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INTRODUCTION

AND

SUMMARY

This chapter summarizesNational Science Foundation activities during
fiscal year 1967, highlighting those program developments and policy
decisions considered most significant, and briefly reviewing the more
important changes in Foundation organization and structure. Many of
the topics touched on in this section will be described in greater detail
in the body of the report.
The activities of the National Science Foundation are carried on within the framework of the National Science Foundation Act of 1950, as
amended. The broad overall charge of this Act assignsto the Foundation
the responsibility to strengthen basic research and education in the
sciences throughout the United States. Although this mandate has remained basically unchanged over the years, additional special responsibilities, such as those for a program of study, research and evaluation
in the field of weather modification, have been added. Similarly, as the
result of the enactment of the National Sea Grant College and Program
Act of 1966, the Foundation is authorized to establish programs, primarily at institutions of higher education, to provide for the training,
research, and advisory servicesnecessary to develop, to the fullest extent
possible, the Nation’s marine resources. Furthermore, with the passage of
time, the Foundation’s policies and programs, as well as its methods of
implementation, have been constantly altered to respond to changes in
national needs. Since basic research and higher education constitute
closely related and intertwined activities, it has ,been only natural that
the Foundation’s programs are concentrated in the country’s universities
and colleges. However, since science education finds its roots already in
the very early stagesof the educational process, programs have also been
undertaken to improve science teaching in secondary and elementary
schools. Furthermore, since one of the responsibilities of the NSF is “to
appraise the impact of research upon industrial development and upon
the general welfare,” continuous and growing efforts related to science
policy development and planning and the dissemination of scientific
information are being maintained. Indeed certain of the science information responsibilities are specifically spelled out in a 1958 modification to
the act.
It is thus clear that two of the major objectives of the National Science
Foundation are the production of new knowledge and of the development of a sufficient number of well-trained scientists and engineers to
meet the future needs of the country. It is well recognized that the

support of basic research at academic institutions provides a unique
mechanism for furthering both of these objectives in that researchinvolving graduate students provides the apprentice-type training essential
to graduate science education, while At the same time producing significant new knowledge. Superimposed on these major objectives is the
recognition of the fact that production of knowledge, as well asof scientific and technical manpower, plays an important part in the cultural,
social, economic, and intellectual development of various regionsof the
United States. Continuous efforts are underway to assew and improve
the geographic distribution of science resources.
The broad present program of the Foundation, which is theresult of
this continuous growth and development, can be described in a number
of major categories. In the area of research, activities are supported in
essentially all fields of the physical, life, and social sciences. Attempts are
made to provide support so as to balance national research activitieswithin
all fields of science. In carrying out this balancing function, theFoundation tries to assessnot only the extent of support provided by otherFederal
and non-Federal agencies and institutions, but also the relative needs of
various fields of science, the necessity for large research facilities required
to open new important areas of investigation, and the various national
scientific and technical manpower needs, regardless of whether they are
required for research or for other scientific and technical activities. Since
it is exceedingly difficult to predict future utilization of basic knowledge,
most research is supported for its own intellectual value. However, this is
done with the full realization, which is backed up by past experience, that
most, if not all, of the research results will sooner or later proveto be of
direct practical value to society. Furthermore, if it is clearly evident that
research activities in specific areas’should be intensified becauseof present
societal needs, attempts are made to stimulate this type of investigation.
Examples of such stimulation, accomplished through increasedresearch
support, have been in the areas of the atmospheric sciences, physical and
biological oceanography, and the social sciences. While most of these research activities are being supported in academic institutions, special
National Research Centers are supported when it is evident that they
represent the only practical means of making large, complex instrumentation available to the scientific community or of providing adequatefocal
points in particular fields. Thus, the Foundation supports four of these
Centers in the areas of radio and optical astronomy and the atmospheric
sciences.
While these research programs maintain and nourish the sources of
basic knowledge and scientific manpower, it is also realized that other
aspects
of science education must be improved continuously if this
Nation is to remain an intellectual, political, and economic leader in
world affairs. Consequently, the Foundation has been and is a leader
in the development of new techniques to improve the teaching of science.
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These inclbde programs to develop and implement new and improved
curricula, programs to improve qualifications of science teachers, programs to identify and encourage outstanding science students (including
direct support of graduate students through fellowships, traineeships, and
research assistantship), and programs to provide equipment and facilities
required for the teaching of modern science. Furthermore, emphasis is
not confined to science education for those who want to pursue a career
in science. It is recognized that those who do not intend to enter scientific
careers must have an adequate science education to understand properly
the role which science and technology play in the daily lives of individuals
and of society. Consequently, projects designed to improve science education for all students are also being supported.
Since science education and fundamental research are primarily
carried out in universities and colleges, a basic objective of NSF programs
is not only the maintenance of existing academic strength in science, but
also the improvement of other institutions of the academic community.
The latter aspect is of special importance in view of the fact that enrollments for science education in academic institutions will very likely
double in the next decade and more than double in graduate schools.
Since capacities of well established colleges and universities are limited,
it is clear that a considerable fraction of future science students will have
to be accommodated at institutions not now among the foremost. It is
thus of prime importance to develop in these institutions the capability
to provide these large numbers of future students with a good science
education. To further this objective, the Foundation has in recent years
started a series of science development programs intended to improve
institutions within a wide spectrum of quality. Furtbennore, programs
providing funds for graduate laboratories and research facilities are maintained so that students will not only have space available to carry out their
research, but will a.Iso be able to learn through the use of modern
facilities.
Limitations on available staff, funds, and other resources obviously
make it impossible to implement the above programs to the optimum
extent. Consequently, the Foundation has tried to maintain a balanced
program. On the one hand attempts are made to cope with immediate
needs and the maintenance of existing areas of strength; on the other
hand efforts are underway to prepare for the needs of the future and to
strengthen areas which are underdeveloped at this time. Some of the
more significant issuesto which the Foundation has addressed itself over
the past year and which closely touch on Foundation programs, are examined in more detail in the following section.
The objectives, the role, and the activities of the National Science
Foundation have, in the past few years, become the focus of some congressional attention. During f&al year 1966 the subcommittee on science,
research,* and development of the House Committee on Science and
b

.4stronautics undertook a comprehensive review of the history and role
of the Foundation, and this assessmentresulted in the formulation of
proposed new legislation (the Daddario bill) aimed at broadening the
scope and nature of Foundation activities. Briefly the bill reaffirms the
Foundation’s responsibility for the support of basic researchand education in the sciences-giving, for the first time, specific mention to support
of the social as well as the other sciences. (The social sciences,which have
received significant and increasing Foundation backing, werenot specifically singled out for support in the original legislation.) Other important
changes included in the bill provide for the expansion of Foundation programs to cover the support of applied as well as basic researchat academic
and other nonprofit institutions and for greater participation by the
Foundation in international scientific activities, particularly asthey relate
to international cooperation and foreign policy. The bill alsocalls for an
expansion in the data collection and analysis functions of the Foundation
and provides for a number of modifications in the Foundation’s internal
organization and structure and in the responsibilities and functions assigned to the Director and to the National Science Board. Although
passed by the House, the Daddario bill did not reach the Senate floor
during the 1966 session of the Congress. In May 1967, with only a technical change, it was reintroduced and again passed in the House. As the.
fiscal year ended, no action had been taken in the Senate.
MAJOR

POLICY

CONSIDERATIONS

The Foundation positions on key scientific issues undergo constant
internal review and reassessment in an effort to assure that Foundation
programs and policies remain responsive to changing national needs and
priorities. Discussed below are some of the prime concerns, bearing on
Foundation activities, to which consideration was given during the year.
The National

Science

Effort

and

Basic

Research

Increasing public awareness of the contribution of scienceand technology to the health and welfare of the Nation has made the national
science effort more and more a focus of interest, both in terms of its
contribution to increasing the basic fund of knowledge and understand.
ing of natural and social phenomena, and in terms of its potential in
the solution or alleviation of some of the immediate, critical problems
confronting society. The scientific endeavor has become viewed as a
partnership between the pursuit of new knowledge and, whereapplicable,
the translation of the newly accumulated knowledge into practical tools.
This growing recognition of the benefits which can be derived through
the development and maintenance of a strong scientific enterprise has
indicated the continuing need for large scale support of basic research
not only for its own sake and as a proper training ground for the educa6

tion of future scientists and engineers, but for its development of the
underlying foundation for further technological prop
and for the
national well-being. Advances toward solutions of some of the major
present problems--such as Pollution of water and atmosphere-are
directly dependent on the vast pool of knowledge being accumulated
through the Nation’s basic research effort, and statements explicitly
underscoring this concept have been made both by the President and
by his Special Assistant for Science and Technology, Dr. Donald F.
Hornig. In a speech before the American Physical Society, in April 1967,
Dr. Hornig commented :
“ . . . because we are determined to make use of every bit of
available knowledge whose application is feasible, economic and
useful, it does not follow in the slightest that this implies a decreased
interest in basic research. The two activities are separate and usually
done by different groups of people. On the one hand, there are
people who feed the pool of knowledge and understanding into
which we dip for our practical achievements and on the other hand
there are people who recognize human needs and find new ways to
meet them. Both are important, both demand creativity, imagination, enterprise and talent, and both will go forward.”
In May 1967, the National Science Board approved a policy statement
on “Criteria for the Support of Research by the National Science Foundation” (presented as Appendix F, page 212) in order to make explicit
the policies of the National Science Foundation concerning support of
research in educational institutions and in national centers. The statement is intended to clarify and reaffirm the general philosophy that has
guided the Foundation since its inception, and to serve as a guide to the
staff and to the advisory groups which assistthe Foundation. Also, it was
presented as a service to the scientific community, and for the consideration of other bodies and administrators responsible for the support and
conduct of scientific research.
The policy document, while taking into account that national needs
require a balanced Federal science program, restated the Foundation’s
commitment to the promotion of basic research and to the management
of its non-mission-related, basic research program “in such a way as to
permit the development of science along lines dictated by the internal
needs of science itself.”
In addition, the policy document recognizes that the research strength
of academic institutions lies in its individualistic character and relative
freedom from constraints outside the intellectual structure of science
itself. Accordingly, the criteria for support of academic science “should
stress the merit of individual research projects” and “the total constellation of support should permit appropriate research experience for all
qualified students and faculty.” In assessingmerit, many questions must
be considered, including but not limited to, “What is the promise of sig7

&cant scientific results from the proposed project” and “what is the
past record of performance of the investigators who will do the work and
their potential for future ac’complishement”?
In the case of national centers and fundamental researchinstitutes,
which are generally funded by block-grant support, decisionmaking involves additional criteria relating to the creation of new researchinstitutions or modification of programs or facilities in existing institutions
and national programs that cannot be satisfied by other means.
Institutional

Development

Although in some cases support of basic research may have had the
effect-of fostering institutional development, it has not, however, been the
intended primary purpose of basic research project support programs to
provide for a general upgrading of science activities at academic
institutions.
In recognition of this fact, the Foundation gradually developed programs for the support of institutional activities in the sciences as a
complement to its programs in support of individuals within an institution.
These programs were devised as a mechanism to provide both for individual institutional needs in science and to increase national scientific
capability by providing assistance across a broad spectrum of colleges and
universities. Although basic research activity may benefit aspart of this
activity, Foundation support of individual research projects continues as
a separate function.
Several steps were taken during fiscal year 1967 to strengthen and
extend the scope of Foundation programs already initiated for support
at the institutional level. Two new programs were inaugurated (the
Departmental Science Development Program and the College Science
Improvement Program) which increased considerably the number of
institutions eligible for support, thus contributing to the development of
a greater number of high-quality scientific institutions. Each of these
programs is described in some detail later in this chapter aswell as in the
main text of the report. Furthermore, because of the growing importance
of this support mechanism, the Foundation, during the year,established
a new organizational unit for institutional relations, with its head at the
associatedirector level.
The

Role

of

Social

Science

Research

The national need for the development of programs which might
contribute to the practical solution of current major problems has been
discussed above. It is therefore noteworthy that included among the
scientific disciplines receiving Foundation support, for both research and
educational activities, are the social sciences. Expansion of fundamental
knowledge and understanding of the social sciences must underlie solu8

tion of many of our major current problems in the long term. At Grst
supported by the Foundation only tq a small extent, social science activity
has evolved gradually from initial modest efforts at supporting research
in “convergent fields” within the the Division of Biological and Medical
Sciences and the Division of Mathematical, Physical, and Engineering
Sciences, to the establishment of an independent program, to office status,
to division status. At the same time expanded coverage has also been
given to the social sciencesin other units of the Foundation so that the
social science related activities are now eligible for support in alI NSF
institutional and educational programs.
In recent years, the social sciences have been receiving special stimulus
in Foundation programs, partly as an outgrowth of recognition by the
Foundation of the urgent need to attack specific social ills and the benefit
which might be derived by employing social science research as a tool
leading to alleviation of these problems. During fiscal year 1967, the
National Science Foundation, in a policy document, reaflirmed its commitment to the support of social science research and indicated its
intention to expand such support even further. Moreover, in its last meeting of the year, the National Science Board decided to establish a special
commission on the social sciences in accordance with the provision of
section 3 (a) ( 7 ) of the National Science Foundation Act.
Additional support for social science research will allow an increase in
the support of nonmission related basic social science research, without
regard to utility, as well as permit greater emphasis on the support of
social science projects which concern critical national issues.The Foundation views its increase in support of social scienceresearch asan additional
step in strengthening general scientific research on the relation of man to
society and in overcoming specific problems such as urban congestion,
crime, etc.
SIGNIFICANT

PROGRAM

CHANGES

During the year a number of program shifts were effected, some in
direct response to the policy decisions described above. Several major new
programs were introduced, one large-scale venture was concluded, and a
change in emphasis was made in a number of ongoing Foundation
program activities.
New

Programs

and Facilltios
lnsritutionul

Dovolopm8nt

Pfogfum

In order to assistindividual institutions of higher education to upgrade
their efforts in science and in order to broaden the base of the Nation’s
scientific endeavor, the National Science Foundation has established two
new support programs for the support of institutional development. These
prografi;s complement and extend the scope of assistance previously
.
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provided by the University Science Development Program (formerly
known as the S,cicnceDevelopment Program), and provide additional
resourcesto groups of institutions of varying type, size, and function.
The newly initiated Departmental Science Development Program
concentrates on the improvement of specific science departments at
graduate level academic institutions which are not yet ready to move into
the top rank in science on a broad front but where considerable strength
already exists and can be built upon. It is the intent of the program to
assistthe participating institutions in developing strong centersof quality
within the institution which may then provide stimuli for the improvement of other institutional scientific activities. This program falls within
the jurisdiction of the .Foundation’s Institutional Relations program. Although it was not possible to announce the program until the fall of 1966,
numerous proposals were received from which, by the end of fiscal year
1967, four had been selected for grants totaling $1.9 million.
The College Science Improvement Program focuses on assistance to
B-year undergraduate colleges. The program is intended to provide
undergraduate-level institutions with resources with which to improve
undergraduate education in the sciences and to expand opportunities for
undergraduates to become interested in scientific careers. This activity is
organizationally located in the Foundation’s Education program. Fifteen
College Science Improvement awards totaling approximately $2.5 million were made
- during fiscal year 1967.
Reseurch Progrums
Some major new research programs were initiated during the year.
As the result of enactment of the National Sea Grant College and
Program Act of 1966 the Foundation was authorized to establish programs, primarily at institutions of higher education, to provide for the
training, research, and advisory services necessary to develop, to the
fullest extent possible, the Nation’s marine resources. In direct response
to this charge, the Foundation established two programs: (1) The Sea
Grant College support program which will provide block-grant support
to a limited number of coIleges and universities having the appropriate
scientific competence to engage in training and research related to the
development of marine resources -and to undertake marine advisory
programs; and (2) the Sea Grants Project support program which will
support activities related to the exploitation of marine resources on a
project-by-project basis.
Also announced during the last year was the decision that the National
Science Foundation and the Ford Foundation will jointly fund, through
the Association of Universities for Research in Astronomy, Inc., the
design and construction of a 150-inch optical telescope at Cerro To1010
Inter-American Observatory near La Serena, Chile. This instrument, one
of the largest in the world, will complement the 150-inch telescope
10
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planned for the Kitt Peak National Observatory in Arizona by enabling
scientists to investigate astronomical phenomena in the Southern Hemisphere skies, which have not previously been accessible with instruments
of this size, and to correlate the results with studies made in the Northern
Hemisphere. This undertaking marks the first time that a major U.S.
private foundation and the National Science Foundation have collaborated in providing support for a major scientific instrument.
(nfemutlonal

Pfogfams

Two new international programs for scientific cooperation were established in fiscal year 1967.
An agreement was signed by the United States and Italy providing
for a broad program of scientific cooperation, through joint scientifk
ventures and the exchange of information, and naming the National
Science Foundation as the executive agency for coordinating and implementing the terms of the agreement on behalf of the United States.
The Foundation was also designated as the agency responsible for
executing the terms of a U.S.-India agreement for the exchange of
scientists and engineers. The purpose of this arrangement is to promote
increased communication between the scientific communities of the two
countries on problems of mutual interest.
In addition, a formal agreement between the U.S. Agency for International Development and the Government of India,‘for,a- project initiated in fiscal year 1966 and for which the Foundation was assigned
administrative responsibility, was signed and implemented during fiscal
year 1967. Designed to upgrade science education in India, the program
sponsored a series of summer institutes for teachers of science in Indian
secondary schools and collegesand universities.
Programs

Concluded

Project Mohole, the scientific venture to drill through the earth’s crust
and into the mantle beneath it, was terminated in fiscal year 1967. Effort
on the project was stopped by congressional action which discontinued
financial support for the undertaking. The prime contract with Brown &
Root, Inc., was only partially terminated in order that the best interests
of the Government would be served in completing those subcontracts for
designs and fabrication of equipment which were more than 95 percent
completed. Also final technical effort was authorized to complete various
reports and engineering summaries in order to preserve as a final project
legacy the research and development which had been accomplished since
the project’s initiation in 1962. The closeout of the project proceeded
expeditiously during fiscal year 1967. All continued subcontracts were
completed, the majority of terminated subcontracts were settled, all
material and equipment were disposed of, and the final technical sum11

ma&s were completed. The final settlement with the prime contractor
should take place in the early part of calendar 1968.
Other

Program

Changes

Several ongoing Foundation programs received increased support or
emphasis during the year and also deserve special mention.
Research Progrums

Foundation support for its Weather Modification Program increased
substantially in fiscal year 1967. In part the increased support represents
a response to the recommendations set forth in two relevant reports, one
issuedby the Foundation’s Special Commission on Weather Modification,
and one by the National Academy of Scjences/National Research Council Panel on Weather and Climate Modification. Both studies indicated
the ability of man to exercise some control ‘over and to change some
aspectsof weather and climate, and both called for stepstoward establishing a greater understanding of this area.
Support for basic research projects in physics and in the social sciences
was also expanded during the year. The physics program undertook to fill
the gap created by the withdrawal of Department of Defense support
from the large accelerator centers at the University of Chicago and at
Columbia University. The growth of funds for social science research
reflects, as previously indicated, Foundation interest in encouraging basic
research in this area which, in turn, might contribute to the elimination of
some of the more’ critical and urgent problems of society.
Educdion

Programs

A number of Foundation education programs are being strengthened.
The decision was made during the year to provide greater support for
the Cooperative College-School Science Program as a meansof adapting
new materials, approaches, and techniques--developed to improve the
quality of instructional programs-to the specific needs of school systems
asdetermined by local educational authorities. This program permits the
school system responsible for the implementation of new or improved
curricula to obtain professional assistance and advice on curriculum
change and teacher training from subject-matter experts at the college
level. The Cooperative College-School Science Program servesas a complement to other Foundation programs designed to improve science
instruction at the pre-college level.
In an effort to stimulate highly innovative science education activities
more dollars were channeled to the Foundation’s program for Special
Projects in Education at the pre-college level. This program provides
assistance for proposed ideas which reveal’new and imaginative ap12

proaches to problems in science education but which fall outside the
bounds of other formally established programs. Some examples of the
types of activities covered by this program include experiments making
use of new educational technical resources such as computers, television
equipment, video tapes, etc., and the mobilization of community resources (museums, for example) for the enrichment of school curricula.
Additional funds were also provided during the year to strengthen the
Course Content Improvement Programs, which enable scholars and
competent teachers and educators to create new instructional materials for
the teaching of science, and to strengthen programs for the supplemental
training of college teachers.
Computing

Actlvtfios

Increased attention and support were also given to computing activities
during fiscal year 1967, and a discussion of the Foundation’s computer
program may be found in a later section of this chapter.
Science /nfofmafion
Another change in program orientation, which took place during the
year, provides for increasedstress on the development of discipline-based
information systems as part of the Foundation’s science information
activity. The decision was made that the Office of Science Information
Service should concentrate a much greater portion of its future &Fort on
the growth of, comprehensive information systems, within the major
scientific disciplines, based upon the dgcipline’s own appraisal of its
requirements and of the most appropriate means of meeting them. Fiscal
year 1967 obligations reflected this change in emphasis, with a significant
increase in support being given to scientific societies with the capability
for developing information systems for their specific discipline.
The prototype of this concept has been the chemical infoxmation
system. The American Chemical Society is converting all its publications
to production by a single computer-based system which will also provide
for automatic search and retrieval of chemical information. This conversion was begun with the Chemical Abstracts Service (GAS) and it is
expected that CAS publications will be completely computer produced
by 1970.
Science Pfannlng and Poltcy
A sign&ant development took place in Foundation activities in the
area of science planning and policy. In grder to strengthen national
capability in this increasingly important area, the Foundation proposes
to expand its program to develop science planning and policy centers
through a series of grants to academic institutions with some established
potential.*
13

MAJOR

PROGRAM

ACCOMPLISHMENTS

Important progress was made during the past year in a number of
research and scienceeducation programs and activities receivingFoundation support, and some of the more significant accomplishments are
highlighted below.
Cornell

10 BeV Elecfron

Synchroton

Construction of the Cornell 10 BeV electron synchroton, developed
with Foundation support at the Cornell University Laboratory of Nuclear
Studies, is now nearing completion. The electron beam first made a
complete circuit around the accelerator on March 4, 1967 ; acceleration of
an electron beam to 2 BeV was achieved in May, using thetemporary
acceleration system. With one-half of the final acceleration system in operation, an energy of 7 BeV was achieved on October 10; finalcompletion
is expected by the end of year, several months ahead of thetarget date of
April 1, 1968. Experiments to be performed at the acceleratorare already
being planned by groups of scientists not only at Cornell but at several
other institutions as well.
Line Islands Experiment

During fiscal year 1967, the Line Islands (Christmas, Fanning, and
Palmyra Islands in the Central Pacific) were the focus of an extensive
seriesof land, sea,and air observations coordinated by the National Center
for Atmospheric Research (NCAR) and involving groupsfrom nine
academic institutions and various Federal agencies. Purposeof the experiment was to measure vertical energy transport due to tropicconvection.
The Foundation supported this activity for the academic institutions as
well as NCAR. The experimental data collected will provide greater
understanding of the contribution of tropical ocean areasto the global
atmospheric circulation and will increase the amount of meteorological
information available from these regions. The experiment was the first
in a series of Tropical Meteorological Experiments (TROMEX) that
are now being planned. The next experiment is scheduled for the summer of 1969 near Barbados. All of the TROMEX
are partof a larger
group of experiments known as Global Atmospheric ResearchProject
(GARP). GARP is the research portion of the international programs
known as the World Weather Program ( WWP).
Antiquity

of Life on Eurth

Although scientists generally agree that the earth is about 4.5 to 5
billion years old, very little is known about the time at which the first
and most primitive forms of life appeared, and about the conditions
which led to their development. Extensive evidence has beenuncovered
14

concerning the existence of later, more complex organisms which date
back to the Cambrian Period, about 500 million years ago, but few clues
have been found relating to conditions in the vast pre-Cambrian period,
which represents about 90 percent of the earth’s history. Some new light
has been shed on the problem of ancient life by a Harvard University
scientist who, working under a grant from the National Science Foundation, has identified ancient bacteria which date back 2 and 3 billion
years. These findings have implications for understanding not only the
time period during which some form of life has existed on earth but also
understanding the conditions which led to the creation and development
of life.
Course Content

Improvement

Pmgnm-Mcrdison

Project

The four largest cities in the United States, New York, Chicago, Lee
Angeles, and Philadelphia, and, in addition, San Diego, are revising
mathematics instruction in their elementary school systems through the
introduction of new teaching techniques developed by the Madison
Project, an undertaking sponsored by the Foundation’s Course Content
Improvement Program. The project, headquartered at Webster College,
Webster Groves, MO., will, with Foundation support, provide consultative
assistance to each city’s school system to put the new system into
operation.
/on Cyclotron Resonance Spectroscopy
A new technique, ion cyclotron resonance spectroscopy, developed
with Foundation support, promises to be of considerable significance in
the understanding of certain chemical reactions. A commercial ion cyclotron, double resonance spectrometer is now being produced, and Dr.
John D. Baldeschwieler, of Stanford U&en&y, one of the developers of
this technique, has been selected as the 1967 winner of the American
Chemical Society’s Award in Pure Chemistry in part for his contribution
in ion cyclotron resonancespectroscopy research.
Space-Age

.

Polymers

Research conducted at the Case Institute of Technology, with principal support from the National Science Foundation, has led to the
development of polyphenyl, a new plastic material. This material is now
being produced commercially in limited quaritities for use as a heat shield
for re-entry of space vehicles and for use as an insulator in electronic
equipment which operatesat high temperatures.
Laser Communicaflons

Recdver

Foundation sponsored work at the University of Texas has resulted
in the development of a new method for receiving television signals trans15

mitted by means of a laser light beam, and a laser television transmitter
has been constructed which sends out a beam of invisible infrared light.
Although additional development work is required this method could
ultimately lead to a means of sending information now carried by radio
and television transmitters and could thus result in relieving the congested
radio wave spectrum.
NATIONAL

SCIENCE FOUNDATION
PARTICIPATION
GOVERNMENT-WIDE
ACTIVITIES

IN

In addition to its regular functions as part of the Federal scientific
community, certain focal agency responsibilities rest with the Foundation
in connection with programs and policies which cut acrossall Federal
agency lines.
Commiffee on Academic

Science

and

Engineering

The Committee on Academic Science and Engineering (CASE) was
established in fiscal year 1966 by the Federal Council for Science and
Technology as a direct response to a Presidential memorandum and with
the purpose of coordinating some of the academic science activities of
Federal agencies. The Director of NSF servesaschairman.
During its first year of operation numerous projects were initiated,
and, during fiscal year 1967, considerable progress was made in several
important areas. An interagency reporting system, known as the CASE
Reporting System, was developed to make available compatible data
and information on Federal financial contributions to researchand other
scientific activities conducted at academic institutions. Federal agencies
report to the Foundation, which serves as the central Federal body for
the administration and operation of the system, information on their
support of all academic science activities. Such information will provide
assistanceand guidance to Federal officials involved in the administration
and planning of Federal science and engineering support programs. The
Foundation, which is responsible for the compilation and analysis of the
incoming information, will prepare a comprehensive report annually.
The first of these reports, Federal Support for Academic Science and
Other Educational Activities in Universities and Colleges, Fiscal Year
2965, was issued during the year. Prepared by the Foundation for the
Office of Science and Technology, the publication presentsdetailed information on Federal science activities in colleges and universities. A
second report, covering fiscal years 1963 through 1966 and providing
greater detail, was also prepared during fiscal year 1967.
A Task Force on Facilities, established to develop methods of achieving greater uniformity in policies and procedures affecting requests for
16
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support for the construction and renovation of facilities, also made significant progress over the year. A report was drafted, accepted by
CASE, and transmitted to the Federal Council for Science and Technology. In addition, the recommendations of a CASE Subcommittee on
Institutional Development, aimed toward establishing greater coordination and cooperation among Federal agencies in their institutional level
support programs, were approved both by CASE and by FCST, and
work is underway on devising means of implementing these
recommendations.
Computing Activities
During recent years, computers have become an increasingly important tool for academic science and their use by colleges and universities has grown rapidly. As a result academic institutions have been
forced to apply an increasingly large part of their resourcesto computer
investments. In recognition of this growing burden the Foundation has
been expanding its support of academic computational facilities and
operations to help maintain the quality of academic computer capabilities
where they already exist and to establish needed computers where there
are none available. As part of this effort to assistacademic institutions in
the development and maintenance of campus computing facilities, the
Foundation has been concerned with devising methods for applying computer technology to the educational processes.
The potential which computers may have within the educational
process was emphasized in a report of the President’s Science Advisory
Committee entitled “Computers in Higher Education” (Pierce Report) .
Prior to the publication of this report the Foundation undertook a survey
of the current and projected costs for computing services by academic
institutions. The results of this survey and the recommendations presented
in the Pierce Report indicated that substantial new Federal support would
he required if the potential uses of computers in education are to be
realized early in the next decade. In his health and education message
to Congress on February 28, 1967, the President specifically directed the
Foundation to work with the U.S. Office of Education in establishing an
experimental program for developing effective methods for utilizing computers at all levels of education.
After a review of its current activities related to computers, the Foundation decided that the establishment of a inew Office of Computing
Activities early in fiscal year 1968 would provide a more suitable framework for meeting future requirements for computers in education and
research. At the same time, it was planned to establish an interagency
Committee for Educational Uses of Computers to help insure the effective
coordination of Federal programs in support of the objective of developing educaiional uses of computers.
282456 -
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Other Activities

Through the membership of its director on the following committees,
the Foundation participates in a number of other Government-wide
activities :
Interagency Committee for International Meteorological Problems
of the Department of Commerce;
Defense Science Board of the Department of Defense;
Federal Council for Science and Technology ;
Federal Council on the Arts and the Humanities;
Interdepartmental
Committee for Atmospheric Sciences of the
Federal Council for Science and Technology (Vice Chairman) ;
International Committee of the Federal Council for Science and
Technology;
Interagency Working Committee on Science and Urban Problems
of the Department of Housing and Urban Development;
National Council on Marine Resources and Engineering Development ;
President’s Committee on Manpower ;
President’s Science Advisory Committee (Consultant) ;
Science Liaison Group of the Department of State.

