational process in ways not
measurable in dollars or in the availability of equipment.

In addition, therefore, to the award of fellowships, the support of
conferences for college science teachers, and similar efforts to strengthen
science education described elsewhere in this report, the Foundation sees
in the distribution of research support among the several types of edu-
cational institutions in various sections of the country another opportunity
to strengthen the teaching of science.

Generally speaking, Federal funds in support of research at uni-
versities and colleges have been concentrated in a relatively small
number of institutions. However, in evaluating this institutional con-
centration of funds, one factor must be kept in mind. The Department
of Defense, the Atomic Energy Commission, and other agencies which
have supplied the greater part of Federal research funds at educational
institutions, mainly sponsor research related to the operating functions
of the agencies. These agencies need and expect results which further

34
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their over-all programs and, therefore, place research contracts and
grants in large, well-equipped and well-staffed institutions. Regardless
of the long-term national gains to be obtained through broader institu-
tional support of research, these agencies on the whole dare not risk any
substantial proportion of their research support effort in institutions
which cannot quickly and effectively meet their operating needs.

The Foundation has made some progress in broadening the distribu-
tion of its research support funds, but the relatively small amount of
funds available and the great number of pressing and outstanding pro-
posals have reduced the effectiveness of its efforts in this direction.

TaBLE VII.—National Science Foundation Research Grants By Fields of Science

Fiscal year 1952 Fiscal year 1953
Number Number
of grants Amount of grants Amount
Biological and medical sciences:
Developmental biology. .. .. 9 $66, 975 4 $39, 600
Environmental biology..... 4 25, 060 2 7, 500
Genetic biology........... 5 86, 800 7 100, 700
Microbiology. . ........... 9 83, 687 9 107, 600
Molecular biology......... 9 114, 500 11 134, 800
Psychobiology............. 2 15, 400 8 101, 000
Regulatory biology........ 15 173, 800 14 177, 900
Systematic biology. .... e 11 106, 480 15 99, 700
General.................. 4 72, 760 2 30, 000
Total.................. 68 745, 462 72 798, 800
Mathematical, physical, and engi-
neering sciences:
AStronomy. .......c.e00uen 1 8, 000 7 81, 000
Chemistry................ 12 143, 800 28 206, 500
Earth sciences. ............ 3 23, 700 6 66, 150
Engineering sciences. ....... 3 41, 900 18 145, 300
Mathematics. ............. 1 19, 300 19 85, 200
Physics..........ccovvunnn 8 71, 600 22 282, 400
Total........oovvvvvnnn 28 308, 300 100 866, 550
General...................... 0 0 1 32, 800
Total...........oovvn 96 | 1,053,762 173 1, 698, 150
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CONFERENCE ON PHYSICS RESEARCH IN COLLEGES

In early May 1953 a conference jointly supported by Amherst College
and the National Science Foundation brought together 25 college teach-
ers of physics with an active interest in physics research. The partici-
pants were chosen so as to represent various types of colleges and regions
of the country. The outcome of the Amherst Conference and similar
meetings planned by the Foundation in other fields may be an important
factor in developing a suitable program designed both for support of
research and the strengthening of college science tcachmg, particularly
at the undergraduate level.

The conference agenda contained several major items for discussion:
(1) the probable benefits of a college research grant program from the
point of view of its contribution to scientific knowledge, the capacity of
the small college for conduct of basic research, and the benefits to the
faculty member, the student, and the college; (2) the possible dangers
of such a program to an institution in which education is the prime
objective; and (3) the problems which arise in administering such a
program and in evaluating requests for grants.

The discussion indicated a potential need for several types of college
research grants, for example, grants in which payment for summer salary
of the principal investigator is made, grants permitting the investigator
up to a full year to work on research free of teaching assignments, or
grants which relieve part, generally not greater than one-third, of the
faculty member’s formal teaching load during the academic year.

Recommendations

In connection with the administration of programs of this kind, the
conference recommended that in addition to evaluating the significance
of the proposed research for its own sake, the evaluation criteria should
place equal emphasis upon the probable contribution of the proposal to
the educational work of the institution. Four other additional consid-
erations were suggested in the evaluation of proposals:

1. Projects which involve student participation should be strongly
encouraged.
2. The promise and ability of the principal investigator should be

given weight at least equal to that assigned to the scientific merit
of the project.
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3. An attitude sympathetic to research in the department and institu-
tion is highly desirable. |
4. Experts appraising research proposals should be cognizant of the
fact that they are judging proposals under the college program.
The full report and recommendations of the Amherst Conference are
given in appendix VI, page 104.



WHAT IS BASIC RESEARCH?

A worker in basic scientific research is motivated by a driving curiosity
about the unknown. When his explorations yield new knowledge, he
experiences the satisfaction of those who first attain the summit of a
mountain or the upper reaches of a river flowing through unmapped
territory. Discovery of truth and understanding of nature are his objec-
tives. His professional standing among his fellows depends upon the
originality and soundness of his work. Creativeness in science is of a

cloth with that of the poet or painter.

Vannevar Bush, in Science the Endless Frontier, says with great

authority and validity:

Basic research is performed without thought of practical ends. It
results in general knowledge and understanding of nature and its laws.
The general knowledge provides the means of answering a large number
of important practical problems, though it may not give a complete
specific answer to any one of them. The function of applied research
is to provide such complete answers. The scientist doing basic research
may not be at all interested in the practical applications of his work,
yet the further progress of industrial development would eventually
stagnate if basic research were long neglected.

One of the peculiarities of basic science is the variety of paths which
lead to productive advance. Many of the most important discoveries
have come as a result of experiments undertaken with very different
purposes in mind. Statistically it is certain that important and highly
useful discoveries will result from some fraction of the undertakings
in basic science; but the results of any one particular investigation
cannot be predicted with accuracy.

Basic research leads to new knowledge. It provides scientific capital.
It creates the fund from which the practical applications of knowledge
must be drawn. . . .

Today it is truer than ever that basic research is the pacemaker of
technological progress. . . .

Despite this apparent unconcern for practical ends every great scientist

has a profound faith that knowledge is an essential value of life.
88

He
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pelieves that greater understanding will lead to the greater well-being
of mankind. Time and again this faith has been justified. The history
of science affirms the fact that basic research, though seeking no practical
ends, is by no means “impractical’ research.

Basic research, in terms of its immediate utility, is a game of chance.
In the search for cil, many a dry hole is drilled, but statistically the
eventual output far out-weighs the cost. So it is with research.

From another point of view, basic research is an investment in which,
if wisely planned, the proceeds from a small portion not identifiable in
advance more than pay for the total outlay.

The essential difference between basic and applied research lies in
the freedom permitted the scientist. In applied work his problem is
defined and he looks for the best possible solution meeting these condi-
tions. In basic research he is released of such restrictions; he is confined
only by his own imagination and creative ability. His findings form
part of the steady advance in fundamental science, with always the
chance of a discovery of great significance.

In our colleges and universities basic research is a necessary ingredient
in the training of scientists. One of the primary missions of the National
Science Foundation is to support basic research both in the cause of
progress in science and of the training of scientists. But what of organi-
zations looking for practical utilization of science, such as technical in-
dustries and many Federal agencies? For them extension of knowledge
and new ideas in a special area of science may often be critically needed
for a particular development. It follows that the support of basic re-
search by an organization with practical goals is justifiable and important
in areas of science closely related to the operations of the agency.

SCIENTIFIC METHODOLOGY

Many students of science and human affairs have studied the methods
and procedures found effective in scientific research. It is questionable
whether there is a unique, all-purpose method for attacking research
problems. Different problems and different investigators require differ-
ent approaches. Several observations about the working habits of
scientists, however, are of interest.

One of the outstanding characteristics of science is the objectivity of
its findings. Each individual researcher is trained to observe, to experi-
ment and to analyze in as objective a manner as possible. Wishful think-
ing has no place in his work. He realizes that his findings will not
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become a permanent part of the structure of science until they have been
challenged and confirmed by other investigators. Thus, science is a
highly democratic process. Anyone can question a “law” of science
and if he can establish his objection by proof convincing to his colleagues,
it will stand. The strength of science and its power rests therefore
largely upon the thorough testing of its structure at all points, and upon
an interesting combination of collaboration and competition on the part
of its workers, upon their independence and their integrity.

The term research covers many activities. The following paragraphs
will describe some of the common activities of scientists in making their
inquiries. These will be illustrated by examples taken from the research
currently supported by the Foundation.

OBSERVATION AND DESCRIPTION

Careful observation and description of an event is required at an early
stage in understanding and explaining it. The point seems too obvious
to dwell upon, yet for hundreds of years science failed to advance because
men did not see what took place before their eyes. They described
nature as they thought it should behave and not as it did behave. In
1543 the publication of an atlas of anatomy by Vesalius proved a mile-
stone in scientific thought because Vesalius based his anatomical studies
upon actual dissections of human bodies. The Greeks had also done
this, but for a millennium and a half the practice was discontinued and
almost no further advance was made in knowledge of the human body
and in the competence of surgeons. Careful observation is still a vital
scientific requirement.

For example, the patient exploration, collection, classification, and
description of the hundreds of thousands of species of plants and animals
is the bedrock upon which our present knowledge of life and living forms
is built. Two centuries ago such studies revealed the wonder and diver-
sity of nature and sharpened man’s desire to know and understand the
world around him. They led directly to the formulation of important
biological theories, such as those of evolution and genetics. Moreover,
the practical implications of systematic biology rival the purely scientific.
New plants contribute to progress in agriculture and medicine. The
relationship of plants and animals to environment, soils, and climate,
particularly in little known regions, anticipates extension of agriculture
into such regions and the successful management of forest reserves, grass-
lands, and watersheds.
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New York Botanical Garden

Bassett Maguire of the New York Botanical Garden has a Foun-
dation grant to explore the botanical resources of the Guayana High-
land of British Guiana. The geographic isolation of the area makes
it an excellent natural laboratory in which plant evolution may be
studied on a grand scale.

University of Utah

Stephen D. Durrant of the University of Utah has undertaken with
Foundation support a study of mammals on the Aquarius Plateau and
in the Henry and Abajo Mountains of Southern Utah. Many of the
animals in this remote, isolated area are unlike related species in other
localities and there is little chance for crossbreeding with species outside
the immediate area. The animal populations are relatively small.
Nature has in effect provided ideal conditions for experiments in
evolution and the development of species. Under these unique cir-
cumstances the scientists hope to learn much about the rate and amount
of change that can take place in a population in a few generations.

University of California at Los Angeles

Another type of exploratory research is being undertaken by Theodore
H. Bullock of the University of California at Los Angeles. He is study-
ing the pit organ of pit vipers, a class of poisonous snakes including
rattlesnakes, copperheads, and water moccasins. The pit organ,
located between the eye and the nostril, is unusually sensitive to infrared
or heat radiation. The mechanism is perhaps similar to that of the
heat sensitive receptors in human skin, but it is far more highly de-
veloped, both for sensitivity and rapidity of response. One of the
interesting characteristics of the pit organ is its resemblance to certain
man-made electronic mechanisms. The nerve fibers connecting the pit
organ to the central nervous system carry a steady stream of relatively
constant impulses. The impulses to the brain are modulated by chang-
ing temperatures, somewhat as a radio carrier current is modulated by
sound.

American Museum of Natural History

Human behavior is probably determined in part by the instinct or
the biology of the individual and in part by his training or experiences
after birth. Not all psychologists agree, however, upon the relative
importance of instinct as against experience, nor upon the aspects of
behavior for which each is primarily responsible. A great deal can be

278626—54——4



42 NATIONAL SCIENCE FOUNDATION

learned from painstaking observation of lower animals for which
controlled conditions can be established.

T. C. Schneirla of the American Museum of Natural History has a
Foundation grant to study the development of behavior patterns in lower
animals. He is particularly interested in those aspects of behavior
resulting from the relationships between mother and young as well as
between litter mates from the time of birth to young adulthood. A
series of studies will be conducted on the behavioral development of
young cats raised with normal access to the mother. The results will
be compared with the behavior of animals raised in isolation from birth.

TOOLS AND INSTRUMENTS

One of the outstanding achievements of modern science lies in the
extension of the powers of observation by the development of better
tools and instruments. Although micro-organisms were postulated in
ancient times, they became observable biological entities only with the
invention of the microscope. Physical theories are based upon the re-
stricted range that has been observed. It is dangerous to try to use them
beyond the range of observation without testing them experimentally.
The classical theory of moving fluids, for example, worked very well at
speeds up to the speed of sound. At that point and beyond no theory
existed. Further theoretical development, needed to describe jet and
rocket behavior, required improved instruments and facilities, such as the
highspeed camera and the transonic and supersonic wind tunnel.

Illinois Institute of Technology

Max Jakob of the Illinois Institute of Technology received a Foun-
dation grant to study bubble formation, heat flow and other aspects of
boiling. By means of a highspeed camera, he slows down the action
permitting detailed observations and measurements to be made of bubble
area and frequency which will in turn enable him to estimate heat flow
characteristics of boiling liquids at the heating surface and the bubble
surface.

Pennsylvania State College

At the Ionosphere Research Laboratory at Pennsylvania State
College, J. J. Gibbons, A. H. Waymack and their colleagues are ex-
ploring the upper atmosphere. In this case radio waves are used to
probe the unknown. For more than a quarter of a century the exist-
ence of ionized or electrified layers of particles in the upper atmosphere
has been established. They are known to have a great deal to do with
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jong-distance radio transmission and possibly with weather. The Heavi-
side layer—first to be discovered—ranges from about 8 to 12 miles above
sea level. Many other higher layers have since been discovered. Within
the past year, working on a Foundation grant, Dr. Gibbons has an-
nounced the discovery of a very high, heretofore unknown ionized layer
more than 500 miles above the surface of the earth.

Harvard College Observatory

The Foundation has provided partial support to the Harvard College
Observatory for construction and operation of a radio telescope, under
the direction of Bart J. Bok. Radio astronomy is a comparatively
recent field of study which deals with short wave radio waves generated
by the stars or other heavenly bodies. Such studies promise to reveal
much new information about the Milky Way, the galaxy to which the
solar system belongs. Very little is known about several important
sections of our galaxy, the Milky Way, because visible light from distant
stars has apparently been absorbed by the ‘“dark nebulae,” im-
mense clouds of gaseous material in between. The Harvard radio
telescope will be used for a systematic study of the range of frequencies
from 300 to 1650 megacycles per second. This range is of particular
interest because it will provide a means of identification of hydrogen and
deuterium and yield information about the temperature, densities and
turbulence of these gases in interstellar space.

MEASUREMENT

Measurement is another step in research. Many scientific problems
are well along toward solution when a scientist knows what to measure
and how to measure it. This was expressed emphatically by Lord
Kelvin:

When you can measure what you are speaking about and express it
in numbers, you know something about it, and when you cannot express
it in numbers, your knowledge is of a meager and unsatisfactory kind.

‘The development of physics from the time of Galileo is one of the great
achievements of mankind. Much of the progress of physics has been due
to its success in finding the proper things to measure. Mechanics pro-
gressed hand in hand with the recognition of the measurable concepts of
momentum, acceleration, and energy, and the advance in thermody-
namics awaited the discovery of measureable ideas like pressure, tem-
perature, and heat. - As measurements become more precise, discrep-
ancies previously hidden come to light and suggest the need for better
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physical theories. The complexity of living organisms and social organ-
izations has prevented the easy formulation of measurable concepts in
these areas which in turn has hampered biologists and social scientists,
What metric does one use for aging, for example, or insanity, or happiness?

Of the projects supported by the Foundation a number are concerned
primarily with precision measurements and quantitative studies in both
the physical and biological sciences.

University of New Mexico

On the experimental side many scientists are engaged in observing
the behavior of nuclear particles and in making precise measurements
of them. Cosmic ray studies are of particular value in this regard since
the energy of many of the primary particles in cosmic rays far exceed
energies that can be attained in particle accelerators.

V. H. Regener and John R. Green of the University of New Mexico,
working on a Foundation grant, have been investigating an uncharged
component of cosmic radiation called N-rays, believed to be mostly
high-energy neutrons. They have been measuring the penetrating
power of N-rays passing through ordinary water and heavy water by
measuring the distance that the N-rays travel on the average before col-
liding with a nucleus in the water. Since water consists of hydrogen and
oxygen, collision may occur with either type of nucleus. In the case of
heavy water, heavy hydrogen replaces ordinary hydrogen but the oxygen
atoms remain the same so that any observed difference in the distance of
penetration should be due to the difference in the two types of hydrogen.
Actually the observed difference was less than the uncertainty in the
measurements. On the other hand, in both cases the penetrating power
of N-rays was about four times the distance that would have been ex-
pected under the conditions of the experiment. This experimental fact
has not yet been satisfactorily explained.

Duke University

Martin M. Block and Harold Lewis, of Duke University, are also
investigating the action of cosmic ray particles, in this case charged
particles. The analysis is complicated by the fact that the charged
component of cosmic rays is a mixture of several kinds of particles
and the first problem to be attacked is the separation of the various
factors. This is done by measuring the mass and momentum of the
particles. The problem is further complicated because some of the par-
ticles to be observed have a very short lifetime of the order of a billionth
of a second.
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USE OF MODELS OR ANALOGUE SYSTEMS

Creation of models or simplified systems imitating natural processes
has greatly aided scientific inquiry. Some models may involve actual
construction for measurement and operational studies. The testing of
air-frame designs in a wind tunnel is an example. Here, measurements
made on the actual model answer questions too complicated to handle
mathematically. Other models, however, may be purely abstract and
mathematical. They simplify the analysis and enable scientists to use
the powerful tools developed by mathematicians.

Several research projects supported by the Foundation involve the
design of suitable models for dealing with difficult problems.

Yale University

Wolf Vishniac of Yale University is one of a group of biochemists
trying to unravel the mystery of photosynthesis, the chemical process
by which plants convert the energy of sunlight into energy-containing
foods and fuels. In essence, the process turns low energy compounds
such as water and carbon dioxide into high energy compounds such as
sugar and cellulose. The radiant energy of light is transformed into
stored chemical energy. Chlorophyll, the green coloring material in
plants, plays an important part in this energy transformation.

For a long time scientists tried to design a laboratory model of the
process. Several investigators, including Vishniac, had successfully con-
verted a solution of organic compounds into compounds of higher energy
in the presence of light, but they could do it only when natural particles
of plant material containing chlorophyll were added. During the past
year Dr. Vishniac has been able to duplicate essential features of the
process by exposing to sunlight a chemical solution to which pure
chlorophyll was added. This development of a working model may
be an important forward step in research on photosynthesis.

By controlled modification of the conditions of the experiment bio-
chemists can now test and measure the effects of many hypotheses con-
cerning the reaction. It is now possible to visualize production line or
continuous flow processes in which high energy materials useful for food
and fuel are created through the action of sunlight.

Johns Hopkins University

W. D. McElroy, of the Pratt-McCollum Institute of Johns Hopkins
University, has received Foundation support for research into the nature
of the biochemical reactions responsible for the luminescence of fireflies.
As in the case of photosynthesis, luminescence is the result of a compli-
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cated chain of reactions, all but the last of which take place in the dark,
Firefly luminescence is known as “cold light” because of the small amount
of heat released in the reaction.

The light-making process of the firefly requires a fluorescent com-
pound (luciferin), an enzyme (luciferase), a metallic ion such as mag-
nesium or cobalt, oxygen, and a high-energy phosphate containing com-
pound. Dr. McElroy is primarily concerned with the method by which
luciferin is formed and with the role of the phosphate in the reaction.
Much of his experimental material is obtained through purification of
crude extracts of tissues from fireflies.

DEVELOPMENT OF CONCEPTS

One of the most difficult as well as one of the most creative aspects of
research is the development of meaningful concepts. Much has been
written about the creative process by which the mind working upon the
raw materials of experience distills out the essences and recombines
them into new, more revealing insights about the physical world. In
this respect creativeness in science appears to differ little from creative-
ness in art or any other branch of thought.

In large part the intellectual excitement of science derives from the
scope and boldness of its concepts. Their impact can be revolutionary
as was the case with the germ theory concept formulated by Pasteur and
Koch in which specific infectious diseases are traced to the action of
specific organisms. Such a sweeping conceptual generalization not only
clarifies our understanding of a host of observed natural phenomena
but suggests a course of action—in this case methods for treating indi-
vidual patients or for preventing epidemics.

University of Chicago

During the year the Foundation provided support for the work of
Rudolph Carnap, a mathematician and logician from the University of
Chicago, who is attempting to develop a new conceptual basis for prob-
ability. Probability may be defined as a measure of the likelihood of an
event’s occurring; but careful analysis reveals that the term actually covers
two very different concepts.  Both aspects of probability are highly useful
in practice, and many persons feel that the two forms are closely related.

One type of probability may be called statistical or actuarial. In this
case the probability assigned to an event’s occurring is based upon the
frequency with which it has been observed to have occurred in the past.
The vast insurance business is largely built upon this concept as are
many of the statistical techniques based on frequency counts.
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The second type of probability is more theoretical in that an attempt
is made to assign on purely theoretical grounds a measure of the prob-
ability of an event’s occurring. Games of chance furnish the most
obvious example. Assuming the wheel is true, the odds on roulette can
be calculated. Of course, the calculated odds can then be tested by
experience and if there is marked disagreement the careful player will
re-examine his initial assumptions. The uses of this type of probability
extend far beyond games. It hasbeen applied by physicists to the kinetic
theory of gases and by communications engineers to problems in tele-
phone traffic. ‘

Rational decision-making in any field is largely a matter of estimating
the odds as to the possible outcomes of the decision. Depending upon
the case at hand, we normally, as a basis for estimate, use one or the
other of the two types of probability listed above. Carnap hopes to
develop a single logical system incorporating the valuable features of
both.

TESTING OF CONCEPTS

In order for science to be effective in helping us understand nature,
it must be able to meet the test of experience. The testing of scientific
ideas and concepts, therefore, is an important and essential research
activity. It often requires great thought and ingenuity to devise suitable
tests and to set up appropriate experiments.

University of Illinois

Among the fascinating mysteries of nature is the ability of living things
to repair or regrow damaged tissue. In some lower animals the amount
of damage that can be repaired is extraordinary. The salamander
apparently can lose its tail with impunity because it is able to grow a new
one. If aleg is lost, however, it is not so fortunate; it cannot normally
grow a new leg. Biologists can induce growth of a new tail-like organ
on the leg stump by transplanting tissue from the tail. Conversely, a
tissue graft from the leg grafted to the tail stump will prevent growth of
anew tail.

Evidence of this nature suggests that there are two types of tissue
cells—youthful cells capable of growth and adult cells in which further
growth is prevented. It further suggests that the difference in the two
types of cells might be of a chemical nature and that the adult cells
produce a growth-inhibiting substance. S. Meryl Rose of the Uni-
versity of Illinois has a Foundation grant to study regeneration of tissue
and particularly to attempt to find a growth-inhibiting substance in the
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adult tissue. For his experiments Dr. Rose uses the hydroid, a simple
animal related to jellyfishes, that lives in the sea. If one of the tentacles
of the hydroid is lost, another will quickly grow out to take its place.
An area of tissue near the mouth of the hydroid contains cells which
inhibit the regrowth of the tentacles when transplanted to the stump,
As a matter of fact growth can be prevented if large quantities of the
growth inhibiting tissue is simply placed in the sea water in which the
injured hydroid lives. Having obtained these results Dr. Rose is now
attempting to isolate and identify the growth inhibiting factor.

Columbia University

Over the past decade the radioactive clock, developed by Willard
Libby at the University of Chicago, has proved a most valuable tool for
historians and archeologists. Scientists have long known that nitrogen
atoms turn into radioactive carbon when bombarded by cosmic radiation
in the upper atmosphere. The radioactive carbon mixes rapidly with
ordinary carbon in carbon dioxide in the air and hence becomes a com-
ponent part of all living plants and animals. ~With the death of the plant
or animal, however, the mixing process stops and the radioactive carbon
slowly decays while the ordinary carbon stays fixed. From the ratio of
radiocarbon to ordinary carbon a scientist can estimate the age of the
material being examined. Archeologists have used this method to assign
dates to the remains and artifacts of early men. The radioactive clock is
useful for dating organic material up to about 30,000 years old. Beyond
that the amount of radioactive carbon remaining is too small to measure.

In order for the radioactive clock to be useful, however, it must run
on time. This means that radioactive carbon must have been formed
in the atmosphere at a constant rate over the past 30,000 years, which
in turn means that the cosmic radiation has been constant for the same
period. Scientists have generally assumed this, but during the past
year J. Laurence Kulp, of the Lamont Geological Observatory of
Columbia University, found a way to test the assumption. Dr. Kulp
received a grant from the Foundation to measure the radioactive carbon
content in sediments at the bottom of the ocean. In testing the assump-
tion of cosmic ray constancy he compared the time-scale of radioactive
carbon with that of ionium, another radioactive material found in ocean
sediments. Since the presence of ionium has no connection with cosmic
ray activity, the comparison was fair. Dr. Kulp showed that the two
radioactive timescales have agreed for at least 30,000 years, and on
other grounds he has reason to believe that cosmic radiation may have
been constant for the past 500 million years.



EDUCATION IN THE SCIENCES

During fiscal 1953, the Foundation pushed ahead on two important
programs designed to increase the national supply of trained scientific
manpower:

1. A Fellowship Program to provide predoctoral and postdoctoral
training for a limited number of research scientists.

2. Encouragement of efforts to improve education in the various
fields of science through the support of experimental confer-
ences for college teachers of science.

FELLOWSHIP AWARDS FOR 1953—54

The Foundation conducted its second graduate fellowship program in
the sciences during the year. A total of 557 fellowships were awarded
for the academic year 1953-54 as compared with 624 for the previous
year. At the same time the Foundation received more applications,
about 3,300 as against 3,000 in the previous year.

Of the total number of fellowships awarded, 515 went to predoctoral
candidates and 42 to postdoctoral candidates. Of the total 175 fellows
were also recipients of last year’s awards.

In view of the fact that the limitation upon funds precluded the possi-
bility of making awards to all highly qualified applicants, the Founda-
tion published an Honorable Mention List of 1,274 applicants. The
circulation of this list among deans of graduate schools has resulted in
better communication between departments and potential students in
the award of fellowships from other sources and the placing of a number
of applicants in teaching assistantships.

Continuing the policy of emphasizing the first year of graduate study,
the Foundation awarded 180 fellowships to first year graduate students.
A total of 166 awards was made to graduate students in the intermediate
years, 169 to terminal year predoctoral students.

The largest group of fellowships (129) was awarded in chemistry,
and the second largest in physics and astronomy (115). In other fields
the numbers of awards were: engineering 63, mathematics 56, zoology
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38, biochemistry 35, geosciences 26, botany 19, microbiology 18, geo-
physics 14, medical sciences 14, genetics 11, psychology and anthropology
10, agriculture 9.

Stipends for fellows in the first year of graduate study are $1,400;
those for the intermediate years are $1,600; those for the terminal year
of graduate study are $1,800; postdoctoral fellows receive $3,400. Ad-
ditional allowances for dependents, tuition, and other normal expenses
are provided.

Applicants for both new fellowships and renewals are evaluated at
the same time by the same screening panels, and the awards are made
irrespective of whether an applicant has previously held a National
Science Foundation fellowship. Of the National Science Foundation
fellows who applied for renewal, 44 percent were awarded fellowshlps
for an additional year.

Fellowship awards are made on the basis of ability only and are dis-
tributed among candidates of substantially equal ability on a geographical
basis. For the first 2 years there has been a good correspondence between
college student population density and the geographical distribution of
fellows.

The National Science Foundation Act specifies that fellows shall have
free choice of selection among accredited institutions of higher learning.

Distribution by Field of Study

The Foundation has distributed fellowship awards among scientific
fields in proportion to the number of qualified applicants in each field.
No attempt has yet been made to award greater numbers of fellowships
in fields where shortages appear to be acute. At present there are no
sufficiently reliable data about existing or potential requirements for
scientists to justify such action.

In 1952 the Foundation awarded 38 first year fellowships in physics
and 43 in 1953. During the 1951-52 academic year the Office of
Education estimates that there were in all about 1,860 first year graduate
students in physics in the United States. Thus, the first-year fellowship
holders in physics constituted only about 2 percent of the total number of
all students in this category. The ratios in other scientific fields are
similar.

Departmental Duties

The Foundation believes that experience in teaching and in other
departmental duties contributes to graduate training. Requests from
fellows to undertake definite duties in addition to normal work and
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research will be approved provided the fellow, his scientific advisor, and
the Foundation agree in advance that such duties are clearly and pri-
marily needed for the student’s education. A fellow who undertakes
such additional duties may not accept remuneration for these services.

ATTRITION RATE IN SCHOOLS AND COLLEGES

If the Nation’s scientific and technical manpower is to be maintained
in adequate numbers and proficiency, there must be an adequate flow of
students with aptitudes in these fields up through the secondary schools
and colleges. The Commission on Human Resources and Advanced
Training has analyzed the intelligence distribution of high school and
college graduates in order to determine the fraction of the student popu-
lation capable of completing advanced training.

The findings indicate that 89 percent of our young people having at
least the average intelligence of college graduates finish high school in
the United States. Of these 38 percent enter college, and 25 percent
graduate from college. These figures make clear that a large loss of
potential college graduates occurs between high school and college, and
that a second substantial loss occurs during the college years.

In the same study estimates were made of the number of bachelor’s
degrees and doctor’s degrees awarded for the 5-year period 1948-52 and
for the estimated period 1953-57. For the earlier period the total
number of individuals receiving bachelor’s degrees in science, engineer-
ing, and agriculture totaled about 95,000 per year. The comparable
estimate for 1953-57 is 66,800 per year, a decline of nearly 30 percent.
For the earlier period the number of doctor’s degrees granted in the same
fields averaged about 4,660 per year, compared with an estimated 5,420
per year for the period 1953-57. Since a 3- to 4-year lag exists the
decline in doctorate awards will not appear for several years, but after
1956 the number of doctor’s degrees awarded will reflect the same down-
ward trend noted above for bachelors degrees. This is further shown
by statistics indicating that the total graduate enrollment at the first
year level in all fields of science dropped from approximately 12,000 in
1951-52 to approximately 8,000 in 1952-53.

Interpretation of the figures is complicated by a number of factors,
which prevent easy generalization. The decline in the number of gradu-
ates in science and engineering is in part due to the effects of the reduced
birthrate in the United States during the 1930°s. It also coincides with
the termination of large-scale Federal support for education under the
GI bill.
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These factors may explain the situation, but the statistics themselveg
indicate that inadequate numbers of capable young persons are receiving
advanced training in the sciences. They raise two questions: (1) how
can the total college population, and hence the number of students
majoring in science, be increased ; and (2) how can the total number of
graduate students in all fields of science be increased.

Corrective Measures

The possible solutions are numerous and complex and not all of the
possibilities within the purview of the National Science Foundation,
One solution which immediately suggests itself is a large-scale scholar-
ship program which would assist students who now fail to enter college
for economic reasons. Thus far, the Foundation has not asked Congress
for funds to support a scholarship program.

Students do not enter college for many reasons other than lack of
funds. Dr. Byron Hollinshead, in a recent book Who Should Go To
College, points out that only 13 percent of the top quarter ability high
school graduates fail to enter college because of inadequate finances,
Approximately 30 percent of the graduates in the top group would prob-
ably—under any set of conditions—continue to leave school either to
enter the work force or, in the case of girls, to be married and become
homemakers.

The National Research Council reports that 46 percent of students
who received doctor’s degrees in the sciences from 1936 to 1945 received
their undergraduate training at institutions which did not award the
doctor’s degree in any field of science. Over half of the 46 percent
received their training in only 118 of the 900 4-year colleges which do
not grant the doctor’s degree. The potential capacity of many smaller
schools for interesting students in science careers may not be fully realized.

There is reason to believe that the major difference between the col-
leges, whether large or small, which are productive of scientific talent
and those which are not, lies in the ability of science teachers to inspire,
as well as properly teach, potential scientists. Teachers in the pro-
ductive colleges have shown an active interest in research and ability
to convert this interest into better teaching programs. The Foundation
is attempting to increase the supply of young scientists by improving
the teaching of science.
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INSTITUTES FOR COLLEGE SCIENCE TEACHERS

During the past year the Foundation sponsored four summer institutes
to assist college science teachers in learning more about recent develop-
mentsin their own and allied fields. These included:

1. Colloquium on College Physics, State University of Iowa, June
17-20, 1953. ‘

2. Conference on College Mathematics, University of Colorado,
June 15 through August 8, 1953.

3. Conference on College Biology, University of Oklahoma, June
15-19, 1953.

4. Institute for College Teachers of Physics, University of Minne-
sota, June 15 to July 18, 1953.

The 4 institutes were attended by a total of 250 teachers from small
colleges. The participants came largely from the surrounding regional
areas, although in the case of the mathematics conference at the Univer-
sity of Colorado all sections of the country were represented.

The Colloquium on College Physics, an annual event now in its 15th
year, was developed by G. W. Stewart, head of the Physics Department
(retired), State University of Jowa. The Colloquium consisted of a
series of lectures by leading scientists, followed by discussion periods. A
feature of the program was the exhibition of experimental teaching
devices created by members of the Colloquium.

The purpose and organization of the Conference on College Biology
at the University of Oklahoma were similar. Lectures were given
throughout the week by specialists in several fields of modern biology,
followed by audience participation and discussion.

The Conference on Collegiate Mathematics at the University of
Colorado and the Institute for College Teachers of Physics at the Uni-
versity of Minnesota were of longer duration. At Colorado lectures
were given daily throughout the conference by two outstanding mathe-
maticians. These were supplemented by lectures from a series of
visiting scientists who covered special phases of modern mathematics.
A feature of this institute was the spontaneous organization, by members
of the conference, of an informal group for discussion of problems of

mutual interest, including curricula, methods of teaching, and new
textbooks.
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SCIENCE ACTIVITIES AT SECONDARY SCHOOL LEVEL

The need for effective science teaching at the secondary school leve]
is also acute since it is at the high school age that many students begin
to show an interest in careers in science. It is hoped that ways and
means can be found through the science teachers at the secondary
school level to identify and motivate toward science those students who
should become scientists.

During the past year a grant from the Foundation was awarded to
Science Service, Inc., for the support of Science Clubs of America.
This aid has strengthened materially the programs of the science clubs
and science fairs during the year. In 14 new areas local science fairs
were held and their finalists were able to participate in the Fourth
National Science Fair held at Oak Ridge, Tenn., in May 1953. In
all the Fourth National Science Fair had exhibitors from 29 local fairs.
During the coming year the grant will assist in promoting science fairs
in about 20 additional localities. Part of the grant was used to finance
the compilation and publication of a booklet, Thousands of Science
Projects, prepared to give students and teachers ideas for science projects

that can be undertaken. It is estimated that activities under the grant
benefited over 300,000 members of Science Clubs of America.



EXCHANGE OF SCIENTIFIC INFORMATION

A —

During the year, activities in the exchange of scientific information
included a number of inquiries into various problem areas, limited sup-
port of scientific publication and the dissemination of scientific infor-
mation, and continuation of the program to encourage attendance
of American scientists at international scientific meetings. An Advisory
Panel on Scientific Information was established by the Foundation with
the first meeting scheduled for October 1953.

INFORMATION PROBLEMS

Since the war an increasingly significant body of information has
appeared in scientific and technical reports submitted by recipients of
Federal support for research and development. Normally, such re-
ports are available only to scientists and other persons associated with
Government-sponsored research projects.

When research is classified for security reasons, no other system of
dissemination of scientific information appears practicable. Any limi-
tation upon distribution of information can be detrimental to scientific
progress, however, in the case of unclassified research, where the widest
possible dissemination is desirable. During the year the Foundation
undertook a small-scale study to learn whether the amount of infor-
mation thus buried represents an appreciable problem.

Authors of 95 unclassified reports submitted to defense agencies were
asked if the information contained in the reports had been published
in the open literature. If so, bibliographical references were requested.
Of the 83 replies received, 33 indicated reports had been published in
full, 13 partially published, 13 either in press or in preparation for
publication, and 5 listed as easily available to the public in other forms.
Information in 19 reports had not been and apparently will not be
published. These papers were evaluated and only 1 of the 19 seemed
to be of sufficient general interest to warrant publication.

These preliminary results suggest strongly that the most important
information in unclassified research reports does reach scientists through
established publication channels. If further investigation bears out these
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findings, it may be possible to modify present procedures for distributing
Government reports at considerable savings in effort and cost.

At the request of the Armed Services Technical Information Agency
and the Office of Technical Services, Department of Commerce, the
Foundation is currently reviewing the present program for getting re-
search and development information from defense projects to scientists,
particularly those in industrial laboratories. The present program pro-
vides for public distribution of only about 30 percent of the 12,000
reports annually produced in this area. An attempt is being made to
evaluate the remaining 70 percent to determine their potential value to
science and industry.

SCIENTIFIC PERIODICALS

The scientific journals are, of course, the principal media for exchange
of scientific information and the primary reference tools both for re-
search and education in the sciences. The number of scientific journals
published in the world is in the tens of thousands. The individual scien-
tist depends to a large extent upon abstracting services for wide coverage
of the literature in his field of interest, but such services face formidable
difficulties in keeping track of new and discontinued publications and
publications in other countries, even where no political or security bar-
riers are erected to limit the flow of information.

To assist in this situation a project at the Library of Congress has been
supported for the compilation of current lists of scientific periodicals
published in the United States and the Soviet Union. They will be
published and made available to scientists and scientific services having
need for the information. The list for the United States, now being
edited for publication, includes some 8,000 periodicals and other scien-
tific and technical serial titles.

DISSEMINATION OF INFORMATION ORIGINATING ABROAD

During the year, the Russian science group at Columbia University
received support for compilation of a preliminary edition of a Russian-
English Dictionary of Metallurgical Terms. Copies were distributed to
Federal agencies and a limited number of private individuals working in
the field. These persons were asked to submit corrections and suggested
revisions which will be needed in preparing a final version.

The Columbia group has also undertaken to translate approximately
1,000 pages of current Russian research reports in physics over the next
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year. Limited numbers of the completed translations are printed at
the facilities maintained at Oak Ridge, Tenn., by the United States
Atomic Energy Commission. Copies are distributed to Federal agencies
interested in the material and to some 40 depository libraries throughout
the country. The translations may also be purchased for a nominal
charge at the Office of Technical Services, Department of Commerce.

In the course of preparing translations the Columbia group is com-
piling files of new or unusual Russian terms in physics and related
sciences as the basis for an improved Russian-English glossary of terms
in the physical sciences.

TRANSLATIONS CENTER

A center for holding and photoduplicating foreign scientific trans-
lations has been established by the Foundation in the Science Division of
the Library of Congress. Partial support for the project has been con-
tributed by the Atomic Energy Commission.

Scientific translations for the center are being collected from many
sources, including Government agencies, scientific societies, industrial
laboratories, and universities. Initially, the center has put major em-
phasis upon translations from Russian scientific journals, although it is
hoped eventually to add material from other languages for more com-
prehensive coverage of the world’s scientific literature. Monthly lists
of translations issued by the center include notices of translations that are
available by direct purchase from commercial translating services, but
the center will not supply photocopies of such material. The new serv-
ice has attracted widespread interest, particularly among Federal
agencies and industrial concerns.

AMERICAN SCIENTISTS ATTENDING MEETINGS ABROAD

During the year the Foundation provided assistance to 54 American
scientists, which enabled them to attend important scientific meetings
abroad. ‘This program fosters the exchange of scientific information
for the mutual benefit of all participating nations and provides United
States scientists with direct contact with foreign research activities and
personnel. The benefits from attendance at these meetings accrue to
this country not only in terms of the increased competence of our sci-
entists, but also in terms of the international good will, both scientific
and cultural, which is created.