SUMMARY OF FINANCIAL, PROPOSAL, AND AWARD
ACTIVITIES

i

The fiscal year 1967 congressional appropriation for the operation of
the National Science Foundation totaled $480.0 million, the same amount
as was authorized for fiscal year 1966. Foundation obligations for fiscal
year 1967 amounted to $465.1 million. This figure coversall Foundation
external support programs, its intramural activities, and aII attendant
operating expenses.
The distribution of Foundation obligations according to major program category, for both fiscal years 1966 and 1967, is summarized below.
A more detailed breakdown of the fiscal year 1967 obligations may be
found in the Financial Report in appendix B.
The summary table reveals some change in the standing of a number of
Foundation programs in both absolute and relative terms. The Foundation’s research programs, in total, received reduced dollar support and
accounted for a smaller share of all Foundation obligations in fiscal year
1967 than in fiscal year 1966. This decrease is mainly dueto the termination of Project Mohole. Institutional support programs, on the other
18

Table

1.4et

Obligations of the Nationor

Science Foundation,
Years 1966 and 1967
Fiscal year 1966 1
Amount
(in
millions)

Scientific research. . . . . . . . . . . . . . . . . . . . . . .
Science education. . . . . . . . . . . . . . . . . . . . . . .
Institutional
support of science.. . . . . . . . . . .
Computer activities. . . . . . . . . . . . . . . . . . . . .
Planning and policy studies. . . . . . . . . . . . . . .
Science information activities. . . . . . . . . . . . .
International
science activities. . . . . . . . . . . .
Program development and management.. . .
Total

obligations..

.. . . ...... . . . ....

2 $235.0
124.3
69. 5
10.0
2.0
11.6
.9
13. 1
2 466.4

Percent

50.4
26. 7
14. 9
2. 1
.4
2.5
.2
2. 8
100.0

Fiscul

Fiscal year 1967
Amount
(in
millions)

Percent

2 $220.9
123.4
79. 7
12. 7
2.4
10. 0
2.0
14.0

47. 6
26. 5
17. 1
2. 7
5
2: 2
.4
3.0

2 465. 1

100.0

1 Figures shown here for fiscal year 1966 do not completely match those presented in the NSF Annual Report for Fiscal Year 1966 due to changes in program
classification.
2 Note that fiscal year 1966 totals include $17.0 million for Project Mohole, which
was discontinued in fiscal year 1967.

hand, increased between fiscal years 1966 and 1967 in both relative
standing and in the amount of funds obligated. Part of this increase is
associated with the introduction of new institutional program activities
which themselves include some support for research activities; part of this
increase stems from the obligation of funds in fiscal year 1967 to cover
commitments made in earlier years for the second stage of two-stage
awards for graduate sciencefacilities.
Foundation obligations for each program category according to major
field of science are shown in table 2 for both fiscal years 1966 and 1967.
Support of the biological sciences, the earth sciences, and astronomy was
somewhat lower in fiscal year 1967 than during the previous year primarily because of different emphases in the institutional support program.
Furthermore the marked decline in funds for oceanography occurred as
the result of the phasing out of Project Mohole. The other scientific
disciplines received increased dollar support in fiscal year 1967, particularly chemistry which rose from $43.6 million in fiscal year 1966 to $54.5
million in fiscal year 1967. Much of the increase in chemistry, however,
results from the aforementioned fiscal year 1967 obligation for prior year
commitments for graduate science facilities in the Foundation’s institutional subport program.
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Of the $465 million in fiscal year 1967 obligations, an estimated $235
million was earmarked for the support of basic researchprograms. (This
figure includes all Foundation basic research obligations, whether supported by its Scientific Research program or by other Foundation programs such as those for Institutional or Computer Support activities.)
Foundation obligations for basic research in fiscal year 1967 represented
about 11 percent of all Federal agency basic research obligations for the
year. The Foundation’s basic research programs have accounted for
approximately the same share of Federal basic researchactivities in recent
years-varying between 10 and 12 percent between fiscal years 1963
and 1967.
Basic research support by the Foundation is concentrated primarily
in the Nation’s institutions of higher education. Of the $235 million total
Foundation obligation for basic research in fiscal year 1967, an estimated
$191 million was assigned to the support of basic researchprograms in
colleges and universities, accounting for approximately one-fourth of total
Federal obligations for this purpose. An analysis of the data for the 5year period covering fiscal years 1963 through 1967 shows that the
proportion of total Federal basic research support at academic institutions
provided by the Foundation has fluctuated somewhat, being slightly
higher in fiscal years 1966 and 1967 than in the earlier 3-year period.
Foundation support of colleges and universities is not, of course, restricted solely to basic research; other facets of academic science activities
also fall within the jurisdiction of its programs. In fiscal year 1967, Foundation support for all academic science programs (including basic research, R. & D. plant, science education, and scienceinformation activities) equaled $394 million. A review of the information compiled for
fiscal years 1963 through 1967 reveals that the proportion of total Federal
support for academic science programs represented by Foundation funds
declined slightly over the period, from about 20 percent in fiscal year 1963
to about 17 percent in fiscal year 1967 (although the absolute amount
increased from $256 to $394 million). This downward trend may be
attributed to relatively large growth rates for the support of academic
science in the Department of Health, Education, and Welfare, which
includes the Office of Education and the National Institutes of Health.
The number of grants and contracts awarded by the National Science
Fundation in fiscal year 1967 for its external support programs 3 equaled
9,3 11, slightly fewer than were awarded the previous fiscal year (9,387).
For each year awards reflected an acceptance rate of 61 percent basedon
the total number of proposals on which final action was taken by the
Foundation ( 15,364 in fiscal year 1967, 15,490 in fiscal year’ 1966).
In terms of dollar obligations,’ grants and contracts awarded amounted
a DCXS
not include fellowships; for total award data including fellowships, see table 3.
‘ These data do not match the obligation figures shown in tables 1 and 2 which include funds for the administration
of Foundation programs, for Project Mohole, and
for fellowship support and which reflect net, rather than gross obligations.
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to $44 1.4 million in fiscal year 1967, an increase of 4 percent over the
comparable figure of $424.1 million for fiscal year 1966. Obligations for
the Foundation’s “operational” programs ’ should more properly be
viewed on an annual rate of use basis with the influence of the duration
of the award not a factor in the obligation total.’ Adjusting the dollar
amounts for the operational programs, to take into account award duration, funds awarded on an annual rate of use basis totaled $233.8 million
in fiscal year 1967, representing a support rate of 70 percent on the
basis of the annual-rate dollars requested in the successful proposals
($333.5 million). However, the annual-rate dollars awarded in fiscal
year 1967 were 1 percent lower than the fiscal year 1966 figure of $236.3
million. Thus, fiscal year 1967 dollar support by the Foundation was
insufficient to maintain the previous level of science support since it did
not keep pace with growth requirements arising from inflationary pressures and from the increasedcosts associated with changing, more sophisticated, and more complex methods of carrying out the work. In the case
of research projects, for example, a 5- to ‘I-percent annual increase would
be necessitated by inflation-complexity factors in order for the same
amount of research to be supported in f&al year 1967 as in fiscal year
1966. Moreover, this leveling of support occurred during a period in
which the number of science students and faculty was increasing
markedly.
Foundation grants and contracts were awarded to 796 academic institutions representing all 50 States, the Virgin Islands, Guam, and Puerto
Rico. In addition, a modest total of 38 grants and contracts were awarded
to institutions in 16 foreign countries.
The distribution of all Foundation awards during the past 2 years
according to major program category is shown in table 3 in terms of
numbers, in terms of total dollarsgranted, and in terms of dollars granted
on an annual basis. As can be seen, the operational programs decreased
over the period in the number of awards made and on the basis of annual
rate dollars. This pattern varies among the individual programs. The
facilities and institutional awards, on the other hand, increased between
fiscal year 1966 and fiscal year 1967 both in number and in amount
granted. However, once again it should be noted that the growth in dollar
support for facilities is largely accounted for by inclusion, in the total,
of funds committed in previous years for the second stage of two-stage
facility awards but not obligated until fiscal year 1967.
The Foundation’s numerous fellowship programs are designed to make
available to outstanding students of science and engineering opportunities
for advanced training, and the Foundation provides direct support to
individuals for this purpose. The number of fellowships awarded during
’ For the operational program categories, see table 3.
’ For example, an award of $100,000 for 2 yean may be translated into an
$50,000 on anannual rate of uw basis.
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Table 3.- Summary of Grants, Contracts, and Fellowships Awarded,

by

Program Category, Fiscal Years 1966 and 1967 l
[Dollars

in thousands]

Fiscal year 1967

Fiscal year 1966

Scientific research. . .
Science education. . .
Science information
activities. . . , . . . .
International
travel .
Planning and policy
studies . . . . . . . . . .
Subtotal“Operational”
programs.

.

Number
awarded

aEo$t
awarded

Total
annual
rate
awarded

Number
awarded

4,070
8,407

$196,502
131,776

$122,200
121,407

4,204
6,471

166
383

13,085
278

Subtotal.

689

Total-All
programs.. .