278626—b54——7F5
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Applications are evaluated and travel grants awarded on the basj
of the scientific competence of the applicant, the nature of the meeting
to be attended, and the potential benefits which will accrue to the sci.
entist, his sponsoring institution, and the meeting as a result of hj;
attendance. ‘



ADMINISTRATION

During the year the National Science Board met 7 times with an
average attendance of 17 members. James B. Conant, an original mem-
ber and first chairman of the National Science Board, resigned from the
Board upon his appointment by the President as United States High
Commissioner for Germany. In early September 1953 the vacancy
created by Dr. Conant’s resignation was filled by the recess appointment
to the Board of Laurence M. Gould, geologist and president of Carleton
College, Northfield, Minn.

The gradual expansion of activity in all programs, necessitated the
addition of 27 employees to the staff, making a total of 113 on duty
by June 30, 1953. Due to this increase the Foundation moved from
9144 California Street NW., to larger quarters in the old Cosmos Club
at 1520 H Street NW. In addition to staff personnel the Foundation
also utilized the services of 177 scientists as consultants and members
of Divisional Committees.

The members of the National Science Board, Divisional Committees,
and advisory panels, and members of the Director’s staff are listed in
appendix I, page 61.

FINANCE

In fiscal year 1953 the Foundation operated with an appropriation
of $4,750,000, an increase of $1,250,000 over 1952. In addition there
was available a carry-over of $34,000 from 1952 making a total of
$4,784,000 available for obligation in 1953. The Foundation’s financial
report for fiscal year 1953 appears in appendix V, page 102.

Funds totaling $300,000 were reserved from 1953 funds for the con-
duct in 1954 of national science policy studies.

For fiscal year 1954 the Congress appropriated $8,000,000 for the
Foundation, which together with the carry-over from fiscal year 1953
makes a total of $8,360,385 available for obligation in 1954. The
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gradual increase in Foundation activity since its inception in 1951 is
shown in the table below.

TasLe VII.—National Science Foundation Appropriation, Fiscal Years

1951-54
Fiscal year: Appropriation Fiscal year: Appropriation
1951 $225, 000 1953 4, 750, 000

1952 3, 500, 000 1954 8, 000, 000




APPENDIX I

NATIONAL SciENCE Boarp, Starr, Divisional. COMMITTEES AND
ADVISORY PANELS

NATIONAL SCIENCE BOARD
Terms Expire May 10, 1954

Lee A. DuBriDGE, President, California Institute of Technology, Pasadena,
Calif. “

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

GeorRGE W. MEerck, Chairman of the Board, Merck & Co., Inc., New
York, N. Y.

Josepu C. Morris,! Head, Physics Department and Vice-President, Tulane
University, New Orleans, La.

MARSTON MorsE, Professor of Mathematics, The Institute for Advanced
Study, Princeton, N. J.

James A. Reyniers,! Director, LOBUND Institute, University of Notre
Dame, Notre Dame, Ind.

E. C. STakman,! Division of Plant Pathology and Botany, University of
Minnesota, St. Paul, Minn.

Patrick H. Yancey, S. J., Professor of Biology, Spring Hill College,
Mobile, Spring Hill Branch, Ala.

Terms Expire May 10, 1956

Joun W. Davis, Director, U. S. Operations Mission to Liberia, American
Embassy, Monrovia, Liberia.

Epwin B. Frep, Vice Chairman of the National Science Board, President,
University of Wisconsin, Madison, Wis.

LAurReNCE M. Gourp,? President, Carleton College, Northfield, Minn.

Paur M. Gross, Vice-President and Dean of Duke University, Duke
University, Durham, N. C.

George D. HuMmPHREY, President, The University of Wyoming, Laramie,
Wyo.

O. W. HymaN, Vice-President, University. of Tennessee, Memphis, Tenn.

! Members of the Executive Committee,
1 Appointed September 1953, to fill unexpired term of James B. Conant.
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FreDERICK A. MmODLEBUSH, President, University of Missouri, Columbia,
Mo.
EarL P. STeEVENsON, President, Arthur D. Little, Inc., Cambridge, Mass,

Terms Expire May 10, 1958

SopHIE D. ABERLE,! Special Research Director, University of New Mexico,
Albuquerque, N. Mex.

Cuester I. BArRNARD.! Chairman of the National Science Board, New
York, N. Y.

RoBerT P. BarNES, Professor of Chemistry, Department of Chemistry,
Howard University, Washington, D. C.

DeTLEv W. BrONK,! Chairman of the Executive Committee of the Board,
President, National Academy of Sciences, Washington, D. C.

Gerty T. Cori, Professor of Biological Chemistry, School of Medicine,
Washington University, St. Louis, Mo.

CuarrEs DoLLARD, President, Carnegie Corp. of New York, New York,
N. Y.

RoserT F. LoEs,! Bard Professor of Medicine, College of Physicians and
Surgeons, Columbia University, New York, N. Y.

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

Ex Officio Member

AraN T. WATERMAN,! Director, National Science Foundation, Washington,
D. C.

STAFF
Director. . ..ot ALAN T. WATERMAN.
Deputy Director. .. ..................... C. E. SUNDERLIN.
Special Assistant to the Director . . . . . . . NEeiL CAROTHERS.
Secretary to the National Science Board . . . . .. VERNICE ANDERSON.
Assoctate Director . . . ................... PauL E. KLOPSTEG.
General Counsel . . . ..................... WiLLiam Jay HorFr.

Assistant Director for Mathematical, Physical, RaymoND J. SEEGER (acting).
and Engineering Sciences.
Program Director for:

Chemistry. . .................. WALTER R. KIRNER.

Earth Sciences. . .. ............. H. Kirk STEPHENSON.
Engincering Sciences. . . .. ....... Rarra A. MORGEN.
Mathematical Sciences. . . . ....... LeoN W. CoHEN.

Physics and Astronomy. . . . . .. ... J. Howarp McMILLEN (acting).

1 Members of the Executive Committee,



THIRD ANNUAL REPORT 63

Assistant Director for Biological and Medical. . H. BURR STEINBACH,
Sciences.

Program Director for:
Developmental, Environmental, and HUuUBERT B. GOODRICH.
© Systematic Biology.
Molecular Biology. ............. WiLiaM V. ConsoLazio.
Psychobiology. . ............... Joun T. WiLson.
Regulatory Biology. ............ Lours LEvin.

Anthropological and Related Sciences. HARRY ALPERT.
Assistant Director for Scientific Personnel and Harry C. KeLLY.
Education.
Program Director for:

Fellowships. . ................. BoweN C. Deks.
Scientific Manpower. . . ......... TaoMAS J. MILLS.
Assistant Director for Program Analysis. . . . . Raymonp H. EweLL,
Study Director for:
Government Research. . ........... CHARLES G. GANT.
Nonprofit Institutions. . ........... Ricuarp G. Axr.
Soctal Science Research. ........... HARRY ALPERT.
Assistant Director for Administration. . . . .. .. WiLsoN F. Harwoob.
Head, Office of Scientific Information. ... ROBERT TUMBLESON.
Fiscal Officer...................... FrRANKLIN C. SHEPPARD.
Grants Administrator. .. ............. FRANKLIN J. CALLENDER.
Administrative Officer . . . . ........... T. MarL HEMPHILL.
Personnel Officer. . . ................ Leranp P. Deck.

DIVISIONAL COMMITTEES

Divisional Committee for Biological Sciences

MarsToN BATEs, Researcher, Department of Zoology, University of Michi-
gan, Ann Arbor, Mich.

George W. BeabprLe, Director, The Kerckhoff Biological Laboratories,
California Institute of Technology, Pasadena, Calif.

DonaLp P. CosteLro, Chairman, Department of Zoology, University of
North Carolina, Chapel Hill, N. C.

WaLrace O. Fenn, School of Medicine and Dentistry, University of
Rochester, Rochester, N. Y.

Jackson FosTER, Professor of Bacteriology, University of Texas, Austin,
Tex.

Frank A. Gerparp, Psychological Laboratory, University of Virginia,
Charlottesville, Va.

THEODOR Just, Chief Curator, Department of Botany, Chicago Natural
History Museum, Chicago, IlI. ’
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Joun S. Nicroras, Director and Chairman, Osborn Zoological Labora.
tory, Yale University, New Haven, Conn.

HuserT B. Vickery, Director, Connecticut Agricultural Experiment Sta.
tion, New Haven, Conn.

Doucras M. WHITAKER, Provost, Stanford University, Stanford, Calif.

Divisional Committee for Mathematical, Physical, and Engineering Sciences

A. ApriaN ALBERT, Department of Mathematics, The University of Chi.

- cago, Chicago, Il

Jesse W, Beawms, Chairman, School of Physics, University of Virginia,
Charlottesville, Va.

W. L. Everrrt, Dean, College of Engineering, University of Illinois, Ur-
bana, Il

Leo GoLpBERG, Department of Astronomy, University of Michigan, Ann
Arbor, Mich.

MorrouGH P. O’BriEN, Chairman, Department of Engineering, Univer.
sity of California, Berkeley, Calif.

GEoORrRGE B. PEGrAM, Department of Physics, Columbia University, New
York, N. Y.

CuarLes C. Price, Department of Chemistry, University of Notre Dame,
Notre Dame, Ind.

WiLLiam W. Rusey, Principal Geologist, U. S. Geological Survey, Wash-
ington 25, D. C.

CyriL STANLEY SwmiTH, Director, Institute for the Study of Metals, The
University of Chicago, Chicago, Ill.

SAaMUEL S. WiLks, Princeton University, Princeton, N. J.

E. BricuT WiLsoN, Jr., Department of Chemistry, Harvard University,
Cambridge, Mass.

Divisional Committee for Medical Research

FrANK BrINg, JRr., Department of Biophysics, Johns Hopkins University,
Baltimore, Md.

BerNARD D. Davis, U. S. Public Health Service, Tuberculosis Research
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APPENDIX 11
RESEARCH SUPPORT PROGRAM
BASIC RESEARCH GRANTS AWARDED IN FISCAL YEAR 1958

Astronomy

University or Cuicaco, Chicago, Ill.; W. W. Morgan and B. Stromgren, Yerkes
Observatory; Interstellar Hydrogen Emission Regions; 18 months; $7,300.

Umiverstty oF CiNciNNATI, Cincinnati, Ohio; P. Herget, Cincinnati Observatory;
Orbits of the Minor Planets; 1 year; $5,500.

Harvarp University, Cambridge, Mass.; B. J. Bok, Harvard College Observatory;
Radio Astronomy in the Microwave Region; 2 years; $32,000.

VANDERBILT UNIversiTy, Nashville, Tenn.; C. K. Seyfert, Barnard Observatory;
Galactic Structures and Eclipsing Variable Stars; 2 years; $12,000.

UNiversiTy oF VIRGINIA, Charlottesville, Va.; H. L. Alden, Leander McCormick
- Observatory; Astrometric Studies of Selected Stars; 2 years; $10,000.

University oF WisconsiN, Madison, Wis.; A. E. Whitford, Washburn Observatory;
Structure of the Southern Milky Way as Outlined by O and B Stars; 1 year; $10,000.

Yare UniversiTy, New Haven, Conn.; R. Wildt, Yale University Observatory; Solid
Hpydrogen in the Planets; 18 months; $4,200.

Chemistry

UNIvERSITY OF CALIFORNIA, Berkeley, Calif.; W. G. Young, Department of Chemistry;
Displacement Reactions Involving Allylic Systems; 2 years; $14,000.

UNIVERSITY OF SOUTHERN CALIFORNIA, Los Angeles, Calif.; N. Kharasch, Department
of Chemistry; Free Radical Reactions of Sulfenyl Halides; 1 year; $2,500.

Unaversity oF CoLorapo, Boulder, Colo.; R. N. Keller, Department of Chemistry;
Low Count-Rate Techniques in Radiocarbon Datmg, 1 year; $9,000.

CornNELL UNIVERSITY, Ithaca, N. Y.; D. F. De Tar, Department of Chemistry; Mec}zam:m
of Reactions of Aromatic Rings with Free Radical Intermediates; 1 year; $8,000.

UNiversITY oF DELAWARE, Newark, Del.; E. Dyer, Department of Chemistry; Effect of
Oxygen on Vinyl Compounds in the Presence of Free Radicals; 1 year; $6,400.

Duke Untversrty, Durham, N. C.; F. London, Department of Chemistry; Theoretical
Investigations of Low Temperature Phenomena; 18 months; $4,500.

Harvarp University, Cambridge, Mass.; F. C. Uhle, Department of Pharmacology;
Chemistry of Ergot Alkaloids; 1 year; $12,000.

HowaArp UNiversiTy, Washington, D. C.; L. N. Ferguson, Department of Chemistry;
Study of Aromatic Bromination; 1 year; $6,100.

UniversiTy oF ILrivoss, Urbana, IlL.; J. C. Bailar, Jr., Department of Chemistry; Metal
Complexes in Resolution of Optically Active Organic Substances; 1 year; $5,000.
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University oF IruiNom, Urbana, Iil.; H. A. Laitinen, Department of Chemistry;
Adsorption Processes at Electrode Surfaces; 1 year; $5,000.

UniverstTy oF ILLiNois, Urbana, Ill.; H. R. Snyder, Department of Chemistry; Alkaloids
of Haplophyton Cimicidum; 1 year; $9,500.

Jomnis Hoprkins UNIVERSITY, Baltimore, Md.; A. H. Corwin, Department of Chemistry;
Synthetic Studies on Chlorophyll; 2 years; $13,200.

Kansas STATE COLLEGE OF AGRICULTURE AND APPLIED SCIENCES, Manhattan, Kans.;

S. Searles, Jr., Department of Chemistry; Reactions of Some Substituted Trimethylene
Oxides; 3 years; $8,100.

MicmicaN STATE CoLLEGE, East Lansing, Mich.; K. G. Stone, Department of Chemistry;
Quantitative Oxidation-Reduction in Non-Aqueous Media; 1 year; $3,100.

MississtppI STATE COLLEGE, State College, Miss.; L. C. Behr, Department of Chemistry;
Position Isomerism in the Azoxybenzenes; 1 year; $3,000.

Mount HoLvoke CoLLEGE, South Hadley, Mass.; L. W. Pickett, Department of Chem-
istry; Vacuum Ultraviolet Spectra of Selected Organic Compounds; 1 year; $7,400.

UniversiTY oF NorTH DaKoTA, Grand Forks, N. Dak.; R. G. Severson, Department of
Chemistry; Preparation and Properties of Certain Substituted Organosilanes; 1 year; $3,300.

NoORTHWESTERN UNIVERSITY, Evanston, IlL.; R. L. Burwell, Jr., Department of Chemistry;
Relative Reactivities of Various Radicals by Cleavage Reactions of Ethers; 2 years; $7,000.

NORTHWESTERN UNIVERsITY, Evanston, Ill.; A. A. Frost, Department of Chemistry;
Molecular Potential Energies; 2 years; $13,000.

RENSSELAER PoryTeEcHNIC InsTiTUTE, Troy, N. Y.; S. Ross, Department of Chemistry;
Adsorption of Pure Hydrocarbons on Ionic Crystal Surfaces; 1 year; $4,800.

St. Jonn’s UNIVERsITY, Brooklyn, N. Y.; H. A. Horan and J. A. Skarulis, Department
of Chemistry; Correlation of Structures and Properties of Some Alums; 1 year; $3,800.

Syrr CoLLEGE, Northampton, Mass.; M. D. Soffer, Department of Chemistry; Syn-
thetic and Structural Investigations in the Sesquiterpene Series; 2 years; $8,800.

UNIVERSITY OF SouTH CAROLINA, Columbia, S. C.; H. W. Davis, Department of Chem-
istry; Decomposition of Benzopl Peroxide in 1,4-Epoxycyclohexane; 6 months; $2,400.

University or UTtan, Salt Lake City, Utah; H. Eyring, Department of Chemistry;
Theory of Reaction Rates; 2 years; $18,000.

WasHINGTON UNIVersiTy, St. Louis, Mo.; A. C. Wahl, Department of Chemistry;
Kinetic Studies of Oxidation-Reduction Reactions; 1 year; $9,500.

Wayne University, Detroit, Mich.; C. Djerassi, Department of Chemistry; Application
of Rotatory Dispersion to Steroids; 18 months; $9,500.

WesT Vircinia UNIVERSITY, Morgantown, W. Va.; J. B. Hickman, Department of
Chemistry; Binary Liquid Mixtures of Fluorocarbons, Halides and Hydrocarbons; 1 year;
$3,600.

UnNIversiTy oF WisconsiN, Madison, Wis.; W. S. Johnson, Department of Chemistry;
Synthesis of Structures Related to the Steroids; 18 months; $6,000.

Developmental Biology

UnNiversiTY or CHicAGo, Chicago, IiL.; E. C. Olson, Department of Geology; Biometrical
Study of Evolution; 3 years; $25,200.

University o Cuicaco, Chicago, Ill.; S. L. Washburn, Department of Anthropology;
Growth of the Brain Case; 1 year; $3,900
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UNIVERSITY OF VIRGINIA, Charlottesville, Va.; M. S. McKeehan, Department of Med;.
cine; Growth and Differentiation in the Developing Lens of the Chick Embryo; 2 years; $5,400,

Yare University, New Haven, Conn.; J. P. Trinkaus, Osborn Zoological Laboratory;
Tissue Differentiation and Transformation; 2 years $5,100.

Earth Sciences

Coruvmeia University, New York, N. Y.; J. L. Kulp, Lamont Geological Observatory;
Carbon 14 Measurements of Ocean Floor Sediments; 1 year; $16,000.

UniversiTy o Miamr, Coral Gables, Fla.; I. Hela, Marine Laboratory; Ocean Currents
in the Cape Hatteras-Bermuda-Bahamas Area; 6 months; $1,450.

Omio DEPARTMENT OF NATURAL RESOURCES, Columbus, Obio; G. N. Cady, Division of
Geological Survey; Petrographic Constitution of Ohio Coals; 2 years; $24,000.

TempLe UNnivErsity, Philadelphia, Pa.; A. V. Grosse, Research Institute of Temple
University; Investigation of Natural Tritium Content in Various Waters; 1 year; $10,300.

WasHINGTON UNIVERSITY, St. Louis, Mo.; H. N. Andrews, Jr., School of Botany; Studies
of Coal Ball Floras from the Central Coal Fields of the United States; 1 year; $2,700.

UNIVERSITY OF WASHINGTON, Seattle, Wash.; T. J. Chow and T. G. Thompson, Depart-
ment of Oceanography; Distribution of Some Minor Constituents of Sea Water; 2 years;
$11,700.

Engineering

University oF CALIFORNIA, Berkeley, Calif.; F. E. Romie, Department of Engineering;
Heat Transfe to Fluids in Pulsating Flow; 18 months; $8,400.

CrarksoN CoLLEGE oF TECHNoOLOGY, Potsdam, N. Y.; H. L. Shulman, Department of
Chemical Engineering; Determination of Interfacial Area in Packed Absorption and Distillation
Columns; 15 months; $10,200.

GEeorRGE WasHINGTON UNIVERsITY, Wasbington, D. C.; B. D. Greenshields, Department
of Civil Engineering; Mathematical Models for Traffic Patterns; 18 months; $8,000.

ILLiNors INsTiTUTE oF TECHNOLOGY, Chicago, Ill.; M. Jakob, Department of Mechanical
Engineering; Fundamental Studies in Boiling; 1 year; $9,000.

Lemcr UNIVERsITY, Bethlehem, Pa.; A. C. Zettlemoyer, Department of Chemistry;
A Study of Mixed Vapor Adsorption; 1 year; $5,600.

Louisiana STATE COLLEGE, Baton Rouge, La.; J. Coates, Engineering Experiment
Station; Thermal Conductivity of Pure Liquids and Solutions as a Function of Temperature;
1 year; $10,500.