9, 900
3, 215

142
548

~~~~~

Total
annual
rate
awarded

$200,793
129,869

$122,895
114,820

10,710
971

7,691
4, 306

344,753

252,401

2, 148

Facilities’ support 2. .
Institutional
support
of science . . . . . .
...

12,543
707

Total

13,774

343,676

259,402

11,420

51,672

... . . ...

330

61,800

50,893

........

532

52, 711

102,565

........

862

114,511

446,241

. . ...

12,282

459,264

. ...... . .

1 These data do not match the obligation figures shown in tables 1and 2, which include
funds for the administration of Foundation programs and for Project Mohole and which
reflect net, rather than gross obligations.
2 Does not include funds from science development programs which might be used for
facilities construction, expansion or renovation. These are included in the institutional
support category.

fiscal year 1967 was considerably lower than during fiscal year 1966
( 2,97 1 against 4,387, a drop of one-third. ) This decrease,however, stems
in large part from a change of program emphasis, with support in some
science education programs shifting from the fellowship to the traineeship mechanism. Traineeships are awarded to academic institutions
granting doctorates and demonstrating the capability for providing
adequate training for science graduate students. The institutions select
the graduate trainees. In fiscal year 1967, 665 traineeship awards were
made to universities and colleges for the support of 5,973 graduate students. In fiscal year 1966, 46 1 awards provided support for 4,193 students. Thus, the number of students supported through traineeships and
24

fellowships increased from 8,580 in fiscal year 1966 to 8,944 in fiscal year
1967.
ORGANIZATIONAL

DEVELOPMENTS

During fiscal year 1967 there were a number of organizational developments relating both to the internal Foundation structure and to the
National Science Board.
Personnel appointments at the associate director level announced
during the year include :
Dr. Charles E. Falk, Planning Director.
Dr. Thomas D. Fontaine, Associate Director, Education.
Dr. Louis Levin, Associate Director, Institutional Relations (newly
created ) .
Other major appointments are listed below :
Mr. Robert B. Abel, Head, Office of Sea Grant Programs (newly
created ) .
Dr. Neville L. Bennington, Director, Division of College Education
in Science.
Dr. Wilbur W. Bolton, Jr., Contracting Officer.
Dr. Geoffrey Keller, Deputy Planning Director.
Dr. Keith R. Kelson, Deputy Associate Director, Education.
Dr. Howard D. Kramer, Director, Division of Graduate Education
in Science.
Dr. J. Richard Mayer, Head, Office of Data Management Systems
(newly created).
Dr. Howard E. Page, Deputy Associate Director, Institutional
Relations.
Dr. Sidney G. Reed, Jr., Head, Office of Planning and Policy Studies
(newly created).
Dr. Milton E. Rose, Head, Office of Computing Activities (newly
created ) .
Mr. Howard S. Schilling, Head, Office for Equal Opportunity
(newly created).
Dr. William E. Wright, Division Director, Mathematical and
Physical Sciences.
In total, 942 full-time personnel were employed by the Foundation
at the end of the fiscal year, about the same number as employed at the
end of the previous year, with 14 located abroad in branch offices of
the Foundation.
As indicated, some of the above-listed appointments were made in
connection with the establishment of new Foundation offices.The establishment of new organizational units resulted both from internal assessments which indicated a need for some reorganization basedon changing
program emphasis aswell asfrom external action which placed additional
responsil%lity on the Foundation. In total, seven new units were created :
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The Office of Sea Grant Programs was established to implement the
provisions of the National Sea Grant College and Program Act of 1966,
described above.
The Oceanography Section in the Division of Environmental Sciences
was created to carry out the oceanographic activities previously conducted
in the Earth Sciences Section of the same division.
The Office of Computing Activities was formed to provide a framework within which all Foundation computer-related activities, exclusive
of those associated with research grants, might be supported and
coordinated.
In recognition of the importance of maintaining support at colleges
md universities at the institutional level, the Foundation reorganized it.
institutional program activities by abolishing the existing Division of
Institutional Programs and placing these activities instead under an
associate director, Institutional Relations.
The creation of the Office of Equal Opportunity represents Foundation implementation of the Executive directive providing for nondiscrimination in Government employment, nondiscrimination in employment by Government contractors and subcontractors, and for nondiscrimination provisions in federally assisted construction contracts.
The Office of Planning and Policy Studies is a merger of two previous
Foundation units- the Office of Program Development and Analysis
and the Office of Science Resources Planning. By combining the two
offices into one unit a more effective way has been found to interrelate
planning and policy studies and activities relating to internal Foundation
needs with those concerned with national science resources and
requirements.
Establishment of the Office of Data Management Systems was a
response to the growing need within the Foundation for a focal unit to
plan, develop and implement standardized data systemsfor the operational data needs of the Foundation and for the data requirements which
form the basis for policy and planning activities.
National Science Bourd Changer
During fiscal year 1967 no changes took place in either the membership
or the organization of the National Science Board. However, in fiscal
year 1968 Dr. Roger W. Heyns, Chancellor, University of California,
Berkeley, will replace Dr. Julius A. Stratton, Chairman of the Board, the
Ford Foundation, who resigned from the Board due to the pressure of
other duties.
With the reelection of Dr. Philip Handler and Dr. Ralph W. Tyler
as Chairman and Vice Chairman respectively, and with the continuation
of the standing committees, the organization of the Board will remain
the same over the next fiscal year. A complete list of National Science
Board members is provided in appendix A to this report,
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RESEARCHSUPPORTACTIVITIES
While the totality of all National Science Foundation programs is
devoted to strengthening national capability in the sciences, direct support for scientific research can be divided into four major areas of
activity :
l
Basic research project grants to institutions, primarily colleges
and universities, for scientific investigations conducted by individual scientists or groups of scientists;
l
Support of cooperative national and international research programs;
l
Assistance provided to institutions for acquisition of specialized
research facilities and equipment;
0 Support of National Research Centers maintained and operated
for the Foundation by associations of universities.
These major research programs are discussed in this chapter, mainly
in connection with related scientific disciplines.

BASIC RESEARCH PROJECTS
In fiscal year 1967, the Foundation awarded 3,976 grants totaling
$172.6 million. In the proposals receiving favorable action, the total
amount requested was $342 million so that, on the average, awards provided 50 percent of the funds requested. Some of this reduction in funds
resulted from shortening the time for project support. If awards and support requested are compared over this shortened time span, the percentage of funds provided was 78 percent of that requested.
Table 4 which follows gives the distribution by fields of science of basic
research project proposalsreceived and grants awarded in fiscal year 1967.
These research grants were awarded to 406 institutions in 49 States,
the District of Columbia, and Puerto Rico. More than 90 percent of the
funds went to 310 academic institutions. Of these 214 received two or
more research grants and 110 received at least $260,000.
In the engineering sciences,the program of Research Initiation Grants
for young faculty members beginning independent investigations has
been continued. The Foundation received 561 proposals requesting $9.8
million, and awarded 166 grants for a total of $2.2 million. Almost every
State w& represented in the proposals submitted.
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table4.~afional Science
___---___-----_..---~

Foundation

[Grossoblirstlous, am0u1rt.siu millions]
-- --.._. _-------.__ ~__..__ Awards
Total requested
Number
.--___-.-.

_------.
Social Sciences :
Anthropology.
. .... . ......
. .
Economics . . . . . . . . . . . . . . . .
Economic and social geography. . .
History and philosophy of science. .
Political science. . . . . . . . . . . . . . . .
Sociology and social psychology.. . .
Special projects. . . . . . . . . . . . . . . . . .
Subtotal.

... .. . . . . . .... . . ... .

Biological and Medical Sciences:
Cellular biology. . . . . . . . . . . . . . . . .
Environmental
and systematic
biology . . . . . . . . . . . . . . . . . . . . .
Molecular biology. . . . . . . . . . . . . .
Physiological processes. . . . . . . . . .
Psychobiology. . . . . . . . . . . . . . . . . .
Special programs. . . . . . . . . . . . . .
Subtotal.

.

... .. ... . . ..

.

Mathematical
and Physical Sciences:
Astronomy. . . . . . . . . . . . . . . . . . . _
Chemistry. . . . . . . . . . . . . . . . . . . . . .
Mathematical
sciences. . . . . . . . . . .
Physics. . . . . . . . . . . . . . . . . . . . . . , . .
Subtotal.

Basic Research Projects, Fiscal

. Year1967

Amount
-.

Number

---

Amount

263
118
24
69
52
221
26

$11.1
8.6
9
2:3
1.8
13.5
4. 7

147
81
15
43
32
118
15

$3. 7
3. 2
.4
.8
.8
4. 1
2. 0

773

42.9

451

14. 9

478

42.0

239

10. 2

646
425
682
256
38

34.4
44.0
55. 5
20. 6
8.3

390
254
343
118
30

11.4
11. 5
11. 1
4. 6
4. 6

I, 374

53. 4

118
420
422
269

5. 9
17. 4
14. 4
23. 7

I, 229

61. 4

2,525
144
760
545
523

204.8
11.7
63.3
48. 7
68. 7

.... . . . . . . ,. ... . . ....

1,972

Environmental
Sciences :
Atmospheric sciences. . . , . . . . . . . .
Earth sciences. . . . . . . . . . . . . . . . . .
Physical oceanography. . . . . . . . . . .

122
333
135

16. 7
18.5
17.6

90
224
91

7. 2
8. 0
7. 8

... . . . . . . ... ... . ...,.

590

52. 7

405

23. 0

Engineering Sciences :
Engineering chemistry. . . . . . . . . . . .
Engineering energetics. . . . . . . . . . . .
Engineering materials. . . . . . . . . . . .
Engineering mechanics. . . . . . . . . .
Engineering systems. . . . . . . . . . . . . .
Special engineering projects. . . . . . .

191
223
460
192
235
79

IO. 1
12.6
23. 7
10. 7
11.6
3.9

78
72
161
82
87
30

2. 9
3. 2
3. 1
6. 0
3. 5
.9

1,380

72.6

510

19. 6

3

.l

3

. 1

Subtotal.

Subtotal.
International

.... . . . . . ... ... . . ....
Science Activities.

. . ....

Total. . . . . . . . . . . . . . . . . . . . . . , . .
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7,243

192.4

565.5

3,972

172.6

National

Research

Programdiscal

Year

1967

At times a research program may be so large or complex as to require coordinated planning and funding on a national basis, particularly
if international cooperation is involved-even though the funding is
largely in the form of grants to universities and colleges. In the case of
each of the programs listed in table 5, the Foundation has been assigned
the responsibility for cooperation or management by the President, or by
the Congress, or by agreement within the executive branch.
Of the programs listed below, the U.S. Antarctic Research Program
has remained relatively stable, but specific attention has been given this
year to some complementary research in the Arctic. Foundation activities
in the International Biological Program represent the initial stages of
U.S. participation in a widespread effort to accelerate the growth in
understanding of basic biological processesthrough international coop
erative scientific research.
In fiscal year 1967, the program of the International Years of the
Quiet Sun was concerned largely with data analysis and continuing review. Further work along this line will be continued under regular basic
research projects in the future. The Weather Modification Program has
received increased funding which has enabled it to expand its objectives
to include social and economic, legal, and ecological aspects of weather
modification. In addition, greater stability has been attained by increasing the time duration of grants so as to permit forward planning.
International Cooperative Scientific Activities includes projects initiated as a result of formal agreements between the United States and the
governments of other nations (see International Science Activities,
page 165)) as well as exchange of scientists between nations and other
activities designed to promote the overall strength of science.
In addition to these programs, the Foundation excepts to provide
support for activities in connection with the Global Atmospheric Research
Program (GARP) , and the Ocean Sediment Coring Program. The
Global Atmospheric Research Program is an internationally developed
Table 5.-Nafional

Research

Program

Grants

U.S. Antarctic Research. . . . . . , . . . . . . . . . . . . . . . . . . . . . . . .
Arctic Ocean Research. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Deep Crustal Studies of the Earth. . . . . . . . . . . . . . . . . . . . . . .
International
Biological Program 1. . . . . . . . . . . . . . . . . . . . . . .
Weather Modification.
.. .. . ..... . . . . . . . . . . . . .. .... . . . .
International
Years of the Quiet Sun. . . . . . . . , , . . . . . . . . . .
International
Cooperative Scientific Activities. . . . . . . . . . . . .
Ocean Sediment Coring Program 1. . . . . . . . . . . . . . . . . . . . . .

and Contructs
Numba
143
1
1
12
41
18
25

Amount
(miLiions)
7. 58
13
it3
.50
2.09
.25
1.05

* Funded from basic research in FY 1967.
2Contin&ng
program begun in FY 1966, no funds added in 1967.
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program to study the general circulation of the earth’s atmosphere. The
Line Islands Experiment, which is discussed in connection with the atmospheric sciences, was an early part of GARP and was conducted in
1967. An early U.S. activity will embrace research efforts in connection
with the Barbados Oceanographic and Meteorologica Experiment
(BOMEX) scheduled for 1968. The Ocean Sediment Coring Program
will provide a means for scientists to make detailed analysis of ocean
sediments taken from holes drilled at many different locations on the
ocean floor. Drilling operations will be conducted from a research vessel
suitably modified to-meet the unique requirements of the project.
Cooperative

Agreement

With

the

Ford

Foundation

Significant progress was made in cooperation between government and
private foundations in the support of research when, for the first time,
a joint fund ing arrangement was agreed upon in fiscal year 1967 by the
National Science Foundation and the Ford Foundation for a 150-inch
telescope at the Cerro To1010Inter-American Observatory in Chile. The
stimulus to these special types of cooperative effort stemsfrom the unique
site characteristics present at Cerro Tololo, and the needsfor filling gaps
in our astronomical knowledge of the skies of the Southern Hemisphere.
Details of this project, scheduled for completion in 1973, are discussed
on page 55.
Special

Commission

on the

Social

Sciences

Federal support for basic research in the social scienceshas increased
markedly in recent years and is expected to increase even more in the
future. As a result, activities of the Foundation, as well as other govemmental agencies, in these fields have reached the point where it seems
wise to have a fuller understanding of how social sciencescan be used
more effectively; how collaboration between scientists and engineers
can be enhanced and what measures and recommendations on the
broad direction of research programs in the social sciencesare needed.
To meet these needs, the National Science Board has authorized appointment of a Special Commission on the Social Sciences.
National

Sea Grant

Program

The National Sea Grant College and Program Act (Public Law
89-688) was signed in October 1966. This new legislation assigned to
the National Science Foundation responsibility for a new program of
development of marine resources. This program represents a new departure for the Foundation since the act gives authority not hitherto
possessedby the Foundation for the conduct of applied research in scientific and technical areas related to the development of marine resources.
30
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In this new program, the Foundation, through its newly established
Office of Sea Grant Programs, will help academic and research institutions to develop their capabilities in marine resources by supporting applied research on techniquesand practices in ocean engineering, fisheries,
aquaculture, marine chemistry and related fields. This program additionally will support training and communications programs to increase
the supply of skilled manpower and provide useful information to the
marine industries and interested bodies of individuals.
Foundation support of Sea Grant Programs will be developed in close
coordination with those Federal agencies now charged with responsibilities in this area, notably the Bureau of Commercial Fisheries of the
U.S. Department of the Interior. The role of the National Science Foundation will be to contribute to the national effort, primarily by building
within academic institutions the research and training capabilities essential for rapid advance toward full utilization of marine resource potential.
Specialized

Academic

Research

Equipment

and

Facilities

Modern science is characterized by its use of continually developing
and increasingly complex and expensive equipment and facilities, which
because of their costcannot be funded out of normal operating expenses
of academic institutions. The Foundation provides, therefore, a limited
amount of support to these institutions for the acquisition of facilities
considered most essentialto the advancement of basic research. Table 6
summarizes the support given during fiscal year 1967.
Table

6.0Specialized

Academic

Research

Equipment

and Facilities,

Fiscul Year 1967
Astronomy. . . . . . . . . . . , . . . . . , . . .
Atmospheric Sciences.. . . . . . . . . . . . .
Biological and Medical Sciences.. . . .
Chemistry 1. . . . . . . . . . . . . . . . , . .
Engineering. . . . . . _ . . . . . . . . . . . . . .
Oceanography. . . . . . . . . . . . , . . . . .
Physics. . . . . . . . . . . . . . . . . . . . . . . . .
Social Sciences. . . . . , . , . . . . . . . . . .
1 Equipment

National

.
.
.
.
.
.
.
.

. .... .
. ... . .
. .... .
. .... .
. .... .
..... .
. .... .
. .... .

. ........ . . ..
: ....... . . . ..
. ........ . . ..
. ..,,.... . . ..
. ....... . . . ..
. ....... . . . ..
. ..,.... .. . ..
. ....... . . . ..

Number
12
19
25
88
44
11
19
10

Amount
(millions)
1.880
.954
1.668
3.137
.954
2.022

5.800
.311

only.

ReseaKh

Centers

National Research Centers funded by the Foundation are governmentowned facilities establishedin response to an extraordinary research need
that cannot be met by merely expanding programs at existing institutions.
The facility in each caseis actually operated by a corporation formed by
a group of universities but the Center is funded by and under the general
super&i& of the Foundation. As a scientific institution, it maintains
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Table 7.Uational

Research

Center Funds,

Fiscal Year

Amount

Name
National Center for Atmospheric Research.
Kitt Peak National Observatory. . . . . . .
National Radio Astronomy Observatory. .
Cerro Tololo Inter-American
Observatory.
Total..

. .... ..... . . . .. .. . . .. . . .

1967

$12,300,656
. . ..
.
.....
5,505,ooo
..
.... . .. .
. . .
4,985,OOO
... .. . . . . . . . . .
.
1, 713,000
.. . . ..
.....
. ..
..... .

.. ...

..

24,503,656

close collaboration with the scientific community. Table 7 gives the expenditures for the four National Research Centers that have been established by the Foundation.
At the observatories only a limited staff of outstanding astronomers
and support personnel are resident. Most of the available telescope time
is used by visiting astronomers and graduate students from the scientific
community at large. In the case of the National Center for Atmospheric
Research (NCAR) , a sizable resident staff of highly qualified scientists
from many disciplines does basic research in the atmospheric sciences.
In this way, broad, interdisciplinary efforts can be undertaken to solve
complex problems. The Line Islands Experiment is an example of how
NCAR exercises leadership in the conduct of broad, cooperativeprojects.
In addition to the work of the resident staff at NCAR, there is noteworthy participation by visiting scientists who use the specialized equipment available at NCAR and join in projects which are wider in scope
than could be mounted by their own institutions.

BIOLOGICAL AND MEDICAL SCIENCES
Research in the life sciences was impressive during fiscal year 1967.
Most of the significant investigations were in the areasof the major
advances of the recent past, but several exciting probes have been made
in new directions, and new patterns of inquiry into biological problems
seem to be emerging as a result of the rapid disintegration of boundaries
that earlier separated biological disciplines.
Within all disciplines of the life sciences, the study of biological problems has been extended to the molecular level. Barriers that formerly
existed have been replaced to a great extent by a sense of interdependence
and mutuality of interest. On the one hand investigators whose interests
are at the molecular level are aware that their findings become more
meaningful when related to higher levels of biological organization; and
on the other hand, biologists concerned with problems of systematics,
population dynamics, and evolution are now using techniques and concepts of molecular biology to extend their knowledge. Systematic and
evolutionary studies have been invigorated, for example, by the use of
molecular techniques for measuring the degree of similarity of proteins
or DNA molecules of different biological groups.
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Counterparts of these examples are seen in the new studies in molecular biology that deal with evolution and the origin of life.
These investigations can be conducted now because the genetic code
has been deciphered. They are concerned with the evolution of the colons,
the smallest unit of DNA that imparts genetic information. Until now,
studies of organic evolution have dealt with species,individuals, or organ
systems. Now as a result of “cracking” the genetic code, the study of evolution can be directed toward basic questions relating to the origin of life
itself. Still another example of the reciprocal benefits accruing from the
sharing of concepts and tools between heretofore separate fields of inquiry
can be seen in population studies. A number of population problemspopulation of cells within a developing individual as well as populations
of individuals within a species- are being approached at a very refined
level.
While all of this cross-fertilization is going on at the molecular level,
equally significant advances are being made at the opposite end of the
size spectrum-at the level of whole ecosystems.At this huge scale, where
the research subject may be the plant and animal community of an entire
drainage basin plus, literally, the sky above and rocks below, biologists
are drawn out of the limits of their field and cooperate with meteorologists, geochemists, and other physical scientists.
The breakdown of disciplinary boundaries within the life sciences is
a consequence of the fact that to a great extent biology is evolving
from a discipline-oriented to a problem-oriented science. This trend has
been accelerated by the development of highly sophisticated instrumentation and by the team approach to research.
These factors, plus the widespread application of the concepts of
molecular biology, have brought about a great ,burst of interest in four
particular interdisciplinary areas of biology: immunization, differentiation, membrane biology, and neurobiology. The multidimensional mysteries in these areas represent new frontiers in biology, and important
advances are anticipated in them during the coming years.
The breakdown of boundaries within the life sciencesis matched by
an increasing awareness of the continuum between the life sciences and
the physical and social sciences. Much of the basic research supported by
the National Science Foundation has relevance to population problems,
food productivity, nutritional deficiency, disease control, and control of
environmental quality. Increased attention has been given to the lbiological aspects of these areas during the past year as the International Biological Programs (I.B.P.) advanced from the late planning to the early
operational stage.
The I.B.P. is an international cooperative program in the biological
sciences to determine on an international cooperative basis the present
and future capacities of the world’s biological communities and man’s
adaptabihties to meet changes in these communities. The Office of ScitZ82-656

-
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ence and Technology has designated the Foundation as the coordinating
agency for Federal participation in the I.B.P. The role of the United States
in the I.B.P. will be to work with other nations and support urgent biological studies requiring international collaboration in the hope that
worldwide cooperative effort will help less-developed nations, lead to
significant developments in the science of biology, and promote a muchneeded interchange of personnel between developed and less-developed
countries.
Much interest in biological research during the past fiscal year was
focused on regulation as a biological phenomenon. In the sample of
projects described below, different levels of such control are illustrated.
Iso/ation

and

Mode

of Action

of Gene Repressors

A paradox puzzled biologists for many decades. They had observed
that genetic material is replicated with great fidelity during cell division.
Genes in each cell of an individual arising from a single fertilized egg
must therefore be identical, and yet cells in different parts of the individual
differ in appearance and function. To resolve this paradox an assumption
was made. It was assumed that all genes, although present uniformly in
all cells, are not active at all times and that different genesare active in
different cells. If this assumption were true, the mystery to be solved was
how this differential gene activity is regulated. The mystery was greatly
clarified by the Nobel Prize-winning experiments of Francois Jacob and
Jacques Monod of the Pasteur Institute in Paris, who, working with
bacterial cells, hypothesized that there is a classof geneswhose only function is to turn off the activity of other genes. They called them regulatory
or repressor genes, and each one regulates the activity of a specific set of
genes. They hypothesized that the product of a regulatory gene, the repressor, in some way prevents the gene it regulates from making its product. Since 1961 when the Jacob and Monod hypothesis was formulated,
there has been an intensive search for a repressor in a number of laboratories. Indirect evidence indicated the hypothetical molecule was probably a protein, but there was no way to determine if it acted on the genie
material directly or on the cellular machinery where gene-controlled
products are synthesized.
Early during the fiscal year, S. Walter Gilbert and Bruno MiillerHill of Harvard University working with Foundation support reported
the isolation of the repressor that regulates the synthesis of the enzyme
that breaks down the sugar lactose in the bacterium Escherichia co&.
This repressor was identified as a protein. Repressor molecules exist in
both an active and inactive form depending on whether or not they are
combined with very specific small molecules, or inducers. When the
inducer is present, the repressor is inactive. Repressormolecules are difficult to isolate because they are present in cells in very low concentrations.
Drs. Gilbert and Miiller-Hill approached the task of isolation by concen34

trating the repressor-inducer complex by a dialysis equilibrium method.
This method separates different substances in solution by means of their
differential diffusion through semipermeable membranes. In this study,
a concentrated protein fraction from a bacterium that produced a repressor that binds tightly to the inducer was placed on one side of a
membrane and a radioactive-labeled inducer on the other. After diffusing
the inducer through the membrane, it was found that the protein concentrate contained a substancewhich caused the inducer to be concentrated
in the protein fraction. This substance was the sought-after repressor.
Independently of this study, and with support of a Foundation grant,
Mark Ptashne, also of Harvard University, used a different approach
and a different system to isolate repressor molecules in purified form.
The repressor that Dr. Ptashne isolated regulates the genes of a virus that
infects bacteria. The genetic material of this virus can be incorporated
into the chromosome of the bacterium it infects. However, it can do this
without lethal effects only when the repressor produced by a gene of the
infecting virus prevents the viral genes from functioning. If the repressor
is inactivated, however, the infected bacterium produces more viruses
and eventually bursts. The same repressor also gives immunity to the
bacterial host cell from super-infection by similar viruses. The virus repressor isolated by Dr. Ptashne is much smaller than the “lactose” repressor isolated by Drs. Gilbert and Miiller-Hill, having a molecular
weight which is at most a fifth of the “lactose” repressor.
Having isolated the repressor in pure form, it was possible for Dr.
Ptashne to determine where and how these molecules prevent gene
action from being expressed. He mixed the isolated repressor protein
DNA from the virus strains he used and demonstrated that the repressor
molecules attach to DNA molecules and that this binding is specific.
It is concluded from this that repressors work at the level of the genie
material itself and in the simplest possible way-by physically binding
with the genes they repress?thus blocking the synthesis activity of the
genes.
The confirmation of the Jacob and Monod hypothesis has been demonstrated only in bacterial and viral systems, but it probably will have
application in higher organisms. The experiments described above suggest the possibility that gene regulation can be controlled experimentally,
and this could lead to the control of diseases and the prevention of
expression of inherited defects.
Cancer induction

by Viruses

Boris Ephrussi of Western Reserve University, Ohio, has been investigating regulation at the cellular level by comparing such fundamental
cellular processesas cell division in different strains of cells and in their
hybrids grown in cell culture. A simple experiment was performed this
year with co11ab orat ors (V. Defendi, H. Koprowski, and M. Yoshida)
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from the Wistar Institute, Philadelphia, that provides strong evidence
that viruses that induce cancer do so by adding genetic information to
the host cell.
Cancer cells are distinguished from normal cells by the fact that they
are unable to regulate cell division. Since this regulation is an inherited
trait, it is likely that the induction of cancer involves a genetic change.
Before it was known that viruses could transform normal cells into
cancer cells, many geneticists and cell biologists believed that cancer
was caused by mutations in body cells resulting in the loss or malfunction of an essential regulatory gene. When it was demonstrated that
viruses could induce cancer, it became plausible that cancer could be
the result of the addition to the cell of genetic information carried by
the virus. It was still possible, however, that the cancer-inducing viruses
accomplished their deadly work by causing mutations and deletions. Dr.
Ephrussi and his colleagues resolved these alternative hypotheses. They
grew normal mouse cells and mouse cells that had been transformed to
cancer cells by polyoma virus in the same culture and examined the
hybrid cells produced by fusion of the two types to seeif they had the
properties of normal or cancer cells. The results were clear. The hybrid
cells had the properties of the parental cancer cells.
These results indicate that neoplasia, which is viral induced, cannot
be the result of the loss of genetic information because the hybrid cells
contain the genetic information of the parental normal cells as well as
the genetic information of the parental cancer cells. It is concluded,
therefore, that the induced tumorous condition is causedby the addition
of genetic information; namely, the genetic information of the cancerinducing virus that persists in the transformed cells, perhaps incorporated into the cells’ chromosome.
Influence

of Environment

on Bruin

Mark Rosenzweig and his associates,Edward L. Bennett and Marian
C. Diamond, all of the University of California at Berkeley, have been
investigating the hypothesis that the environment in which the individual
lives contributes to his brain chemistry and anatomy. There are many
hints that support this hypothesis, but convincing proof has been difficult
to find. In brief, the general procedure of these scientistshas been to raise
rats from birth in “enriched” as well as “impoverished” environments
and examine the influence of these environments on the animals’ brains.
The enriched environment is one in which animals are housed in groups
of 10 to 12 in a large cage that is provided with “toys” such as ladders,
wheels, boxes, etc. Each enriched-experienced animal has a littermate
which has been assigned to an impoverished condition. Animals in this
latter group live in individual cages that have solid sidewalls so that an
animal cannot see or touch another. These cagesare placed in a separate,
quiet, dimly lighted room. Following 80 days of experience in either the
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environmentally enriched or environmentally impoverished environment,
the animals are sacrificed and an examination of the brain is made.
The enriched-environment rats consistently develop greater weight
of their cerebral cortex than do their littermates, not having an enriched
environment and this greater weight is reflected in greater thickness of
this part of the brain. Biochemical effects have been also examined, with
attention being directed toward the enzyme acetylcholinesterase. This
enzyme is important at those central nerve junctions where acetylcholine
is the chemical transmitter that conveys messagesfrom one neuron to
another. Total activity of acetylcholinesterase was found to increase
slightly but consistently in the enriched-experience animals, both in the
cortex as well as in the rest of the brain.
There are other enzymes in the brain that can also act on acteylcholine, although perhaps less specifically than doesacetylcholinesterase.
These other enzymes are known collectively as choline&erases.The investigators found that cholincsterase activity is increasedeight percent in the
cortex of the environmentally enriched rats.
These studies are but a beginning in this new and exciting brain and
behavior area. Research is being continued in an attempt to answer many
of the questions which theseearly findings have raised. Does an enriched
environment have an effect on adult animals, or is this effect limited to
young animals ? Are the differences caused chiefly by the enrichment
experience of the one group or by the restriction or experience of the
other? Is the magnitude of cerebral changes a function of the duration
of the experience?
Whole Ecosystem

Studies

Environmental biologists, or ecologists, have been working on larger
and larger systems. The progression, not smooth, continuous, or complete
has been from the ecology of individual organisms, to the ecology of
populations, to the study of natural communities, and now to the study
of ecosystems--those intricate combinations of biotic communities and
their physical environments considered as unitary interacting systems.
Because of the enormous complexity of ecosystems,study of them has
several distinctive characteristics: multidisciplinary, team efforts; a need
for automatic data collection and recording; a strong reliance on mathematics and computer assisted simulation. A comprehensive ecosystem
analysis would include the physiological ecology of plants and animals,
the structure and fluctuation of populations, analysisof production and
diversity of organisms, study of the cycling of mineral nutrients, and
analysis of the flow of energy and water through the system. To conduct
a study as complex as this requires the collaboration of ecologists of several kinds as well as mathematicians, geochemists, and meteorologists.
This level of investigation is new, and methods of putting all of the
pieces together have not yet been fully worked out. As a result, not all
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current ecosystem studies have all of the attributes of a comprehensive
study.
One ecosystem investigation has been underway for several years at
the Hubbard Brook Experimental Forest, West Thornton, N.H., under
the direction of G. E. Likens of Dartmouth College and F. H. Bormann
of Yale University. The objective of the study has been to follow the
cycle of water from rain to stream runoff and with it the materials
in solution in the water. The rate of weathering of dissolved materials
from rock is being calculated, and the rate of loss of water and dissolved
materials downstream is monitored continuously. Drs. Bormann and
Likens found that natural, undisturbed forests are ableto hold and recirculate essential nutrient elements with an annual lossdownstream of only
1 percent. The retention of nutrients is intimately tied up with the uptake
of water by trees, the water ultimately being lost through the leaves by
transpiration. The importance of plants in conserving mineral nutrients
was clearly shown, for when a watershed was clear-cut and treated with
herbicide, water flow downstream increased, and lossof nutrients was
increased 3-l 5 times.
A very different approach to the study of ecosystemsis being taken
independently by F. E. Smith, University of Michigan, and E. W.
Fager, Scripps Institution of Oceanography. Both of thesebiologists are
concerned with developing mathematical models of the interactions
among populations that form a food chain within a natural community.
Starting at the simplest levels, these models predict by means of computer
simulation the events expected in populations of a plant, an herbivore,
and a predator as each species changes rates of reproduction, age at
maturity, and food intake (for .the animals). At more complex stages,
these models are expected to predict the effects of increasingthe number
of species of plants, herbivores, and predators and variations in their
characteristics on numbers of individuals of each species.Much more important, models of this sort may enable the biologist to predict the response
of whole ecosystemsto disturbances such as invasions and exploitation.
Ecosystem studies involving theoretical simulation and empirical field
work are needed to answer serious practical question suchas: What kinds
of biological systems are appropriate for man to harvest?How intensively
may these systems be cropped without destroying them?Happily, some
of the most exciting basic ecological studies are preciselythose likely to
lead us to the answers to these crucial problems.
MATHEMATICAL

AND PHYSICAL SCIENCES

The mathematical and physical sciences comprise the most central
and fundamental areas of scientific interest, and their continuing health
and vigor are basic to the progress of all science. Recognizing the importance of this, the Foundation devoted about one-third of its basic
i,:
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research project support in fiscal year 1967 to the mathematical sciences
and the physical sciences: chemistry, physics, and astronomy.
Such traditional divisions are now recognized more as practical working divisions than independent fields of specialization. The underlying
picture of matter is the same for alI, as these sciences continue to reinforce and systematize their interactions with each other and with other
areas of science and technology. For example, considerable insight into
molecular reactions of current interest in chemistry has resulted from the
use of sophisticated techniques and instrumentation which are based on
principles from disciplines other than chemistry.
Over the past two decades,research in astronomy has proceeded along
two separate but generally converging lines, the classical approach using
optical telescopes and the more recent technique of radio astronomy.
During the past 2 yearsin particular, substantial progress has been made
in optical identification of celestial. sources of radio emissions. This has
been made possible by the steadily improving accuracy with which radio
astronomers can measurethe positions of radio sourcesin the sky.
The science of chemistry is concerned with materials, their properties,
and the transformations which they undergo. These chemical reactions,
or transformations, generally occur during molecular collisions, the understanding of which is basic to all of chemistry. Thus, much current
research in chemistry is concerned with those mec_hanismsby which electrons and energy are transferred between atoms and molecules. Considerable insight into these processes has resulted from the use of molecular beam, spectroscopic, photochemical and electrochemical methods
made possible by continuing advances in electronic, optical and vacuum
instrumentation. The increased understanding of these fundamental
processes leads to greater insight into the chemistry of living organisms,
the synthesis of new materials, and improvements in existing industrial
products.
The revolution in physics over the past half century has introduced
new realms of knowledge, and its practitioners have not only contributed
substantially and directly to human betterment but have additionally
spurred advances in other branches .of science. In addition to its great
contribution to engineering, to industrial technology in general, and to
space exploration, physics has provided a unified conceptual structure
for the natural sciencesas weII as expanding its own boundaries. As a
result, many interdisciplinary sciences, such as biophysics, geophysics, and
astrophysics have emerged. In these interdisciplinary areas, it becomes
increasingly difficult to distinguish where the one discipline ends and the
other begins.
Mathematics has always been indispensable to the physical and engineering sciences. Increasingly, it is becoming so for the biological and
social sciences. As such, it is studied for its intrinsic intellectual interest
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as well as for its utility in many of man’s commercial, industrial, social,
and scientific endeavors.
Some of the examples of Foundation-sponsored activities discussed
in the following paragraphs illustrate the advances in and the interdependence of the physical and mathematical sciences.
Chemistry
Space Age Polymers

In 1949, Peter Kovacic was working in an industrial laboratory on
methods of chlorinating aromatic compounds, a processof considerable
commercial importance. He found that ferric chloride reacted cleanly
with some aromatics, but with the simplest one, benzene,he could only
recover a black tar. He later found that the same resulthad been published in a French journal in 1898. This process did not seem to have
commercial possibilities and the project was dropped. When he joined
the faculty of Case Institute of Technology in 1955, however, he decided
to look more carefully into the fundamental chemistry of these reactions.
During the next nine years, with support mainly from the National
Science Foundation, he transformed a reaction which appeared to have
no commercial possibilities into a practical way of making a useful material. The product, polyphenyl, is a plastic consisting of a string of
benzene rings. It is not broken down by high temperatures, radiation or
most chemical reagents. It is easy to make from cheap starting materials,
and can be molded into many forms. This combination of advantages
has aroused considerable interest in both industry and government agencies. After some further improvements on Dr. Kovacic’s method, polyphenyl is now being produced commercially in limited quantities for use
as a heat shield for reentry of space vehicles, and as an insulator in electronic equipment which must operate at high temperatures.
Nitrogen

Recsction Under Mild

Condifions

For me last 2 years, George Helmkamp of the University of California
at Riverside, supported by a Foundation grant, has beentrying to make
thiirenium salts, a new type of organic compound containing a threemembered ring of two carbon atoms and one of sulfur. The properties
of such compounds would be important to chemical theory. One of the
compounds he wanted to start with was known to be sensitive to air, so
he used it under a blanket of pure nitrogen gas, which doesnot ordinarily
react with anything under mild conditions. To his surprise,the product
was a reactive new compound containing more nitrogen than the one
with which he started. Further experiments clearly showed that the
nitrogen was coming from the blanket of nitrogen gashe used, that
chemically related compounds also reacted with nitrogen, and the product

reacted easily with a variety of other compounds to form stable chemicals
in which the nitrogen was firmly bound.
Last year’s annual report pointed out the importance of more economical methods of making ammonia in solving the world food problem. Dr.
Helmkamp’s reaction could take nitrogen out of the air, and it does not
require high temperatures and pressures, which increase the cost of
present production methods. Like the method described last year, it does
require some expensive chemicals in its present form, and the product is
not directly convertible to ammonia. Much more work will be needed
to see if these problems can be overcome, but the principle of getting
nitrogen to react under mild conditions has been established.
Inorganic Enzymes
A chemist at Ohio State University, D. L. Leussing, with Foundation
support, has shown that certain simple metal ions may perform in a way
similar to nature’s powerful catalysts, enzymes. Enzymes are large complicated protein molecules which, in biological systems, cause reactions to
go many times faster that when the reactants are brought together in test
tubes without the enzyme.Enzymes perform two distinct roles. First, they
bring two reactant molecules together by forming a complex species in
which each reactant molecule is bound to the enzyme. Second, under
the influence of the enzyme, the two reactant molecules undergo a fast
reaction.
For a long time, chemists have studied the combination of certain
nitrogen-containing compounds with certain oxygen compounds to form
products named Schiff basesafter their discoverer. Schiff bases play an
important role in many biological reactions. Since many metal ions interact with the uncombined reactants forming complexes, it hasbeen thought
for several years that metal ions might mimic enzymes in Schiff base
formation. Although these metal ion systems are considerably simpler
than biological systems,the reactions had proven to be too complicated
to yield to a mathematical analysis.
Dr. Leussing was able to achieve a solution using a modern high-speed
digital computer. First, a large quantity of equilibrium data was obtained
on systems containing two molecules in the presenceof various metal ions.
The results were then subjected to analysis which determined that zinc
ions form complexes containing two molecules bound to a single metal
ion. Analogous to enzymatic action the two molecules react within these
mixed complexes to form Schiff bases.
It was found that zinc ions are as good as, if not better than, enzymes
in the first stage of the reaction where the reactants are gathered in the
complex. However, the rate of combination in the second stage is considerably slower with zinc.
Studies on this and similar systems should enable many of the factors
involved ‘m enzyme reactions to be examined under simpler and better
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defined conditions than can usually be obtained in biological media. The
results will increase our understanding of the role these factors play in
both the simple systems and enzyme systems. Perhaps someday it may be
possible to tailor simple enzyme-like systems to perform highly specific
functions very rapidly at low temperature. Such synthetic enzymes could
find a wide range of applications from the treatment of certain diseases
to the manufacture of various chemical products.
Superconducting

Molecular

Alloys

Current research by Harden McConnell at Stanford University, supported by two Foundation grants, is directed toward the preparation of
novel, high-temperature superconductors. An attempt is being made
to prepare a basically new composition of matter, a “molecular alloy.”
These molecular alloys are prepared by codepositing metal atoms and
molecules, especially organic molecules, on a quartz target in an ultravacuum system, at controlled relative rates. The mixture of metal atoms
and molecules obtained thereby may be termed a “molecular alloy” when
the electrons from both the metal atoms and the molecules participate in
the process of electrical conduction. Unsaturated organic molecules are
particularly good candidates to form such molecular alloys since these
molecules have been known for a long time to contain electrons which
behave much like electrons do in metals even though as a rule organic
solids are not metallic conductors. Metallic elements such as vanadium
or niobium are particularly good candidates for combining with such
organic molecules since these elements alone are good superconductors
at low temperatures and are known to form strong bonds with unsaturated organic molecules.
There are at least two reasons for suspecting that some of the molecular alloys of the type described here may prove to be high-temperature
superconductors. On the purely theoretical side, enough is now known
about the electronic structure of the superconducting state, and the electronic interactions responsible for superconductivity, to permit one to
hope to “design” a high-temperature superconductor by optimizing insofar as possible those electronic interactions thought to be crucial for
superconductivity (e.g., electron screening, electron-phonon and possibly electron-exciton interactions), Indeed, unpublished calculations
made under a number of simplifying assumptions by Dr. McConnell in
1964 predicted very high transition temperatures for a pyrazinevanadium alloy.
The second reason for suspecting that molecular alloys of the type described here may prove to be high temperature superconductors stems
from experiments carried out over the past 2 years in which it was observed that organic molecules, when deposited on the surface of thin
metal films, can modify the superconducting temperatures of these films.
In this work it was clearly demonstrated that this was a “chemical shift”
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of the superconductivity, and that the direction of the shift could generally be predicted from the chemical composition of the unsaturated
organic molecule deposited on the film surface. Although the observed
changes of transition temperature were small they are considered to be
quite encouraging since one anticipates a very strong dependence of
transition temperature on composition in molecular alloys. In the thin
film experiments with sequential depositions the effective concentration
of the organic molecules can only be of the order of one percent, whereas
in the codeposition experiments now underway this molecular concentration can be 10 times higher or even more.
With support from the Foundation, Dr. McConnell has completed
construction of a high vacuum and cryogenic system capable of preparing molecular alloys and studying their superconducting qualities. He has
recently carried out experiments on the enhancement of the superconducting critical temperatures of aluminum films containing various concentrations of organic molecules. He intends to continue both experimental and theoretical work in this area.
Ion Cyclotron Reronunce

Specfroscopy

Since the very beginning of the science of chemistry, chemists have
been trying to understand, in increasingly greater detail, the nature of
chemical reactions. During the past several years, a powerful new technique has been developed which promises to be of considerable importance in the study of ion-molecule reactions. This technique is ion cyclotron resonance spectroscopy, and its development into a practical tool
was assisted in no small measure by John D. Baldeschwieler, at Stanford
University, with the support of the National Science Foundation.
Working in close collaboration with Peter Llewellyn of Varian Assocates, Dr. Baldeschweiler and his coworkers have significantly advanced
the usefulness of cyclotron resonance through the introduction of double
resonance techniques. In this technique one type of ion is heated with a
strong alternating electric field of a frequency characteristic for that ion.
When these hot ions collide with other ions or molecules new chemical
species are formed which also exhibit characteristic resonance absorption
cyclotron frequencies. The temperatures and concentrations of these
new ions can be investigated by irradiating the mixture with a second
weak alternating electric field of the proper frequency. More importantly,
if the second ion is formed from the first, the amount of energy absorbed
from the two alternating electric fields will be related. Thus, ion cyclotron
resonance spectroscopy enablescause and effect relationships to be established in complex chemical reactions.
An important variation of the double resonance experiment has also
been developed. In this technique a strong field of frequency 01 is periodically pulsed and the signal at 02 is detected with a phase detector referenced to the pulsing frequency, then the difference between the single
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and the double resonance is directly displayed. Only thoseproducts that
are coupled to the irradiated species by chemical reaction will appear
in the double resonance spectrum. The Stanford group has obtained a
series of field sweep spectra of a methane-nitrogen mixture for various
values of OZ/OL
Dr. Baldeschwieler and his coworkers plan to use the ion cyclotron
double resonance technique to study detailed mechanisms of reaction
between ionic fragments and molecules with a variety of structures and
functional groups. With these techniques it is also possibleto study the
effect of translational energy on ion-molecule reaction rates.
The impact of this newly developed technique on the chemistry community is already evident. For example, Dr. Baldeschwieler has been
selected as the winner of the 1967 American Chemical Society’s Award
in Pure Chemistry for his pioneering research in nuclear magnetic double
resonance, conformation of biological macromolecules in solution, and
ion cyclotron resonance spectroscopy. Moreover, a commercial ion cyclotron, double resonance spectrometer is already on the market. Clearly
this new technique represents a very powerful tool which chemists can
useto unravel the finer details of chemical reactions.
Electrode

Processes

Since all chemical reactions involve changes in either the number or
the positions of electrons within molecules, electrochemistry has been for
many years an important area of chemistry. Recent theories of the manner in which electrons are transferred in chemical systemshave stimulated the design of new experiments to test these theories. Research
directed at correlating rates of electron transfer with the structure of a
solution adjacent to an electrode placed in the solution hasbeen of recent
interest. This part of the solution becomes very ordered when a potential
is applied and is known as the electrical double layer. The degree of ordering is complicated by the fact that many substances are adsorbed on
electrodes. Organic molecules or ions may alter the structure of the solution next the electrode if they are adsorbed. In order for a molecule or
ion in solution to gain or lose electrons at an electrode surface, it must
first move to the electrode surface through the double layer. It is in a
preelectrode state at that time. This is followed by the gain or loss of
electrons at the electrode. It is difficult to measure the properties of the
double layer when electrons are being transferred acrossit.
A knowledge of the factors influencing the double layer is important
for an understanding of corrosion, the nature of colloidal dispersions,
electron transfer in living systems and, in fact, for an understanding of
electrical phenomena at any interface.
The preelectrode state is important because a substance at an electrode surface may have to undergo a prior chemical reaction before it can
accept or give up an electron. Thus, an ion or molecule in solution may
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have to wait at the electrode surface before it reacts. Paul Delahay of
New York University has been very active in research directed toward
the solution of these puzzling factors. He has developed a large number
of experimental methods to study extremely fast electrode reactions.
These include the potential and current step function techniques. Dr.
Delahay has shown that any reaction at an electrode will change the
properties of the double layer and this cannot be ignored when an interpretation of rates of electron transfer is to be made. Dr. Delahay was
selected for the 1967 Palladium Medal Award of the Electrochemical
Society for his contributions to electrochemistry. Much of his research
has been supported by the Foundation.
Chemistry

Instrumentation

The rapid development of electronic instruments has enabled chemists
to ask more searching questions than ever before, and instrumentation
has been a substantial factor in contributing to impressive advances. At
the same time, the necessityfor up-to-date equipment at academic institutions has placed a heavy strain on departmental budgets. The Foundation views the availability of modern instrumentation for both teaching and reserch~to be a central problem for most university departments
of chemistry.
During the fiscal year 1967 the research instrument program contributed to the purchase of some $4.6 million worth of general purpose
research instruments at 88 institutions. Foundation grants for this purpose totaled $3.1 million, the balance of more than $1.5 million being
provided by the institutions. A detailed study of the present status with
a new projection of future requirements is underway. (Support for
facilities and equipment is also available through Foundation programs
for institutional development which are described in the section beginning
onpage 145.)
Physics
Major

Physics Research Facilities

In its support of major university physics research facilities, the
Foundation seeks to insure that genuine innovations in concept and
design are recognized and exploited. As one example, a project has
been undertaken at the University of Indiana to develop a quite new
type of cyclotron whose magnetic field is arranged in separated sectors or
quadrants. Similarly, and also with Foundation support, investigators at
the University of Utah placed in operation this year a muon-neutrino
facility of unique design. This detector for extremely energetic particles
was built at relatively low cost and records events up to a maximum
path length- of 45 linear feet in an array which has a trapping mass for
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Figure I.-This
television camera at the Cornell synchrotron can be moved by
remote control to any point in the half-mile-long
tunnel, thus facilitating
observation of operations.

desired particles of a thousand tons-and a rock shield against unwanted
ones of 1,000 feet.
Construction of the Cornell 10 BeV electron synchroton, initially
funded by the Foundation in 1965 and discussed in the 16th Annual
Report, is nearing completion. This is the world’s most powerful circular
electron accelerator and was designed at the Laboratory of Nuclear
Studies at Cornell University. The last of the bending magnets for the
accelerator ring was installed in February 1967, and the injection system
was installed in March. Using temporary magnet power supplies and a
temporary radio-frequency accelerating system, acceleration of an electron beam to 2 BeV was achieved without difficulty in May 1967
primary electrical distribution system was completed in June. Wit1
half of the final acceleration system in operation, an energy of i
was achieved in October.
The accelerator will be ready to begin operation late in the f
1967, several months ahead of schedule and within the progr
budget of $11.2 million. Initial experiments are now being prepar

Cornell. Moreover, groups of scientists at the University of Rochester
and Northeastern University are preparing experiments which will be
performed at the Cornell accelerator. Several groups at other institutions have begun planning for additional experiments.
Basic Research Projects
Elemenfary

Particle

Research

The magnetic moment, or intrinsic magnetic character, of an elementary particle is an important physical property which can be determined
by measuring the change in orientation of particles as they move through
a very strong magnetic field. Because of the short lifetimes of many types
of particles, such measurements are very difficult. During the past year,
with Foundation support, a group of scientists from the University of
Washington completed a measurement of the magnetic moment of the
positively charged sigma particle. This experiment was carried out at
the Bevatron accelerator in Berkeley, Calif., and required the use of
specially designed spark chambers inside a pulsed, high-field magnet.
The techniques of pulsed, high-field magnets were adapted from those
developed originally for research in solid state physics. The experimental
results are in rough agreement with current theoretical predictions. This
experiment will be repeated with improved equipment in order to
obtain a more accurate result and thus provide a more crucial test for
theories. The technique will be extended to other particles.
Another area of elementary particle research is the investigation of
the laws of physics at high energies and in very small regions. Physicists
at Northeastern University, supported in part by the Foundation and
using the Cambridge Electron Accelerator, have explored the validity
of the laws of electromagnetism at small distances by measuring the
photoproduction of pairs of muons with a large angle between the two
outgoing particles. The results show that present theories are correct
down to distances of 4~ lo-‘“cm. (comparable to the size of atomic
nuclei). This experiment will be extended to higher energies and smaller
distances using the Cornell 10 BeV electron accelerator.
The Shape of the Atomic

Nucleus

One of the most intriguing problems facing investigators of atomic
nuclei is that of determining the shape of the nucleus. The shapes of
nuclei provide important clues about the nature of nuclear forces. Since
the nucleus is far too small to “see” with any kind of optical instrument,
indirect methods must be used in such a shape measurement.
A large class of nuclei, namely all those which are made up of an
even number of protons and an even number of neutrons, are known to
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have spherical shapes in the ground state, which is the ordinary state in
which they are found in nature. The ground state is the nuclear state
of lowest energy. A nucleus can be excited; that is it can be brought
from the ground state into a state of higher energy. Usually a nucleus
will remain in an excited state for only a very short time. In typically
less than a billionth of a second it returns to its ground state. Despite the
short life of the excited state, it has become possible to determine the
shape of the nucleus in that state.
A recently developed technique has been used by J. de Boer and his
collaborators at Rutgers University to ‘provide information on nuclear
shapes.
Positively charged projectiles are accelerated in a,Tandem Van de
Graaff accelerator to velocities about one-tenth of the speed of light.
When these projectiles come into the vicinity of the nucleito be studied,
they are deflected into a hyperbolic orbit due to the mutual repulsion
between the projectile and target nucleus. On its orbit, the projectile
stays in the vicinity of the nucleus for a very short time,only about lo-“’
sec. During this time, however, the nucleus experiencesa strong electric
field which is produced by the passing projectile and which can set the
nuclear particles in motion. The nucleus may then be transferred into one
of its excited states. If the nucleus finds itself in an excited state while
the projectile is still close to it, the electric field producedby the projectile will, for the remainder of the short interaction time,interact with the
nucleus in its excited state. Careful measurements of theprdbabilities for
excitation for various projectiles will therefore yield information about
the nature of the excited state. A detailed theoretical analysisof the whole
excitation processrequires a large modern computer. These calculations
show that one can, in this type of experiment, determine whether the
excited state is spherically symmetric (baseball-shaped), has prolate deformation (football-shaped), or has ablate deformation ( lens-shaped).
Studies of this type have so far been performed for a score of different
nuclei, all of which exhibit prolate deformation in the excited state (that
is the excited nuclear state may be thought of as a tiny football). A
recent experiment performed at Rutgers has indicated that an excited
state of a particular tin nucleus, Snrlo, has an ablate deformation. This
nucleus is, sofar, the only known nucleus which is lens-shaped.We do not
yet know why nuclei have one shape rather than another and further
investigations in this field are therefore of great interest.
Nuclear

Cooling

Technique

The temperature of a system is a measure of the random component
of its internal motions. At very low temperatures, theserandom motions
subside to the point that even quite weak forces betweenthe particles
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can begin to produce large effects. This can lead to very striking changes
in the bulk properties of the material as in the well-known casesof superfluid helium and superconducting metals. The question as to whether
nature has more suchsurprises has been one motivation behind efforts
to produce lower andlower temperatures.
This quest for very low temperatures began in the last century with
the development of techniques to liquify materials which are normally
gases and led ultimately to the liquefaction of helium and its subsequent
use to cool materials to approximately 1Oon the absolute scale. (On the
absolute scale, 0” K. is the equivalent of -273.16” C.) In the 1930’s
a technique was developedwhich made use of the magnetism associated
with electrons in matter to produce temperatures as low as 0.003” K.
At that time it was recognized that by using the magnetism of atomic
nuclei, a temperaure as low as 0.000001 OK. might be obtained. A technique based on this effect known as nuclear cooling has been developed
and has produced a temperature within 0.0008” of the absolute zero over
a large enough volume to permit experiments to be performed. The
difficulties in achieving this low temperature stem primarily from the
following sources: (1) It takes very little energy to warm things up a
great deal at such low temperatures; (2) it is very difficult to transfer
even minute amounts of heat at these low temperatures; (3) in order for
the nuclear cooling technique to work, the system must first be cooled to
temperatures around 0.01O K. in the presence of a very large magnetic
field ; (4) the measurement of such temperatures is not simple and must
involve very small amounts of energy.
The second requirement means that in order to be able to transfer
heat from any material to be investigated to the cooling substance, the
coolant must remain at its lowest temperature for a long period of time.
In view of the first requirement then, the entire system must be extremely
well isolated so as to avoid stray heat inputs. In the system developed with
Foundation support by John M. Goodkind of the University of California at San Diego, this stray input has been reduced to one billionth of a
watt. This allows the specimento remain below 0.001 Ofor at least 8 hours.
All of the other problems have also been solved to the extent that Dr.
Goodkind measures a temperature of 0.0008” in one part of the apparatus
and estimates it to be 0.00035” in the coldest region. For measurements
at somewhat higher temperatures even longer working times are feasible.
For example, it takes 36 hours to warm from 0.003” to 0.007”. The technique was developed primarily to investigate the possibility that at sufficiently low temperatures the isotope helium-3 will become a superfluid as
does ordinary helium. The measurements in liquid and solid helium-3
have been carried to 0.004”. To date superfluidity has not been observed
in helium-3-a
significant result. Further modifications should allow
measurements in helium-3 to as low as 0.000 1O.
w2-656
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Josephson Effect
A major virtue of the atomistic approach, and very characteristic of
all of physics, is that it permits interpretation of a great diversity of natural
phenomena in terms of an extremely small number of basic entities and
concepts. Consequently a few physical constants appear repeatedly in
physical theories for diverse phenomena. A careful study of the numerical
values of these constants as obtained from experiments in different parts of
physics can give information about the overall consistencyand correctness
of basic physical theories.
A particularly interesting recent example is the research Donald N.
Langenberg and his group carried out at the University of Pennsylvania
with NSF support. These were solid-state experiments performed on
“Josephson junctions” (superconducting “sandwiches” consisting of two
superconductors separated by thin insulating oxide layers). When a
Josephson junction is irradiated with microwaves extra currents can flow
in the junction whenever the voltage across it has certain discrete values.
The discrete voltages at which the extra current appears and the frequency of the applied microwave radiation are proportional to one
another, and are related by a constant of proportionality, 2e/h.
Through the research undertaken at the University of Pennsylvania,
this ratio has been determined more precisely than ever before. This
new, more accurate measurement of 2e/h has far-reaching consequences
in what has been termed one of the major unsolved problems of quantum
electrodynamics (the interaction of radiation with atomic and nuclear
systems). There had been an apparent discrepancy between the theoretically calculated and experimentally-measured values for an energy
level difference in the hydrogen atom. When the theoretical expression
is evaluated using the new constants, the discrepancy is mostly dispelled.
And it may be concluded that the theoretical quantum electrodynamic
calculation is indeed correct. Thus, a solid-state experiment performed
in a low temperature laboratory has cleared up a problem in particle
interactions !
Astronomy

The Foundation is the principal Federal agency providing support for
research in astronomy at colleges and universities, and has been designated by the Federal Council for Science and Technology as the lead
agency for Federal programs in support of ground-based astronomy. In
addition, the Foundation maintains three major national observatories.
A prime function of these observatories is to provide access to major
observational facilities in good viewing locations to qualified visiting
scientists and students from universities throughout the nation. To insure
*efficient operation these centers also have outstanding resident research
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staffs. They also serveas foci for the design and development of improved
instrumentation.
Kitt Peak Nationul

Observatory
Fucilifies

cind

Ufilizufion

Kitt Peak National Observatory (KPNO), near Tucson, Ariz., was
established in 1958 for the purpose of strengthening basic research and
education in astronomy in the United States. As a national scientific
facility, KPNO is operated for the National Science Foundation by the
nonprofit corporation, Association of Universities for Research in Astronomy, Inc. (AURA).
The research activities of the observatory are organized into three
principal fields- stellar, solar, and space astronomy. In addition to the
scientific programs of visiting astronomers (including graduate students)
and resident staff, major efforts are also conducted in engineering design
and construction of auxiliary instrumentation for use on its telescopes
and in space experiments. One of the Observatory’s most important
current contributions to progress in astronomy is the distribution of engineering design drawings and specifications to various universities and
other organizations, including some abroad. Since July 1965, more than
1,200 such drawings, representing about 96,000 man-hours of design
time, were distributed throughout the national and international astronomical communities.
Stellar

Astronomy

KPNO now operates five stellar telescopes: one 84-inch, two 36-inch,
and two 16-inch reflectors, the second of the two 36-inch instruments
being placed in operation in February 1967.
Significant steps in the construction of the new 150-inch telescopeto be second largest in the world-have
been accomplished under the
direction of D. L. Crawford and W. W. Baustian. A 158-inch diameter
fused quartz primary mirror blank has been produced by the General
Electric Company, and site preparation on Kitt Peak is nearly complete.
Visiting observers make use of the telescopes 60 percent of the time.
During fiscal year 1967, 88 investigators from 48 U.S. and foreign institutions visited Kitt Peak to use its facilities. The largest telescope, the
84-inch reflector, is in greatest demand. Requests for more than twice
as many nights as could be made available were received during the past
year. This instrument’s large coudh spectrograph (see Figure 2) now
is equipped with three cameras, two large gratings, and an exposure
meter.
Increasing use of electronic image intensification equipment at the
84-inch telescope by both visitors and staff has made possible a variety
of work on very faint sources, including quasi-stellar objects, galaxies,
and galactic objects.
.
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Figure 2.-Arti8t)8
rendering of the coude spectrograph. This spectrograph is
a powerful tight-anafgSi8 instrument, 80 large and heavy that it is mounted in
a fixed position below the telescope in an insulated, constant-temperature
room. Light collected by a Q-mirror system in the telescope is brought down
the polar axis, is imaged on a slit at the observer’s station, and passes into the
spectrograph. There it is collimated, dispersed bu diffraction gratings, and
re-imaged for spectrogram8 by a number of large Schmidt cameras. The
spectrograph is invaluable for studies of element abundances, chemical and
physical compositions,
temperatures, masses, magnetic fields, ages, and
motion8 of celestial objects.

This work includes spectrographic studies of the kinematics of stars
and stellar systems, and abundance analyses of a variety of stellar types.
Photometric observations of stars and stellar systemsfor studies of galactic
structure also have been continued.
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Solar Astronomy

Work has progressed on refinements and additions to the McMath
Solar Telescope, the world’s largest. The new 82-inch diameter heliostat
mirror, 10 inches thick, and made of fused quartz because of its low
coefficient of expansion, has been figured to a flatness of a few millionths
of an inch.
A large 15-foot focal length spectroheliograph, which has been under
design and construction for three years, arrived in September 1966, and
was installed in the pit alongside the 70-foot vacuum spectrograph tank.
It is being used to photograph the disc of the sun in the light of twc
ent elements simultaneously-for
example in iron and calciun
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two magnetic polarities-north or south; or in the two velocity modes-directions into or out from the sun’s surface.
Three areas of solar research are being investigated with the &Math
telescope-chemical composition, magnetic fields, and velocity fields.
With the coming of solar sunspot maximum, the magnetic fields of the
sun have become very intertwined and complex, so that the simple
geometry of sunspot minimum no longer exists. Detailed studies of magnetic fields are being made with the photoelectric magnetograph, which
is very sensitive to small fields, and has revealed that the surface of the
sun is covered by a constantly changing network of north and south
polarities of about 10gaussstrength.
Around-the-clock operation by staff and many visiting scientists has
provided observing time for work on the carbon dioxide abundances in
Mars and Venus, photoelectric high-dispersion spectra of a number of
bright stars, discovery of hitherto undetected absorption bands in the
earth’s atmosphere, lithium in sunspots, and infrared studies of the outermost layers of the sun’s atmosphere and the detection of components
of the rare earth group of chemical elements, not previously seen in the
solar spectrum.
Space Astronomy
Sounding

Recket Program

An Aerobee rocket, carrying instruments for daytime measurement
of upper atmospheric emissions, was successfully flown on October 11,
1966, for A. Valiance Jones, University of Saskatchewan, in collaboration with D. M. Hunten and L. V. Wallace of the Observatory staff.
Analysis of the data showsthat the emission is due primarily to resonance
scattering of the incident sunlight.
Remotely

Controlled

Telescope

The 50-inch remotely controlled telescope went into test and staff
research operation. Initial research of S. P. Maran and associates included photoelectric measurements of suspected low-amplitude variable
stars, and of a magnetic star. The telescope functions automatically on
Kitt Peak under control of a computer in Tucson and no observer is
required in the telescope building on the mountain.
Cooperation

With NASA Mariner V Progmm

This planetary probe, launched toward Venus on June 13, 1967, by
the National Aeronautics and Space Administration, carried a set of
simple ultraviolet photometers provided by KPNO to measure the
hydrogen and atomic-oxygen emission of Venus. The photometers, designed by C. A. Barth, University of Colorado, and by Lloyd Wallace of
the Observatory’s staff, were turned on shortly after orbital injection,
and will remain activated through the Venus encounter. The combiiation of signals received allows separate measurement of the hydrogen
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Photo

Figure 3,This
50-inch telescope on Kitt Peak, Arir., is the first large optical
telescope to be fully automated, and the first ground-based instrument to be
operated by remote control from a distant command center. The telescope is
operated by a digital computer at KPNO headquarters in Tucson, about 50
miles away from Kitt Peak.

emission of the far ultraviolet spectrum and the resonanceline of atomic
oxygen.
During the initial stages of the flight, extensive and excellent quality
data on hydrogen emission of the far ultraviolet spectrum have heen
obtained in the near-earth region, but no significant atomic oxyger

have been noted. This information shows that the hydrogen cloud surrounding the earth extends to at least 10 earth radii, and that it falls
off in density in accord with theoretical predictions. Consequently, these
data should yield an excellent determination of the earth’s exospheric
temperature. The prime purpose of the experiment is, of course, the
same measurements for Venus, and the good agreement between theory
and experiment in the case of the earth is encouraging that significant
new results may be found for Venus.
Cerro Tololo Inter-American

Observatory

Cerro To1010 Inter-American Observatory is situated in the Andes
Mountains of Chile, about 7,200 feet above sea level and at latitude 30”
south of the Equator. It is operated by AURA under a Foundation
contract.
This observatory will permit the extension to the southern hemisphere
of many research programs now limited to northern skies because of the
lack of adequate modern telescopes in the south. Studies of the southern
portion of our Milky Way Galaxy and in particular the area of the
Galactic Center are of prime importance. The nearest galaxies outside of
our own Milky Way Galaxy lie far to the south and are of special interest
asstepping stones to the more distant galaxies. Similarly, the nearest of the
globular clusters are seenbestfrom south of the Equator. Optical identification of radio sources, on which exciting progress has been made in
the north, is lagging in southern skies. The Cerro To1010 telescopes will
enable United States, Chilean, and other Latin American astronomers to
obtain the required observations from a location offering excellent viewing opportunities.
Fiscal year 1967 proved to be of major importance in the development
of Cerro Tololo.
l
On April 13, 1967, at the Punta de1 Este Conference, the Presidents of the United States and of Chile announced jointly that a
150-inch telescope would be built at Cerro Tololo. It will be
jointly funded by the Ford Foundation and the National Science
Foundation.
l
Altogether, four of the five planned telescopesbecome operational
during the year.
l
On June 16, 1967, Dr. Victor M. Blanc0 of the U.S. Naval Observatory, Washington, D.C., was appointed Director of the
Observatory with resident headquarters at La Serena, Chile.
l
Physical plant construction has proceeded at an accelerated
pace-including instrument-electronics shop, maintenance facilities, office space,and living quarters-in preparation for dedication of the Observatory which took place in November 1967.
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National

Radio Astronomy Observatory
Facilities

and Utilization

The National Radio Astronomy Observatory (NRA0 ) provides the
Nation’s radio astronomerswith large and specialized telescopesfor basic
research in radio astronomy. The majority of its telescopes are located at
its radio-quiet observing site in Green Bank, W. Va. A 36-foot rnillimeterwave radio telescope is in the advanced stages of construction on Kitt
Peak, Ariz. NRA0 is managed by Associated Universities, Inc. ( AUI) ,
under contract with the National Science Foundation.
Radio astronomy continues to be one of the relatively fastest growing
sciences; the total number of American radio astronomers is doubling
about every 5 years. Of the current group of radio astronomers, about
two-thirds have been involved in observing and other activities at NRAO.
Approximately the sameratio of all the present Ph. D. candidates in the
field have had contact with the NRA0 in connection with their graduate
research. The growth of the NRA0 as a visitor institution has been
more rapid than the general growth of the field. For example, from 1963
to 1966 the number of NRA0 telescope systemsavailable to visitors has
tripled and the number of people engaged in research at the NRA0
has also tripled, the largestincreases being in numbers of visiting scientists.
The number of different institutions whose staff and students utilize
NRA0 facilities has increased more than fourfold and the number of
Ph. D. students observing at Green Bank has increased fivefold.
In addition to encouraging the use of its telescopesfor thesis as well as
post-doctoral research, the Observatory has each year conducted a summer research assistant program. Now averaging over 30 students each
summer, the program has included a total of more than 140 students
from 30 States and five foreign countries since its inception in 1959.
Among the major facilities available to astronomers in fiscal year 1967
was the 300-foot diameter transit telescope, which can be used for measurement of the quantity and distribution of hydrogen gas in near and
distant galaxies, and for measuring the spectra of distant extragalactic
radio sources.The 14d-foottelescope, completed in 1965, is a very precise
instrument and usesreceiver systems operating at wavelengths of less
than 2 1 centimeters. Three 85-foot telescopes are operated together under
computer control as a variable-baseline interferometer. Of the three
telescopescomprising the interferometer system, one is fixed in position
while the other two may be moved along a baseline to observing stations
where they are anchored in place during operation, This system offers
high resolution and enablesthe radio astronomer to map certain radio
sources with detail not possible with a single telescope. The new 36-foot
telescope at a site 5,300 feet high near Kitt Peak, Ariz., to operate at
millimeter wavelengths, became available to visiting astronomers in late
1967. The*useof shorterwavelengths aims at achieving satisfactory resulu57
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Figure L-This
view of the Nation& Radio Astronomy Observatory shotos (left
to right) the NO-foot telescope, the tOO-foot telescope, the fixed g&foot telescope, and two movable 85-foot telescopes. The latter three instruments are
used as arminterferometer.

tion from smaller antennas, but the antenna surface must be constructed
to better tolerances, since the surface must approach perfection to a toierante much smaller than the shortest wavelength used.
New supercooled amplifiers, now under construction, are expected to
,facilitate identification of radio signals from space. These parametric
amplifiers are being developed for use with the 300-foot transit telescope,
the 140-foot steerable, and the three-element interferometer, all at Green
Bank. Four computers have been acquired to operate online at each of
the major telescope systems, including the 36-foot telescopeat Kitt Peak.
These computers will handle data acquisition and recording, receiver and
telescope monitoring, antenna pointing, and data processing.
Very

Large Antenna

Array

fVf.AJ Design Project

The preliminary design has been completed and the detailed design
has been started for an array of radio telescopes that promises to provide
a significant advance in observational radio astronomy. This design
project envisions development of a major national instrument capable of
observing discrete radio sources more than one hundred times fainter than
presently possible, using an array of 36 telescopes each of 85-foot aperture, mounted on railroad tracks and arranged along the arms of a Yshaped configuration, each leg of which is 13 miles long. This instrument,
expandable for spectral line observations, polarization and instrumentation at several frequencies will revolutionize the field and promises to
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yield data that could have a bearing on the question of the origin of the
universe. The VLA would give to radio astronomy research the same
high resolution of 1 secondof arc that has been available to optical astronomers for centuries.
Other Telescope Design

Projects

Reasonable cost and weight estimates are now available for various