M AsSACHUSETTS INsTITUTE OF TECHNOLOGY, Cambridge, Mass.; M. C. Shaw, Mechanical
Engineering; An Investigation of the Stress and Energy Characteristics of Brittle Materials
During Comminution; 1 year; $5,500.

MassacHUSETTs INsTITUTE oF TECHNOLOGY, Cambridge, Mass.; T. K. Sherwood, De-
partment of Chemical Engineering; Mechanism of Mass Transfer With Chemical Reaction;
18 months; $4,600.

UNIVERSITY OF MINNESOTA, Minneapolis, Minn.; H. S. Isbin, Department of Chemical
Engineering; Natural Convection Studies in Regions of Maximum Fluid Densities; 18 months;
$5,000.

NORTHWESTERN UNIVERsITY, Evanston, Ill.; A. B. Bronwell, Department of Electrical
Engineering; Theoretical and Experimental Studies of a New Type of Microwave Detector;
1 year; $11,000.

PENNSYLVANIA STAaTE CoLLEGe, State College, Pa.; A. Rose, Department of Chemical
Engineering; Mass Transfer in Simple Two-Phase Systems; 1 year; $8,800.
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puroue ResearcH FounpaTion, Lafayette, Ind.; J. E. Goldberg, Engineering Experi-
ment Station; Relation of Residual Stresses to the Compressive Strength of Structural Steel
Columns; 1 year; $9,000.

Purpuve ReseArcH FounpaTion, Lafayette, Ind.; W. L. Sibbitt and G. A. Hawkins,
Department of Mechanical Enginecering; Experimental Determination of Viscosity of
Steam over Wide Ranges of Temperatures and Pressures; 1 year; $9,000.

RensseLAER PoLyTecHNIC INsTITUTE, Troy, N. Y.; J. O. Hougen, Department of Chem-
ical Engineering; Kinetic Research in the Field of Reduction of Tungsten Oxide with Hydrogen;
18 months; $4,000.

UNIVERSITY OF TENNESSEE, Knoxville, Tenn.; H. J. Garber and F. N. Peebles, Depart-
ment of Engineering; Mass Transfer in Liquid-Gas Bubble Systems; 2 years, $6,700.

WasHINGTON UNIVERsITY, St. Louis, Mo.; M. Stippes, Department of Applied Me-
chanics; Large Deflections of Flat Plates; 18 months; $6,000.

UNIVERSITY OF WisconsiN, Madison, Wis.; O. A. Hougen and W. R. Marshall, Depart-
ment of Chemical Engineering; Transport Properties of Fluids Related to the Separation
Processes of Chemical Engincering; 2 years; $16,000.

UniversITY oF WyowMmiNg, Laramie, Wyo.; H. S. Sweet, Department of Civil Engineer-
ing; Application of Nuclear Radiations to Properties of Engineering Materials; 18 months;
$8,000.

Environmental Biology

CatHoLic UNIVERSITY OF AMERICA, Washington, D. C.; M. Gusinde, Department of
Anthropology; Demography and Physiology of South African Bushmen; 1 year; $4,500.

Woobps HoLe OceanoGrAPHIC INsTITUTION, Woods Hole, Mass.; J. H. Ryther; Etiology
of Plankton Blooms; 1 year; $3,000.

Genetic Biology

University or Cuicaco, Chicago, Ill.; J. R. Raper and J. P. San Antonio, Department
of Botany; Naturally Occurring Filtrable Mutagens in Schizophyllum; 2 years; $11,000.

State University or Iowa, Iowa City, Iowa; E. Witschi, Department of Zoology;
Natural Causes of Teratogenesis; 3 years; $34,500.

University ofF MarYLAND, College Park, Md.; D. T. Morgan, Jr. and R. D. Rappleye,
Department of Botany; Effect of X-Ray on Embryonic Development in Plants; 3 years;
$12,000.

UNIVERSITY OF MIcHIGAN, Ann Arbor, Mich.; D. L. Nanney, Department of Zoology;
Protozoan Genetics; 3 years; $10,000. )

UNiversiTY or PENNSYLVANIA, Philadelphia, Pa.; J. R. Preer, Jr., Department of Zoology;
Genetic Cytoplasmic Factors in Paramecium; 1 year; $4,600.

Stanrorp UniversiTy, Stanford, Calif.; W. C. Steere, Department of Biological Sci-
ences; Cytology of Bryophytes; 3 years; $10,600.

UNiversiTy or TExAs, Austin, Tex.; W. F. Blair, Department of Zoology; Interbreeding
of Vertebrate Populations; 3 years; $18,000.

Mathematics

Brown UNIVERsITY, Providence, R. I.; H. Federer, Department of Mathematics;
Investigations into the Theory of Measure and Area; 1 year; $3,500.

Brown University, Providence, R. I.; D. Gale, Department of Mathematics; Mathe-
matical Theory of Economic Models and Related Topics; 1 year; $2,800.
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Brown Universrty, Providence, R. L.; B. Jonsson, Department of Mathematics; Fre,
Lattices and Decision Problems for Modular Lattices; 1 year; $3,000.

UniversiTy or Cricaco, Chicago, Ill.; R. Carnap, Department of Philosophy; Develop.
ment of a New Theory of Probability; 1 year; $6,400.

Corumsia Untversity, New York, N. Y.; C. Chevalley, Department of Mathematics;
Methods of Laurent Schwartz in the Theory of Distributions; 1 year; $4,100.

Corumsia University, New York, N. Y.; E. R. Kolchin, Department of Mathematics;
Topics in the Galois Theory of Differential Fields; 1 year; $5,100.

CorneLL UniversiTy, Ithaca, N. Y.; P. Olum, Department of Mathematics; Homotopy
Types of Topological Spaces; 1 year; $5,000.

University oF Iiiinoss, Urbana, Ill.; P. T, Bateman, Department of Mathematics;
Goldbach Problem in Algebraic Number Fields; 1 year; $5,100.

UniversiTy oF ILuinois, Urbana, I1L; J. Mitchell, Department of Mathematics; Research
in the Geometry of Matrices; 1 year; $3,000.

State UNIVERsITY oF Iowa, Iowa City, Iowa; H. T. Muhly, Department of Mathe-
matics; Numerical Characters of Local Rings and Some Relative Invariants of Algebraic Surfaces;
8 months; $1,700.

UNIVERSITY OF MICHIGAN, Ann Arbor, Mich.; W, Kaplan, Department of Mathematics;
Investigation of Problems in Theory of Functions of a Complex Variable; 18 months; $5,400.
UNIVERSITY OF PENNSYLVANIA, Philadelphia, Pa.; R. D. Schafer, Department of Mathe-

matics; Non-Associative Algebras; 1 year: $4,200.

PrINCETON UNIVERsITY, Princeton, N. J.; N. E. Steenrod, Department of Mathematics;
Homology Groups of the Symmetric Groups; 6 months; $3,000.

UNIVERSITY OF SOUTHERN CALIFORNIA, Los Angeles, Calif.; L. A. Henkin, Department
of Mathematics; Formal Systems and Their Mathematical Models; 1 year, $4,000.

UNIVERSITY OF VIRGINIA, Charlottesville, Va.; E. J. McShane, Department of Mathe-
matics; Partially Ordered Spaces; 6 months; $7,600.

UNIVERSITY OF WASHINGTON, Seattle, Wash.; F. H. Brownell, Department of Mathe-
matics; A General Theory of Operators with Applications to Partial Differential Equations and
Potential Theory; 1 year; $9,600.

WasHINGTON UNivErsiTy, St. Louis, Mo.; H. M. Elliott, Department of Mathematics;
Approximation by Rational Functions to Harmonic and Analytic Functions; 1 year; $2,900.

UNIVERSITY OF WiIscoNsIN, Madison, Wis.; R. H. Bing, Department of Mathematics;
Imbedding Sets in Manifolds; 10 months; $3,100.

UNIVERSITY OF WiscoNsiN, Madison, Wis.; L. C. Young, Department of Mathematics;
Existence of Solutions in the Calculus of Variations; 1 year $5,700.

Microbiology

UniversiTy OF CALIFORNIA, Berkeley, Calif.; D. M. Reynolds, Department of Bacteri-
ology; Microbiological Aspects of Chitin Decomposition; 2 years; $7,000.

UniversiTy oF Iruinoss, Urbana, Ill.; W. A, Wood, Department of Dairy Science;
Pathways of Carbohydrate Oxidation in Aerobic Bacteria; 3 years; $17,500.

Inp1aNA UNIVERSITY, Bloomington, Ind.; E. D. Weinberg, Department of Bacteriology;
Nutritional Basis of Antibiotic Action; 2 years; $4,500.

University oF NorTH CaroLiNg, Chapel Hilly N. C.; V. M. Cutter, Jr., Department

of Biology, The Woman’s College at Greensboro, N. C.; Isolation and Culture of Plant
Rusts; 3 years; $9,300.
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UNIVERSITY OF PENNSYLVANIA, Philadelphia, Pa.; D. J. O’Kane, Department of Botany;
Enzymes in Metabolism of Microorganisms; 3 years; $24,000.

Sr. Joun’s UNIvERsITY, Brooklyn, N. Y.; D. M. Lilly, Department of Biology; Nuirition
and Growth of Suctorian Protozea; 1 year; $4,000. ’

UniversiTy OF TExas, Austin, Tex.; J. Meyers, Department of Zoology; Physiology of
Blue-Green Algae; 2 years; $10,000.

SraTE COLLEGE oF WasHINGTON, Pullman, Wash.; R. E. Hungate, Department of
Bacteriology and Public Health; Microbiology and Biochemistry of the Rumen; 3 years;
$17,800.

yare Universrry, New Haven, Conn.; H. P. Treffers, Department of Microbiology;
Microbial Resistance to Drugs and Antibiotics; 2 years; $13,500.

Molecular Biology

UNIVERSITY OF CALIFORNIA, Berkeley, Calif.; A. L. Black, School of Veterinary Medicine,
College of Agriculture; Biosynthesis of Amino Acids in Dairy Cows; 2 years; $6,900.

CONNECTICUT AGRICULTURAL ExXPERIMENT STATION, New Haven, Conn.; H. B. Vickery,
Metabolism of Organic Acids of Leaves; 3 years; $24,500.

Harvarp UNiversiTy, Cambridge, Mass.; F. H. Westheimer, Department of Chemistry;
Chemical Models of Enzyme Systems; 15 months; $6,000.

State Unrversity or Iowa, Iowa City, Iowa; C. Tanford, Department of Chemistry
and Chemical Engineering; Physico-Chemical Investigation of Protein Molecules; 2 years;
$9,000.

StatE UNIVERSITY OF NEw YORK, Albany, N. Y.; R. A. Turner, Department of Bio-
chemistry, College of Medicine, Brooklyn, N. Y.; Chemical Structure of Peptides and
Proteins; 3 years; $15,000.

ReTiNa FounDATION, Boston, Mass.; M. A. Jakus, Fibrous Components of the Eye; 2 years;
$8,000.

University oF TeNnNessee, Knoxville, Tenn.; R. E. Koeppe, School of Biological
Sciences; Precursors of the Carbons of Glutamic Acid; 2 years; $8,000.

Turts CoLLEGE, Medford, Mass.; H. Z. Sable, Tufts College Medical School; Interme-
diary Metabolism of Nucleic Acid Fragments; 1 year; $5,700.

Yare University, New Haven, Conn.; J. S. Fruton, Department of Ph siological
Chemistry; Hydroxyamino Acids in Protein Structure; 3 years; $30,000.

YaLe University, New Haven, Conn.; G. E. Hutchinson, Department of Zoology;
Amino Acids in Lake Waters, Organisms and Sediments; 1 year; $1,000.

Yare University, New Haven, Conn.; J. M. Sturtevant, Department of Chemistry;
Calorimetric Investigations of Proteins; 3 years; $20,700.

Physics

Bricuam Youne UNIVERsITY, Provo, Utah; H. Fletcher, Department of Physics; Re-
search in Musical Acoustics; 1 year; $10,000.

UNIVERsITY OF CALIFORNIA, Berkeley, Calif.; L. B. Loeb, Department of Physics; Re-
search in the Field of Gaseous Electronics; 1 year; $4,000.

Carnecie InstrTuTE OF TECHNOLOGY, Pittsburgh, Pa.; S. DeBenedetti and R. Siegel,
Department of Physics; Electronic States in Solids and in Chemical Compounds with the
Method of Observations on Positron Annikilation Radiations; 1 year; $10,000.



78 NATIONAL SCIENCE FOUNDATION

Unxtversity or CHicago, Chicago Ill.; M. G. Inghram, Department of Physics; May;
Spectrometric Investigations; 1 year; $20,000.

Universtty o CoLorapo, Boulder, Colo; W. B. Pictenpol, Department of Physic;
Solar Radiation in 2100 Angstrom Region; 1 year; $6,900.

Corumsia University, New York, N. Y.; H. M. Foley, Department of Physics; Theoretical
Analysis of Hyperfine Structure Problems; 1 year; $10,100.

Duke University, Durham, N. C.; M. M. Block, Department of Physics; Aass and
Momentum Spectra and Interactions of Charged Cosmic-Ray Particles; 2 years; $15,000.

FLORIDA STATE UniversrTy, Tallahassee, Fla.; G. Schwarz and G. Rogosa, Department
of Physics; Anomalous Transmission of Radiation Through Single Crystals at the Bragg Angle;
2 years; $16,800.

Georcia InsTrTUTE OF TECHNOLOGY, Atlanta, Ga.; L. D. Wyly, Department of Physics;
Augular Correlation Between Nuclear Radiations; 1 year; $7,000.

Universtty oF ILLiNois, Urbana, Ill.; R. Maurer, Department of Physics; Low Temper.
ature Electronic Phenomena in Solids; 2 years; $9,200.

InpiIANA UNIversiTy, Bloomington, Ind.; E. J. Konopinski, Department of Physics;
Theory and Interpretation of the Interaction of Elementary Particles; 2 years; $30,000.

Lemiox UNIVERSITY, Bethlehem, Pa.; P. Havas, Department of Physics; Theoretical Study
Concerning the Nature and Interaction of Fundamental Particles; 1 year; $4,300.

Louisiana State UNIVERSITY, Baton Rouge, La.; J. M. Reynolds, Department of Physics;
Measurements on the Hall Effect and Magneto-Resistance of Graphite and Bismuth; 1 year;
$11,800.

MassacuuseTTs INsTITUTE OF TECHNOLOGY, Cambridge, Mass.; B. E. Warren, Depart.
ment of Physics; Elastic Spectrum of Solids by the Measurement of the Temperature Diffuse
Scattering of X-Rays; 2 years; $12,400.

UNIVERSITY OF MINNESOTA, Minneapolis, Minn.; A. O. C. Nier, Department of Physics;
Atomic Mass Determinations with Double-Focusing Mass Spectrometer; 2 years; $45,000.

NorTHWESTERN UNIVERSITY, Evanston, Ill.; J. A. Marcus, Department of Physics; In-
vestigation of the Hall Effect in Metal Single Crystals at Low Temperatures; 1 year; $9,000.

Onio State University, Columbus, Ohio; A. N. Dingle, Department of Physics;
Physics of Natural and Artificial Precipitation; 2 years; $14,900,

University oF OREGON, Eugene, Oreg.; S. Y. Ch’en, Department of Physics; Shift and
Broadening of Spectral Lines Under High Pressures of Foreign Gases; 3 years; $18,900.

UNIvERsITY OF PENNSYLVANIA, Philadelphia, Pa.; B. Chance, Johnson Foundation;
Physical Methods for the Measurement of Biological Phenomena; 3 years; $8,800.

UNivERsiTY OF PITTSBURGH, Pittsburgh, Pa.; P. M. Stehle, Department of Physics;
Theoretical Study of Positron Annihilation in Matter; 1 year; $5,900.

St. Lours UNIveRsITY, St. Louis, Mo.; H. U. Rhoads, Department of Physics; Structure of
Evaporated Metal Films as a Function of Film Thickness; 1 year; $2,900.

WESTERN RESERVE UNIVERSITY, Cleveland, Ohio; R. G. Winter, Department of Physics;
Double Beta Decay; 1 year; $9,500.

Psychobiology

' BrowN Universtry, Providence, R. I.; C. Pfaffmann, Department of Psychology;
Psychophysiology of the Chemical Senses; 3 years; $16,300,

CorneLL Unrversity, Ithaca, N. Y.; H. E. Evans, Department of Entomology; Be-
havior Patterns of Solitary Hymenoptera; 3 years; $7,900.

University or Kansas, Lawrence, Kans.; C. D. Michener, Department of Entomology;
Origin and Evolution of Caste Behavior Among'Certain Bees;}2 years; $13,500.
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UNIVERSITY OF MICHIGAN, Ann Arbor, Mich.; E. L. Walker, Department of Psychology;
Comparison of Conditioning Techniques in Learining; 2 years; $14,000.

SranrorD UNiversrTy, Stanford, Calif.; C. P. Stone, Department of Psychology; Be-
havior of Hypophysectomized Rats; 2 years; $7,400.

" STATE COLLEGE OF WaSHINGTON, Pullman, Wash.; D. Ehrenfreund, Department of
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Yare University, New Haven, Conn.; F. A. Logan, Department of Psychology;
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YaLe University, New Haven, Conn.; H. E. Rosvold, Department of Psychiatry;
Brain Functions in the Behavior of Infra-Human Primates; 2 years; $25,600.

Regulatory Biology

AntiocH CoLLEGE, Yellow Springs, Ohio; P. Feigelson, Department of Biochemistry;
Adaptive Enzyme Formation in Mammals; 2 years; $8,500.

CaLFORNIA INsTITUTE OF TECHNOLOGY, Pasadena, Calif.; A. W. Galston, Division
of Biology; Light Controlled Growth Reactions in Plants; 2 years; $11,000.

UNIVERSITY OF hArmnn\nA Rnrlrplpv r‘nhf T . H, 'Rn"nr‘r npnarfmpht of Zogleg\ln

Neurological Study of Ammal Respon.m to Irfmred Radiation; 3 years; $15,000.

| S - e o Puo, [y P e’ H l.' Y LY Qoo Thommmidcan vaade of A mbmannce

University oF CALIFORNiA, Berkeley, Califl; C. H. oawycx, Lcpartment o Anatomy,

School of Medicine, Los Angeles, Calif.; Hormonal Control of Enzymal Synthesis; 1 year;
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INpIANA UNIVERsITY, Bloomington, Ixid.; W. R. Breneman, Department of Zoology;
Reciprocal Endocrine Inieraciions in the Chick; 3 years; $14,000.

HArRVARD UNIvErsiTy, Cambridge, Mass.; L. R. Cleveland, Biological Laboratories;
Molting Hormone and its Effect on Cells; 3 years; $23,500.

Harvarp UNiversiTy, Cambridge, Mass.; K. V. Thimann and R. H. Wetmore,
Biological Laboratories; Growth and Differentiation in Plants; 3 years; $34,700.

UNIversiTy oF MarvyLanp, College Park, Md.; M. J. Pelczar, Jr., Department of
Bacteriology; Microbiological Degradation of Lignin; 1 year; $5,000.

UNIvERsITY OF MINNESOTA, Minneapolis, Minn.; P. D. Boyer, Division of Agricultural
Biochemistry; Function of Sulfrydryl Groups in Enzymes; 3 years; $18,200.

UniversiTy OF PENNsyLvania, Philadelphia; Pa.; H. Borei, Department of Zoology;
Biochemistry and Biophysics of the Fertilization Process, 1 year; $8,000.
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ology, School of Medicine; Regulation of Food Intake by the Central Nervous System; 3 years;
$14,500.

Purbue ResearcH FounpaTtion, Lafayette, Ind.; H. Beevers, Department of Biological
Sciences; Fat Metabolism in Seeds and Seedlings; 2 years; $5,000.