unconventional designs for the Largest Feasible Steerable Telescope
(LFST) including the floating sphere and three types of azimuth-steerable but limited elevation motion telescopes. A small engineering group
is reviewing the 600-foot NRL telescope design. S. von Hoerner has developed computer programs that will yield optimum design parameters
for a telescope that would perform in a homologous manner (i.e., whose
surface remains a perfect parabolic mirror regardless of antenna position) when moved.
Very High

Resolution

Studies

In May 1967 NRA0 successfully initiated a seriesof very long baseline
(VLB) interferometer experiments in which any given radio source can
be observed simultaneously at a given frequency by two telescopes separated at large distances without the need for a physical connecting link
between them. The resolution obtainable is directly governed by the distance of separation (baseline) and we can now achieve baselines equivalent to the diameter of the earth-though
with limited coverage. Data
at each telescope are recorded on magnetic tape while accurate timing
pulses are placed on the tapes by mutually synchronized “atomic” clocks.
The tapes are later analyzed by computer where fringes are seen unless
the source is fully resolved.The independent local oscillator interferometer receiver was constructed in conjunction with astronomers at Cornell
University-Arecibo Ionospheric Observatory and the University of California, La Jolla. The first successful run was made between the 140-foot
telescope and the Naval Research Laboratory antenna at the Maryland
Point Observatory at a frequency of 6 10 Megahertz over a baseline of 250
miles or 4.62X lo5 wavelengths. The same group in June 1967 operated
a VLB experiment between the 140-foot antenna and the 120-foot Haystack facility of MIT-Lincoln Laboratory at 18 cm. wavelength over a
baseline of 500 miles or 4.70X 1O6 wavelengths. A group from MITLincoln Laboratory shared facilities at the latter baseline, at the frequency of the OH (hydroxyl) line and showed the linear size of the OH
emission region in the source of W3, which is 6,000 light years away, to
be less than the diameter of Jupiter’s orbit. This corresponds to a resolution of 0.006 secondsof arc. Experiments in thesetwo series are continuing between the NRA0 140-foot telescope and the Mark II antenna at
Jodrell Bank in England, and between the NRA0 140-foot and the
Hat Creek-antenna of the University of California, Berkeley.
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Other

,,

Work on ionized hydrogen (HII) regions has accelerated since the
NRA0 confirmation in 1965 by P. G. Mezger and B. Hoglund of the
existence of radio recombination lines from ionized hydrogen regions.
These recombination lines are the result of changes in the relative orbital
position of electrons. By the middle of 1967 a number of hydrogen recombination lines had been observed ranging between 4 and 59 cm.
wavelength, and lines from the elements helium and carbon had been
discovered with the 140-foot telescope. Workers from Harvard, MIT
and the NRA0 were active in the field. These recombination lines
originate from HI1 regions and offer astronomers valuable physical
parameter such as electron temperatures, internal motions and line-ofsight velocities that characterize the physics and kinematics of these
young ionized regions where star formation ‘is often in process. An
extensive observational program has developed that involvescontinuum
mapping of these radio sources with the 140-foot antenna at 2,6, and 11
cm. wavelength in order to : ( 1) Obtain high-resolution maps; (2)
determine accurate positions so that recombination line observations can
be made and optical identifications may be attempted; and (3) compare the radio brightness of the regions with their optical brightness in
order to measure the amounts of absorbing dust lying betweenthe source
and the sun. Optical work is being undertaken by a group at .the University of Wisconsin who are using data from the 140-foot telescope
taken by both the Wisconsin workers and NRA0 staff. Four radio
emission lines were either discovered or confirmed on the I40-foot antenna during fiscal year 1967 by P. Palmer, B. Zuckerman, and coworkers from Harvard. B. Burke, T. Reifenstein and T. Wilson (MIT)
with P. Mezger are continuing a survey of a hydrogen recombination
line at 6 cm. to study a large number of faint distant HI1 regions. With
the aid of a model that predicts the distances to these sourcesbased upon
their line-of-sight velocities, these astronomers hope to compare the positions of these regions with the spiral arms in the Milky Way observed
with the 21 cm. line of neutral atomic hydrogen in an attempt to derive
a consistent picture of the gas distribution in the galaxy.
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Research Programs

Astronomy

Research Facilities

and Equipment

A further stimulus to the already gratifying progress in optical
astronomy can be expected in more widespread utilization of image
intensifiers. (See 16th Annual Report, p. 24.) Several groups are proceeding with the development of various approaches to the problem of
efficiently utilizing the sensitivity of photoemissive surfaces, including
the use of tubes with electrical readout, such as the image orthicon. The
cascaded tubes developed for the Carnegie Committee with Foundation
sponsorship have been distributed to 19 observatories as of June 30,
1967, and their routine use by investigators is beginning.
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In fiscal year 1967, the Foundation supported the construction of the
following instruments for research in astronomy, with significant contributions from the universities involved in almost every case:
l

l

l

Four optical telescopeshaving apertures of 24 ( 2)) 42, and 48
inches respectively.
Two radio telescopes,one a dish of 120-foot aperture and one
decametric array.
Two additional panels were provided for the Ohio State University tilting plane reflector which, together with a standing
paraboloid of 360x70-foot size, make up a transit-type radio
telescope.

Basic Research

Projects
Supernovae:

Explosive

Sfars

We are accustomed to thinking of the sun as a very dependable star.
Its vast nuclear energy production deep within apparently proceeds at a
very steady rate; and the end product of this process,the radiation of this
energy from the surface of the sun out into space,seemsnot to vary noticeably. The sun is a typical star and nearly all of the stars show very little
if any change in brightness when measured on photographs of the
night sky. However a small percentage of the stars are unusual in this
respect and are seen to undergo changes in brightness which range from
the barely detectable to those which are catastrophic in character. These
stars of changing brightness are referred to as the variable stars and a
number of types of variability have been found and studied. In the explosive variable class are groups of stars that undergo very large brightness changes in a relatively short time. Within this class the most spectacular type of star is the nova. The name nova, implying literally a new
star, arose quite naturally. When a stellar object suddenly appeared
among the well known stars of a constellation in a position where no star
had been known, it was natural to suppose that this was a new star, although of temporary character compared with the so-called “fixed” stars,
since such an object always slowly faded back to naked-eye invisibility
in a few months. It is now known that these nova outbursts represent
a period of violent behavior in those stars which, it is believed, have used
up their nuclear fuel and are having severe troubles in settling down into
their final evolutionary state as so-called white dwarfs of low luminosity.
Ordinary novae, on the average, increase in brightness by nearly a million times during such an outburst. The extreme objects of this class,
called supernovae, undergo more violent explosions and may increase in
brightness as much as a billion times. It is estimated that one supernova
outburst per galaxy occurs every three or four hundred years.
Such supernovae have attracted the interest of astronomers for many
years. Recent dramatic advances in astronomy, and imaginative studies
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now under way, point to the possibility that understanding of these galactic phenomena may now be relatively near at hand. Several astrophysicists have advanced theories about the supernovae phenomenon, and to
test these theories it is essential that the supernovae be detected as early
as possible in the explosive process.
It is believed that the explosive action of supernovae is important to
the development of second-generation stars within a galaxy-new stars
which are thought to form from the condensation of interstellar gas and
dust combined with the debris from such stellar explosions.
In addition, since supernovae are so tremendously bright at maximum,
they can be seenat great distances, far beyond that at which other types
of stars can be distinguished in the same galaxy. Although two types of
supernovae have been identified, it is found that the various types, on the
average, attain roughly the same intrinsic brightness when they are at a
maximum. They can be used therefore as indicators of the distance from
earth of the galaxy within which the stellar explosion occurred. Since less
than 100 supernovae have been found, it is clear that further improvement in the statistics of supernovae can contribute to refinements in the
measurement of cosmic distances. In the astronomy research program,
several groups are tackling this problem.
For a number of years F. Zwicky at the California Institute of Technology has carried on a supernova search through a program of photographic coverage of nearby galaxies, and in 1967 this program produced
what has been widely recognized as a remarkable scientific coincidence.
Toward the end of June, two supernovae from distant galaxies were
photographed on the same night. Thus light from two distant objects in
space-one 30 million light-years away and the other about 600 million
light-years away-arrived
on earth at the same time. No brightening
of these objects could be found on similar photographs made 25 days
earlier.
Two new supernovae search plans were initiated in 1967, with Foundation support, providing for broader and more sophisticated coverage of
supernova events in galaxies, and these searches should bear fruit over
the coming years. Allen Hynek of Northwestern University will use a
semiautomatic telescope which presents the galaxy image, to the observer,
enhanced in brightness by means of an image orthicon. At a dark sky site
in New Mexico this 24-inch reflecting telescope, furnished by NASA to a
Northwestern University team for monitoring changes on the surface
of the moon, will be used during the period when the moon is below
the horizon for a supernova search. The observer compares the galaxy
image with a prior photographic record to detect the supernova when
it first becomes visible.
Another investigator, Stirling Colgate of New Mexico Institute of
Mining and Technology, with Foundation assistance,is working toward
still further automation of the supernova search by comparing the
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galaxy image with an earlier image of the same galaxy stored in the
memory bank of a computer. Foundation grants support development of
the telescope and the electronic discriminator for comparing the galaxy
images and detecting the supernovae. Considerable development work is
ahead before all refinements in this equipment can be completed.
A common feature of these two approaches is that the supernova event
is identified as soonas the galaxy is examined, making immediate telephonic communication possible with other observers having larger telescopes with appropriate photometric and spectrographic equipment. The
goal is to reach a better understanding of the universe in which the earth
is a microscopic component.
Probing Cosmic

Radio

Background

Physicists are increasinglygiving attention to the problems of extremely
large-scale systems such as those posed by astronomy or cosmology.
In the area of cosmologya highlight of the past year has been verification of the high degreeof isotropy, or equal intensity in all directions, of
the cosmic radio background. As discussedin last year’s annual report, this
radiation, originally discovered by Pen&s and Wilson at the Bell Telephone Laboratories in 1965, was interpreted by Dicke and coworkers
at Princeton University as being the greatly cooled remnant of an intense
radiation field believed present during an early stage of expansion of
the universe some 10 billion years ago. Measurements of the spectral distribution of the radiation at a variety of wavelengths in the microwave
region from 2.6 mm. to 2 1 cm. by various groups of investigators confirm
that the radiation has indeed the properties expected of a photon gas
at a temperature of about 3” K., or 3” C. above absolute zero. Studies
at these and other wavelengths are now in progressin an attempt to reveal
spectral structure that may shed light on the conditions present when
the radiation decoupled from matter billions of years ago, enabling
galaxies and stars to form.
The recent measurementsof NSF grantees, Partridge and Wilkinson,
collaborators of Dicke at Princeton University, showing that the radiation is highly isotropic, to within 0.1 percent over an equatorial band
circling the sky, confirms the cosmic origin of the radiation. If it were
of solar (or galactic) origin, then one would expect the intensity to show
some correlation with the position of the sun (or Milky Way)-no such
correlation is observed.
The isotropy of the radiation also suggeststhat the universe itself was
highly isotropic when the radiation last interacted strongly with matter
in the far distant past. Furthermore, no large scale inhomogeneities in
the present density distribution of galaxies are likely, for such fluctuations
in density would, by causing scattering, disturb the original isotropy. The
credibility of the assumptionsof large-scale homogeneity and isotropy of
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the universe, much used by cosmologists in forming evolutionary models
of the universe, has thus been much enhanced.
If the earth is in motion relative to the sources of the cosmic background radiation in the universe in the distant past, then one would
expect the intensity of the radiation to be somewhat greaterin the forward
than the backward direction. Thus, for the first time, one has the possibility of determining the absolute velocity of the earth with respect to the
universe as a whole. The precise measurements of Partridge and Wilkinson show that the component of the earth’s velocity in the equatorial plane
of the sky, cannot exceed 300 km. per second with respectto the background radiation. Since it is known that the sun is participating in the
general rotation of our galaxy, with a velocity of some 250 km. per second,
and it can be expected that the galaxy, and the cluster of galaxies of which
the Milky Way is a member, will also have random velocities of the same
order, it is seenthat with a small increase in sensitivity, the absolute motion
of the earth in space should be detectable. Efforts to refine the measurements are now in progress.
Mathematical

Sciences

Strictly speaking, there is no division of mathematics into pure and
applied, though there are, of course, mathematicians whosemotivation is
primarily in basic research as there are others who are particularly challenged by problems arising in science or having immediate application.
But the usefulness of a mathematical result in a nonmathematical field
does not at all depend upon the motivation and the mood of the mathematician who created it. Although much significant mathematical work has
been directly inspired by the needs of other sciences (the invention of
calculus belongs to this category), it is still true that some of the most
important applications of mathematics resulted from applying tools
created for pure mathematics.
The most classical example is, of course, the theory of conic sections.
The Greek mathematicians who investigated parabolas, ellipses and
hyperbolas had no way of knowing that a millenium and a half later these
curves would become working tools for astronomers and physicists. The
time lags in scienceare becoming much shorter and when Einstein needed
tensor calculus it was already available as a result of the work of Italian
differential geometers. The usefulness of the representation theory of
finite groups in quantum mechanics was not at all impaired by the fact
that its creators, Frobenius and Shur, were not interested in applications
and one of them is said to have had a positive distaste for them. A more
recent example is symbolic logic, a discipline which borderson philosophy
and which evenmost working mathematicians consider esoteric. It seems
generally recognized that many years of developmental work and millions
of dollars were saved by the fact that among the godfathers of electronic
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computers were two men steeped in mathematical logic (von Neumann
and Turing).
Other instances of the interplay, unexpected and impossible to plan,
between pure and applied mathematics, are given by the recent advances
in the theory of stability of motion which are of relevance both to
computation of satellite orbits and to the design of accelerators. The
work of Jurgen Moser (New York University) uses an idea which
originated with John Nash (Northeastern) while the latter was solving
a problem in differential geometry in the large (embedding of Riemann
manifolds) which at that time seemed not to have anything to do with
applications. The same is true of the theory of functions of several
complex variables and of the representation theory of Lie groups which
belong to the most vigorous branches of contemporary mathematics,
and are at the same time of use in theoretical physics.
Thus the history of science, including the most recent history, seems
to justify the claim that irrespective of the purposes of mathematicians,
good, original mathematics has an excellent chance to prove useful for
other sciences. Mathematics is much bigger than the small group of
professional mathematicians. For every man proving or trying to prove
theorems, there exist hundreds of users of mathematics, from theoretical
physicists whose mastery of mathematics equals that of the professionals,
to programmers, high school teachers, etc. Our whole science and technology-based society is permeated by mathematics and will probably
become more so as time goes on. Society has, therefore, a vital interest
in mathematical culture as a whole. Mathematicians are almost unanimous in feeling that we are living in a golden age of mathematics. The
best of new mathematics done today is as profound and as significant
as some celebrated achievements of past centuries. The number of mathematical investigators has increased by a large factor, and many talented
young people are entering mathematical work. This is, of course, particularly significant for a discipline in which important achievements
have so often been the work of young people.
A visible sign of the good state of today’s mathematics is the large
number of famous old problems which seemed inaccessible a few years
ago, and which are now being solved. In each individual casethe solution
may be attributed to the genius of an individual, and to his courage in
embarking on months or years of hard work in the uncertain hope of
solving a problem tihich has baflled generations of mathematicians.
To take an example of a very active field of mathematical research
which has already had and promises to have more signifbnt applications, a very large part of modern work on partial differential equations
consists in finding existence and uniqueness proofs. In doing this, tools
from various fields of mathematics are used. The work is certainly nearing completion as far as linear problems are concerned. But nature is not
always linear. Compressible fluid flow, viscous flow, flow in elastic
28%-6#-
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pipelines (e.g. blood flow), magnetohydrodynamics and plasma physics,
general relativity, and other disciplines challenge the mathematicians to
solve nonlinear problems. In this field very much has been achieved
during the past 10 years, but much more remains to be done. From the
point of view of physical sciences, the task is not just to learn and to use
existing mathematics, but to create new mathematics adequate for the
problems in question.
Much of the work in the theory of partial differential equations sounds
very esoteric. The theorems are usually based on highly refined inequalities, called in this connection “estimates” and on very general principles,
often borrowed from topology, and used to assert the existence and
uniqueness of a solution to a problem. Only a few years ago such work
would have been held purely theoretical and of no interest for applications where one wants a solution expressed in a workable form, say by
a sufficiently simple formula. The advent of the modern computing
machine has changed this. If a problem, e.g., a boundary value problem
for a differential equation, is sufficiently understood theoretically, then,
in principle at least, a numerical solution can be obtained on a machine.
If the mathematical theory of the problem is not understood, if we do
not know the proper conditions to prescribe, the general quantitative
and qualitative properties of the solution to expect, then the biggest
machine and an unlimited number of machine hours will not yield a
solution. Of course, even if the theory of the problem is well understood,
the actual computation of the solution may still require refined and
original work in the newly developed discipline of numerical analysis.
The theory of partial differential equations borrows tools from other
mathematical disciplines. This is only one instance of the general confluence of fields and unification of thought which are so characteristic
of modern mathematics. About 20 years ago, mathematics was in a
period of specialization. The various special disciplines seemed to become
more and more removed from each other and fears were expressed that,
in days to come, mathematicians working in different fields would be
unable to talk to each other. Fortunately, today’s development goes in
the opposite direction. The boundaries between the fields almost disappear. Applied mathematics has kept pace with this advance of mathematics generally. While mathematics is difficult to describe technically,
the following examples of applications seem worthy of mention.
Economic Design of Structural

Columns

A problem which has always been of importance to the construction
engineer and architect is that of constructing structurally sound tall
columns. Today, when construction materials of almost all kinds are
much more expensive than in earlier times, the question of economy
looms large in the designer’s mind, and it becomes worthwhile to con-

sider the question of the shape of the structurally most efficient columns
which can be made from a given amount of material.
Clearly a very thin column could be made, but experience shows that
a sufficiently thin column will buckle under its own weight (to say no&
ing of the effect of a load on the upper end). A squat, thick column is
free of this defect, to be sure, and may in some casesbe useful. On the
other hand, it is known from experience that one can construct reasonably
thin columns which do not buckle. A little more thought and observation convinces one that a nonbuckling column which tapers in some
way toward the top can be made taller than one of constant cross section
of the same volume. But just how should it taper?
The answer to this question has been given by research done by J. B.
Keller with the help of a grant from the Foundation. More specifically,
Dr. Keller sought the tallest column of given cross section which will
not buckle that can be made with a given volume of material. He considered both a column loaded on its top as well as one free of such load.
The problem can be formulated mathematically by writing down an
equation which expressesthe balance which must exist just as the column
begins to bend between its resistance to bending and the tendency of the
column weight (or weight and load) to bend it. This leads eventually to
what is known in mathematics as a nonlinear integro-differential equation. Equations of this sort are notoriously difficult to solve. In Keller’s
problem a solution may be obtained numerically, but the shape near the
top and bottom can be found by simpler means.
The following interesting results were found: the tallest tapered unloaded column is 2.034 times as high as an untapered column made of
the same volume of material and cross section. If the columns are
assumed to carry a load at the top, the ratio of the height of the tapered
to untapered column decreases from 2.034 at zero load to 1.075 when
the load becomes infinitely large. Further, the taper is straight near the
bottom for both the loaded and unloaded column, but in the former
case the column comes to a point at the top while in the latter it is
rounded.
Spiral Structure of Disk Galaxies
Problems on the astronomical scale also attract the attention of applied
mathematicians. During the past year, NSF supported work in the
area of applied mathematics has made an outstanding contribution to
the solution of a mathematical problem posed by accumulated astronomical observations.
Galaxies or concentrations of stars, like the Milky Way we live in, have
been familiar to astronomers for a long time. Most galaxies are diskshaped, and most of these have conspicuous spiral structures. But why
do they have such a regular spiral structure? How and why do they maintain their interesting pattern when the inner part of the galaxy rotates
faster than the outer part?
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These questions have been investigated intensively in recent years,
and C. C. Lin and his students at the Massachusetts Institute of Technology have provided a striking example of the application of mathematics to the theoretical explanation of these galactic formations.
To construct a mathematical model for spiral structures in disk galaxies,
one must take into account the individual stars with their gravitational
forces and velocities; the interstellar gases and associatedgravitational
field and pressure; and the magnetic field existing in the highly conducting interstellar gas. A complete theory must attempt to take all
these components and forces into account and establishes their interrelationships in terms of mathematical equations. Two main approaches
are possible. One theory is to explain each spiral arm as essentially a tube
of gas constrained by the interstellar magnetic field. Alternatively, the
matter in the galaxy (stars and gases) is viewed by Dr. Lin as maintaining a density wave where each star moves under the joint gravitational
field of the other stars and gases. This produces, in the presence of
rotation of the disk galaxy, a spiral gravitational field which underlies
the observable concentration of young stars and the gas. Although magnetic forces are also present in the galaxy, they are small compared to
gravitational forces, except possibly in the spiral arms of the galaxy.

Figure
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6.-SpiraZ galaxy (NGC 4565) seen edge on. M
Observatories photograph with the ZOO-in

To the governing equations of his system Lin applies what is called a
perturbation technique, i.e., assumes a small deviation from a permanent
pattern, and examines the consequences. His theory predicts the trailing
spiral arms of a rotating galaxy, and forbids leading arms-in satisfactory accord with observation. Lin also deduces an approximate relation
between the arm spacing and the galaxy’s position in space which are
in rough accord with observations of our own galaxy obtained by radio
wave observations. Further, using a two-arm model for our own galaxy,
Lin deduces that a spiral pattern can exist only between certain distances
and these distances are again cons&tent with the observations of radio
astronomers.
It is interesting to note that the gravitational plasma postulated in
C. C. Lin’s general equations has an analog in plasma physics. Possibly experimental models of our galaxy could be built by using plasmas
in a laboratory. This work was partially supported by the National Science
Foundation, and iscontinuing.
ENVIRONMENTAL

SCIENCES

The environmental sciences are concerned with man’s surroundings :
the characteristics and composition of the planet earth from which he
receivessubstances,and the sun from which he receives heat and light.
Although many activities in the study of the environment are closely
related to physics, chemistry, or biology, interdisciplinary efforts are
becoming increasingly common both in the field and in the laboratory.
The importance of environmental science studies stems from the realization that our advanced stage of civilization has not been achieved
without damage to the environment upon which life depends. A thorough understanding of the total environment is needed to assessthis
damage, to forecast future dangers, and to provide for future requirements of civilization.
Studies of the environment play a substantial role in the national and
international scientific’ programs which the Foundation supports. In
some cases these projects take the form of large scale field operations
including scientists from many disciplines and many nations and involving the use of ships, aircraft, rockets and other facilities. Some of these
programs and activities are described in the discussion which follows.
The United

States Antarctic

Research

Program

The year 1967 marked the end of a decade of intensive U.S. scientific
investigations in Antarctica begun in the International Geophysical Year,
1957-58. The Antarctic Research Program is one of a number of major
research programs in which the Foundation shares responsibility, and
which betause of their nature and magnitude require coordinated plan69

ning and funding on a national basis, In the caseof the U.S. Antarctic
Research Program, the National Science Foundation has management
and funding responsibility for all research activities and the Department
of Defense provides the major logistic support through its U.S. Naval
Support Force, Antarctica.
Research projects conducted on the Antarctic Continent and aboard
ships in surrounding seas span a broad range of the physical and life
sciences as well as those disciplines usually classified broadly as environmental sciences. In the 1966-67 austral summer season these varied
activities involved 169 scientists and technicians, with 33 individuals
wintering over at the five U.S. Antarctic stations in 1967. The scientific
complement of the Antarctic research vessel Eltanin averaged 34 persons
for six cruises in fiscal year 1967.
Events of the past year indicate substantial progressin the enhancement
of facilities and techniques for research in the Antarctic region. One of
the major accomplishments was the aerial photography by U.S. Navy
aircraft of 340,000 square miles, double that of any previous summer.
This effort represented the seventh summer of aerial photography; and in
three or four more summers, this work will be completed. All remaining
areas of Antarctica have either been photographed by other nations or are
entirely covered with snow and ice.
In the southern summer of 1966-67, the installation at Byrd Station
of a coring rig inaugurated the Antarctic phase in the development of
equipment and drilling techniques to penetrate the icecap. Initial coring
trials progressed to below 700 feet; in the following summer ( 1967-68)) it
is expected to reach bedrock at eight or nine thousand feet below the
surface. Information from the subsequent deformation of the core hole,
as well as from ice temperatures at this depth will contribute to an
understanding of the flow of icecaps. Core analysesin laboratories will be
concerned with those characteristics of the ice and the included gasesand
particulates by which the ice can be dated and the history of its buildup
and metamorphosis can be determined.
On Anvers Island, location of Palmer Station, second stage development for the station commenced with the laying of the concrete foundation for a habitation and laboratory building, the construction of a boat
dock, and the erection of fuel storage tanks. A researchtrawler, Hero,
has meanwhile been under construction in Maine. The 125-foot wooden
vessel will be based at Palmer Station throughout the navigation season.
Together, the station and vessel will provide facilities for scientific investigation of the Antarctic Peninsula area, particularly the rich marine
life.
The Antarctic research vessel Eltanin was midway in her sixth scientific cruise of the year at the end of June 1967. Four cruises were made
in the South Pacific between Chile and New Zealand or Australia, one
was confined to the Tasman. Sea, and the remaining cruise represented
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the ship’s first venture into the Ross Sea with a l-day stop at McMurdo
Station.
In all, EZtanin was at sea for 86 percent (3 13 days) of the year. The
scientific complement on each cruise numbered from 32 to 37, and
included women as well as men. In observance of the provisions of the
Antarctic Treaty promoting the greatest feasible interchange among
nations in the Antarctic, the ship accommodated, at various times,
scientists from Australia, Chile, France, New Zealand, and the United
Kingdom.
Hospitality and professional assistance were also freely exchanged on
the Antarctic Continent, where eight foreign scientists from six nations
worked within the U.S. Antarctic Research Program. One of these, a
Soviet atmospheric physicist, spent the winter of 1967 at the Pole
Station, while his coilnterpart, a U.S. soils scientist, wintered at
Molodezhnaya. Other U.S. scientists were with British, French, and
Japanese expeditions in the past year.
Weather

Modification

The Foundation’s contribution to the national effort to reach a better
understanding of climate and weather -leading in time to a measure of
control -includes a balanced national program of university and institutional research devoted to studying the basic scientific aspects of
weather modification and to training the necessary manpower. In addition, the program embraces studies of the interrelationships between
weather modification and sociology, economics, law, and ecology.
Evidence continues to grow that man can indeed change the course of
weather, though as yet only in special cases and on a very modest scale.
Under certain atmospheric conditions, fog can be dissipated, precipitation can be increased, and some modification of thunderstorms is possible
to the extent that incidence of hail and lightning can be lessened.
A national plan for an increased research effort to dissipate warm fog
has been developed in 1967 by the U.S. Air Force, with support from the
Foundation, and the results of this study are now being evaluated. A
similar plan for an increased national research effort in the suppression of
hail was developed by a group of specialists working through the National
Center for Atmospheric Research.
While research in cold-cloud rain augmentation continues to receive
emphasis in university and institutional programs, fiscal year 1967 has
brought an increase of effort in the previously underexploited areas of
warm-cloud modification and hail suppression research. Such areas as
the role of ice in summer rain, the role of electricity in clouds, and the
dynamics and microphysics of clouds are examples of the type of university research projects underway.
Statistical analysis of cloud seeding results has indicated that under
extremely cold cloud conditions, cloud temperature may influence the
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effectiveness of seeding. The optimum cloud temperature for positive
increase in precipitation due to silver-iodide seeding from winter storms
over the mountains hasbeen shown to lie between - 12” C. and -24” C.
Optimum temperature limits for convective clouds over plain areas are
still under investigation. Research has also shown that when silver iodide
is exposed to ultraviolet from the sun, the nucleation efficiency decreases
by a factor of 6 in 1 hour. A new technique for detecting as little as lo-’
grams of silver in rainwater exposed to silver iodide seeding has also been
developed which requires neutron activation for a period of only 3
minutes, as compared to several days by the standard techniques.
The use of high-speed electronic computers to construct mathematical
models of weather modification processes is growing rapidly. A mathematical model of a hurricane has been developed for use on an electronic
computer which has proven to be quite realistic in simulating the deepening and mature stagesof a typical hurricane. This model has demonstrated convincingly the importance of sea surface temperature on both
the development and maintenance of such storms, and provides a valuable clue for possible modification techniques other than cloud seeding.
It is visualized that, within the next 5 to 10 years, the models now being
constructed with Foundation support will also provide the increased
understanding-of the atmospheric processesneeded to discover ways for
modifying fog, hail, tornadoes, and drought conditions.
Although the larger part of Foundation support for weather modification activities has been for university research, the National Center
for Atmospheric Research makes an important contribution and investigators associated with industrial corporations and nonprofit institutions
have also received support for particularly promising projects. In addition, the Foundation has sponsored research by other Federal agencies in
their own laboratories to insure that ideas of significant scientific merit
would be pursued. This diversity of support has resulted in a broad research and development effort extending across the entire spectrum of
weather modification problems.
In accordance with its reporting responsibilities established by law, the
Foundation, in fiscal year 1966, published a regulation stipulating that all
persons planning attempts to modify the atmosphere must file notification
of intent with the Foundation at least 30 days prior to the initiation of
field operations. The regulation further provided for submission of quarterly activity reports and the maintenance of logs of activities which
would be subject to examination by the Foundation upon request. In
fiscal year 1967, 61 new notifications of intent were filed with the Foundation in addition to 18 other projects continuing from the previous year.
The United

States-Japan

Cooperative

Science

Program

The United States-Japan Cooperative Science Program was established
in 196 1 to’ foster closer collaboration in science between the participating
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nations. The National Science Foundation is the principal coordinating,
administering, and funding agency for American pamicipation. A similar
role in Japan is undertaken by the Japan Society for the Promotion of
Science (JSPS) under the auspices of the Ministry of Education. Both
participating nations contribute equitably to the total program in the
fort-n of funds, equipment, materials, or other means.
While the cooperative program provides for exchange of visiting
scholars, exchange of scientific information, and projects for improvement of science education among its activities, five of the eight specifically
stipulated areas of cooperation cover broad fields of scientific research
which emphasize the environment of the Pacific area. The Foundation
and JSPS work closely together in fostering communication between
scientists with similar interests and in the development of meritorious
scientific projects that fit the criteria of the program.
A number of studies now underway are devoted to reaching a better
understanding of the nature and behavior of hurricanes, typhoons, and
cyclones. Other Japanese-American partnerships are investigating narcotics and drug abuse, biological studies of Pacific fauna, and phytogeographical relationships between Japan and North America.
Internatiorml

Years

of

the

Quiet

Sun

Fiscal 1967 was the last year for funding projects under the International Years of the Quiet Sun (IQSY) , although the analytical and
interpretive phases will continue into the future. The observational phase
of the IQSY extended from January 1964 through December 1965. It
provided a mechanism for international and multidisciplinary studies of
the sun and the effects of the sun upon the earth during a minimum in the
11 -year cycle of solar activity.
The overall coordination of the program, encompassingeff arts by more
than 60 nations, was vested in the IQSY Committee of the International
Council of Scientific Unions. Coordination of the United States participation was accomplished through the U.S. Committee for IQSY of the
Geophysics Research Board of the National Academy of Sciences. The
National Science Foundation coordinated participation by agencies of
the Federal Government and provided special funding. From fiscal year
1963 through 1967, the Foundation supported 164 IQSY projects at a
total cost of approximately $11 million.
Since the observational period of the IQSY that ended in December
1965, efforts have been directed at analyzing and ioterpreting the data
accumulated. From this phase of study, a new insight is expected into
solar-terrestrial process. A better understanding of the sun and its interactions with the earth has already emerged. As a consequence, interest
has been further stimulated in solar-terrestrial research in such areas as
the composition and interaction dynamics of solar emissions and studies
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of the atmospheres within the space between the sun and the surface
of 4 planets.
Work by Syun Akasofu at the Geophysical Institute in Alaska has
shown that the aurora in the polar region has the shape of an oval that
is blown off center by the solar wind. Kinsey Anderson and the group at
the Berkeley Space Sciences Laboratory have demonstrated that the
particles are not just funneled into the auroral oval from the solar wind
but are often accelerated by processes that occur locally in the terrestrial
magnetic field or magnetosphere. The new determination by Kenneth
McCracken and coworkers,at Southwest Center for Advanced Studies,
of the cosmic rays that come into the terrestrial atmosphere permit a
mapping of the interplanetary plasma to distances from the earth not
possible with satellite probes for many years in the future.

Atmospheric

Sciences

Atmospheric science is a field based primarily on the principles of
chemistry, physics, and mathematics. The term embraces many areas
sod has had the effect of merging the interests and activities of
meteorologists, atmospheric physicists and chemists, engineers, mathematicians, biologists, agriculturists and medical doctors into a group of
scientists interested in all aspects of the atmosphere.
J?oundation support for atmospheric science includes research on
phenomena in the lower atmosphere where most weather, climate, and
pollution effects are confined (meteorology) ; in the middle atmosphere
where incoming solar energy is directly absorbed and complex physical
interactions occur ( aeronomy ) ; and in the high atmosphere (solarteflestrial programs).
Of particular interest in the atmospheric sciencesis the International
Meteorological Program, which’ is an international cooperative effort
in atmospheric studies and weather forecasting. As part of this effort, a
Mrorld Weather Program to have the entire world under meteorological
seceillance by 1972 is planned. The research portion of the World
Weather Program is known as the Global Atmospheric Research Project
(GARP ) . Part of GARP includes a series of experiments to study tropicd meteorology which affects weather throughout the world. As a prelbinary
to GARP, the Line Islands Experiment was undertaken in
fikal year 1967 and isdescribed on page 81.
htional

Center for Atmospheric

Research

An important factor in the forward thrust of atmospheric research
&-ing the 1960’s hasbeen the creation in 1960 of the National Center
fcr Atmospheric Research (NCAR) , a Foundation-sponsored laboratcty in Boulder, Colo. The Center is operated by the University Corpsration for Atmospheric Research, of which 24 American universities

ak membws.
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NCAR’s mission is to provide the nucleus for a concerted attack,
primarily through basic research and education-related activities, on
difficult and challenging areas in the atmospheric sciences, especially
where they relate to problems of major social concern, such as in longrange weather prediction, weather control, and air pollution.
During the past year, progress was demonstrated both in the evolution
of interdisciplinary research projects (e.g., NCAR’s work on a mathematical model of the global atmosphere), and in NCAR’s management
of joint-use facilities and joint NCAR-university-government research
expeditions. (See Line Islands Experiment on p. 8 i .) As the quality and
scope of the national atmospheric sciences effort grow to meet the
challenge of dealing with global-scale atmospheric problems, NCAR’s
position as a focus of, university-based activities will prove of increasing
value to the Nation.
In the summer of 1966, NCAR participated in Project Hailswath, a
cooperative l-month pilot field study of practical and’scientific problems
encountered in hail suppression research. The experiment, carried out
near Rapid City, S. Dak., brought together leadersin hail suppression and
cloud physics research in a multidisciplinary pilot project in hailstorm
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lo.-New
NCAR laboratory building near Boulder, Colo., was dedicated
on May 10,1967. The structure houses the Laboratory of Atmospheric Sciences,
including a 35-foot-high cloud and raindrop shaft in which the processes of
raindrop growth and electrification are simulated.

Figure
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field studies, The experience obtained under Project Hailswath aided
members of a Foundation-supported study group in formulating recommendations for a national hail suppression program. Several NCAR staff
members served in the study group, which was formed by U.S. and
Canadian scientists at the request of the Interdepartmental Committee
on Atmospheric Sciencesof the Federal Council for Science and Technology. The group is scheduled to submit its recommendations to the
Foundation early in 1968.
NCAR’s major researchis carried out by two divisions: the High Altitude Observatory (HAO), located in laboratories in Boulder, Colo.,
and in an observatory at Climax, Colo.; and the Laboratory of Atmospheric Sciences (LAS), with quarters in the new NCAR Laboratory
which was dedicated on May 10, 1967.
High Altitude

Observatory

Major eventsin the HA0 program in fiscal year 1967 included participation in three expeditions to South America to record the solar eclipse
of November 12, 1966 (see p. 87). It was during this eclipse that a
nine-man team, based on the high plateau of Bolivia, secured an excep
tionally fine white light photograph of the solar corona.
While eclipses afford the best opportunity to study the solar corona,
they do not permit sustained observational programs. To improve the
observational capability, NCAR has concluded an agreement with NASA
to carry a solar coronagraph on future satellite flights. An HAO-developed coronagraph mounted on NASA’s orbiting Apollo Telescope
Mount, planned for 1969, will continue the new phase of coronal investigation opened by the HA0 in 1964 and 1965.
Laboratory of Atmospheric

Sciences

Recent important researchadvances in the Laboratory of Atmospheric
Sciences included significant refinement of numerical models of the
general global atmospheric circulation. A two-layer model began yielding
computer printouts of large-scale atmospheric patterns; some are printed
onto 35-mm. film, to be viewed as motion pictures of worldwide motions.
A six-layer model has also been formulated and will be brought into
operation within severalmonths. These increasingly realistic models comprise an important part of NCAR’s research on global scale atmospheric
processes.They will be essential for understanding the many processes
that must be heeded in long-range forecasting, for testing the full potential
of various large-scale weather modification techniques and will have an
important role in the Global Atmospheric Research Program, a part of
the World Weather Program.
Investigations of rain droplet growth and effects of electrification on
droplet coalescence were carried out in the new 35-foot-high NCAR
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epic picture shows the elect& digcharge and coutescence of
ly charged water drop8 in rain shaft experiments. Electric
*cloud8 aid the coalescence of embryo raindrop8 to rainstorm
;red drop8 of sizes similar to those shown here tend not to
ence of a strong electric field.

and rain shaft. Photo6graphic analysis of charged and
s falling in an electric field has yielded information on
>ution of various processesof droplet growth and rain
d droplets discharge upon coalescing,giving off electroI, which appears identical with thermal emissions in
rowave region. The results should ultimately have aprial weather modification programs.

The Advonced Study

Program

The Advanced Study Program at NCAR promotes breadth in the
definition and solution of problems in the atmospheric sciences. Its chief
aim is to bring postdoctoral fellows to NCAR to do basic research for
one-year periods. Eight postdoctoral fellowships were awarded for the
academic year 1966-67, and nine for 1967-68.
In addition to the postdoctoral fellows and graduate students participating in the NCAR graduate fellowship program, a total of 78 visiting
scientists pursued researchprograms at NEAR for varying periods during
the year. Numerous scientists from colleges, universities, private or government laboratories in the United States or abroad visited NCAR during
the year to discussscientific problems.
The Focilifles

Laboratory

The NCAR Facilities Laboratory (FAL) operates facilities in scientific
ballooning, aviation, field observing, and computing, to serve both NCAR
and the university community of atmospheric scientists. Each facility
supplies equipment and staff for the technical aspectsof atmospheric research projects when requested; each conducts an equipment and method
development program to keep technical capabilities abreast of scientists’
needs.
FAL activities in fiscal year 1967 included advances in the Global
Horizontal Sounding Technique (GHOST) balloon development. In a
flight-test program covering the 12 months ending in March 1967, 43
constant-level balloons were released from Christchurch, New Zealand,
and 6 from the Antarctic, to trace horizontal wind fields of the Southem Hemisphere. Three balloons stayed aloft at the 2OO-millibar level
(approximately 40,000 feet above the surface) for over 200 days, one of
them circling the globe 19 times. One flight at the 300-millibar level
(approximately 30,000 feet above the surface) lasted 51 days; the majority of flights at this level were forced down by severe icing conditions
and methods are now being developed to overcome such difficulties.
GHOST development comprises a part of the Global Atmospheric
Measurement Program (GAMP) , and NCAR continued to cooperate
with the Environmental Science Services Administration and the New
Zealand government in the GHOST test program.
Meteorology
Meteorology involves basic research on phenomena occurring in the
lower portion of the earth’s atmosphere from the surface to about 60 km.,
although there is no sharp upper boundary. It is in this lower portion of
the atmosphere that most of the earth’s weather, climate and pollution is
observed. A few examples of the type of research and some results will
serveto illustrate the breadth and nature of the program.
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Water Vapw

Water vapor is an important factor in the atmosphere. Lack of it or
lack of a mechanism to trigger its release results in drought. Too much
rain in a short period of time results in floods.. One of the basic problems
regarding water vapor is how does it get from the seasto the atmosphere
and back again.
In order to have rain, it is necessary to have condensation nuclei. One
of the sources for the nuclei is the bursting of air bubbles from the surface
of the ocean. The bursting air bubbles provide the principal mechanism
by which chloride particles are introduced into the atmosphere to act
eventually’ as condensation nuclei. An electrical charge also is created
as the bubbles burst. This causes an electrical gradient to be formed bet ween the seasurface and the air.
A group led by John Day at Linfield College in Oregon is investigating
the bursting of the bubbles through use of a diffusion cloud chamber in
which the humidity environment can be controlled. Time-exposure photographic techniques are used to observe the trajectories of jet drops and
bubble film droplets. It is possible to compute the velocities of the droplets,
and from these data information regarding particle size and energy distribution can be inferred.
Electrical charge generation mechanisms are being studied in laboratories at the Woods Hole Oceanographic Institution and at the University of Minnesota, as well as in a region of intensive bubbling of
the surf along the shore in Hawaii. Laboratory observations indicate that
the bursting bubble charge mechanism is modified by surface active
organic films. It has been noted that fresh water and sea water differ
greatly in the production of nuclei and electrical charges.
Once the nuclei enter the atmosphere they are transported to areas
that are cooler and contain enough water vapor so that condensation can
take place. The atmosphere contains many kinds of particles that can and
do act as nucleating agents. A group at the University of Missouri is
studying nucleation phenomena from both the experimental and theoretical viewpoint. During the course of the investigation it has become
apparent that droplets in the atmosphere do not act as efficiently astheory
would predict because of the many types of nuclei competing for the
available water vapor.
The movement of water vapor is difficult to trace in the atmosphere.
Dr. Gote ‘Ostlund at the Marine Institute of the University of Miami is
using tritium, a radioactive form of hydrogen to trace water vapor in
hurricanes. Tritium that is found normally in the stratosphere becomes
a part of a water vapor molecule through normal processesand can be
traced through the atmosphere. Investigations in hurricanes using tritium
as a tracer have reinforced the opinion that the latent heat of water
evaporated from the sea surface is one of the major sources of the
hurricane’s energy.
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Line Munds

Experiment

Water vapor is transferred into the atmosphere rapidly in the tropical
areas of the world. Our lack of understanding of atmospheric processes
in the tropics coupled with a sparseness of data have resulted in incornplete knowledge of how the tropics affect the general circulation and the
distribution of heat and water vapor. The Line Islands Experiment
(LIE) was undertaken in March and April 1967 in the equatorial
Pacific (Christmas, Fanning, and Palmyra Islands) to aid in understanding better the atmospheric processesin a tropical ocean area.
The LIE had as its specific objectives the investigation of:
( 1) The nature of convectiire processesin a typical equatorial
maritime environment, and the interactions between the convective
activity and larger scales of motion in and near the Intertropical
Convergence Zone;
(2) The extent to which standard instrumentation is sufficient
to define ,both convective and broad-scale atmospheric features in
the tropics ;
(3) The degree to which the satellite photographs can be calibrated against ground,, ship, and airplane-based observations, and
the reliability of satellite-derived cloud motions in depicting the
true atmospheric motions; and
(4) The mechanism of heat, momentum and moisture transport
from the boundary layer to the upper layers of the atmosphere.
.
The experiment, coordinated by the National Center for Atmospheric
Research with support from the Foundation, involved nine university
groups and various Federal agencies including the Army, Navy, Air
Force, Air National Guard, ESSA, NASA, AEC, and the Department
of State.
The experiment was successful in that many detailed and useful dbservations and measurements were made. Preliminary results indicate
that clouds never extend above 20,000 feet in this area, few thunderstorms are found, and the region is not a source of heat to help drive
the general circulation of the atmosphere. In addition, the LIE has
shown that new instrumentation must be designed for tropical use
because instrumentation designed for wind-latitudes does not have the
needed resolution.
The LIE was the first of several tropical meteorological experiments
planned within the next five years in recognition of the Iack of knowledge regarding fundamental physical processestaking place in the tropics.
The next experiment is scheduled for the summer of 1969 near the island
of Barbadoes. All of these experiments are a part of the Global Atmospheric Research Program (GARP) which is the research effort of the
World Weather Watch.
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Ammomy
Aeronomy is the study of the physics and chemistry
of the upper
atmosphere extending from ahout 50 km. above the earth’s surface to the
boundaries of the magnetosphere. It is in this region that incoming solar
radiation and particulate matter from space react with the earth’s
atmosphere to form the ionosphere, that high energy particles become
trapped in radiation belts surrounding the earth, where photochemical
processes manifest themselves in visual displays such as aurora, and
that important energy transport processesto and from the lower atmosphere occur.
Recently, new studies in aeronomy have come into prominence. These
are concerned with the dynamics of the upper atmosphere and, for
example, involve the interrelationships between ionization densities,
magnetic storms, planetary and gravity wave influences and magnetic
conjugate point excitation mechanisms.
Impact

of So/m and Cosmic Particles

Airglow, its most spectacular form the visual aurora, continues to be
an important subject of study for atmospheric scientists. Displays of
light in the form of green glow, red arcs, and sheetsor curtains of many
colors not only beautify the polar night sky, but contribute quantitatively
to our knowledge of atmospheric composition, the input of solar and
cosmic particles bombarding the earth, and the photochemical reactions
between particles and atmospheric constituents.
The earth is continuously bombarded with numerous types of highenergy particles and electromagnetic radiation that, without the cover
of the earth’s atmosphere, would end all life on earth as we know it.
While providing this protective cover, the atmosphere emits light at
certain wavelengths as evidence of the nature of the impinging particles
and radiation. Aurora1 displays are observed mainly in the polar latitudes because of the guiding effect of the earth’s magnetic field on the
incoming charged particles, but airglow reactions occur at all latitudes
during both day and night. Sensorshave been developed to detect electromagnetic radiations associated with these reactions and are providing
data which are being used to increase our knowledge of the physics of
the upper atmosphere.
Investigators at the University of Pittsburgh have made important
contributions to the understanding of atmospheric radiations by combining theoretical calculations with ingenious airglow measurements.
It is now possible to measure airglow even in the presence of sunlight.
New information has been acquired concerning the distribution of the
atmospheric constituents and the important chemical reactions taking
place under varying geophysical conditions. Thus far, measurements
indicate that solar radiation produces electrons in greater amounts in
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the region of 50 to 120 km. than at other altitudes. The airglow observations have also proved useful in detecting the chemical composition, of
meteoric dust as it strikes the atmosphere.
After years of observingthe aurora visually and then photographically,
a method of television observation of the very faint aurora has been perfected at the Geophysical Institute of the University of Alaska using an
image orthicon tube of high efficiency. The instrument output is displayed on a television screen and photographed with a movie camera.
Both a direct image view and a spectrally resolved image of a region of
the aurora are available for comparison.
The television technique has reduced the exposure time to record an
aurora1 spectrum to 0.5 second compared to the nearly 3 minutes previously required using a direct photographic process. Spectral changes
associated with rapidly changing aurora1 forms that occur during a geomagnetic storm can now be observed with this new technique. Data
obtained from this system will be used to study the energy spectrum of
the particles causing auroras.
Atmospheric scientists at the University of Hawaii have utilized a
technique of radio-wave observations of satellite transmissions to disclose large-scale characteristics of the ionosphere. They exploit the Faraday effect on radio-waves travelling through a magneto-ionic medium to
determine the electron content of the ionosphere. From the observed data
the integrated electron content of the ionosphere can be calculated along
precisely defined electromagnetic ray paths between the satellite and
receiver.
Results from this experiment have indicated the presence of rapid
variations in electron content over single fixed ray paths, and suggest the
presence of drifting clouds of electrons in the upper atmosphere. These
large scale motions are being studied to test their dependence on solar
clisturbances and particle bombardments of the atmosphere. Other results obtained by the University of Hawaii investigators include an
anomaly which showed that the electron content was higher in spring
and autumn than in summer or winter and the observation that electrons
appear to drift upward during the nighttime.
Solar-Te.nestriul Research
Solar-terrestrial researchincludes the study of the relationship of our
nearest star, the sun, to the planet earth. The large storms that rage
acrossthe solar surface are not only of intrinsic interest but are representative of the stars, whose surfaces man cannot yet resolve. These storms enhance the ionization of the earth’s upper atmosphere and hence affect
worldwide communications by X-ray and ultraviolet bursts and control
the aurorae emitted by particles. An understanding of the physical processeswithin a plasma such as surrounds and blows toward the earth is
US-

University

of

Hawaii

Photo.

14.~Student assistants make adjustments on antenna rotator unit at the
University of Hawaii. This device is part of the s&dem used to measure the
electron content of the ionosphere, a subject af particdtzr scientific interest
in the latitude of the Hawaiian Z8Zand8.
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fundamental to the search for the control mechanisms that produce
large scale lower atmospheric patterns.
During the past year an experiment designed to test whether hydromagnetic waves can supply enough energy to heat the upper atmosphere
has been completed. At least during the minimum solar activity the
results indicate that while the waves may trigger changes some other
source of upper atmosphere heating must be found. These results have
brought forth renewed interest and successful detection of gravity waves
in the upper atmosphere.
Many solar-terrestrial processesbecome easily visible or are stimulated
when a total solar eclipse occurs on the earth. The corona or solar wind
emanating from the sun and large prominence storms at the solar limb
become visible to even the casual investigator stationed inside the eclipse
path and can be studied with increased resolution. To the ionospheric
scientist changes in the earth’s upper atmosphere can be followed and
compared with predictions during this natural event.
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TofuI Eclipse

of the Sun

A total eclipse of the sun occurred on November 12, 1966, across South
America from Peru to Argentina, Bolivia, and Brazil, an event of interest not only for astronomersbut for ma.ny atmospheric scientists as well.
Observations coordinated by the National Science Foundation involved
approximately 800 individuals from the United States. This was the
most intensively observedeclipse in the 4,000 years of recorded history.
Some 87 U.S. research projects were conducted from ground stations,
aircraft, and rockets.
Among the outstanding results obtained during the eclipse was a
“white light” photograph of the solar corona made from a ground-based
installation. This photograph records light scattered from the very hot
electrons and from the much cooler interplanetary dust. It was taken
through a special filter so that the coronal light of the sun could be recorded on a single film even though the variation in brightness over a
few solar radii outward from the sun is as large as a factor of 10,000.

NCAR

Photo

Figure l&-Total
eclipse of the dun, photographed from a site near PuZacayo,
Bolivia, on November 12,1966. This is the first eclipse photograph to show on
one exposure the radial streams and structures of the corona out to great
distances. The difference in brightness between the inner and outer region8
of the corona required development of a special filter, without aaymetries or
imperfections,
which decreased in intensity toward the outer edge8. White
object to the right’of the t&n is the’planet Venus.
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The detailed structure of the coronal forms results almost entirely from
the differences in the concentration of electrons. The regularity of the
streamers is caused by electrons that are constrained by the magnetic
field of the suri. At the base of the streamer can be seen arches and gaps
that appear to be regions where electrons are trapped in the local magnetic field of the active solar region. The active regions are likely to flare,
producing strong X-ray radiation and streams of high-energy protons
and electrons that may interact with and be trapped in the earth’s
atmosphere.
During the eclipse, five aircraft from the United StatesAtomic Energy
Commission, the Air Force Cambridge Research Laboratory, and the
National Aeronautics and Space Administration were flown along the
path of totality for a series of spectroscopic experiments spanning the
ultraviolet and infrared portions of the spectrum. The spectroscopic observation requires careful filtering of the light in order to determine the
distribution of ions. The ions emit at a wavelength characteristic of their
species, their temperature, and the method of excitation. A detailed
spectral study leads to an undelstauding of the processesthat produce
the million-degree temperatures in the solar corona. Other observations
made during the eclipse have yielded information about the abundance
of different elements in the corona. Together with the “white light”
photographs, the spectral observations permit a study of the active regions
of the sun that often lie beneath the white light streamers.
Observations of the X-ray emission from the solar corona were carried
out aboard several of the 15 rockets launched from a specially prepared
site near Rio Grande, Brazil. The rockets also carried instruments to
study the response of the earth’s atmosphere to the sudden decrease of
sunlight. The successful measurements of electron temperature and the
abundance of ions in the upper atmosphere are useful in describing the
transfer of energy within the ionosphere.
Oceanography

Few sciences offer as much promise toward the solution of future
human needs as the science of the seas,oceanography. By far the larger
portion of all living organisms dwell within the oceans. The ocean
w&m and the ocean floor contain virtually inexhaustible mineral resources. The eventual prediction and control of world climate depends
to a large extent on the prediction and control of ocean currents. In
recent years the application of science and technology to oceanographic
problems has opened the door to new understandings and new applications. Efforts by the National Science Foundation to lay the basic framework
for inquiry and knowledge while educating and training the
oceanographers of the future are represented by the following examples
of the many research studies supported by the National Science
Foundation.
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Basic Research

Projects
Wuter Masses

of the PacH)c Ocean

Oceanographers have long recognized that the oceans consist of a
number of large water maSSeSwhich usually have internally consistent
temperatures and salinities. These water masses,moving with the oceanic
circulation, have a strong influence on the weather and often serve as
barriers to fish migration. The difficult problem of identifying oceanic
water massesand of determining $heir influence on world climates was
advanced in the pastyear on many broad fronts. The work in the Pacific
is illustrative and covers the area from the Arctic to the Antarctic and
from the Americas to Japan.
It has generally been believed that both surface and subsurface water
masses derive their characteristics from direct contact with the atmosphere, and that subsurfacewater masses would form when a high-density
water mass encountered one of lower density and sank beneath it. Recent
work of J. L. Reid of Scripps Institution of Oceanography has helped to
trace the origin and movement of these water masses.
The low-salinity, intermediate water massesencountered in the midlatitudes in the Pacific Ocean, known as the Subarctic Water Mass,
supposedly originated at the sea surface in the northern Pacific Ocean
during the winter seasons.Dr. Reid was not convinced of this and with
the Scripps Institution of Oceanography research vessel, Argo, cruised
from Kodiak, Alaska, to Hakodate, Japan, between January and April
1966 in the expedition known as “Boreas.” Despite the winter conditions
encountered, nearly 200 oceanographic stations were occupied, and the
data collected definitely demonstrated that the Subarctic Water Mass
originates, not at the surface, but by vertical mixing well below the
surface. Thus a new insight into the processof water mass formation
was gained.
Recent studios have shown that changes in water mass characteristics
in one part of the ocean may have a pronounced influence on oceanic
and atmospheric conditions in distant areasof the earth.
J. Bjerknes of the University of California at Los Angeles, recently
completed an extended investigation under a grant from the Foundation
of one of the greatest and most extensive oceanic anomalies, the El NiEio
conditions in the eastern PacXc Ocean equatorial regions. He showed
that periodic anomalies in the equatorial easterly winds have a major
influence on the atmospheric circulation in the Gulf of Alaska and in
the North Atlantic and may be the cause of severe winters experienced
in Europe.
El Nifio conditions start with decreases of the prevailing equatorial
easterlies in December. Easterly winds along the equatorial regions, due
to earth rotation effects, move the waters north in the Northern Hemisphere and south in the Southern Hemisphere. This results in spreading
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of the surface waters and subsequent upwening of subsurface cold
waters. During El NiEio conditions, this effect is subdued, and surface
temperatures are 2” to 3” C. above normal over vast areas from the
Americas to the mid-Pacific.
Dr. Bjerknes showed how the Northern Hemisphere weather reacted to
this increased sea temperature : stronger westerlies over the Northeast
Pacific, deeper low pressures in the Gulf of Alaska, consequent weaker
westerlies north of Iceland, and weaker Iows in the Icelandic areas. A
determination of the requirements for long-term climatic changes will
necessitate monitoring oceanic as well as atmospheric conditions for an
extended period of time.
Hot Brines
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and Heavy Metals

The floor of the Red Sea is an areawhich is believed to be spreading
apart at the rate of about 1 cm. per year. In the center of the Red Seais a
median rift, which like many of the rifts associated with the ocean ridges,
shows an abnormally high geothermal heat flow. Within isolated deeps in
the rift, 2,000 meters or more below sea level, hot brines were first examined during the International Indian Ocean Expedition by American,
British, and German oceanographers.
Additional information on those hot brines was obtained from a special
investigation on board the Woods Hole Oceanographic Institution research vessel Chain during a 6-week cruise in October and November
1966. The two principal deeps, located in a narrow 1OO-mile-long strip
in the median rift valley were known as the Discovery Deep and Atlantis
II Deep after the ships that were usedin the investigation. A smaller deep
discovered on this cruise is now called the Chain Deep. The largest is the
Atlantis Deep, covering an area of about 30 square miles, Here, hot brines
are found 200 meters above the oceanfloor, with the temperatures changing abruptly from about 22” C. (72” F.) to 56” C. ( 133” F.), and
salinities increasing almost tenfold. This brine, being much heavier than
normal sea water, settles to the bottom of the deep. Heavy metals found
in this water, include copper, gold, iron, lead, manganese, silver, and
zinc. Some concentrations are many thousand times the amount normally
observed in ocean waters and may have economic value.
Sediment cores obtained from the deeps showed brilliant colors due to
the various oxides of iron, zinc, copper, and other metals. Seismic profiling
records taken from the Chain, indicate the sediments are more than 100
meters thick.
The possible explanation of the hot brines and associatedcore material
is that rifting has allowed magmatic solutions to ascendfrom the mantle
where they react with the Red Sea waters. Similar situations may be
found in other rifts in the oceanic ridges, indicating that the center of the
sea floor is spreading.
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Sensitivity
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Plankton

Most physical oceanographers are concerned with the character of the
water massesof today’s oceans. At the Lamont Geological Observatory
of Columbia University, biological oceanographers Allan Bt and
Andrew McIntyre are more concerned with the planktonic flora and
fauna of the oceans and with their relationship to distinct water masses.
Drs. BC and McIntyre are studying present day and fossil planktonic
coccolithophores and foraminifers, small plants and animals which float
in the surface waters of the ocean and produce hard parts of calcium
carbonate. They find that a number of these present day organisms are
sensitive to temperature and can be used as reliable indicators of warm
or cold waters of specific temperatures. Sediment cores containing similar
organisms taken from the floor of the North Atlantic provide a sedimentary record of the Atlantic Ocean over the past several million years,
a period during which glaciers advanced and retreated over the North
American continent. The climate accompanying glaciation cooled the
oceans; during the periods between glaciation, the oceans’ warmed.
Drs. BC and McIntyre have found that glacial cooling of the surface
waters is reflected in the distribution of the temperature-restricted planktonic organisms. The cold water forms in sediments of glacial age are
found farther south than their presently living counterparts. They have
established that the approximate position of the northern boundary of the
Gulf Stream during the last period of glaciation was at about 30” north
latitude, some 15” farther south than its present position. Thus biological
data are permitting a better insight into the nature of the ocean circulation both today and in the past.
Biological

Adaptation

to Polar Environment

In a project undertaken in connection with the U.S. Antarctic Research
Program, Edvard A. Hemmingsen of Scripps Institution of Oceanography and an assistant carried out physiological experiments at McMurdo Station on the cornea of polar animals. Ultraviolet light, which
can cause severe snow blinding in man by damaging the unprotected
cornea, has no effect on polar’ animals, such as penguins and seals, although they spend long periods of time on bright snow fields. Dr. Hemmingsen used an artificial ultraviolet source to determine the radiation
doses necessary to produce corneal tissue damage in Antarctic animals.
Surprisingly, although there were differences between the types of animals
tested, the threshold level for damage was approximately the same or
even lower than for animals which live in regions where much less radiation is received. Since the tolerance level is probably a balance between
damage of corneal tissue and the rate of repair, the polar anirruals must
have a relatively rapid repair mechanism.
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During thcvisit at McMurdo, Dr. Hemmingsen also wasable to inspect
a specimen of f&h of the family Chaenichthyidae, which wasunexpectedly
caught in a trap near the station. Unlike any other vert&rates, Csh of this
family are anemic-they lack hemoglobin and have a completely colorless
blood.
This group of fishes, one of many in the order of perch-like fishes,
is found only in the Antarctic or the waters adjacent to it which provide
low, stable water temperatures. It is sometimes called an ice &h because
of its transparency, which is due to the fact that it is almost lacking in
scales.
This family of fishes is of interest because, as vertebrates, they ought
to have some means of storing oxygen in their blood, and yet they
lack any blood pigment to store it. On what kind of mechanism do they
rely to pay the oxygen debt built up in muscles and other tissues by
their metabolism? In an attempt to add to our knowledge on this subject,
preliminary physiological studies were made of the consumption of oxygen by this fish under varying conditions of oxygen concentration of
aquarium water.
The oxygen consumption was determined in an aquarium over a
period of about three weeks and was found to be about one-third of
that of most cold-adapted fish with hemoglobin. Most striking, however,
was the fact that the oxygen consumption was not markedly affected by
the oxygen concentration of the water. Oxygen consumption remained
constant even when the oxygen pressure was reduced from 150 to 33
mm. of mercury, indicating a very efficient system for oxygen uptake.
Most likely, the lack of hemoglobin is partly compensated for by increased blood volume and cardiac output. Further physiological studies
of these fishes are being planned.
Organtc

Aggregufes

One of the most significant recent developments in biological oceanography is the discovery that dissolved organic materials aretransformed
into particles in the open sea. The particles, which have been called
organic aggregates by their discoverers, are from 25 to 100 microns in
size. When aggregated further, they are the ropy or flaky “marine snow”
that has puzzled observers in deep sea submersibles sinceBeebe’s first
dives in the bathysphere. They are present at all depths in all parts of
the world oceans that have been sampled. Similar aggregates can be
produced in the laboratory by bubbling air through natural sea water.
They also appear in laboratory cultures of some marine micro-organisms
and in sea water that has been stored in the laboratory.
When first seen in stored samples in the 19th century, they were
thought by some to be the primordial ooze from which all life arose. This
idea is being revived in modem form, as organic aggregatesare suspected
to play a key role in food transformation in the sea.
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There are vast resources of dissolved organk matter in the 96o(u3,
but until organic aggregateswere discovered it was difhcult to see how
such materials were used for food by marine animals. The ckolved
organic materials are so diluted by sea water that even bacteria cannot
utilize them very effectively. The aggregates are sites on which additional organic matter can adhere and on which bacteria can grow.
Probably both the aggregates theznklva and the tact&
gmwing am
them are important food sources for small marine animals. This means
that the food chain of the ocean is more complex than it has been
thought to be, and someof the steps in it may not be biological procesac~,
The ultimate source of the dissolved organic matter in sea water is
still debated and is another subject of active research. It is known that
both plant and animal plankton lose sign&ant quantities of soluble
materials. The plants lose small carbohydrate molecules that seem to be
early products of photosynthesis. The animals lose nitrogenous compounds and other organic materials that come in one way or another
from their food. The methods of modern analytical chemistry m&e it
possible to identify and quantify moat of the organic materiala ant
in the sea, even at very high dilution, and this is being done. Soon it
will be possible to develop a realistic model of the pathways of ever@
and materials through biological systems of the sea. When this has been
done, it will be possible not only to understand living processes in the
sea but also to use them more effectively.
Specialized

Oceanographic

Research

Focililies

In its programs for providing ass&an& for acquisition or dev&pment of specialized facilities for research in the environmental sciences,
the Foundation has placed considerable emphasis on the construction
of new laboratories for marine field biological stations. In the last three
years, over $3 million has been spent in support of the construction
of two specialized ships and five land-based marine facilities in the biological sciences.
In November 1966, the specialized research vesselAlpha Htdix, built
with Foundation assistanceand operated by the Scripps Institution of
Oceanography, completed its first scientific expedition-to the biolugically rich area of the Great Barrier Reef off the northeastern coast of
Australia. A series of diverse scientific investigations were carried out
by a total of 44 scientists, representing 11 U.S. and eight foreign
institutions.
Early in 1967, the ship set out on a research expedition to the Amazon
River where research was done on the physiology of local fauna; the
transition between marine, freshwater and air habitats; ‘insects; and
plant physiology.
Considerable interest has developed in the possible developmqnt of
a large facility devoted to tropical marine sciences.Although the main

Arctic icepack and to drift across the Arctic Ocean with the ice. Because
of the expenseof supplying fuel to the remote Arctic Ocean, two of the
designs included nuclear power. The facility would be used for heat
budget and microclimate studies, and as a facility for the operations of
helicopters in support of substations, and submersibles for under-ice
studies. Extensive physical and biological oceanography could be accomplished from this facility. These designs are now being evaluated.
Earth

Sciences

As used in this report the term “earth sciences” is limited to the solid
earth or geological sciences.These sciences help provide man with an
understanding of the solid part of his own planet. as well as the processes
that act upon the earth. Research in earth sciences supported by the
Foundation not only includes geological investigations but physical and
chemical studies of the earth and earth materials.
Continental

Drift and Sea Floor Spreading

Over a century ago Alfred Wegener noted the striking similarity in
the shapes of the Atlantic coastlines of South America and Africa and
suggested that present-day continents once formed a single landmass.
He postulated that this landmass broke up several millennia ago and that
continental blocks drifted apart, thus giving rise to what is known today
as the Theory of Continental Drift. Prior to the 1940’s the evidence for
and against the theory centered about the shapes of coastlines, paleontological patterns, and general rock similarities. During the past twq
decades other important lines of evidence, including paleomagnetism,
heat flow data, oceanographic data, and radiometric dating, have been
brought to bear on the problem of continental drift.
Recent discoveries, both on the continents and on the floor of the
oceans, have provided striking new evidence to support the drift hypothesis.The oceanic evidenceinvolves the new concept of sea floor spreading;
the continental work consistsof a field test in South America and Africa.
In the early 1960’s oceanographers from the Scripps Institution of
Oceanography first showed that the floor of the North Pacific Ocean
possessedseriesof long linear magnetic anomalies. A local deviation from
the average intensity of the earth’s magnetic field is called a magnetic
anomaly. Subsequently, similar patterns were found in other areas of
the world oceans, with some degree of similarity on the two sides of the
main oceanic ridges. Vine and Matthews of the University of Cambridge,
England, in 1963 suggestedthat the linear magnetic anomalies might
represent past reversalsof the earth’s magnetic field. They reasoned that,
if new volcanic material was being brought up in the center of the ridge,
it would retain the polarity of the earth’s magnetic field at the time of its
solidification. If, then, the material spread laterally on either side of the
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ridge, long linear anomalies would be produced, coincident with reversals
of the earth’s field.
Cox, Doell, andDalrymple of the U.S. Geological Surveythen applied
potassium-argon dating to young volcanic rocks, and established reliable
dates for several reversals of the magnetic field over the past 4 million
years. At this point the stage was set and evidence began to roll in.
One of the first good indications came from the South Pacific Ocean.
Pitman and Heirtzler of the Lamont Geological Observatory used data
obtained from a project sponsored by the Foundation under the aegis
of the U.S. Antarctic Research Program, and showed that the Pacific floor
was spreading away from the top of the oceanic ridge at a rate of about
4.5 cm. per year. They were also able to extrapolate the anomalies backward 10 million years and suggested earlier reversals. Heirtzler then
presented evidence of a similar nature showing that spreading near Iceland took place at a slower rate, about 1 cm. per year. Further work
has now extended the evidence of spreading to all the oceans,and though
the rates differ considerably, it appears that this sea floor spreading has
actually taken place, providing a possible mechanism for continental
drift.
Recent Foundation-supported
geological investigations in South
America and Africa have provided further evidence that these two continents may indeed once have been part of the same landmass. A few
years ago field mapping of the states of Bahia and Alagoas in Brazil
showed the existence of a long, trough-like structure, called a “ge+
syncline,” striking roughly east-west and extending from an inland point
for about 400 km. to the Atlantic coast. The geologic structure of the
geosyncline and associated rocks is unusual in that it trends essentially
at right angles to the general trend of geologic structures along the
Atlantic coast of Brazil. Using a map of the “best fit of the continents”
published by Bullard in 1965, this geosyncline should project into central Gabon, West Africa.