VanpereiLT UNiversity, Nashville, Tenn.; F. R. Blood, Department of Biochemistry,

School of Medicine; Biochemistry and Nutrition of the Bat; 2 years; $9,500.
Woobps Hore OceanocrapPuiC INsTITUTION, Woods Hole, Mass.; P. F. Scholander;
Mechanism of Buoyancy Control of Fish; 1 year; $4,000.

Systematic Biology

F. Harprer, Mt. Holly, N. J.; Study of Nueltin Lake, Keewatin; 1M years; $7,000.
W. H. Hopgk, Silver Spring, Md.; Flora of Dominica, B. W. I., 1 year; $1,700.

Acapemy oF NATURAL SciENCEs OF PHILADELPHIA, Philadelphia, Pa.; R. Patrick,
Curator of Limnology; Fresh-Water Diatoms of the United States; 3 years; $31,500,
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UniversiTy oF ARizoNA, Tucson, Ariz.; E. L. Cockrum, Department of Zoology;
Mammals of Arizona; 3 years; $5,000.

Bernice P. Bisnor Museum, Honolulu, T. H.; J. L. Gressitt, Department of Entomology;
Insects of Micronesia; 18 months; $15,200.

BricuaM Youne University, Provo, Utah; V. M. Tanner, Department of Zoology;
Weevils of Western United States; 1 year; $2,400.

Darrmoutr Correce, Hanover, N. H.; H. Croasdale, Department of Zoology; Fresh-
water Algae of Alaska; 1 year; $2,500.

Courece or New RocurrLe, New Rochelle, N. Y.; M. D. Rogick, Department of
Biology; Bryozoa of the Antarctic; 1 year; $2,300.

Purpue ResearcH FounpaTion, Lafayette, Ind.; J. S. Karling, Department of Biologi-
cal Sciences; Taxonomy of the Genus Synchytrium; 3 years; $7,500.

SmrrasoNiaN InstrTUTION, Washington, D. C.; A. C. Smith, Division of Phanerogams;
Descriptive Flora of the Fiji Islands; 1 year; $5,000.

Soutr DakoTa ScrooL oF Mines anp TecuNnoLocy, Rapid City, S. Dak.; J. R. Mac-
donald, Museum of Geology; Study of the North American Anthrocotheres; 1 year; $2,100.

Stanrorp UniversiTy, Stanford, Calif; W. C. Steere, Department of Biological Sciences;
Bryophytes in Arctic Alaska; 1 year; $3,500.

Untverstty oF Tennessee, Knoxville, Tenn.; L. R. Hesler, Department of Botany;
Southern Appalachian Fungi, with Special Reference to the Basidiomycetes; 2 years; $5,000.
UTan STATE AGRICULTURAL COLLEGE, Logan, Utah; A. H. Holmgren, Curator, Inter-

mountain Herbarium; Intermountain Flora; 2 years; $4,000.

Universtty or Uran, Salt Lake City, Utah; S. D. Durrant, Department of Vertebrate
Zoology; Mammals of Isolated Mountains of Southern Utah; 2 years; $5,000.

General

UNIvERSITY OF CALIFORNIA, Berkeley, Calif,, S. F. Cook and N. Pace, Department of
Physiology, School of Medicine; Operating Expenses of the White Mountain High Altitude
Research Station; 3 years; $32,800.

MariNe BiorocicaL LaBoraTORY, Woods Hole, Mass.; P. B. Armstrong; Research in
Marine Biology; 2 years; $20,000.

WOoRCESTER FOUNDATION FOR EXPERIMENTAL BioLocy, Shrewsbury, Mass.; G. Pincus,
Director of Laboratories; Analysis of Steroids by Ultra-Violet Spectroscopy; $10,000.
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CoNTRACTS AND GRANTS OTHER THAN RESEARCH AWARDED IN FscAL
YEAR 1953

Studies tn Science

AmHERST COLLEGE, Amherst, Mass.; Conference on Physics Research in Colleges; $3,765.

Universtty oF Cmicaco, Chicago, Ill; H. C. Urey, Institute for Nuclear Studies;
Conference on Abundance of the Elements; $4,000.

Corumeia Universrty, New York, N. Y.; Symposium on the Biochemical and Physiological
Interrelationships of Glutathione; $8,200.

Duke University, Durham, N. C.; Conference on Cosmic Rays; $8,500.
UNIVERSITY OF MIcHIGAN, Ann Arbor, Mich.; Symposium on Astrophysics; $5,500.

University oF NEw Mexico, Albuquerque, N. Mex.; Conference on Motions in the Upper
Atmosphere; $5,000.

Rice Instrrute, Houston, Tex.; W. V. Houston, Department of Physics; Third Inter-
national Conference on Low Temperature Physics; $8,000.

UNIVERSITY OF ROCHESTER, Rochester, N. Y.; R. E. Marshak, Department of Physics;
Third Annual Conference on High Energy Physics; $3,200.

University OF ROCHESTER, Rochester N. Y.; Fourth Annual Conference on High Energy
Nuclear Physics; $3,000.

Stumons CoLLEGE, Boston, Mass.; J. L. Solinger, Department of Biology; Survey of the
Subject Matter of Introductory Biology Courses; 1 year; $2,000.

Universtty o WisconsIN, Madison, Wis.; Symposium on Utilization of Solar Energy; $6,000.

WORCESTER FOUNDATION FOR ExXPERIMENTAL Biorocy, Shrewsbury, Mass.; G. Pincus;
Conference on Methods of Determination of Steroids of Blood and Urine; $8,900.

AMERICAN MATHEMATICAL SocieTy, Providence, R. 1.; Summer Mathematical Institute;
$20,000;

AMERICAN PsyCHOLOGICAL AssocIATION, Washington, D. C.; Study of the Development and
Status of Psychology; 11 months; $40,000.

CorNELL UNIvERsITY, Ithaca, N. Y.; Conference on Fiber Bundles and Differential Geometry;
$2,200.

NaTiONAL ACADEMY OF ScIENCES, Washington, D. C.; Committee on Photobiology; 1 year;
$10,000.

NaTIONAL AcADEMY OF SciENcEs, Washington, D. C.; J. Kaplan and W. W. Atwood,
Jr.; Support of the U. S. National Committee for the Third Geophysical Year; 6 months; $5,000.

NorTHwWESTERN UNIVERSITY, Evanston, Ill.; Conference on Problems in Astrometry; $7,400.
SocieTy FOR THE STUDY OF DEVELOPMENT AND GROWTH, New Haven, Conn.; Symposium
on Specificity in Development; $1,500.
CoLroqurum oF AsTRONOMERS, Lowell Observatory, Flagstaff, Ariz.; $4,885.
81
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Education in the Sciences

UniversiTy o CoLorapo, Boulder, Colo.; B. W. Jones, Department of Mathematics;
Summer Conference in Collegiate Mathematics; 8 weeks; $12,750.

State Universtty oF Iowa, Iowa City, Iowa; G. W. Stewart, Department of Physics;
Colloguium of College Physicists; 3 years; $4,100.

UNIVERSITY oF MINNESOTA, Minneapolis, Minn.; J. W. Buchta, Department of Physics;
Summer Institute for College Teachers of Physics; 5 weeks; $9,500.

University oF OkRLAHOMA, Norman, Okla.; H. Harvey, Department of Biological
Sciences; Summer Conference in Collegiate Biology; $5,500.

Science Service, INc., Washington, D. C.; Support of Science Clubs of America; 1 year;
$10,000.

SocteTy oF SystEMATIC ZooLrocy; R. E. Blackwelder, Secretary; Discussion Panels on
Basic Concepts in Qoology; $1,000.

Scz'entz]io:Personnel Information

AMeRrICAN Councir or LEarNED SocieTiEs, Washington, D. C.; J. F. WELLEMEYER, ]Jr.,
Staff Adviser; Publication of the Combined Coding and Classification Systems used in National
Registration; 3 months; $800.

AMERICAN MATHEMATICAL SocmeTy, Providence, Rhode Island; E. G. Begle, Secretary;
Survey to Determine Operating Procedures to be Followed in Compilation and Maintenance of a,
Register of Mathematicians; 3 months; $650.

AMERICAN VETERINARY MEDICAL AssociaTioN, Chicago, Illinois; J. G. Hardenbaugh
Executive Secretary; Establishing a Register of Veterinarians; 3 months; $2,600.

FEDERATION OF AMERICAN SocieTies FOR ExpermMENTAL Brorooy, Washington, D. C.;
M. O. Lee, Executive Secretary; Establishing a Register of Experimental Biologists; 1 year;
$11,400.

NATIONAL ACADEMY OF SCIENCES, Washington, D. C.; R. W. Webb, Executive Director,

American Geological Institute; Establishing a Register of Scientific and Technical Personnel
in the Earth Sciences; 1 year; $11,500.

Training in the Sciences

EpucaTioNaL TestiNe Service, Princeton, N. J.; Testing Candidates for Academic Year
195354 Fellowship Program; 1 year; $47,500.

NATIONAL ACADEMY OF ScCIENCES, Washington, D. C.; Evaluation of NSF Fellowship
Applicants for Academic Year 195354, and Analysis of Fellowship Programs; 14 months;
$65,000.

Exchange of Scientific Information

AMERICAN ASSOCIATION OF Prysics TEacHERs, Lexington, Ky.; T. H. Osgood, Dean
School of Graduate Studies, Michigan State College, East Lansing, Mich.; Compilation
and Publication of a Twenty-Year Cumulative Index for the American Fournal of Physics; 1 year;
$3,600.

AMERICAN ASTRONOMICAL SOCIETY, Madison, Wis.; C. M. Huffner, Secretary, Washburn
Observatory, Madison, Wis.; Publication of a Supplement to the Astrophysics Journal and an
Annual Issue of the Astronomical Journal; 2 years; $9,200.

AMERICAN MATHEMATICAL Sociery, Providence, R. I.; H. M. MacNeille, Executive
Director; Experimental Project to Explore the Possibilities of Reducing the Costs of Publication
and Distribution of the Results of Research in the Field of Mathematics; 1 year; $6,300.
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ASTRONOMICAL SocIETY OF THR PaciFic, San Francisco, Calif.; S. B. Nicholson, Chair-
man, Publications Committee; Compilation and Publication of a Fiftesn-Year Cumulatwc
Index to the Publications of the Society; 2 years; $2,500,

BioLOGICAL ABSTRACTS, INcC., Philadelphia, Pa.; Emergency Support of Biological Abstracts;
2 years; $25,000.

CoruMBia UNiversity, New York, N. Y.; E. J. Simmons, Head, Department of Slavic
Languages; Translation of Certain Scientific Papers from the Russian and Compilation of a
Russian-Englisk Card-file Glossary in Science; 1 year; $40,000.

Tue LiBrARY or CoNGRress, Washington 25, D. C.; R. L. Zwemer, Chief, Science
Division; Compilation of Lists of Scientific and Technical Serial Publications; 9 months;
$25,000.

NATIONAL ACADEMY OF ScIENCES, Washington, D. C.; Preparation of a Glossary of Terms
Used in Geology and Related Sciences; 2 years; $7,500,

UNIVERSITY OF PENNSYLVANIA, Philadelphia, Pa.; F. B. Wood, Department of Astronomy;
Compilation ‘and Publication of a Finding List for Observers of Eclipsing Variables; 1 year;
$2,000.

SMITHSONIAN INsTrTUTION, Washington, D. C.; Support of The Program for Foreign Ex-
change of Scientific Literary and Governmental Reports; 6 months; $6,000.

International Travel Grants

H. L. ALpeN, University of Virginia, Charlottesville, Va., to Rome, Italy.
O. N. ALLEN, University of Wisconsin, Madison, Wis., to Rome, Italy.
R. S. AnpErsoN, University of South Dakota, Vermillion, S. Dak., to Cambridge,
England.
L. BINNENDIJK, Carleton College, Northfield, Minn., to Rome, Italy.
D. Buiss, Harvard University, Cambridge, Mass., to Naples, Italy.
R. H. BoLt, Massachusetts Institute of Technology, Cambridge, Mass., to Europe.
B. J. Bok, Harvard University, Cambridge, Mass., to Groningen, Netherlands.
S. E. BRaNHAM, National Institutes of Health, Bethesda, Md., to Rome, Italy.
M. S. Brown, Texas Agricultural Experiment Station, College Station, Tex., to Bellagio,
Italy.
H. L. Carson, Washington University, St. Louis, Mo., to Bellagio, Italy.
E. Caspari, Wesleyan University, Middletown, Conn., to Bellagio, ltaly.
R. V. DrppeL, University of Indiana, Bloomington, Ind., to Bellagio, Italy.
J. T. EpsaLr, Harvard University, Cambridge, Mass., to Stockholm, Sweden.
P. J. FLory, Cornell University, Ithaca, N. Y., to Kyoto, Japan.
A. 8. Fox, Ohio State University, Columbus, Ohio, to Bellagio, Italy.
J. P. Fox, Tulane University, New Orleans, La., to Rome, Italy.
. I. Ewen, Harvard University, Cambridge, Ma.ss to Sydney, Australia,
. G. GALL, University of Minnesota, Minneapolis, an to Bellagio, Italy.
. GARDNER, Utah State Agricultural College, Logan, Utah to Bellagio, Italy.
. GoLpscuMipT, University of California, Berkeley, Calif., to Bellagio, Italy.
. GrEEN, University of California, Davis, Calif., to Bellagio, Italy.
. HeLLiweLL, Stanford University, Stanford, Calif., to Sydney, Australia.
. Kortrorr, University of Minnesota, Minneapolis, Minn., to Oxford, England.
. KreinnoLz, Reed College, Portland, Oregon, to Naples, Italy
. Kurper, University of Chicago, Chicago, Ill., to Rome, Italy.
. Levine, Amherst College, Amherst, Mass., to Bellagio, Italy.
Mannivg, Stanford University, Stanford, Cahf to Sydney, Australia.
» MaArsuAK, University of Rochester, Rochester, N. Y., to Kyoto, Japan.

wﬁworﬁpzww“m
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M. W. Mavats, Harvard University, Cambridge, Mass., to Rome, Italy.

J. E. Maveg, University of Chicago, Chicago, Ill., to Kyoto, Japan.

M. G. MeLLoN, Purdue University, Lafayette, Ind., to Oxford, England.

M. G. MoRGAN, Dartmouth College, Hanover, N. H., to Sydney, Australia.

W. W. MorGaN, University of Chicago, Chicago, 111, to Groningen, Netherlands.

C. P. OLiver, University of Texas, Austin, Tex., to Bellagio, Italy.

. R. OpPPENHEIMER, Institute for Advanced Study, Princeton, N. J., to Kyoto, Japan.
. R. OverMaN, University of Tennessee, Memphis, Tenn., to Istanbul, Turkey.

. I. Rasi, Columbia University, New York, N. Y., to Kyoto, Japan.

. T. ReyNoLps, Princeton University, Princeton, N. J., to Bagneres de Bigorre, France,
. SAGER, Rockefeller Institute for Medical Research, New York, N. Y., to Rome, Italy,
. ScHwWARZscHILD, Princeton University, Princeton, N. J., to Rome. Italy.

SiLveR, University of California, Berkeley, Calif., to Sydney, Australia.
. W. SiNGLAIR, Ohio Wesleyan University, Delaware, Ohio, to Copenhagen, Denmark.
. C. SLATER, Massachusetts Institute of Technology, Cambridge, Mass., to Kyoto,

Japan. |
. H. Separrow, Brookhaven National Laboratory, Upton, N. Y., to Bellagio, Italy.

. F. SteiN, Mt. Holyoke College, South Hadley, Mass., to Bellagio, Italy.

. SwanN, Texas State College for Women, Denton, Tex., to Bellagio, Italy.

. SzyBaLski1, Biological Laboratory, Cold Spring Harbor, N. Y., to Rome, Italy.

. L. UsiNGER, University of California, Berkeley, Calif., to Copenhagen, Denmark.
. WALLACE, Biological Laboratory, Cold Spring Harbor, N. Y., to Bellagio, Italy.
. A. WHEELER, Princeton University, Princeton, N. J., to Kyoto, Japan.

. P. WiGNER, Princeton University, Princeton, N. J., to Kyoto, Japan.

. M. WiLLiams, Harvard University, Cambridge, Mass., to Copenhagen, Denmark.

. L. WorrroM, Ohio State University, Columbus, Ohio, to Stockholm, Sweden.

. H. YoE, University of Virginia, Charlottesville, Va., to Oxford, England.
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APPENDIX 1V
GRADUATE FELLOWSHIP PROGRAM

Distribution of NSF Fellowships by State of Residence for the Academic Year 195354

Region and State Applica- Region and State Applica-
tions Awards tons  Awards
NORTHEAST received  made NORTH CENTRAL received  made
Gonnecticut ......... 87 11 Illinois ............... 261 47
Maine. «oveennnnnennn. 6 2|Indiana.............. 92 15
Massachusetts. . . .. ... 170 25|fowa................ 47 12
New Hampshire. . ... .. 13 1 Ka.msas. et 44 11
New Jersey........... 144 22 M}chlgan ............. 95 18
New York............ 619 83| Minnesota............ 57 12
Pennsylvania.......... 257 35| Missouri............. 55 15
Rhode Island......... 16 3| Nebraska............. 15 5
Vermont. .....oovvuun. 6 1 | North Dakota......... 11 3
Ohio,............ .. 118 32
SOUTH South Dakota......... 11 2
b Wisconsin, . .......... 77 15
Alabama............. 26 1
Arkansas............. 8 0 ;
Delaware. .. .......... 9 5 Arizona.............. 10 1
District Of COlumbia. .. 39 6 Cahfomla ............ 312 59
Florida. .. n e e . 36 8 Colorado............. 36 8
Georgia. ......... 40 3 Idaho................ 13 2
Kentu Cky ........... 23 4 Montana. ............ 10 3
Louisiana ............ 19 2 chada .............. 3 1
Maryland. . .......... 58 10 New Mexico....... . 15 3
Mississippi. . . . . . . .. ... 11 5| Oregon............. . 34 6
North Carolina ....... 54 7 Utah : ............... 26 5
Oklahoma. . .......... 29 8 Washington........... 62 10
South Carolina. . ... ... 10 1| Wyoming............ 7 2
Tennessee., . .......... 36 6 POSSESSIONS
Texas................ 86 15|Hawaii.......co0n.... 10 2
Virginia.............. 54 9| Puerto Rico.......... 2 0
West Virginia......... 16 1|Other................ 3 0
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NATIONAL SCIENCE FOUNDATION

Distribution of NSF Fellowships by Year of Study and Field for the Academic Yeqr |

1953-1954
Predoctoral
Post-
Field Total
First Inter- | Terminal doctoral
year | mediate year
Lifesciences. ................... 33 55 62 18 168
Chemistry..........ooovvvvnnnnn 46 40 36 7 129
Engineering.................... 27 15 20 1 63
Geology. ..oovviiniinievannnennn 10 8 7 1 26
Mathematics. .. .....ooonveeenns 21 16 12 7 56
Physics and astronomy........... 43 32 32 8 115
Total. .........convvnnnnn 180 166 169 | 42

557

Names, Residence and Field of Study of Persons Awarded National Science Founda-
tion Fellowships for Fiscal Year 7953

ALABAMA

PriesTLEY TouLmin, Birmingham, Geo-
sciences.

ARIZONA

BrabprLEy D. BucuEkr, Phoenix, Mathe-
matics.

CALIFORNIA

DanNa LEroy ABeLL, Fresno, Zoology.

ELinu ABranAMs,! Berkeley, Physics.

CuarLES F. ANDREws, Pasadena, Chem-
istry.

DoucLas EINAR APPLEQUIST,
Chemistry.

Lyre CHoLweLL BacoN, Pasadena, Physics.

IvaN StaANLEY Bjorkiunp, Los Angeles,
Engineering.

Don Louts BunNker, Simi, Chemistry.

KentoN Lee CuamBers, Paso Robles,
Botany.

RoeerT Scorr CreeLy, San Francisco,
Geosciences.