With Foundation support, Gilles 0. Allard and Vernon J. Hurst
of the University of Georgia searched in West Central Africa for the
possible extension of the geosyncline found in Brazil and associated rocks.
In central Gabon, in the predicted geographic position, they found rocks
of types similar to the Brazilian group and having a comparable structural
trend. A fresh crosssection of rocks, well-exposed along the path of a new
road, showed metamorphism (pronounced changes in the constitution of
the rocks) increasing to the northeastward, the same as it does in Brazil.
In addition to the lithologic similarity of rocks from Africa and Brazil,
preliminary radiometric dating of about two dozen samplesby the rubidium-strontium method has shown that the younger rocks of both areas
have an age of about 6.5 million years and that the older rocks have a
similar age of about 2.3 billion years.

The occurrence of a geosyncline in Brazil extending to and transecting
the coast roughly at right angles is in itself an unusual feature. Finding
similar rocks in the same sequence and having the projected structural
trend across the Atlantic Ocean in Gabon is an amazing coincidence,
unless the rocks were indeed once continuous. The geographic coincidence of the two assemblagesof rocks, their striking lithologic similarities,
sameness of deformation style, tectonic and metamorphic characteristics,
and corresponding radiometric ages constitute what is believed to be one
of the strongest piecesof evidence so far presentedin support of the idea
that South America and Africa were once contiguous.
How Does
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Work?

Over 125 years have passed since Louis Agassiz announced his then
revolutionary theory that glaciers of the past had been much more
extensive than today and that much of the sand, gravel, and “boulder
clay,” known as morainic deposits, that litter northern Europe and elsewhere were the deposits of former ice sheets.Today the glacial origin of
these morainic deposits is universally accepted, but we are still not sure
just how a glacier erodes and deposits the material. It has become
increasingly clear that a polar glacier (that is, one whose main maSSis
always well below freezing) behaves differently from a glacier in a more
temperate climate, Strangely enough, the temperate glacier may actually
be a more effective agent of erosion and transportation than the polar
glacier.
Recent studies of a typical polar glacier tend to confirm these ideas and
furthermore suggest that most morainal material in Antarctica was probably formed under conditions of warmer climate when basal movement
was possible. Field experiments were carried out on the Meserve Glacier
by Gerald Holdsworth and associates from Ohio State University
under a grant from the Foundation. This glacier, only a few kilometers
long, has not changed appreciably since it was first visited by members
of the British Antarctic Expedition under Captain Robert F. Scott in
190 l-04. Mass balance studiesshow that snowaccumulation in the upper
areas is balanced by the lossof about 38 cm. per year from the surface
of the lower third. Of this loss, only 2 cm. occur as melt water; 24 cm.
and 12 cm. are lost as a result of summer and winter sublimation (the
effects of seasonal vaporization and refreezing). In contrast, most of the
loss in temperate glaciers is by melting although summer sublimation
plays a significant role also.
Flow pattern and bottom erosion mechanisms of the Meserve Glacier
were determined by measurements of survey points on the glacier surface
and in a 55-m. tunnel cut laterally into the glacier along its base at a
point where the total glacier thickness was about 40 m. The base of the
ice, at -18O C., is frozen to weathered bedrock and till, and the lo~est
meter of ice contains a considerable amount of unsorted material. The
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Figures 17 and X-Aerial
view of the Meserve Glacier shows a river of ice more
than 150 feet thick in some areas. At the campsite the entrance to a tunnel cut
in the base of the ice cliff can be seen. The tunnel and vertical hole8 drilled
from the top surface give scientists access to sample8 of material8 in the
heart of the glacier.
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velocity is 1 cm. per day at the surface and zero at the base. At a short
distance from the base,however, within the dirty ice, movements of over
5 cm. per day were measured. Continued measurements should show
whether ice at this temperature can actually erode the bedrock or whether
a warmer climate would be required.
Antiquity

of

Life onEarth

It seemsfairly well-established that the earth is 4.5 to 5 billion years
old. Despite this great age, highly diversified fossil assemblages begin
rather abruptly at the beginning of the Cambrian period, or only about
0.5 billion years ago. Presumably the sudden appearance of such a large
and diversified fauna marks the time when animal life first was able to
develop hard shells and skeletal parts that are more easily preserved as
fossils. This clearly implies that there was a long pre-Cambrian history of
life during which the first primitive forms evolved from tiny organisms
to specialized multicelled animals. But how far back into the preceding
4 billion years does this history extend? Until recently all that had been
discovered were the fossilsof algae some three-quarters of a billion years
old and possible worm tracks only about 600 million years old.
In the past few years, however, the electron microscope has been
brought to bear on the problem of ancient life, and recently Elso
Barghoorn, of HarYard University, has identi6ed ancient bacteria from
three sedimentary formations about 2 billion years old and one about
3 billion years old. The Z-billion-year-old fossils occur in the Gunflint
chert of southern Ontario and the Bitter Springs limestone of central
Australia. The 3-billion-year-old organisms are from the Fig Tree series
of South Africa and comprise the oldest known record of biological
activity on the earth. The remarkably well-preserved fossils are rodshaped organisms, about 0.56 microns (one micron is one thousandth of
a millimeter) long and 0.24 microns wide. Named Eobacterium isokatum,
they are comparable in size,shape, and complexity of structure to many
speciesof modern bacteria. It seems probable that they are true bacteria
and that life had already reached at least this stage of evolution by the
time one-third of the earth’s history was completed.
ENGINEERING

The Foundation supports a wide range of basic research in engineering
to develop methods of application of scientific knowledge to technological problems. Engineering projects are undertaken which deal with
diverse subjects such as chemical and reaction kinetics and catalysis,
energy transfer (e.g. lasersand plasmas), dynamic behavior of structures
(e.g. design of earthquake resistant structures), metallurgy, solid state
materials, and operations research techniques as applied to the solution
of social problems.
W

Recently, projects have trended increasingly towards more immediate
engineering relevance, but a strong academic interest persistsin the basic
engineering sciences as well. Lately, there has been a new tendency
for engineering proposals to be concerned with social problems, and
grants have been awarded in the area of applying systems analysis
techniques in the solution of current problems of society. Hopefully,
these and related investigations will produce innovative approaches
of value.
To illustrate the scope of engineering research which the Foundation
supports, the following examples are selected to illustrate some important
and interesting findings:
Catalytic
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Reactions

Man’s ability to develop and use catalysts has contributed to the
important technological revolutions that have taken place in this century.
An area of particular note deals with mass transportation. Modern
high octane gasolines produced by catalytic cracking have resulted in
the high engine efficiencies everyone has come to expect. It is estimated
that 90 percent of all industrial chemicals involve catalytic reactions in
their manufacture. The wholesale value of products made by heterogeneous catalysis now exceeds $20 billion annually.
In heterogeneous catalysis a liquid or a gas (or both) containing
the reactants is brought into contact with either a solid or a liquid which
acts as a catalyst. The catalyst accelerates and directs the course of the
reaction without being consumed itself. The reaction takes place upon
the surface of the catalyst and involves a complex sequence of physical
events. This must be followed, of course, by the reaction products leaving
the surface and making the surface available for further reactions. For
example, in the case of high octane gasoline, high boiling components of
crude oil are vaporized and passed over a solid catalyst. Part of the products which form the reaction (when a suitable catalyst is used) are components of high octane gasoline. Gasoline may be produced by thermal
methods, not involving catalysis, but the resulting product cannot be used
in efficient high compression engines.
Forty years have elapsed since Sir Hugh Taylor first proposed that
active centers at surfaces were responsible for the characteristic behavior
patterns of solid catalysts. The identification of these centers has been a
foremost problem of catalysis research. A wide array of catalytic surface
defects have been proposed as active centers. The importance of each
one in a particular reaction is very difficult to assess,yet the industrialist
knows that his catalysts are dependable and that their activity and
~dectivity
will not differ greatly from batch to batch.
The present research at Stanford University under M. Boudaxt
and his students on the specific activity of platinum catalystswas directed
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originally at a related question. Does the catalytic activity of a solid
particle depend on its particle size and surface area?
The investigator’s results on platinum were made po&ble by the
development of a reliable technique for the determination of metal
surface areas. It was found that the catalytic activity per unit surface
area (specific activity) for hydrogenation of cyclopropane at 0” C. on
platinum catalysts was almost the same for highly dispersed samples in
which nearly every platinum atom is a surface atom as for a platinum
foil. The difference between the highly dispersed samples and the others
is a modest twofold change in specific activity, while the platinum specific
surface area is varied by more than four orders of magnitude.
The investigators also have found a remarkable lack of sensitivity of
the specific activity to crystal size or details of preparation. It is emphasized that this relative constancy of specific activity is not expected
invariably but only for those reactions where the majority of catalytic
sites possess ample activity under the conditions of operation. It is
believed possible that many industrial catalytic reactions are of this type
and the identity of active centers on a given metal seems to matter little
for these reactions. What matters is that there exists a broad spectrum of
them, that they all participate in the reaction and that their statistical
distribution of reactivities is i nsensitive to the mode of preparation of
the catalyst.
Dr. Boudart’s research clearly bridges the gap between very small
particles and bulk metal and establishes the lack of effect of the dispersing
medium on the catalytic activity of platinum. Acceptance of this conclusion will result in research efforts being directed toward fashioning
catalytic surfaces which may *be highly selective for a particular reaction
and the ability to design catalysts scientifically will be greatly enhanced.
Laser Communications

Receiver

A laser beam (a coherent light beam) can be used to transmit large
quantities of information in a narrow beam. Laser communications use
principles similar to radio and television transmission and reception but
at frequencies a million times higher and with much lower loss of power.
W. H. Hartwig of the University of Texas has been studying the
basic relations of low temperature absorption of high frequency light
waves by materials. In the course of this study his group hasdemonstrated
a new method of receiving television signals transmitted by means of a
laser light beam. This new method depends upon the slight change in
the dielectric constant of a germanium crystal when illuminated with
laser light. This responseto light is termed the “Photodielectric Effect.”
The incident light frees electrons from germanium atoms in the crystal
and thus changes the dielectric properties of the crystal.
The crystal is kept at 4” above absolute zero and is incorporated into
an ultrahigh frequency resonant circuit. The photodielectric effect of the
lP1

crystal is used to tune the circuit. The result is that the detection of an
optical signal by the crystal will shift the resonant frequency of the circuit
providing a mechanism for information retrieval. The device will respond
to light signals of only a few millionths of a watt and changes in signal
intensity of a billionth of a second. Hence, the method is both sensitive
and rapid and is capable of receiving information at an extremely high
rate from very weak signals.
The researchers constructed a laser television transmitter which sends
out a beam of invisible infrared light. The beam is made to vary in
intensity in exactly the same way a television station varies its VHF or
UHF signals. The beam is caught by a telescope or optical antenna and
focused down into a liquid helium bath containing the circuit with its
photodielectric crystal. The frequency of the circuit is shifted in accordance with changes in intensity of the laser beam. From this point the
signal is amplified electronically and displayed by a television set. The
television set needs no VHF or UHF circuits to reproduce the picture
and sound.
The future utilization of these methods depends, in a key fashion, upon
materials research. Immediate needsare to better understand the material
behavior and to develop more sensitive photodielectric materials. Specifically, the development of a photodielectric material that matched the
wavelength of the laser light would result in a detector that would
respond to changes in wavelength rather than changes in the intensity
of the beam. Such a unit would permit a single laser beam to carry more
information than all the world’s radio and television transmitters can
now send.As yet, no way exists to simultaneously receive or transmit so
much information.
.
Ihe Moletron
Investigators at Princeton University under the direction of John B.
Fenn have added a significant new weapon to man’s store of scientific
“artillery.” The device uses a supersonic jet of mixed gases in a highvacuum container to generate molecular beams with kinetic energies as
high as 10 or more electron volts. Favorable results have been obtained
with 16different molecular species.
2’he device is important because, for the first time, controlled and
detailed laboratory investigation of molecular changes at precisely the
energy range in which many chemical reactions and important physical
particle-surface interactions occur. This range was not previously “reachable” with molecular beams because of limitations of earlier, small, lowenergy molecular accelerators and other difficulties encountered with
high energy machines. Small compared to the atom- and nucleus-smashing power of cyclotrons, betatrons, and synchrotrons, which produce
particle energies up to billions of electron volts, the Moletron nonetheless
fills a major gap in the devices man has available to probe the unknown.
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Princeton

University

Photo

Figure lg.-Thirr partial view of the “Moletron” 8hOW8Zomtion of the nozzle
chamber from which a supersonic jet of mixed gases passe8 into a highvacuum container to generate electrical beams u$th kinetic energies ~8 high
as 20 or more electron volts. Conduit through the floor is one of three leading
to vacuum pumps. The device is designed to advance studies in weather
phenomena and aerospace technology.
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Thisinnc~ation ia based on the fact that hydrogen, the lightest gas, can
reach velocities ashigh as 30,000 feet per second-about 20,000 miles per
hour-when expanded from a nozzle jet at a temperature of 5,000” F.
It was found that with a jet of mixed gases, hydrogen and a heavier
molecule such as carbon dioxide, the energy of the hydrogen transfers by
impact with the large molecule and the kinetic energy of larger molecules
increases to 10 or more electron volts, corresponding to a temperature of
100,000” c.
In a chemical reaction, especially those in combustion systems,the components have to collide at a certain energy before they react. For many
chemical reactions there has never before been a way of bringing about
collisions at the proper energy in such a way that the details of the reaction
can heobserved. Chemists have had to infer what took place on a detailed
level by working backwards from the result of mixing larger massesof
chemicals together. With the Moletron one can bring about reactions in a
controlled way and can study individual events in detail.
The Moletron may well prove useful in studies related to space as well
as to chemistry. For example, at high altitudes a satellite is slowed down
by individual molecules of gas striking its surface with energiesof the order
of 10 electron volts. Very little is now known about this phenomenon
simply because scientists have been unable to simulate it in the laboratory.
Now, by shooting molecules of this energy range at a surface and studying
the results, more accurate determinations of the drag factor and more
accurate determinations about orbits and orbit decay can be made.
Another application of the molecule accelerator will be to explore
changes of state or phase. There is much that is not understood about the
formation of rain drops and snowflakes when moisture-laden air is cooled.
The cooling that occurs during expansion in the supersonic jet of the
molecular beam system will permit controlled study of the energy exchange process involved in the condensation of water vapor. Meteorologists may thus obtain a clearer understanding of the earth’s atmosphere
and weather phenomena.
SOCIAL

,,
j

SCIENCES

“Social sciences” is a collective term for a number of different fields of
science. They have in common the study of human society with the goal
of establishing valid scientific generalizations about human behavior. But
each of the social sciences has a separate history, tradition, method and
focus.
Two trends are at present apparent: each discipline is becoming more
technically sophisticated and more specialized, yet there is increasing
convergence of interest on subject matter. Developing nations, for example, cannot be understood by considering only their economic potentia.& political organization, geographic limitations, or social structure.
104

Although it is necessary to isolate each facet for purposes of study, it is
not possible to understand the functioning of a country without combining insights provided by all the disciplines. Similarly study of the problems of urban living, in the United States aswell as in other parts of the
world, must be drawn from many social sciences,the natural sciences,
and engineering. Efforts at solutions require the technical expertise of
each specialty. Often a “technically” feasible partial solution to problems
affecting society has been achieved but it has not been found socially or
politically acceptable or the response of people to the innovation has
differed radically from expectations. It is essentialthat we increase our
knowledge of human behavior if we hope to effect practical improvements in human organizations.
The examples of National Science Foundation-supported research
which follow have been chosen to illustrate thesepoints. Research which
improves the methods or theory of a given social science discipline may
seem remote from immediate pressing problems, but actually it represents the essential basis on which advances in scientific understanding
rest. Other examples demonstrate some points of convergence between
social sciences and the progress that is being made in providing the
information necessary for corrective measures to some problems. The
two efforts reinforce each other and are bringing the day closer when
feasible courses of action can be devised,
Models of the Social

Sfructure

Increasing use of mathematics and computer-based technology by
social scientists points to better prospects for successin translating theoretical findings for the use of policymakers. Economists, in particular, use a
large battery of such techniques and are as concerned with empirical
testing of propositions as with creating new theories. The computer has
made possible the development of attempts to construct large-scale
models of the economy. While progress has been made in understanding
factors affecting economic growth, considerable research is being done
in the area of pure theory to devise more adequate explanations of the
process and variables of economic growth, the relationship of money to
stabilization and growth policies, and problems of international trade.
Considerable effort is also being devoted to the development of more
powerful and refined statistical and mathematical techniques and computer programs designed to assist in the analysisor simulation of complex
economic relationships.
William J. Baumol of Princeton University has used a model of a
two-sector economy to derive conclusions about the workings of the
economy which may be of considerable importance for future social
welfare. Dr. Baumol has used this model to explain the nature of the
financial pressures besetting a variety of activities such as education, the
perforrning‘arts, and those of municipal governments. The extraordinary
1OS

rate of increase of costs that has beset these sectors is explained not as
a matter of mismanagement or inefficiency but as a consequence of the
nature of their production functions which makes it virtually inevitable
for their unit costs to rise more rapidly than costs in the economy as a
whole. This means that increasing proportions of society’sresources will
have to be channeled into these sectorsif the level of supply or the quality
of their services is to be kept from becoming progressively smaller. Dr.
Baumol’s work on the macroeconomics of unbalanced growth provides
theoretical understanding of the many visible phenomena constituting
the “urban crisis” and indicates the limits of various alternatives in
changing the underlying economic realities.
Predictions

for Empitied

Sociul Situations

John G. Harsanyi, an economist at the University of California,
Berkeley, is making progress in development of a general theory of
rational behavior in situations which can be thought of as analytically
similar to certain kinds of “games.” His work promises to increase greatly
the power of experiments in this area. Mathematical game theorylike individual decision theory which is a special case-is an active
research interest of social scientists and predicts what will happen if all
participants in a social situation have consistent preferences and act on
these preferences in a consistent manner. By introducing necessary factual assumptions Dr. Harsanyi has found it possible to predict many
observable social situations using the same general theory.
The purpose of the theory is to answer certain basic questions about
real life social situations. For example, if rational individuals have a
common interest in reaching an efficient solution, but have opposite
interests as to the specific payoff distribution to be adopted, what factors will determine whether they can actually reach an agreement yielding an efficient outcome? Under what conditions will rational individuals
be unable to reach an agreement and be driven into a wasteful conflict
situation which would be in their mutual interest to avoid? What coalition structure will emerge if all participants act rationally?
William H. Riker, a political scientist at the University of Rochester,
has been studying the behavior of subjects in game experime’nts to discover whether or not real human beings in our society behave as
predicted in the mathematical theory of games. Since the theory of
three-or-more-person games is a theory of the formation of coalitions
and since a crucial feature of local, national and international politics
is the formation of coalitions, a theory of coalition-formation in games
is in fact a theory of politics.
A major finding of Dr. Riker is that the mathematical theory of games
does in fact explain how people really act. Subjects acted in accordance
with theoretical predictions whether or not they knew the mathematical
solution of the formal scheme. Diverse experimental groups, such as

106

students and businessmen,did not behave differently. This experimental
verification of theory makes it possible to predict what kind of distribution will occur under given conditions. Since evaluations are important
artifacts of politics--at least when disagreement exists--a general theory
of actions will have applicability to a number of real wd important
situations.
Aggression

as u Product of Frusfratlon

Interdisciplinary efforts frequently characterize the study of larger
social units. Ivo K. Feierahend, a political scientist at San Diego State
College and his wife, Rosalind, a psychologist, have developed a framework for the analysis of internal and external conflict behaviors of
nations. Applying the psychological theory that aggression is the product
of frustration they ranked a sample of 84 countries on an index of stability. The index ranged from stable political events like general elections
through middle-range events like the assassinationof a significant political figure, to coups d’ktat and civil war. Countries were rated on the
basis of the most unstable event that occurred during the period between
1955 and 1961. Next, there was needed some measurable way of determining which of these84 societies were frustrated.
The author reasoned that a society with a high degree of literacy and
urbanization would have highly developed wants, and also that a society
with a high Gross National Product, high levels of caloric intake per
person, and high ratios of doctors, telephones, newspapers, and radios
would have a high level of material satisfaction, They then assumed that
frustration occurs when wants and satisfactions are not in tune. It follows that a low level of both wants and satisfactions (traditional societies) , as well as a high level of both (modem societies) could produce
stability. The study bore out the hypothesis that frustrated societies are
politically unstable. Of the 36 nations in the sample that show a high
degree of frustration, 34 rank at the unstable end of the stability index.
Of the 26 societies that show a low level of frustration, 20 are stable and
only six are unstable.
When the countries in the sample were divided into groups representing modern, transitional, and traditional societies,the transitional countries had-as the authors expected-a mean instability score significantly
higher than the modern group. The Feierabends, who were awarded
the American Aqsociation for the Advancement of Science So&-Psychological Prize for this work, are continuing their studies to refine their
indices and include more variables. This will make it possible to develop
a more detailed picture of the correlates of systemic aggression. They are
also beginning work to clarify the relationship over time between fluctuations in the rate of economic development, changes in the permissiveness-coercivenessof political regimes, and variations in political stability,
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Urbanization

in an Ancient

Culture

Social scientists are concerned about the structure and function of
social institutions in varying cultural contexts. What are the factors which
tend to stabilize or change cultures? What are the dominating influences
by which men conceptualize their natural and social environments? What
imbues a culture with permanence, or what brings about its decay?
Urbanization, although much discussed as a contemporary phenomenon, has its roots in antiquity, and recent research by a team of social
scientists is providing important new knowledge about the process as
manifested in one of the world’s great ancient cities. Located near present-day Mexico City and known as Teotihuacan, it flourished centuries
before the Spaniards entered Mexico. Around A.D. 500, when Teotihuacan reached the peak of its strength, it was larger than Imperial Rome,
and its influence was felt over much of Middle America. It was a political, economic, religious, and artistic center; like urban centers today, it
was confronted with such difficulties as overcrowding, and apparently
it even underwent an “urban renewal” as one responseto the problem
of heavy concentration of population within a relatively limited space.

Cia Mesicana

Aerofoto,

S.A.

20.-An ancient city reappears from the pa8t. Excavation8 bu Mexican
government archeologists over the past several years reveal the streets and
buildings of Teotihuacan near Mexico City, and scientists are now attempting
to reconstruct patterns of everyday life in bygone centuries. The central
area with its pyramids and temples was the ceremonial heart of the city.

Figure
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Since there are no written records to describe life in Teotihuacan,
knowledge about the city derives from archaeological research. Ren6
Millon, of the University of Rochester, and his associates have been preparing a detailed topographic map of Teotihuacan on which all of the
city’s several thousand structures are .being located. Eight square miles
in total area, the city included more than 4,000 buildings, exclusive of
religious structures. At the height of the city’s power its population is
estimated to have heen between 50,000 and 100,000, probably closer to
the latter figure. Most of the population lived in one story apartment
buildings that were designed to offer maximum privacy *thin the
crowded city. The buildings consisted of a seriesof rooms, patios, porticos
and passageways,all secluded from the street. Palaces were similarly designed. An individual apartment surrounded a central patio with its own
drainage system; each patio admitted light and air to the rooms which
fronted it, and residents could be out of the doors while maintaining
their privacy. Dr. Millon comments that this architectural style may have
contributed to Teotihuacan’s permanence as an urban center for more
than 500 years.
Differences in Cultural Perspective
In studying contemporary societies, scientists are developing new
methods of investigation. John Adair of San Francisco State College and
Sol Worth of the University of Pennsylvania have carried out an experiment in film communication that promises a significant new approach
to the study of how people in different cultures perceive and interpret
the world.
Seven Navahos on a reservation at Pine Springs, Ariz., were taught
to make 16-mm. silent films, including editing as well as photographing.
The films were about subjects of the Navahos’ own choosing, and insofar
as possible the researchersavoided influencing the subjects in selecting
the content of the films, or in their manner of employing the equipment.
It was hypothesized that if it were possible to teach members of other
cultures to use film in this way, they would use it in a patterned rather
than a random fashion, and that the particular patterns used in this
mode of communication would be highly influenced by cultural and
cognitive processeswhich differ from culture to culture, and which are
difficult to communicate cross-culturally by other means.
Ten films were made by the Navahos, and preliminary analysis of the
films indicates results that are consonant with the hypothesis. For example, the subjects in the films do a great amount of walking. To the
researchers and to others who have been shown the films and are not
Navaho, the walking takes up a disproportionate amount of the film
and in this sense seemsto be “wrong filmmaking.” To the Navaho
filmmakers however walking was an event in itself, not just a way of
getting somewhere. The emphasis in the films on walking seemscon109
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&tent with other manifestations of Navaho thought, language, and
behavior that apparently reflect a perspective in which motion pervades
the universe.
Processes

and

Products

of

Human

lnferacfion

Nathan Kogan of Educational ‘?esting Service and Michael A.
Wallach of Duke University have been studying one aspect of the difference between group and individual decisionmaking, namely, the degree
of risktaking or conservatism. In a number of experiments, the investigators compared the riskiness of individual decisions with the riskiness
of decisions on the same issuesby groups made up of the same individuals.
The subjects chose from among several alternatives which clearly involved different levels of risk. Results indicate that there is a strong
tendency for groups to shift toward greater risktaking in their consensus
decisions. These shifts occurred with high regularity for both male and
female groups, across various subject populations, and in various experimental situations. One might suppose that the effect came from mere
compliance with the group, but subjects who were given an opportunity
to make individual and private choices some time after the group discussion exhibited about the same magnitude of shift toward greater
risktaking.
There are several other possible explanations for the shift which were
considered by the principal investigators. These included the social
desirability of risk taking over conservatism in our culture, the possibility
that risk takers tend to be group leaders and thus influence final decisions,
atid the social support group members would receive if their risky decision
led to failure rather than success.Previous data seem to rule out the
possibility that any one of these factors accounts for the behavior. Drs.
Kogan and Wallach are currently testing propositions drawn from
theories of mass behavior. The small group is, of course, not a mass or
“crowd,” but some of the same social psychological factors which are
thought to account for crowd behavior--the feeling of anonymity and
of diffusion’of personal responsibility, and the impression that the action
being undertaken has everyone’s approval-may be operating in small
groups.
Effects of Teacher’s Expectations on Students
As part of his long-term program of research on unintentional influence, Robert Rosenthal of Harvard University recently tested the
biasing effects of teachers’ expectations on students’ performance. A
nonverbal intelligence test was administered to all children in an elementary school. The test was described to the teachers as a measure
designed to predict academic “blooming.” In each of the 18 classrooms
of the school (there were three classes for each of the six elementary
grades), 20 percent of the children were assigned to the experimental
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condition, that is, the names of these children were given to each teacher
who was told that their scores on the test indicated they would make
unusual intellectual gains during the year. Actually, the children were
assigned to the experimental condition on a purely random basis.
Eight months later, the children were retested with the same I.Q. teat.
The results showed a significantly greater increase in I.Q. among the
children in the experimental condition than among the others. The difference was dramatic at the first two grade levels and nonsignificant at
the higher grades. For the first and second grades, while 49 percent of the
control subjects gained 10 I.Q. points over the 8-month period, 19 percent gained 20 points and 5 percent gained five points, the corresponding
percentages for the experimental group were 79,47, and 2 1.
These findings have profound implications for new educational programs and for the training of teachers, especially in the urban centers.
The question of how expectations are communicated is a difficult one.
Influencers are completely unaware of the effects of their expectancies
and cannot identify differences in their behavior toward experimental
and control subjects. Dr. Rosenthal is currently involved in an examination of filmed and taped interactions to help determine what subtle verbal,
nonverbal and gestural cuesmay be involved in the process.
Communication

in

Multilingual

Communities

Language is a unique ability of man, and research on spoken communication is one of the most active social scienceareas. Many societies, such
asthe United States, are monolingual in the sensethat a single language
servesall requirements of daily communication. A contrasting situation
can be found in a number of Asian and African communities where
populations of widely different cultural and linguistic background live in
close geographical proximity. Among the questions which stem from
the occurrence of community multilingualism is how it is possible for
social interaction to take place if, as is often stated, differences in language
are almost impenetrable barriers to such communication. Since multilingualism is frequent in populations with little or no formal education,
why is it that individuals in our own monolingual society require years of
training to gain some measure of control of a foreign language?
John Gumpen, an anthropologist of the University of California
at Berkeley, has approached these problems in terms of the hypothesis
that regular and frequent social interaction between speakers of distinct
languages in multilingual communities generates structural borrowing
between these languages and the resultant grammatical overlap facilitates
intracommunity communication by making it easier for individuals to
switch from one language to another as the need arises. Results obtained
by Dr. Gumperz from research on Marathi and Kannada, two distinct
unrelated languages spoken in a village in India support this hypothesis.
The formal” varieties of the two languages, learned primarily in schools,
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retained differences in rules that were nqt found in casual village speech
usedin everyday bilingual interaction.
In an instance of bilingualism closer to home, Stanley Lieberson,
a sociologist at the University of Washington, examined trends in the
ability of Montreal’s population to communicate with one another between 192 1 and 196 1. Using census data and indexes adapted from
linguistics he found that there had been no increase in linguistic communication during the period. Bilingualism in Montreal seems to be an
end product of langauge contact rather than an intermediate step toward
monolingualism. Both major languages have maintained their positions
in intergenerational transfer.
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The ability of the Nation to achieve in science is directly related to its
ability to maintain an adequate supply of well-trained scientific personnel.
Hence it is vitally important that academic institutions provide science
education that keepspace with advances in science and technology and
fully prepares individuals for their various professional responsibilities.
A major task of the National Science Foundation is that of strengthening
education in science at all academic levels, emphasizing support where
the needs are most critical. Attention is given to science education for
scientists, prospective scientists, and nonscientists.
Over the years the Foundation has experimented with a number of
approaches to improving science education and has aimed at providing
the kind of assistanceto individuals and institutions that best meets contemporary needs. Educational support efforts have primarily sought to :
Further the training of highly able graduate students and established scientists;
l
Improve the subject-matter competence of teachers of science,
mathematics, or engineering at the various educational levels;
l
Provide modern instructional materials and courses;
l
Provide special training opportunities for increasing the scientific
knowledge and experience of talented high school students and
undergraduate students ;
l
Improve scienceinstruction at the undergraduate level by assisting institutions in acquiring modern instructional~ scientific
equipment;
l
Improve the U.S. public’s understanding of science.
Foundation support for talented graduate students and advanced
scholars in science, through fellowship and traineeship programs, has a
high priority because these individuals are the Nation’s primary source
of future scientific potential and achievement. Fellowships are awarded
directly by the Foundation to individual applicants who, in nationwide
competition, are selectedby NSF on the basis of their ability. Trainecships, however, are awarded on a selective basis to graduate students by
the institutions conducting graduate trainee programs under NSF support. From 1952 to the end of fiscal year 1967, the Foundation invested
more than $256 million in fellowships and traineeships for advancedlevel training. This representsa total of 45,821 fellowship awards offered
to the m&t highly qualified individuals identified from among 163,264
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applicants, and 14,170 traineeships for award by the 206 institutions
receiving grants. Foundation-supported research projects also provide
advanced students with educational experience under the leadership
of senior scientists who direct research projects.
Rapid advances in scientific knowledge have made it imperative that
graduate curricula be periodically reviewed and revised so as to maintain their high quality, and that science faculty and graduate students
be informed of the latest advances through high-level seminars of an interinstitutional nature. These special needs of institutions and individuals
are given attention and support through various activities of graduate
education programs.
The strengthening of institutions themselves is, of course, the aim
of. several large efforts of the Foundation-the
University Science Development Program, the Departmental Science Development Program,
and the College Science Improvement Program. It is expected that
the National Sea Grant Program, for which grants will be awarded beginning in fiscal year 1968, will also contribute to improvement of scid
ence education.
While other institution-oriented programs have as their objective the
improvement of science education and academic researchat the graduate
level, the College Science Improvement Program focusesmainly on the
needs of four-year colleges. Established in October 1966, this program
marks the culmination of efforts within the Foundation and institutions
of higher education to devise a plan which would offer undergraduate
institutions essential, broad-based support for improving their science
programs.
Through the years only a small fraction of Foundation funds has
gone to support undergraduate education and ins&t&s.
The limited
assistance provided was primarily for individual projects concerned with
supplementary training of college and junior college teachers, undergraduate research participation, curriculum improvement, or matching
support for instructional scientific equipment. However, the Foundation recognizes that support of a broader range of activities is now necessary in order to be responsive to current needs of these institutions and to
strengthen their base of science education. To meet these needs, the
College Science Improvement Program supports comprehensive plans
for upgrading science education in ways that are most suitable for the
institution concerned. The institution’s plan can feature improvement of
a single department, or any number of departments, and any combination of specific projects within or among these departments. In all cases,