Ravymonp FrepeErIic DAsMANN, Berkeley,
Zoology.

DonaLp pe FrEMmery, Oakland, Biochem-
istry.

BerNARD Eirspas, Palo Alto, Engineering.

Berkeley,

1t Declined,

MAarTIN Emin FurLer, Hawthorne, Chem-
istry.

Davip GARFINKEL, Berkeley, Biochemistry.

Roy Warter Gourp,! Pasadena, Physics.

Dare WaLTer GranTt,! Gustine, Micro-
biology.

Joun WiLLiam HampTON, Berkeley, Chem-
istry.

BiLLy J. Hartz, Albany, Engineering.

Ricuarp H. Herm, Mountain View,
Physics. _

Crirrorp ANDRAE Hopson, Mill Valley,
Geosciences.

Joun Cuarres Husss, Berkeley, Physics.

LioNeL Francs Jarre,! Pasadena, Zoology.

TroMmas LLEWELLYN JENkINs, Berkeley,
Physics.

Crirre Davip JoEr, Vista, Biochemistry.

ArnoLp HErBERT KAHN, Berkeley, Physics.

RoBeRT PauL KrarT, Albany, Astronomy.

RusseL. SHErRmaN LEnMAN, Menlo Park,
Mathematics.

James ArtHUR LockHART, Los Angeles,
Botany.

Joun WarreN Lucas, Ontario, Engineer-
ing.

Josepu INoLEs MacGEE, Berkeley, Micro-
biology.
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Jon MATHEWS, Hollywood, Physics.

Paur. Ceci. MARTIN, Los Angeles, Physics.

ErNEST ALAN MEYER, Berkeley, Micro-
biology.

ARTHUR MILLER, Pasadena, Chemistry.

StanNLEY Lroyp MiLLER, Oakland, Chem-
istry.

Ira KELLY MILLs, San Pedro, Botany.

Jaues DawsoN MOHLER, Berkeley, Ge-
netics.

Jauzs GREGORY Moore, Palo Alto, Geo-
sciences.

Liroyp N. MorriserT, JR., Los Angeles,
Psychology.

Bruce C. MurrAy, Los Angeles, Geo-
sciences.

ROBERT ALLEN NoORRIs, Berkeley, Zoology.

WHEELER James NorTH, La Jolla, Zoology.

Darras Lynn Peck, San Gabriel, Geo-
sciences.

PeTER MARTIN RAy, Saratoga, Botany.

Roeert CHArRLEs RewmpeEr, Stanford,
Phyzics.
ELmer GrLEN Ricuarps, Fontana, Bio-
chemistry.

WiLLiAM GLENN SLy, Lakeside, Chemistry.

Feuxx Temsseire SwmarH, San Francisco,
Chemistry.

RoNaLp DEaN SmrtH, Oakland, Chemistry.

ERNST SNAPPER, Los Angeles, Mathematics.

ROBERT JAMES STANTON, JR., Glendale,
Geosciences.

MoRTIMER PAuL STARR,! Davis, Microbiol-
ogy.

RoeerT FrANCIS STEIDEL, Berkeley, Engi-
neering.

Epwarp ABraHAM STERN, Los Angeles,
Physics.

RicHARD BARTLETT TAvLOR, Claremont,
Geosciences.

George HenNry TRriLLING, Los Angeles,
Physics.

Mirton DenMAN Van Dyxe,! Los Altos,
Mathematics.

Vicror AnTON VAN LINT,
Physics.

ArTHUR EDWIN WENNsTROM, Los Angeles,
Engineering.

COLORADO

Pasadena,

Erik KaurrMann Bonpe,
Botany.

! Declined,

Longmont,
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Davip Marion Crase, Denver, Physics.

WiLiaM Georce Horxstra, Golden,
Biochemistry.

CHARLES WILLIAM LINDENMEIER, !
Collins, Physics.

Bruce HarRrY MORGAN, Denver, Physics.

CarL Freperick Prenziow, Englewood,
Chemistry.

Joun Leonarp Westiey, Denver, Bio-

Fort

chemistry.
Davio James Wmson,! Fort Collins,
Chemistry.

CONNECTICUT

WiLLiaM TromAas Doyvire, New Haven,
Physics.

DonaLp LAwReNCE GiLMAN, Storrs, Geo-
sciences.

CLArRENCE Lesiie GRreGory, Greenwich,
Engineering.

WiLLiaM SermoLiNO HiLLmaN, Westport,
Botany.

Paur Merre Larramme, Hartford, Bio-

chemistry.

Joseprine OWEN MEINHART, New Haven,
Biochemistry.

Harry Dowp Peck, Middletown, Micro-
biology.

Freperic M. RicHArDs,! Wilton, Bio-
chemistry.

Zevi WALTER SALSBURG,! Hartford, Chem-
istry.

Maxine Frank SiNnGer, New Haven,
Biochemistry.

ETHEL STOLZENBERG TEssMaN, New Haven,
Biophysics.

DELAWARE

KenNeTH Joun Berr, Newark, Engineer-
ing.

RicuarD EuceNE EmMerT, Newark, Engi-
neering.

DISTRICT OF COLUMBIA

NorMmAN CasTLEMAN Crarg, Chemistry.
Davip Hirsca Ezexier, Microbiology.
RovaL Bruce KELLOGG, Mathematics.
Franars LincoLN LaMBERT, Zoology.
LeoN JoserH SCHKOLNICK, Physics.
JeroMe SpaniER, Mathematics.
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FLORIDA

Arexanper Troy Core, De Land,
Geosciences.

Paur S. Hueparp, Jr., St. Petersburg,
Physics.

Harry WiLLIAM JonnsoN, Jr., WAVERLY,
Chemistry.

Dean Fraxas KeLrey, Tallahassee, Chem-
istry.

EarrL WeLLs McKisson, Gainesville, Chem-
istry.

Jaco SHAPIRA, Tallahassee, Biochemistry.

Wiias Woopsury TyrreLr, Pensacola,
Geosciences.

Traomas Hami. Woop,! Tallahassee, Bio-
physics.

GEORGIA

ARTHUR WiLLiaM Fort, Americus, Chem-
istry.

Joun Erpon PrepiN, Atlanta, Engineering.

Huon Gerrys Ropinson, Atlanta, Physics.

IDAHO

MavrcoLm TroMmas Jorr, Moscow, Zoo-
logy.

Laverne Eucene Runy, Caldwell, Mathe-
matics.

ILLINOIS

James STUArT AAcaarp, Chicago, Engi-
neering.

FrRaNk LLuBeras ALLEN, Chicago, Bio-
physics.

Grorce Epwarp Backus, Chicago, Phys-
ics.

RoeerT Er1 Baron, Chicago, Physics.

Hucr NeepuAM BrowN, Urbana, Physics.

BerNarD CenNTURY, Chicago, Medical
Sciences.

Lorence Genz Corrins, Champaign,
Geosciences.

WiLriam Epwarp Coorey, Champaign,
Chemistry.

Ricaarp Earr Dickersox, Charleston,
Chemistry.

Doucras Amerose Ecoen, Chicago, Bio-
physics.

Jeremian  Patric FreEman,! Urbana,
Chemistry.

1 Declined,

NATIONAL SCIENCE FOUNDATION

DonaLp SHEPARD GAGE, Palatin, Engineer-
ing. ‘

RoserT Bruce Garramp, Elgin, Chem.
istry.

Davm MeLviLpe GeLLER, Oak Park, Bijo-
chemistry.

Ricuarp WiLriaM Grape, Champaign,

Zoology.
Naruaner Rovy Goopwman, Chicago,
Mathematics.

Jacoue Epcar Hanvon, Chicago, Physics,

DaneenL D. Henprey, Chicago, Biochem.
istry.

Dare Ricuarp Horr, Galesburg, Chem.
istry.

WiLLiam Tromas KasiscH, Chicago, Med-
ical Sciences.

Marvin Howarp Kavros,! Urbana, Physics,

Carr WiLuiam KamMEYER, Washington,
Chemistry.

WiLriam E. M. Lanps, Urbana, Biochem-
istry.

Wirriam Lewss Licuten, Chicago, Physics,

Anprew Davip Lmnr, Chicago, Physics.

Roeert LEE METZENBERG, JR., Highland
Park, Biochemistry.

RoeerTt EUGENE MEYER, Bellewood, Chem-
istry.

Roeert Hareison Mountyoy, Chicago,
Mathematics.

Joux Lupwic Mueree,! Springfield, En-
gineering.

Josep Epwarp Newison, Chicago, Math-
ematics.

CLIFPORD SHELDON PATLAK,
Zoology.

Ricuarp Euveene Priest, Urbana, Math-
ematics.

Chicago,

Arrrep Gumiou Reprrerp, Urbana,
Physics.

ArtHUR HinTON RoOseENreLp, Cbhicago,
Physics.

WiLarp Neirs  Rosing, Galesburg,
Zoology.

Tueopore Davip ScuHurtz, Glencoe,
Physics.

DoNALD ARTHUR SPEER, Morton Grove,
Chemistry.

Epwarp Otro STEjsRAL, Berwyn, Chem-
istry.
Geng StrULL, Chicago, Engineering.




THIRD ANNUAL REPORT

wiLiam Junxicar Taxer, Chicago, Chem-
stry.

Roeert E. TAvior, Chicago, Medical
Sciences.

RicHARD SANBORN TrHoOMAs, Champaign,
Biophysics.

RozerT BENjaMIN Urerz, Chicago, Bio-
physics.

RoBERT ALLAN SwansoN, Chicago, Physics.

wWiLLiaM GeOrRGE VAN DER Kroor! Chi-
cago, Medical Sciences.

oBN PATTESON WEHRENBERG,
Springfield, Geosciences.

Jaues WiLriam WiLT, Chicago, Chemistry.

West

INDIANA

WiLLiaM WaLLACE CLELAND, Bloomington,

Biochemistry.
RoserT Louts CONNER, Marion, Biochem-
istry.
RocEr Estirck GerkiN, South Bend,

Chemistry.

Turopore MorcaN Harrman, West La-
fayette, Engineering.

EarL DorcHesTER Hanson, Bloomington,
Genetics.

Josepn Davip Harris, West Lafayette,
Biophysics. ‘

Joun BurNerT HEMWALL, West Lafayette
Agriculture.

Ricuarp Rowrs HIiaTT,
Chemistry.

DonNaLp JoserH Mason, Kokomo, Micro-
biology.

ThHomas RoBerT MERTENS, St. Joe, Ge-
netics.

RoBerT Ramsay Seaney, Fort Wayne,
Agriculture.

MicuaEr. Epwarp Senko, Crown Point,
Chemistry.

James Ricnarp TroYER, Elkhart, Botany.

STerHEN A. WamNwricHT,! Indianapolis,
Zoology.

Epwarp OsporNE WiLsoN,! Jeffersonville,
Zoology.

Indianapolis,

IOWA

Joun Craven Bersug,! Emmetsburg, Geo-
sciences.

Jonn BerNArRD CARLSON, Amcs,iBotany.

Marvin Emerson EBeL, Waterloo, Physics.

1 Declined.
278626—84——T
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GorpoN GranT, Cedar Falls, Astronomy.
Josepr Bruce GrirFFiNg,! Ames, Genetics.
Rocer Wayne Hanson, Rake, Zoology.
Tuerese Marme KerLrener, Des Moines,
Botany.

Jupson ULery McGuirRe, Ames, Zoology.
WiLrarp DaLe Rotx, Waterloo, Zoology.
Travis EDwARD STEVENS, Ames, Chemistry.
GeorGe RowLAND WHITE, Ames, Physics.
Hucnr Davip Young, Osage, Physics.

KANSAS

SypDNEY ANDERsON, Lawrence, Zoology.

NorMAN Paur Baumann, Sylvan Grove,

& Physics.

Jm Enocl DALE, Osawatomie, Agriculture.

VirciNiA RoGers FERrRIs, Abilene, Botany.

CuarrLes CurrLeN Grimves, Chanute, Phys-
ics.

EpwiN DaLe HORNBAKER,
Chemistry.

Joun Lerovy KerLrey, Lawrence, Mathe-
matics.

ArTHUR HErMAN Kruse, Wichita, Mathe-
matics.

KenNETH ROBERT Lucas, Lawrence, Math-
ematics.

Davip WarreN McCatr, Wichita, Chem-
istry.

Francis WaARe Prosser, Lawrence, Phys-
ics.

Louisburg,

KENTUCKY

WiLLiaMm Warrace Hunt, Jr., Franklin,
Chemistry.

JoeL WiLLiam McCLure, JRr., Lexington,

& Physics.

JamEs MeRRILL MARTIN, Lamasco, Physics.

Tuaomas WiLson MuLLIKIN, Georgetown,
Mathematics.

LOUISIANA -

AraN Hereert CHeETHAM, Shreveport,
Geosciences. '
Pierre EucLibE J. CoNNER, Lafayette,
Mathematics.

MAINE

Davip CHARLES MAUZERALL, Sanford,
Chemistry. §
Davip BenjamiN STEWART, East Sumner,

Geosciences.
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MARYLAND

RoserT HARRY GrLPiN, Cumberland, Mi-
crobiology.

Juopson Harpy, Jr., Silver Spring, Physics.

RicHARD Lamonp IrRwiN, Baltimore, Chem-
istry.

RoLr WeRNER Jumie,! Ironsides, Geosci-
ences.

WiLL1aM JouN LeEvEDAHL, Kensington, En-
gineering.

FrEpERICK WIESNER Lipps, Jr., Baltimore,
Physics.

Tueopore Frank Mariani, Cottage City,
Engineering.

SipNey RANKIN, Baltimore, Engineering.

L. Epwarp Scriven, Elkton, Engineering.

PeTer FaLLoN STEHLE, Baltimore, Chem-
istry.

MASSACHUSETTS

JoLane PrupENcE BaumcarTEN, Cam-
bridge, Medical Sciences.

Eprta Constance CLArRkE, Concord, Bio-
chemistry.

Ermon Lee Cok, Boston, Biochemistry.

Lroyp ARTHUR CURRIE, Somerville, Chem-
istry.

Bruce Stamunp Fisuer, Cambridge, Chem-
istry.

Ricuarp M. FrankLN, Dorchester, Bio-
physics.

Ravrpu CLive GREENOUGH, Medford, Chem-
istry.

WiLLiam Bruce Hawkins, Jr., Springfield,
Physics.

Jack HiLieranp, Cambridge, Engineering.

Lroyp GeorGeE Hyman, Boston, Physics.

MarTiN Karrrus, West Newton, Chemis-
try.

Josmua Kurrano Korpp, Dorechester,
Physics.

Erviort HerseL Lies, Brighton, Physics.

CAROLINE STUART LiTTLEJOHN, Cambridge,
Physics.

DoNALD MORE MAYNARD, Jr.,! West New-
ton, Zoology.

Joun CorLEmaN Moore, Belmont, Mathe-
matics.

RiCHARD SHELDON PALAms,
Mathematics.

Brookline,

1Declined.

NATIONAL SCIENCE FOUNDATION

Jorx Winsor PRATT, Concord, Mathemat.
ics.

CARL ARTHUR Price, Cambridge, Bio.
chemistry.

PurLrips WesLey Rosiins, Leominster,
Biochemistry.

Rozeert HorTON ROMER, Cambridge, Phys.
ics.

RoserT Davip Storow, Brookline, Chem.
istry.

Perer Paur Vaucun, Cambridge, Zoology.

Perer Hans Von Hrrper, Weston, Bio-
physics.

RoeerT CULBERTSON WEST, Boston, Chem-
istry.

MICHIGAN

Epwin Harr BatTLEy, Port Huron, Micro-
biology.

JamEs Lee BURKHARDT, Birmingham, Phys-
ics.

I. Tuomas Cunorrr, Jr., Kalamazoo,
Mathematics.

Howarp MEeLvIN DEess, Ann Arbor, Chem-
istry.

GeorGe WiLLarp Forp, Troy, Physics.

Joun MrrcueLL GARry, Kalamazoo, Math-
ematics.

RoeerT Howarp Goop, Ann Arbor, Phys-
ics.

Ricuarp Louis Hauke, Detroit, Botany.

RoeerT RicHArDS Lewss, Jr., Ann Arbor,
Physics.

Davip MrLAarD Locke, Escanaba, Chem-
istry.

CHARLES BR1AN MAGEE, Detroit, Chemistry.

Knur Jonson Norstos, Willow Run,
Botany.

HereerT Bowen PAnHL, Ann Arbor, Bio-
chemistry.

Ricuarp HougHTON PrRATT, Mount Pleas-
ant, Physics.

EtuerL Marcarer AucHEy Rem, Royal
Oak, Chemistry.

WiLriam Davip Srawson, Grand Rapids,
Physics.

Josep CHARLES STEVENS, Grand Rapids,
Psychology.

GEORGE ALEXANDER VIDAVER,
Biochemistry.

Detroit,
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MINNESOTA

wuiam THOMAS BATTIN, Minneapolis,
Zoology.

Joun AMERPOHL DavisoN, Minneapolis,
Zoology.

puane Goroon EricksoN, Minneapolis,
Zoology.

wmiiaM CLARENCE ERICKSON, Duluth,
Physics.

Joun ROBERT Horum, Minneapolis, Chem-
istry.

NaamiN Horwrrz, Minneapolis, Physics.

Kk WARREN McVoy, Minneapolis, Phys-
ics.

pauL CHADWICK RoYCE, Brainerd, Medical
Sciences.

EvaLyN F. SEcaL, Minneapolis, Psychol-
ogy-

RicHARD MYRON STRAW, St. Paul, Zoology.

WARREN FREYSCHLAG WADE, Minneapolis,
Engineering.

RicHARD ANTHONY ZEMLIN, Minneapolis.
Mathematics.

MISSISSIPPL

Jesse Lane Frercuer, State College,
Agriculture.

Epwarp EvERETT GRACE, Corinth, Math-
ematics.

MISSOURI

STerLING GAYLEN BraprLey, Springfield,
Microbiology.

HerBerT CONRAD DE STAEBLER, Kirkwood,

" Physics.

Lise Gruen, Kansas City, Chemistry.

Wiiam Terrin Hiepon, Independence,
Agriculture.

Epwin Ray HiLLER, Jr., Glendale, Engi-
neering.

Ricuarp Taomas KeLrer, St. Joseph,
Chemistry.

LeoNarp Sor KISSLINGER,
Physics.

Lestrer HerMaAN Krong, Jr., Jennings,
Engineering. .

TorOoDORE ALFRED LONG, Sencca, Agri-
culture,

Kennern Lrovyp RineHarT, Chillicothe,
Chemistry.

St. Louis,

1 Declined
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WiLriam ARTHUR StEELE, St. Louis,
Chemistry.

George Husert Stourt, St. Louis, Chem-
istry.

Joun McConkLe Teewm, Springfield, Phys-
ics.

Lours Josepn TiCHACEK, St. Louis, Engi-
neering.

Epcar WiLLiaM WARNHOFF,! St. Louis,
Chemistry.

MONTANA

Epwin Harorp EvrLAr, Butte, Biochem-
“istry.
Lorrs DonaLp HamuiN, Hardin, Micro-
biology.
Joun Crancey Powers, Jr., Billings,
Chemistry.
NEBRASKA

Joan Finkre pe Pena, Lincoln, Anthro-

pology.

Ricuarp CHArLEs Dove, Fairbury, Engi-
neering.

RaLpa Worreane KiLs, Lincoln, Cheme
istry.

Davip CARTER McGARrvVEY, Omaha, Phys-
ics.
James RaymonNp MuNkres, Broadwater,
Mathematics.
NEVADA

Joseprn WiLLiam WeiHE, Reno, Mathe-
matics.
NEW HAMPSHIRE

WALTER JosePrH BERNARD, Manchester,
Chemistry.

NEW JERSEY

Laurence C. BonNar, Morris Plains, Bio-
chemistry.

RonaLD C. BresLow, Rahway, Chemistry.

RicHARD M. CHRENKO, Stirling, Physics.

RoBerRT LEE CHRISTENSEN, Summit, Phys-
ics.

TuoMas N. K. Goprrey, Princeton, Physics.

Joun THomas HarpiNg, Jr., Trenton,
Physics,

StanpisH CHArRD HartMaN, Flemington,
Biochemistry.

Frep PeTeR HAuck, Bloomfield, Chemistry.



92

Bentz BurrL Howarp, Jr., Plainfield,
Chemistry.

Sor KRoONGELB, Jersey City, Physics.

Joun WiLLiams Lamperti, Upper Mont-
clair, Physics.

Davip NeLsoN LIMBER,
Astronomy.

Dan LesLe LiNDsLEY, Princeton, Genetics.

ROBERT Marc Mazo, Camden, Chemistry.

Josuua Ermu NEmark, Elberon, Engi-
neering.

KennerH WiLLiam Powers,! Ridgewood,
Engineering.

BurToN RicuTER, Paterson, Physics.

Morris Plains,

Joun Van Aistyne SHArRP, Leonia,
Geology.

Joun ALaN STROTHER, Princeton, Engi-
neering.

LAwRENCE WILETS, Princeton, Physics.

PeTeRr JoserH WojTowicz, Linden, Chem-
istry.

WiLLiAM  GARFIELD
Orange, Chemistry.

ZOoELLNER, East

NEW MEXICO

CaLviN WaAyNe MooN, Los
Engineering.

James CHarrLes PuiLues, Albuquerque,
Physics.

CHARLES BryaN ReyNoLDs, Albuquerque,

Geosciences.

Alamos,

NEW YORK

Epwarp Lawrence AierLro, Woodside,

Zoology.
Hupson RospBINS ANsSLEY, Salamanca,
Zoology.
MicuaeL Kraus BacH, Flushing, Bio-
chemistry.

LeoNarRD Esau Bauwm, Brooklyn, Mathe-
matics.

ArNoLp MixoN Benson, New York, Engi-
neering.

Pavr. WALTER Berg,! New York, Mathe-
matics.

Samuer Davip Berxowrrz, New York,
Mathematics.

Avan Frepric BernpT, New York, Chem-
istry.

SEYMOUR MicHAEL BLINDER, New York,
Chemistry.

1 Declined.

NATIONAL SCIENCE FOUNDATION

WirLLiam PaTrIicK CaAN, New York, Chem,
istry.

Garrerr Conpe CroucH, Newburgh
Zoology.

Rane Locke Curi, Staten Island, Engi.
neering.

Morris A. CynxkIiN, Brooklyn, Microbi.
ology.

RoserT ArRnNoLD DArroOw, Solvay, Bio.
chemistry.

Joun WiLriam Dean, Jr., Kew Gardens,
Chemistry.

Ricuarp J. DracHMAN, Brooklyn, Physics,

VERA Rapa Demerec Dyson-Hubson,
Coldspring Harbor, Zoology.

GeorGe Epwarp ErickseN, New York,
Geosciences.

GeraLp Feineerc, New York, Physics,

Gary FeLsenreLD, New York, Chemistry,

MarsHALL LeoNarRD FREIMER, Brooklyn,
Mathematics.

AARrON Jupau Friepranp, New York, En.
gineering.

BernarD FriEDLAND, Brooklyn, Engineer-
ing.

GERTRUDE ELIZABETH GARBERS,
York, Microbiology.

DonaLp ALLEN GEFFEN, Brooklyn, Physics,

James MonNroOE GERE, Syracuse, Engineer-
ing.

WaLTER GILBERT, New York, Physics.

ALAN JosepH GOLDMAN, Brooklyn, Mathe-
matics.

PauL GreengarDp, Forest Hills, Medical
Sciences.

ALvIN HausNer, Brooklyn, Mathematics.

Davip HErTzIG, Brooklyn, Mathematics.

LeoNarRD ARTHUR HERZENBERG, Brooklyn,
Biochemistry.

RicuarD ArraN Horrovp, Jamestown,
Chemistry.

PauL Horowicz, New York, Biophysics.

Jack Horowrrz, New York, Biochemistry.

ALLEN Isaacson, Brooklyn, Biophysics.

James J. Keavney, Brooklyn, Chemistry.

Rocer GorpoN Kercuam, New Hartford,
Chemistry.

JosEpu JoHN Koun, New York, Mathe-
matics.

BerRTRAM KOSTANT,
matics.

New

Brooklyn, Mathe-
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Awvin Isaac Krasna, Brooklyn, Biochem-

istry.

pavr. Harrman Kypp, Brooklyn, Chem-
istry.

Henry Jacos Lanpau, New York, Math-
ematics.

Leon Frep Lanpovrrz, Brooklyn, Physics.

NorMAN Lazarorr, Brooklyn, Microbi-
ology.

RiciARD CHARLES LeEwoNTIN, Flushing,
Genetics.

YaLe Jay Luskin, Brooklyn, Engineering.

Davip Bropcerr Lubrum, Rockville Cen-
ter, Chemistry.

ARTHUR Paur Martuck, Brooklyn, Math-
ematics.

RonaLD Max MAYRBAURL,
Engineering.

Fruiorr MENDELSON, Brooklyn, Mathe-
matics.

Henrt EMmanUuer MiTLER, New York,
Physics.

Mark SamueL NeLkIN, Ithaca, Physics.

MArRTHA Mount NicerLy, Mt. Kisco, Zo-
ology.

Jorn MELvIN Orson, Niagara Falls, Bio-
physics.

Joun Francis Parpo, New York, Engi-

Brooklyn,

neering.

Epwarp CHARLES PosNER, Brooklyn,
Mathematics.

KenneTH SmoNey Rawson, Ithaca, Zo-
ology.

FrRANK ALBERT RAYMOND, Syracuse, Math-
ematics.

GerHARD RayNa, New York, Mathematics.

Arexanper H. REemsner, New Rochelle,
Genetics.

Warter GeorGe ROSEN,
Botany.

MArRY MARGARET SCHREINER, Brooklyn,
Microbiology.

Jack Scuwartz, New York, Physics.

MerLvin ScawarTz, New York, Physics.

RicHARD ALAN ScHwARz, Jamaica, Engi-
neering.

SiLvan SAMUEL SCHWEBER, Brooklyn, Phys-
ics.

GeorGE BeENHAM SELIGMAN, Attica, Mathe-
matics.

ANDREW MARIEHOFF SESSLER, Jamaica,
Physics.

Forest Hills,

1 Declined.
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Erias M. Stem, New York, Mathematics.

RoBERT CARRINGTON STEIN, New Hyde
Park, Zoology.

WiLLiAM ALLAN STEwWARD, Eggertsville,
Engineering.

GeoRrRGE WALTER SurToN, Brooklyn, Engi-
neering.

Joun Josepu TavLoR, Levittown, Medical
Sciences.

PurLrp TerreLBAuM, Brooklyn, Psychology.

Ursura Vivian VicTtor, Pleasantville,
Biochermnistry.

LiLLiaN K. WAINWRIGHT, Brooklyn, Genet-
ics.

EpeL WasserMmaN, Brooklyn, Chemistry.

RoGerR WEINBERG, New York, Genetics.

WirLiaM NorTe WHhrTE,! Walton, Chem-

istry.

GrOSVENOR SEARLES Wicn, Herkimer,
Chemistry.
Micuaer B. YarmorLinsky, New York,
Biochemistry.

ArieL. CuarrLes ZemacH, New York,
Physics.

NORTH CAROLINA

FrEDERICK PaiLLIPs Brooks, Jr., Green-
ville, Physics.

WesLey OssorNeE DocgeerT, Brown Sum-
mit, Engineering.

Francis CLarRk HoweLLn,! Asheville, An-
thropology.

PETER MicHAeL Lang, Greensboro, Engi-
neering.

JacksoN Ramsaur Mauney, Jr., Kings
Mountain, Botany.

Cuarres Eirris, WinsLow, Jr., Raleigh,
Engineering.

WiLLiam VauegHN WricHT, Wilson, Engi-
neering.

NORTH DAKOTA

WaLLace EpMOND LABERGE,
Zoology.

Roeert Deanx Lunpeerg, Valley City,
Chemistry.

Pavur EMery THoMmas, Fargo, Mathematics.

Grafton,

OHIO

NorMaN ANDREW BaTes, Cleveland, Chem-
istry.
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Georce Epwarp Briocs, Jr., Briggsdale,
Psychology.

Ricuarp Lours DeININGER, Dayton, Psy-
chology.

MarsuarLrL PaurL ERNSTENE,
Physics.

DoyvrLe Owen ETTER, Columbus, Engineer-
ing.

ALvin Eur Fen,
Physics.

Pat W. K. FLANAGAN, Dayton, Chemistry.

Cleveland,

Clevéland Heights,

Roger Harorp GeesLiN, Cincinnati,
Mathematics.

Joun Epwarp Goroon, Columbus, Chem-
istry.

CasmMER Tuapprus GrRaBowskt, Cleveland,
Zoology.

RoBerT CArL Grrrris, Euclid, Chemistry.

WavNE BasserT HapLEY, Farmdale, Chem-
istry.

WAaLTER AsHLEY HARrRISON, Toledo, Phys-
ics.

Karr GorpoN Henize, Cincinnati, As-
tronomy.

Epwarp Orson Hirr, Cincinnati, Micro-
biology.

FrRep DonaLp HOERGER,
Chemistry.

Hereert O11s House,! Willoughby, Chem-
istry.

WiLrLiam Henry KasnERr, Killbuck, Physics.

Davip RonaLp Krieg, Lorain, Biophysics.

Danier LeEpnicer, Columbus, Chemistry.

MARTIN SHELLING LoncMmire, Glendale,

Wadsworth,

Physics.
StEwarT HENRY MERRILL, Andover,
Chemistry.

James Twuomas Morse, Mentor, Mathe-
matics.

George RaymMonp Murray, Jr. Dayton,
Chemistry.

Roeert KENYON NESBET,
Chemistry.

RicHArRD EpwiN PraANGE, Berea, Physics.

KenNETH HARVEY SAUER, East Cleveland,
Chemistry.

RoserT SunpAL ScHurz, Columbus, Chem-
istry.

Rosert LLEWELLYN STOFFER, Columbus,
Chemistry.

ANDREW  ALBERT WREAVER,
Zoology.

Lakewood,

Wooster,

1 Declined.

NATIONAL SCIENCE FOUNDATION

RoeerT Bruce WEBSER, Columbus, Ep.
gineering.
Epwarp Zajac, Cleveland, Engineering,

OKLAHOMA

LesLie CATrON Case, Tulsa, Engineering,

RoBERT JacoB DunuaM, Perry, Geosci.
ences.

Jack Houston EssLiNgeR, Oklahoma City,
Medical Sciences.

EpwarRpD AmBrOSE FLINN, Tulsa, Geosci.
ences.

Jospen PovErR DEYO HuLL, JR., Tulsa, Geo-
sciences.

Harovp Josern Kipp, Red Rock, Botany,

PauL Baker McCay, Muskogee, Medica]
Sciences.

Joun Davip SorreLs, Poteau, Physics.

OREGON

Ricuarp Leroy Bairp, Portland, Chemis.
try.

BErTRAM GALE DiIck, Portland Physics.

MARGERY PeARL GrAY, Eugene, Anthro-
pology.

CuArLEs PoLing Luenr, Corvallis, Chem-
istry.

Roy NormaN Peacock, Springfield, Phys-
ics.

RicHARD CLARENCE Trowmas, Corvallis,
Chemistry.

PENNSYLVANIA

Icor ALexEeFr, Pittsburgh, Physics.

WaALTER LEwis BarLy, Jr., Waynesburg,
Mathematics.

PauL BooTH BarTON, JR., Pittsburgh, Geo-
sciences.

RoBert HamiLtoN BovEer,! Johnstown,
Physics.

MARK MUNROE CHAMEBERLAIN, Pittsburgh,
Chemistry.

Vicror Huco Conn, Reading, Medical
Sciences.

DonaLp JonN Denney, Glenolden, Chem-
istry.

Ravmonp Epwin Dessy, Blawnox, Chemis-
try.

Jacos FeLbpman, Philadelphia, Mathemat-
ics.
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NATHAN Jacos FinE, Philadelphia, Mathe-
matics.

H. NewToN GARBER, Philadelphia, Engi-
neering.

pavL RanporLrH Gross, Philadelphia, Zo-
ology.

Geneva ErreL Grosz, Philadephia, Mathe-
matics.

Jonn RussELL Huouzs, Brookville, Psychol-
ogy.

N;Ly RAvMOND JonnsoN, McKeesport, En-
gineering.

ROBERT JOHN LAVFER, Pittsburgh, Chemis-

T:Zonon ArTHUR Liss, Temple, Chemis-

try.
James Paur McHuocH, Pittsburgh, Chemis-

try.

Jonn Epwarp MEveR,! Pittsburgh, Engi-
neering.

RoserT KENNETH MiLrLER, Harrisburg,
Chemistry.

CuarLES WiLLiAM MISNER,
Physics.

FrepericK CARL NEIDHARDT, Penns Park,
Medical Sciences.

Joun StanLeEy Nopvik, Canonsburg, Phys-
ics.

Pittsburgh,

ArRTHUR S. OBERMAYER, Philadelphia,
Chemistry.
CHARLES ARTHUR PrLaNTZ, Pittsburgh,
Chemistry.
Jamzs Russerr PoweLL, Bradford Woods,
Engineering.

HerBerT Scarr, Philadelphia, Mathemat-
ics.

Lroyp RoBerT SCHISSLER, Alburtis, Engi-
neering.

FRANK VANLOON SHALLCROSS, Philadelphia,
Chemistry.

Lawrence CLEMENT SNYDER, Uniontown,
Chemistry.

RayMoND ANDREW SorEeNsox, Pittsburgh,
Physics.

Joan Rurn SpecTOR, Philadelphia, Chem-
istry.

Paur Herman SQuires, Ambridge, Engi-
neering.

WeRrnEeR B. TeuTscH, Philadelphia, Physics.

Joun WiLLiam WoLr, Jr., Newton, Mathe-
matics,

1 Declined.
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RHODE ISLAND

Paur RoOBERT CHAGNON,
Physics.

LincorN ExstroM, Providence, Chemistry.

RoBeErT HERMANN, Kingston, Mathematics.

Woonsocket,

SOUTH CAROLINA

| Forrest Eucene CooxsoN, Jr., Clemson,

Physics.
SOUTH DAKOTA

EpMunp GUENTHNER, Bridgewater, Agri-
culture.
MEervin Hugo Rice, Sisseton, Physics.

TENNESSEE

WirLiaMm PerrY FraTT, Newbern, Agricul-
ture.

WenperLL GENe HoLrrapay, Huntingdon,
Physics. k

CrareNCE LINDENMEYER, Oak Ridge, Geo-
sciences.

James CuLLeN MARTIN, Dover, Chemistry.

RoBerT Guy ParrisH,! Franklin, Chem-
istry.

TuoMas JEFFERSON WALKER, Dyersburg,
Zoology.

TEXAS

CALVIN LARUE BARKER, Austin, Engineer-
ing.

Rue Liny Berrorp, La Porte, Chemistry

PavuL Lerearon Donono, Houston, Physics.

MarTIN DwORKIN, Austin, Microbiology.

Danie. O’Connert ETTER, Fort Worth,
Mathematics.

James FRANKLIN GIBBONS,
Engineering.

Freperick H. KasTeN, Austin, Genetics.

Leon Kraintz, Houston, Medical Sciences.

Texarkana,

Lroyp StantoN Lockmgen, Houston,
Biophysics.
ErLinaTON McFaLL Macee, Austin,
Chemistry.

Joun SamueL MarHis, Dallas, Physics.

Joun STEPHEN MECHAM, Austin, Zoology.

UrricH MERrRTEN, Houston, Chemistry.

Grapy LINDER WEBSTER, JRr., Cedar Val-
ley, Botany.
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James Cammack WiLnorr, Jr.,! Houston,
Engineering.

UTAH

Davip Rarpu Bennion, Salt Lake City,
Engineering.

JerALD NELsoN CHRISTIANSEN, Logan, En-
gineering.

Don WynN EspLiN, Cedar City, Medical
Sciences.

CHArLES EpwarDp Jacos,! Salt Lake City,
Geosciences.

Ricuarp Lewis Snow, Salt Lake City,
Chemistry.

VERMONT

Roeert CuMMINGs WOODWORTH, Benning-
ton, Chemistry.

VIRGINIA

RicHArD LawsoN BERNARD, Williamsburg,
Agriculture.

Henry GasBrieL Brosser, Harrisonburg,
Physics.

Kent Comes Brannock, Independence,
Chemistry.

Joserr CaLLawAy, Alexandria, Physics.

RoBerT Ernest CuNNINGHAM, Charlottes-
ville, Chemistry.

Hucu Everert, I1I, Alexandria, Physics.

James Tromas KorroN, JR., Petersburg,
Chemistry.

HarR1s EDWARD PETREE, Arlington, Chem-
istry.

Howarp EnsicN Stmmons, Norfolk, Chem-

1stry.

WASHINGTON

CHARLES BALLANTINE, Mathe-
matics.
Jean JuLian Comrta,! Seattle, Zoology.

GLENN ARTHUR CROSBY, Seattlc, Chem-

Seattle,

istry.

ParLip ALEXANDER CRUICKSHANK, Blaine,
Chemistry.

Jack Wavne Curvasouse, Richland,
Physics.

Ricuarp WAYNE EpprLEy, Spokane,
Botany.

PauL AMos Jounson, Seattle, Engineering.

1 Declined.

NATIONAL SCIENCE FOUNDATION

WILBUR VANCE JoHNSON, Seattle, Chem.
istry.
WinsToN GLENN WALKER,! Seattle, Engi.
neering.
SerroN RoBErRT WELLINGS, Poulsbo, Zo.
ology.
WEST VIRGINIA

Ricaarp Louss TALLMAN,
Chemistry.

thcling

WISCONSIN

ROBERT JAMES BLATTNER,! Milwaukee,
Mathematics.
James Wiriam Braurt, New London,

Physics.

PuiLrr  HerBerT  GEIL, Milwaukee,
Physics.

ARTHUR HALTNER, JR., Milwaukee, Chem-
istry.

BarBarA Jean Hawmirron, Manitowoc,
Botany.

ArLaNn  EpwiN Jounsrup, Manitowor,
Physics.

Pecoy Jean Kossow, Sturgeon Bay,
Mathematics.

CuarLes Coreert Laing, Milwaukee,
Botany.

WayYNE Epwarp MAGEE, Madison, Bio-
chemistry.

MeLviN LAURANGE Morse, Madison, Ge-
netics.

LeoNaRD EARL MORTENSON, Madison,
Microbiology.

Donarp Francis Roor, Madison, Engi-
neering.

Paur. Woobpwarp Scumipr, Madison,
Physics.

MicHAEL TiNnkHAM, Ripon, Physics.
DonaLp B. WETLAUFER, Madison, Bio-
chemistry.

WYOMING

James Epwin Banks, Cheyenne, Chemistry.
Jonn Maurice BirMiNngHAM, Hyattville,
Chemistry.

TERRITORY OF HAWAI

Arrrep S. Hu, Honolulu, Zoology.
WiLriaM CHARLES PeTERsON, Honoluly,
Engineering.
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APPENDIX V

AL YEaAr 1953

25 . RATA .

APPROPRIATED FUNDS

Status of Appropriation From the Congress to the National Science Foundation as of

June 30, 1953
RECEIPTS
Appropriation for fiscal year 1953 .............. ... ... ..ol $4, 750, 000
Unobligated balance from fiscal year 1952.......................... 34, 000
Total funds available. . .............. ... .. ... ......... 4, 784, 000
OBLIGATIONS
National Science Policy Studies
Subtotal.. ... e $207, 167
Support of Science
Grants for support of research:
Biological and medical sciences........................ 830, 586
Mathematical, physical, and engineering sciences. . ...... 982, 715
Grants for training of scientific manpower:
Graduate fellowships. ................................ 1, 366, 344
Education in thesciences............................. 40, 844
Review of research and training programs.................. 432, 022
Subtotal........... .. ... . e 3, 652, 511
Scientific Information Exchange
Dissemination of scientific information.......... v eeeeeeaa 1158, 654
Attendance at international scientific meetings. ............. 33, 565
Subtotal............. ... 192, 219
Executive Direction and Management
Subtotal.......... ... ... . . 355, 746
Support of Interdepartmental Committee on
Scientific Research and Development
Subtotal........ ... ... ..., 23,272
Total obligations. .. ................................... 4, 430, 915
Unobligated reserve for additional national science
policy studies..........coviiiiiii i i i 353,085

1 Includes $7,300 transferred to the Library of Congress, but not obligated by the Library of Congress

at June 30, 1953.
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WORKING FUNDS

Status of Funds Transferred From Federal Agencies to the National Science Foundation
as of Fune 30, 1953

RECEIPTS
Atomic Energy Commission. ............. .. ...ttt $15, 000
Department of Defense:
Department of the Air Force................... e 10, 000
Surgeon General. .. ...l i 5,000
Department of Health, Education, and Welfare ................. 5, 000
Total TECEIPIS. . . oo vttt i i e $35, 000
OBLIGATIONS
Dissemination of scientific information........... ... ... .. .. il 25, 000
Unocbligated balance carried forward . . .......... ... ... ... 0 10, 000
TRUST FUND

Status of Funds Donated From Private Sources to the National Science Foundation
as of June 30, 1953

RECEIPTS
Unobligated balance from prior years. .. ..............coouuns $1, 047
Donations received during fiscal year 1953...................... 372
Total FECEIPLS. « v vttt i e e $1, 419
OBLIGATIONS
R s T 3PS 63
Unobligated balance carried forward .o ... ..o 1, 356



APPENDIX VI

REePORT OF THE NATIONAL ScCIENCE FOUNDATION—AMHERST CONFERENCE
ON Puysics RESEARCH IN COLLEGES

I. Purpose

On May 4-6, 1953, a conference was
held at Amherst College to discuss the
status of physics research in colleges. The
conference was jointly sponsored by
Ambherst College and the National Science
Foundation. A committee under the chair-
manship of T. Soller directed the meeting.
The committee was composed of the
following members:

THEODORE SoLLER, Ambherst College,
Chairman.

WALTER C. MICHELS, Bryn Mawr College.

KArL S. VAN Dvyke, Wesleyan Univer-
sity, Connecticut.

MiLprep ALLEN, Mount Holyoke Col-
lege.

CHARLES A. FOwLER, Pomona College.

R. RoNaLp PALMER, Beloit College.

J. Howarp McMiLLEN, National Science
Foundation.

Twenty-five college teachers of physics
with an active interest in physics research
were assembled. They were chosen so as
to represent various types of colleges and
regions of the country.!

Il. Major Recommendations

The conferees agree that the instruction
and intellectual development of students
is the fundamental task of college teachers.
They conclude, nevertheless, that this task
not only is entirely compatible with the
simultaneous pursuit of scientific research,
but also that it is greatly aided thereby.

The liberal arts colleges of this country
can make significant contributions to the
national output of research; this activity
will benefit both the teacher and the stu-
dents, it can aid in attracting able young
scientists into college teaching and generally
raise the scientific maturity of our college
comimunities.

The undergraduate colleges have played

a major role in the development of physics
in the United States, both by the research
carried on in their laboratories and through
the early training of a large proportion of
working physicists. During the postwar
expansion of research facilities, the poten-
tialities of many colleges have been neg-
glected by the granting and contracting
agencies of the Federal government, by
industry and by the colleges themselves,
This conference believes that it would be
in the national interest to correct this
situation.

The conference discussed the problems
which would arise in administering a grant
program and in evaluating requests for
grants. It also discussed the advantages
and the dangers of the program, from the
point of view of colleges which must con-
sider education to be their prime objective.
Following this discussion the conference makes
the following recommendations:

1. THE FEDERAL GOVERN-
MENT, THROUGH APPRO-
PRIATE AGENCIES, SHOULD
ESTABLISH A SPECIAL PRO-
GRAM FOR AWARDING
GRANTS OR CONTRACTS
FOR THE ENCOURAGEMENT
OF PHYSICS RESEARCH IN
COLLEGES NOT CONNECTED
WITH LARGE GRADUATE
SCHOOLS.

2. GRANTS OR CONTRACTS
AWARDED UNDER THIS PRO-
GRAM SHOULD HAVE AS
PRIMARY OBJECTIVES BOTH
THE ENCOURAGEMENT OF
SIGNIFICANT RESEARCH,
AND THE IMPROVEMENT OF
THE EDUCATION OF PHYSI-
CISTS WHO WILL BE AVAIL-
ABLE TO STRENGTHEN SCI-
ENCE IN THE UNITED
STATES.

1 The list of those attending the conference is contained at the end of the report.
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III. Benefits of Grant Program

The conference calls attention to the
following advantages and benefits to result
from the recommended program. In
assessing the benefits of research in colleges
to the national research program, attention
should be given not only to the published
results of these efforts but also to their effect

on increasing the number and quality of

physics majors that the colleges furnish to
our graduate schools. This should en-
hance the level of sciences throughout the
country. While this section outlines the
potentialities of research in small colleges,
an adequate program of research is not

possible at the present time because of

financial limitations.

Contributions to Scientific Knowledge. The
national output of research can be enhanced
by the contributions of the colleges.

(@) The output of the colleges can in the
aggregate be large because of the
large number of physicists involved.

(b) Physicists in the small colleges and
in the large university have received
the same training and both can make
contributions despite the larger
teaching load of the former.

(c) Research in small colleges
advance the frontiers of science.

(d) Important basic research can even
today be carried out by individuals;
neither large teams nor large budgets
are a vital necessity for the making
of significant contributions.

can

Advantages of the Small College for Research.
There are definite advantages of the small
colleges as a place for some types of basic
research:

(a) The opportunity for the individual’s
independent choice of problem and
of line of attack can be more easily
provided for in small colleges.

(b) The administrative procedure is usu-
ally simplified.

(c) The pressure for results is usually less
and consequently there should be
more time for contemplation of prob-
lems.

Benefits to the Faculty Member. The indi-

vidual faculty member derives substantial

278626—b54——8
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benefit from such a research program in
the following manner:

(a) His research should be a continued
stimulus to his intellectual growth.

(b) His research offers one of the best
means of broadening the scientific
basis from which his fundamental
work of teaching proceeds. This as-
sumes that administrative arrange-
ments permit an adequate allocation
of time for the teaching function
while research is pursued.

(c) His professional prestige, his inde-
pendence, and his self-esteem are en-
hanced, as he continues to be a crea-
tive physicist.

(d) His income may be increased by reg-
ular summer employment.

Benefits to Students. Students in a depart-
ment which is actively engaged in research
may realize the following benefits:

(a) The active work of professors is re-

flected in more vital teaching.

(b) The student’s concept of the science
and of its importance is made more
realistic by this contact with creative
work.

(c) Students may participate directly in
research at an carlier stage in their
development than is usually possible
in a university.

Senior projects or theses may be
related to the larger program, and
may be significant contributions in
themselves.

Part-time remuneration for research
assistance is sometimes available.
Undergraduate research experience
leads to better graduate school
opportunities.

Benefits to the Colleges. The colleges will
benefit from research in a number of ways:

(a) They will be able to attract and to
hold better qualified men as physics
teachers if their continued research
activity is made practicable.

Student participation in research
will stimulate the better students and
attract more good students, thus
improving the quality and the num-
ber of physics majors.

The intellectual development of the
faculty members will lead to better

(d)

(e
6))

(b)

(©
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teaching and hence to a better col-

lege.

(d) The publication of the results of
resecarch will have prestige value to
the college.

The continuance of the research
activity of the younger teacher fresh
from graduate school may provide
a means for revitalizing in research
and in the live science the older
teacher whose contacts with the
changing fields of physics have
become second hand.

(e)

IV. Kinds of Research Suitable to Colleges

Inasmuch as almost any type of research
in which a college teacher is sincerely
interested and well qualified can contribute
to the dual objectives of contribution to
scientific knowledge and contribution to
the educational work of the institution, the
conference considers it unwise to prescribe
limitations as to particular research fields.
However, there are certain criteria which
secem applicable to the selection of suitable
problems for the typical small colleges.
The more important factions include:

(1) The investigator should have expe-
rience that is relevant to the project
proposed.

(2) The research should be of such a
nature as to allow understanding
participation by serious undergrad-
uate students.

The project should have modest
equipment and space requirements.
In the event that little or no capital
equipment is available, the investi-
gator should endeavor to keep the
cquipment requirements within rea-
son.

The small college is in a particularly
favorable position to make a signifi-
cant contribution in certain areas
which are better suited to individual
and independent research than to
large projects existing in the uni-
versities. !

Some additional considerations of lesser
importance may enter into the choice of a
rescarch problem:

3
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(1) It is often wise to choose a field of
investigation that is not too fast.
moving or competitive, since full.
time effort toward research, except
during the summer, is rarely possible
for the college teacher.

Where possible, it would seem
desirable that two or more members
of a department collaborate on a
single project.

Problems which combine the efforts
of scientists in more than one field
should be encouraged.

Some of the areas in which small colleges
are at present doing significant work (under
grants from NSF, ONR, AEC, OOR,
OSR, Research Corp., etc.) include: (a)
solid state, especially semi-conductors,
magnetism, and thin-film studies; (4) high
energy particle study, especially investiga-
tions using nuclear emulsions; (¢) gas and
spark discharge experiments; (d) certain
areas of electronics, such as transistor
circuit development, and (¢) important
work in optics, thermodynamics, acoustics,
electrodynamics, and other fields of funda-
mental physics which have been neglected
in favor of more exciting frontier fields.

Examples of current projects are illustra-
tive of several patterns which have been
successful in small colleges. At one college,
a photosynthesis project supported by a
private foundation involves the cooperation
of staff and students from the chemistry,
physics, and biology departments. At
another, each of the five physics teachers is
working half-time on research. At still
another college, three teachers are working
cooperatively on low-temperature research.
A fourth pattern is represented by a recent
program calling for collaboration between
individuals in different colleges and a group
in a large research center.

@)

©)

V. Most Suitable Grants Program

The discussion during the conference in-
dicated that a wide variety of needs exists
in the colleges. The previously outlined
objectives can be achieved best if the pro-
gram is a very flexible one. Grants should
generally make provision for financial as-
sistance to the faculty member and to the
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college as well as for equipment, supplies,

travel, technical assistance, etc.

The conference recommends that this assistance
be accomplished by grants of the type in which
the payment of summer salary is made, by grants
permitting an occasional provision of a year fres
of teaching assignments, or by grants whick
relieve a small part (generally not greater than
one-third) of the faculty member's formal teaching
load during the year.

THE CONFERENCE RECOMMENDS
THAT SPECIAL ADVISORY PANELS BE
USED TO ASSIST IN THE ADMINIS-
TRATION OF PROGRAMS OF THIS
KIND.

Such panels should consist of individuals
cach of whom has the following qualifica-
tions:

(1) He shall have contributed to the
progress of physics through his
research.

(2) He shall have demonstrated superior
ability as a teacher at the undergrad-
uate level.

(3) He shall be acquainted through
present or recent association with
institutions of the type involved in
the program.

Grants or contracts should be made under
this program only when it appears probable
that the project will be significant for its
own sake and that it will contribute to the
educational work of the institution. It is
suggested that the advisory panels in evalu-
ating proposals, take into account some or
all of the following considerations:

(1) Projects which involve student par-
ticipation should be strongly encour-
aged.

The promise and ability of the prin-

cipal investigator should be given

weight at least equal to that assigned
to the scientific merit of project.

An attitude sympathetic to research

in the department and in the institu-

tion is highly desirable.

(4) The value of the research may be
judged after consultation with ex-
perts in the field, but these experts
should be cognizant of the fact that
they are judging proposals under the
college program.

@
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Because of small administrative staffs in
colleges, the conference recommends that
administrative procedures connected with
such grants be kept to a minimum.

VI. The Problem of Stimulation to the College
Research Worker

A serious handicap to the progress of a
college research program is the isolation of
many college investigators. The awarding
of a grant or contract in itself tends to re-
duce this isolation. Factors which may be
helpful in overcoming the effects of isola-
tion are the following:

(1) In certain cases advice of an expert
may be helpful in getting research
started.

Arrangements may be made for con-
sultations during the course of a proj-
ect with experts in the field of the
research undertaken.

Grants may include provision for
travel expense for attending scien-
tific meectings and for visiting other
laboratories.

Grants may be provided for occa-
sional summer work at other institu-
tions. Industries should be en-
couraged to support summer proj-
ects.

Leaves of absence help relieve isola-
tion.

Group ecfforts of the various sorts
mentioned in the previous section
promote a stimulating exchange of
ideas,

The informal exchange of prepubli-
cation results among various investi-
gators in a field is recommended.
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VII. Non-Federal Support for Research in
Colleges

The conference recognizes the importance
of the encouragement of basic physics re-
search by private, industrial, and other
nongovernmental groups. It is recom-
mended that college administrators actively solicit
aid from such sources under conditions that will
maintain the coordination between research and
teaching that has been emphasized above.

It is further recommended that the American
Association of Physics Teachers set up a com-
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mittee whick, working in cooperation with the
American Institute of Physics, will investigate
ways and means of promoting the support of basic
Dhysics research in colleges.

Appendix
Participants in the conference are listed
below. - The number was limited to 25 in
order to give adequate representation with-
out endangering the efficiency of the opera-
tions of the conference. The sponsors real-
ize that many colleges of recognized achieve-
ment in the research and education field
were not included in the conference; un-
fortunately the limitation of conferees to 25
made this unavoidable. It was felt, how-
ever, that the participans, chosen as they
were from so many different types of col-
leges, truly represented the cross section of
physicists in American colleges.
MiLprep ALLEN, Mount Holyoke College,
Mass.
Ian G. BarBour, Kalamazoo College,
Mich.
Laurence R. Bickrorp, New York College
of Ceramics, N. Y.
P. E. BoucHER, Colorado College, Colo.
W. W. DoLran, Linfield College, Oreg.
W. C. ELMORE, Swarthmore College, Pa.

NATIONAL SCIENCE FOUNDATION

CuarLes A. FowrLEr, Pomona College,
Calif.

GraNT O. GALE, Grinnell College Iowa.

THoMas E. GriLMER, Hampden-Sydney Col-
lege, Va.

Lorenz D. Hurr, Clemson, S. C.

HaroLp C. Jensen, Lake Forest College,
IL.

TuurstoNn E. ManNING, Oberlin College,
Ohibo.

WaLter C. MicrEeLs, Bryn Mawr College,
Pa.

Dorotny D. MonteoMERY, Hollins Col-
lege, Va. .

GwiLym E. Owen, Antioch College, Ohio.

R. RoNALD PaLMER, Beloit College, Wis.

WiLLiam L. PARKER, Reed College, Oreg.

Paur B. PickAr, Loyola University, La.

THEODORE SOLLER, Amherst College, Mass.

REeGINALD J. STEPHENSON, Wooster College,
Ohio.

T. H. TAvLOR, Morgan State College, Md.

Francis E. THrow, Wabash College, Ind.

FrRaNnk VERBRUGGE, Carleton College,
Minn.

KarL S. VAN DvykE, Wesleyan University,
Conn.

Jonn XaN, Howard College, Ala.



APPENDIX VII

IMPORTANT AREAS OF MINERALS RESEARCH COMPILED BY THE NATIONAL
ScieNCE FOUNDATION Apvisory COMMITTEE ON MINERALS RESEARCH

This outline has been prepared by the
Advisory Committee on Minerals Re-
search both as a guide to division of effort
among its subcommittees and as a sample
catalogue of the kinds of important prob-
lems facing the Nation in the minerals
research field. It is recognized that items
D, E, and F are not basic research areas
for which direct financial support by the
Foundation is appropriate. They are
included, however, since they are of great
importance to its evaluation and policy-
making functions. They are also likely
areas for activity to be financed from
resources of other Federal agencies and
industry.

A. Fundamental Geologic Research:

1. Background and fundamental research

into the environments .of ore

deposition.

Age relationships.

Structural features.

¢. Quantitative mineralogic studies—
(Composition of different de-
posits; total amount of material
emplaced and inference as to
size of igneous source, if any;
zoning within ore bodies and
districts, etc.).

d. Halos around ore districts—trace
elements.

e. Geologic thermometry of ore.

op

2. Reassessment of geologic theories
relating to ore deposition and on
which theories of ore deposition are
based.

a. Why are some igneous areas pro-
ductive of ore deposits, others
not?

b. Reexamination of theories of evolu-
tion of the earth’s crust having a
bearing on ore depositions.

c. Relationship of major geologic
structures to ore deposits.

d. Migration and concentration of
clements in geologic time.

3. Study of why some metallogenetic
provinces are dominantly copper,
others silver-lead, etc.

4. Restudy of some principal ore districts
(combined geological-geophysical-
geochemical-geobotanical ap-
proach).

5. Favorability of one rock type for ore
deposition over another—library
research, statistical study, etc.

B. Fundamental Geochemical Research:

1. Physical-chemical relationships in evo-
lution of the earth’s crust in relation
to ore deposition.

Physical-chemistry of ore deposition.

. Trace elements in sedimentary, ig-

neous, and metamorphic rocks.

4, Study of pressures and temperatures of

ore deposition.
5. Chemistry of wall-rock alteration—
dolomitization, sericitekaolin altera-
tion, etc. ,

6. Compilation of a new and up-to-date
Data of Geochemistry.

7. Mass spectrograph determinations of

isotopes of elements in ore deposit.

C. Fundamental Geophysical Research:

1. Behavior and movement of fluids un-
der high temperatures and pressures
and their movement in different
kinds of rocks and openings.

2. Physical characteristics of the earth’s
crust and substrata.

3. Measurement of electrical, magnetic,
seismic, and other phenomena in
structures of ore deposits.

4, Interpretation of geophysical data in
ore districts where geology is known.
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C. Fundamental Geophysical Research—Con.
5. Global physical characteristice of the
carth’s crust and substructure, ¢. g.:
a. Comprehensive investigation and
study of electrical ground cur-
rents (both telluric and those
from spontaneous polarization)
should be made in order to in-
crease our knowledge of their re-
lationship to regional and local
geology and geologic conditions.
b. Comprehensive geothermal studies
as in (a).
c. Comprehensive geomagnetic stud-
ies as in (a), etc.

6. Further research of the transmission of
seismic energy in nonhomogeneous
media is needed, as mining geology
does not deal with homogeneous
media as in oil.

7. Instrumentation [see also D (2)].

a. Background noise.

b. New types of instruments.

c. Applications of high-speed com-
puters,

8. Physical properties of rocks and min-
erals,

D. Applied Research on Methods of Exploration:

1. Better drilling methods—correlation
with American Petroleum Institute,

NATIONAL SCIENCE FOUNDATION

2. Improvement of geophysical instru. f'?

ments and techniques.

a, What elsc can be put in automobiles

or airplanes?
b. Drill hole instruments and tech-
niques.
¢. Method for detecting disseminated
sulphide deposits.
d. Quick, cheap, reliable method for
determining depth of overburden.
3. Improvement of quick, accurate field
methods of chemical analysis—
mass spectrometry.

E. Other Applied Research Applicable to Con-
serving Raw Material:

1. Ground water studies in ore districts.
2. Deep mining problems.

a. Rock bursts.

b. Supports.

c. Refrigeration—ventilation.

F. Appraising Ore Yet to Be Found, cf., Wallace
Pratt Survey for Oil:

1. Below present mining depth.

2. Under gravel covered in grabens of
basin-range province.

3. Etc.

G. Supply, Demand for and Training of Scien-
tific and Technical Manpower.

O
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