the choice of an appropriate plan of action is made on the basis of the
institution’s needsand goals.
The response of undergraduate institutions to this new program has
been enthusiastic. By the close of fiscal year 1967 a total of 115 requests
for support of College Science Improvement plans had been receive! by
114

the Foundation. In this program there are no established deadlines for
receipt of proposals and approval of grants probably will be announced
every 3 or 4 months. In the first 6 months of program activity, 15
grants totaling approximately $2.5 million were awarded.
Substantial progress in upgrading the initial subject-matter competence
of precollege teachers of science and mathematics has been made in the
last decade, but supplementary in-service training efforts are still needed
at this level. The Foundation has supported teacher institutes-organized
and conducted by colleges and universities-since 1953. In 1967 some
19,400 high school teachers of science and mathematics attended summer institutes devoted to their respective fields. Some 1,500 teachers
were enrolled in full-time institutes conducted for the entire academic
year, and 13,000 more attended in-service institutes while continuing
to teach in their schools.
This year the Foundation changed its approach to providing for the
needs of elementary school personnel. Instead of supporting only individual institutes for the supplementary training of teachers and supervisors of elementary schools, stress is now also placed on support for the
efforts of local school systems in upgrading their instruction in science
and mathematics in both elementary and secondary schools. Encouragement is given to the training of high school teachers to a level where
they, in turn, are capable of instructing elementary teachers in their
school systems. The Cooperative College-School Science Program provides assistance for projects which have the potential for large-scale improvement that is responsiveto local needs.
Efforts leading to large-scale improvement of course-content and materials for science and mathematics instruction in the schools have
received Foundation support for a number of years. Major projects
concerned with physics, mathematics, chemistry, and biology courses
for secondary school students were the first to receive attention. In more
recent years, projects for improving materials for use in elementary
schools and in undergraduate colleges have been supported.
Progress made in modernizing mathematics and science instruction
for the youth of the Nation has been gratifying. The mathematicians,
scientists, and educators who carry out Foundation-supported projects
for course-content improvement have incorporated current mathematical and scientific ideas into textbooks and other materials used in classrooms. These materials are receiving wide use. For example, the School
Mathematics Study Group, initiated in 1958, has produced materials
which have been used by more than 8 million elementary and secondary
school children. Some 509,000 pupils have worked with trial versions of
exercises developed by the Elementary Science Study. Approximately
1.5 million secondary school students have been introduced to biology
through texts, laboratory projects, and audiovisual aids developed by the
Biological Sciences Curriculum Study. In chemistry, about 500,000 stu-
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dents have been exposed to coursesdeveloped by either the Chemical
Bond Approach Project or the Chemical Education Material Study,
while more than 250,000 high school juniors and seniorshave studied
the physics course developed by the Physical Science Study Committee.
Foundation support for fiscal year 1967 science education activities
at the three major educational levelsis shown in the following table :
Table 8.-

Education

in Science, Fiscal Year 1967

Number of
propose
received

Graduate :
1. Fellowships. . . . . . . .
2. Traineeship and
other grants. . . . . . . .

Undergraduate 4. . . . . . . . . .
Pre-college . . . . . . . . . . . . . .

’ 11,639

810
3,873
1,750

Dollar
amount
requested

$71,896,793
95, 738,163
92,298,270
85,693,486

Number of
awards
made

a 2,971

$17,843,781

8 842
1,552
1,141

31,295,405
25,450,349
51,234,731

1 Applications.
* Fellowships.
8 Includes 80 NATO and International
Travel grants not included in proposal count.
4 Includes College Science Improvement
Program: Column l-94;
column 2-$17,066,449; column 3- 15 ; column 4-$2,464,100.

Recently the National Science Foundation and the U.S. Office of
Education have been working together to further curricular improvement in the schools. Under authority of the Elementary and Secondary
Education Act of 1965, which is administered by the Office of Education,
steps have been taken by that Office for improvement of the Nation’s
educational system by establishing Regional Educational Laboratories.
Ultimately each laboratory will be engaged in a variety of activities
ranging from basic research in education to classroom implementation of
newly developed programs.
The objectives of Foundation-supported course-content improvement
projects and of the Regional Educational Laboratories are to a considerable extent complementary. Foundation activities develop course materials that are made widely available to schools, but the schools are
faced with the problem of making effective use of the materials.
Initiation of new programs in schools is one of the major objectives of
many of the Regional Educational Laboratories. Through continued
cooperation and coordination of such efforts, the two agencies hope to
produce fruitful results for education in general.
Another area of mutual concern to the National ScienceFoundation
and the Office of Education is the use of computers in education. Applications of computer technology to the educational programs of institutions

are now very limited, although it is in this area that a great potential
exists for innovation and improvement. Pioneering institutions have
shown that the use of computers adds realistic complexity to learning in
engineering, economics, and statistics. The computer enables the student
or the scholar to deal with realistic problems rather than oversimplified
models. By decreasing the time spent in the drudgery of problem-solving
and in the analysis of data, the computer frees time that can be devoted
to thought and insight. Consequently, ways to use the computer for educational purposes are being explored by the National Science Foundation
and the Office of Education.
The relative importance of computers in education is such that the
Foundation has establishedan Office of Computer Activities to coordinate
internal programs and an interagency committee to coordinate major
Federal efforts.
GRADUATE

EDUCATION

IN SCIENCE

Providing financial assistance for graduate students and advanced
scholars in science continues to be a very important part of the support
effort at the graduate level. In fiscal year 1967, through fellowship and
traineeship programs, nearly 8,945 U.S. citizens were offered opportunities for appropriate study and research at institutions in the United
States and abroad. (Table 9 summarizes data on applicants, awardees,
and expenditures.) Support for individuals, however, is not enough; the
Foundation has a related responsibility to assurethat the training offered
is of the best possible quality. Thus, various attempts are being made to
help institutions with problems related to the training itself.
In addition to major efforts to upgrade, at the graduate level, selected
science segments of U.S. universities through its University and Departmental Science Development Programs, (see p. 145) the Foundation
seeksto strengthen graduate training in other ways :
l

l

l

A limited number of outstanding senior foreign scientists are
supported through fellowships at U.S. universities, where they
share their learning with American colleagues, enhance the local
graduate academic programs, and contribute to ongoing research.
Advanced Science Seminars enable graduate and postdoctoral
students and advanced scholars to meet together under Foundation sponsorship. to explore in depth the latest, advanced
developments in their own or related fields of specialization. Such
training opportunities, which involve personnel from many institutions, normally cannot be provided by a single institution
without outside financial assistance.
Special projects in graduate education encourage innovative
effokts for improving science education at the graduate level.
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Education in science at the graduate level cannot and must not be
regarded as a static enterprise. Hence, the Foundation supports new
approaches originated by university faculty and judged to be meritorious
by other members of the academic community. Graduate students represent a critical segment of the Nation’s scientific potential, and predoctoral fellowships and traineeships, awarded competitively on the
basis of merit, afford them the opportunity to pursue advanced learning
with a minimum of delay in earning their higher degrees.
Graduate

Traineeships

The Graduate Traineeship Program now covers all the fields of science
supported by the National Science Foundation. Its aim is to increase
the number of qualified individuals who pursue and complete advanced
study leading to master’s and doctoral degrees in these fields. Traineeship
grants are awarded primarily to institutions whose existing facilities
and staff can accommodate additional first-year graduate students in
strong programs, or whose students can progress more rapidly toward
an advanced degree with the aid of traineeships. All graduate trainees
are selected by the institutions themselves. These graduate students receive their NSF support from the institutions in the form of “traineeships,”
as distinguished from the traditional fellowships awarded directly by
NSF to individual applicants.
The Graduate Traineeship Program, inaugurated in 1964, proved to
be of considerable interest to U.S. universities. In 1967, 5,077 traineeships (tenable for 9 or 12 months) were awarded to 206 universities for
the academic year 1967-1968-884
more than were available in 19661967. Summer traineeships were requested by 194 universities and 896
summer traineeships for graduate teaching assistantswere awarded ( 9 10
summer fellowships were awarded in 1966 by the Foundation to individual students at 166 universities) .
Effective this year, the former Summer Fellowships for Graduate
Teaching Assistants program is now administered as a Summer Traineeships program. Thus the institutions have the sole responsibility for
selecting the graduate teaching assistants to receive such traineeships.
Graduate

Now in its 16th year, the Graduate Fellowship Program continues
to attract the most able and promising graduate students in science in
the Nation. There is every reason to believe that the awardees will become leaders in their respective disciplines; indeed some already have
done so. In all cases, applications are reviewed by panels of eminent
scientists, appointed by the National Research Council, before the
Foundation makes its selection of students to be offered awards.

:

i
I.
4

Fellowships

:

118

Pennsylvania

State

University

Photo

Figure tl.-Graduate
education and research go hand in hand. In this experiment at the Pennsylvania State ,Universitg the student and in&ructor
will
study what effect the application of a high voltage electric field will have on
the simulated flame of a gas burner or jet engine.

Again, the largest number of the Foundation’s awards for fellowships
and traineeships was made to predoctoral students. A total of 8,423
graduate students were awarded support in fiscal year 1967 under the
three programs (Graduate Fellowships-2,450
awardees; Graduate
Traineeships-5,077 recipients, and Summer Traineeships for Graduate
Teaching Assistants-896 recipients). The previous year a total of 7,878
awards was offered. Applications for the support of graduate students
in the predoctoral programs increased from 28,232 in fiscal year 1966
to 3 1,844 in fiscal year 1967.
Fellowships

for Advanced

Scholars

in Science

Much of the Nation’s progress in science and technology can be
directly attributed to the professional contributions of advanced scholars
in science. In fiscal year 1967 the Foundation made 521 fellowship
awards in support of high-level scientific study for established scientists:
65 Senior Postdoctoral Fellowships, 150 Postdoctoral Fellowships, 250
Science Faculty Fellowships, and 56 Senior Foreign Scientists FellowShip.
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In recognition of the widely accepted view that experience in teaching can contribute substantially to the advanced training of senior fellows, the Foundation is now approving requests of fellows in the postdoctoral fellowship program to undertake limited amounts of teaching, and
to accept some remuneration from the host institution for such services
during fellowship tenure. Several of the awardees in this year’s program
have availed themselves of the opportunity to teach, and supplementary
remuneration up to $2,060 is permitted. In the case of predoctoral students, the Foundation has since 1964, permitted all sponsored fellows
and trainees to accept up to $1,000 per year for appropriate teaching
activities.
Currently, at the request of the State Department, the Foundation
administers two fellowship programs funded by the North Atlantic
Treaty Organization : NATO Postdoctoral Fellowships and NATO
Senior Fellowships in Science, the latter newly instituted in fiscal year
1967. These. fellowships were offered to 65 U.S. scientists in fiscal year
1967 for study mainly in NATO countries other than the United States.
Seepage 167 for further details on theseprograms.
Table 9.-NSf

Fellowship

and Traineeship
Awards requested by
institutions

Graduate traineeships. . . . . .
Summer traineeships for
graduate teaching assistants.
Graduate fellowships.. . . . . . .
Postdoctoral fellowships. . . . . .
Senior postdoctoral
fellowships. . . , . . , . . . . . . . , .
Science faculty fellowships. . . .
Senior foreign scientist
fellowships. . . . . , , . . . . . . . . .

Advanced

Individuals
involved in
applications

Awards
offered

Amount

15, 143 (206) 1

. . ....

5,077 (206) 1 $26,971,053

7,615 ( 194) 1
.. . . .. . . ....
... . ... ......

. . ....
9,086
1,043

896 (192) 1
2,450
150

.. . .... .....
,... .... .. ..

393
1,047

65
250

774,405
3, 330, ooo

... . .. . .. ..

70

56

643,800

Total . . . . . . . . . . . . .. . . . . 22,753
r Number of institutions

Progrums, Fiscal Yeur 1967

(206)’

11,639

8,944(206)’

1,059,593
11,894,576
1, 201,000

45,874,427

involved.

Science Education

Activities

To meet special needs at the graduate or advanced level, the Foundation supports a number of advanced science education activities. Such
efforts include advanced science seminars, special projects in graduate
education, travel to international scientific meetings (see p. 170)) and
public understanding of science projects. Funds available for these activities totaled approximately $3 million in fiscal year 1967. Some projects
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are oriented toward the individual, offering scienceinstruction or activity
of a highly specialized nature; others are aimed at improving the quality
of science training offered by institutions,
Advanced

Science

Seminars

Advanced Science Seminars supplement graduate school curricula by
enabling participants to pursue science subjects in greater depth. In
fiscal year 1967, support was awarded for 45 such projects. Among the
new approaches introduced was a Seminar on Ordinary Differential
Equations for graduate faculty and graduate students, which was designed to promote excellence in graduate mathematics in the Rocky
Mountain area. Another seminar combined field work and lectures on
Recent and Ancient Deltaic Sediments for use in graduate courses.
Special Projects

in Graduate

Education

Projects in this category focus on the support of innovative efforts in
science education at the graduate level. With graduate education continually challenged by rapid technological and social changes, these projects are directed toward the development of new ideas for coping with
current problems. Considerable flexibility is allowed in the type of activities that may be consideredfor support. A project normally is expected
to serve as a stimulus for further improvement of graduate programs,
so that institutions receiving grants are encouraged to disseminate the
information gained from their particular experience for the general
benefit of the academic community.
Examples of projects funded during fiscal year 1967, which reflect the
wide scope of activities supported, are :
Establishment of a new center of visual science at the University
of Rochester, N.Y., to provide broad, high-level education and experience in physical, physiological, and psychological vision for
graduate and postdoctoral students;
Establishment of a nematode reference collection at Purdue University, Lafayette, Ind., to serve 11 universities in the Midwest as
a teaching and resourcetool;
Strengthening of a new graduate program in psychology at Idaho
State University to provide a high-quality training program at the
master’s degree level;
Initiation of an experimental master of science program in
physics at Wichita State University, Kans., designed for capable
students with deficiencies in their undergraduate training;
Development of a new master’s degree program in building
technology at Washington University, St. Louis, MO., combining
the disciplines of civil engineering and architecture,
Fiscal year 1967 grants for special projects totaled 28; these were
awarded to 25 institutions.
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UNDERGRADUATE

EDUCATION

IN SCIENCE

As a source of critical basic training for the scientists and technologists
of the future, the Nation’s undergraduate institutions (colleges and the
undergraduate components of universities) represent a very important
element in the educational process. These institutions also have the
broader task of providing a good general education in science for all
college students in the interest of preparing their students for responsibilities as citizens. However, efforts of the colleges to maintain a high
standard of science instruction are confronted by several major obstacles.
Among these are lack of an adequate number of teachers who are welltrained in the sciences and a lack of modern facilities, equipment, and
curricula needed for effective science teaching. The situation is further
complicated by constantly rising enrollments, competition for faculty on
the part of universities and industry, and ever-changing scientific
knowledge.
Staffing undergraduate institutions with well-qualified science teachers
is likely to become more difficult. A recent study 7 indicates that employment of science and engineering staff in the Nation’s universities and
colleges can be expected to double, approximately, in the next decade.
Requirements for university and college staff, excluding employed graduate students, will amount to 369,000 in 1975, or 179,000 more than in
1965. In addition there will be a further staff requirement of 56,000 over
the decade to restore lossesfrom attrition. (These estimates are based on
the assumption that university and college employment conditions will
remain relatively unchanged over the decade. )
Current Foundation activities in undergraduate education center on
urgent training needs of undergraduate students, improvement of subject-matter competence of the teachers of undergraduates, improvement
of curriculum through modernization of course content and acquisition
of up-to-date instructional equipment, assistancefor institutions carrying
out comprehensive plans for college science improvement, and experimental work in developing model projects which may benefit other
institutions.
This fiscal year witnessed the establishment of the College Science
Improvement Program, which is directed toward assistingpredominantly
undergraduate institutions to accelerate the development of their science
capabilities (seep. 13 1) .
A discussion of the various fiscal year 1967 activities in support of
strengthening undergraduate education in science follows.
’ Scisncs
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Undergraduate

Research Participation

Through Foundation sponsorship of Undergraduate Research Participation projects, talented undergraduate students in science are given the
opportunity to do essentially independent research under the guidance
of competent research advisers. This experience acquaints students with
the intellectual challenge and reward afforded by a scientific career and
prepares them for a smooth transition later to graduate work.
The Foundation has learned that Undergraduate Research Participation projects are capable of achieving different results when operating in
different academic environments. Hence an attempt is made to support
university-based projects for their particular effectiveness in accelerating
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University

of Rochester

Photo

Figure 22~Undergraduate Research Participation
projects provide an opportunity for talented students to do essentially independent research under
the guidance of research advisers. This student, a psychology major, had as
her summer research assignment the collection and processing of data in connection with a study on early detection and prevention of emotional disorders
in young children.
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the careers of able undergraduates and for their usefulnessin f&ring
a closer student-teacher relationship in situations where such rapport is
likely to be weak. College-based projects are supported primarily to
capitalize upon small outposts of scientific excellence and to bring about
an increase in the number of students planning careers in science as well
as an increase in the strength of departmental research programs through
significant curricular changes.
During fiscal year 1967, 601 grants amounting to $5,003,850 were
made to 282 institutions to provide research experience for 4,961 students. If ail fiscal year 1967 requestsfor student participation could have
been granted, about 10,860 students would have been involved. During
its 9 years of operation the Undergraduate Research Participation Program has provided more than 47,000 opportunities for student research
experience.
College

Teacher

Programs

Supplementary training for college teachers to help upgrade or to
refresh their subject-matter knowledge has been supported by the Foundation since its early days. Such training, which is not ordina.dy available
in the regular offerings of graduate schools, is currently provided through
support of teacher institutes ( academic year and summer), short COUW,
research participation; and in-service seminars.
In fiscal year 1967,368 grants amounting to $6,5 19,490were awarded
under the college teacher programs. More than 60 percent of these funds
will he used for individual support in the form of allowances to enable
the participants to take full advantage of the opportunity to enlarge their
capabilities as scientists and as teachers of scientists-to-he. These grants
will provide support for 4,874 participants. In addition, 250 college
teachers were awarded Science Faculty Fellowships under the Foundation’s fellowship support program, which provides financial assistanceto
in-service college teachers of scienceto enable them to undertake further
scientific study or work that meets their individqal needs.
Teacher

Institutes

Institutes offer instruction especially designed for groups of teachers
with similar subject-matter backgrounds and training needs. Some offer
advanced level training; others emphasize instruction in basic subject
matter for teachers who are not fully trained in science. Often junior
college teachers and individuals entering teaching after early retirement
from other professions are included in training institutes of the latter type.
Academic-Year

Institutes

Academic year institkes, conducted on a full-time basis, place college
science or mathematics teachers in a university during regular sessions.
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Thus they may enroll in established courses, permitting them to attend
regular lectures and to engage in laboratory work presided over by the
university’s regular staff. At the same time, these teacherscan enroll in
special core coursesthat are particularly suited to their needs. Fiscal year
1967 grants for conducting academic year institutes totaled $1,026,620.
These awards will pay for the operating costs of 13 institutes and provide
support for 155 participants.
A few academic year institutes, funded in fiscal year 1967 as special
projects, offer training to preservice teachers. A project at Pennsylvania
State University is intended to help prepare retired military Personnel for
positions on the teaching staffs of junior colleges and technical institutes.
Another at North Carolina State University at Raleigh aims at preparation of retired military personnel for positions as junior college teachers of
mathematics. A project in chemistry at Wellesley College, Mass., is
designed for women who majored in chemistry prior to becoming homemakers, and offers preparatory training which will help them to assume
careersin the teaching field.
Summer

Instituter

Summer institutes have assisted more college teachers than any other
program, and have proved to be an exceptionally effective mechanism
for providing supplementary training for teachers. They are conducted at
a time when college faculty members are usually free to pursue further
study and when there is less demand for the use of graduate facilities by
regular students. More than 18,300 training opportunities for college
teachers have been provided by summer institutes since the program’s
inception. Fiscal year 1967 grants supported nearly 2,325 .participants
at 7 1 institutions conducting summer institutes.
In-Service

Seminars

In-service seminars offer part-time training that enablesteacher participants, while teaching on a full-time basis, to obtain additional knowledge of subject matter in their scientific disciplines, to become acquainted
with new textbooks and laboratory equipment, or to take courses as
part of a graduate degree program. Sessionsare conducted on Saturdays
or at other convenient times, and they are held at institutions within
commuting distance for the participants.
In many instances a group of colleges and junior colleges are within
ready commuting distance of a university having a strong graduate program in a given science, and here an in-service seminar can bc very
effective as a regional activity. Subjects of the seminars are frequently
of an interdisciplinary nature, as in the case of computer simulation,
space science, and optimization procedures. Or subjects may be those
requiring equipment too expensive for smaller institutions to afford, such
126

as radiotelescope systems,specially equipped vesselsfor use in oceanography, etc. Fiscal year 1967 grants for in-service seminars will provide
training opportunities for 762 college teachers. These university-college
cooperative relationships are of special interest to universities which are
prepared to admit the graduates of surrounding junior colleges as transfer
students.
Short Courses
Short-term intensive instruction in selected areas of scientific fields is
made available to college teachers through Foundation-supported short
courses, usually of 1 to 4 weeks’ duration. The courses are conducted
by research scientists at time periods that are convenient for the teachers.
College teachers who have summer duties which prevent them from
attending full-scale summer institutes often find these courses most helpful in obtaining knowledge of recent advances or developments in their
particular fields of interest.
Among the new topics for short courses (formerly called conferences)
supported under fiscal year 1967 grants are :
Advances in Astronomy
(University of Nebraska),
l
Nutrition (University of South Dakota),
l
Aerospace Engineering (Stanford University),
Optimization Theory (University of Texas), and
l
l
Remote Sensing of Environment
(University of Michigan).
Including the 29 short courses awarded grants this year, 264 such
short course or conference projects have been supported since fiscal year
1956.
l

Recent

Reseurch

Participofion

Opportunities

for college teachers to engage in full-time research activities during the summer -and
in some casesextended participation
on a part-time basis during the academic year-are supported under
the Research Participation for College Teachers Program. The teachers
serve as associatesof experienced investigators at institutions conducting
major research programs. Academic-year extensions of support for research participation make it possible for some of the teachers to go on
with their projects after returning to their home institutions with continued guidance from their research mentors. This represents an increasingly
selective approach toward the upgrading of faculty at institutions having
limited research facilities or heavy teaching loads, Such faculty experiences in research renew enthusiasm of the participating college teachers
and help infuse new material and ideas into existing science coumes.
Fiscal year 1967 grants for research participation for college teachen
totaled $1,604,400 ( including summer, academic-year extension, and
continuation grants). As a result of this support, 643 college teachers
will be provided research experience.
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Instructional

Improvement

Science curricula and instructional scientific equipment become outmoded due to the growth of scientific knowledge, rapid developments
in instrumentation, and advancing technology in communications. This
has produced an urgent need for colleges and universities to update their
instructional programs. Rapid changes in the objectives, content, organization and methods of presentation of undergraduate education will
probably

continue.
Science

Curriculum

Improvement

Through its Science Curriculum Improvement Program the Foundation supports leaders in the various scientific disciplines in improving
undergraduate course content and instructional materials. The widely
divergent interests and backgrounds of different student groups and the
differing special talents and interests of individual teachers make standardization undesirable. Therefore, the Foundation supports a wide variety
of new approaches and materials which show promise of having a beneficial impact on the teaching of college science.
Among the significant curriculum improvement efforts currently supported are the activities of national commissions in agriculture, biology,
chemistry, engineering, geography, geology, mathematics, and physics.
These commissions, representing independent groups of academic scientists, are engaged in collecting and disseminating information about eff ective ways of improving undergraduate instruction in their respective
disciplines, and in providing leadership in curriculum improvement
eff arts.
An important development in the improvement of undergraduate
instruction has been the growth in the number of science teaching centers.
These centers provide facilities for the development and testing of new
instructional materials and methods by faculty members of cooperating
institutions. The Foundation is providing substantial support for projects
being conducted at two such centers, one located at the Massachusetts
Institute of Technology and the other at Florida State University.
Examples of noteworthy curriculum improvement activities supported
by fiscal year 1967 grants are :
l Production of instructional films in evolutionary and population
biology by the University of California at Los Angeles and in
developmental biology by the Education Development Center;
l Curriculum
development in electronic technology by the Wentworth Institute, and computer animation of engineering films at
the University of Pennsylvania;
l Experimentation
with hybrid analog-digital computation by the
University of Arizona, and development of computer programs for
engineering education by the University of Arkansas;
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Development of a computer-related calculus sequence by the Ccnter for Research in College Instruction in Science and Mathematics at Florida State University;
l
Production of a major ethnological film on an African nomad
tribe by Harvard University, and the development of a laboratory
approach to the teaching of political science by the University
of Minnesota.
l
Completion of a course in physical science for nonscience majors
by Rensselaer Polytechnic Institute.
Grants for college science curriculum improvement amounted to
$6,797,495 in fiscal year 1967. These funds were in support of 37 projects.
l

lnsfructioncd

Scientifk

Equipment

Presentation of modern concepts in science requires up-to-date instructional scientific equipment which is frequently costly. For many colleges
a modest amount of Federal support for the purchase of necessaryequipment can be the key to significant improvement. The Instructional
Scientific Equipment Program awards W-50 matching grants for equipment projects that are judged to offer the greatest promise of relative
improvement in local undergraduate science curricula.
The beneficial results of acquiring good instructional equipment are
manifold. Modern equipment opens the way to more meaningful experiments for students and tends to challenge both departments and individual faculty members to improve the content and manner of instruction.
Departments frequently find a new willingness on the part of highly
qualified young teachers to join the faculty when it is apparent that
good modern equipment will be available. One department with modern
equipment often stimulates other departments to evaluate their own
curricula and seek ways to improve their courses.
In the 6 years of its existence, the Instructional Scientific Equipment
Program has provided a total of more than $42 million through 4,678
grants to 1,017 institutions. These funds, together with non-Federal
matching funds provided by the grantee institutions, have resulted in an
investment of at least $85 million in scientific equipment leading to
improvement in undergraduate science education.
During fiscal year 1967,622 grants were made at a cost of $5 million.
This provided about 23 percent of the funds requested and accommodated 29 percent of the proposals received. Grants were awarded to a
total of 394 institutions.
Special

Projects

for Undergraduate

Education

In general, the Special Projects for Undergraduate Education program
provides for: (a) Exploring novel activities that may enhance undergraduate science education in colleges and universities if applied on a
382-060-10
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broad scale; (b) carrying out cooperative approaches to instructional
improvement which involve established inter-institutional associations,
as well as ad hoc groups of individual institutions; or (c) conducting
activities which, through continued support or expansion, may at some
future date provide a basis for a nationwide program. In fiscal year 1967,
the Foundation made 39 grants totaling $790,195 to support these
varied projects.
A project of particular interest, jointly funded by the National Science
Foundation, the U.S. Office of Education, and the Office of Economic
Opportunity, ,is the Institute for Services to Education. This institute is
designed to prepare material for introductory 2-year mathematics and
science courses for beginning college students who come from intellectually undemanding environments. If successful, this experiment could
become a model for many institutions throughout the world that are
attempting to deal with college freshmen who enter with inadequate
secondary school preparation.
Cooperative efforts involving academic institutions and federally operated laboratories have also been supported. The National Bureau of
Standards and Hood College, Frederick, Md., are conducting a project in
which the Federal laboratory is providing staff and hardware to aid the
college faculty in introducing computer science into formal courses of
instruction. The Argonne National Laboratory has increased the number
of its workshops and short courses in chemistry, physics,and biology, enabling applicants to be enrolled from colleges and junior colleges across
the United States.
Established and ad hoc consortia of small colleges have been very
successful in enabling their members to begin projects that individual
institutions could not possibly undertake for financial reasons. For example, in fiscal year 1967, Foundation funds were provided to the College
Center of the Finger Lakes for an aquatic biology institute, to the Associated College of the Midwest for a summer geology field course for
freshmen and sophomores who have had no formal instruction in geology,
and to the Mid-Appalachia College Council for establishing on Norris
Lake a biological field station for undergraduate teaching, undergraduate
r&search, and faculty research.
The Visiting Scientists (College) Program represents a special kind
of activity which has been supported by the Foundation since 1954. It
provides for grants to the various professional societiesto underwrite the
expenseof sending competent scientists to undergraduate colleges (including junior colleges) for visits of one or two days’ duration. The visitors
lecture in the areas of their research competence, counsel with undergraduates regarding educational and’ career plans, advise the local
faculty on questions of curriculum, course content, laboratory equipment
and procedures, and generally seek to make a scientific presence felt on
the campus. Visitors are senior faculty members, usually from major
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institutions, whose judgment and experience enable them to offer valuable
advice to developing mathematics and science departments.
Fiscal year 1967 grants for Visiting Scientists (College) activities
provide for 1,088 visits, totaling 2,132 days, at a cost of $253,635.
College Science improvement
To provide appropriate support to institutions seeking to improve their
scientific capabilities and instructional programs in a comprehensive
way, the Foundation established the College Science Improvement Program in October 1966. The main purpose of the program is to encourage
predominantly undergraduate institutions to undertake detailed selfstudies of their science education practices, identify positively their
existing strengths and deficiencies, select long-range improvement goals
which are compatible with overall institutional policy, and formulate
comprehensive plans for achieving these goals by sequential sets of
science improvement projects. A wide variety of activities may be
supported by the Foundation within one of these projects.
Late in the fiscal year, the Foundation awarded the first grants under
this new program. The awards, totaling $2,464,100, were made to 15
institutions in 11 States.
Proposals for projects under the College Science Improvement Program
may be submitted to the Foundation at any time. This fiscal year a total
of 115 proposals was received. Additional awards will be made in 1967.
The Foundation believes that the College Science Improvement Program offers a much-needed approach to upgrading science in general
at predominantly undergraduate institutions. Furthermore, it represents a
forward-looking effort in that it can help to improve, among other things,
the qualifications of the people who will teach and motivate a new
generation of scientists in their formative years.
PRE-COLLEGE

EDUCATION

IN SCIENCE

As science and technology grow in importance, the necessity for the
schools to provide sound instruction in science and mathematics increases.
If children are to be motivated and properly prepared for careers in science, the Nation’s schools need modern instructional materials, thoroughly competent teachers,and well-designed educational programs. The
National Science Foundation supports a variety of activities designed to
help schools carry out their responsibilities in the area of pre-college
instruction in the sciences.This support has contributed subsantially to
the improvement of scienceeducation in the United States. Many of these
approaches have been successful enough to have served as prototypes for
Programs of other Federal agencies seeking educational improvement
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while at the same time supporting innovative work which may develop
even more effective ‘approaches to the improvement of pre-college science
education. To create the best possible overall program with the funds
available, the Foundation terminated its support of institute programs
for elementary school personnel and the program of Visiting Scientists for
Secondary Schools. Concurrently, it increased its support of a wide
variety of experimental projects in areas related to pre-college education.
Also, through the Cooperative College-School Science Program, more
emphasis was given to curricular reform and teacher training activities
in the context of the needs of school systems. This program has considerable potential for developing elementary and secondary school science.
Excellent new curricula for theselevels are now available for selection and
adoption by school systems, which will help close the present gap between
innovation and utilization.
192

Improvement

of Instructional

Materials

To help give teachers and students instructional materials that are
scientifically current, the Foundation encourages the improvement of
course content by collaborative efforts of a variety of specialists.
The number of definitive editions of precollege textbooks and other
printed materials in scienceand mathematics which have become available with Foundation support is now approaching 300. Films and other
audiovisual aids total about 600. Interest has mounted steadily since the
first course-content improvement project at the secondary school level
was initiated in 1956, and is not confined to the United States. Nearly
200 translations or adaptations of English language versions of the
materials are in use in various foreign countries.
During fiscal year 1967 the Foundation gave increased emphasis to
assistingthe efforts of major curriculum study groups by awarding grants
to the University of Maryland, University of Texas, Michigan State
University, Upper Midwest Regional Educational Laboratory, and the
Educational Development Center. These grants were for conferenceworkshops to train people who can work with schools and school systems
interested in adopting new curriculum developments. The trainees have
diverse backgrounds and have demonstrated interest in elementary science education.
Among the major curriculum groups that have completed or are
completing current projects are the following:
l
The Biological Science Curriculum Study group (secondary
school level activities), which has completed a series of four texts
and is now engaged in finishing work on 40 single-concept film
loops which will supplement the text and laboratory materials;
l The School ScienceCurriculum
Project at the University of Illinois, which has been developing science units over a broad range
of disciplines for grades 5 through 9;
l The Earth Science Curriculum
Project, whose materials have
reached the commercial publication stage;
l The Introductory Physical Science Project, which has completed
a textbook to be used by approximately 150,000 students in
1967-68 and is finishing work on a teachers’ guide;
l The University of Illinois
Committee on School Mathematics,
which is preparing to have its materials for the seventh and
eighth grades published ;
l The Engineering Concepts Curriculum
Project, which will have
completed work on a text by the fall of 1968 ;
l
The High School Geography Project, which expects to have a
text commercially published in 1969.

Some examples of new activities for course improvement that will be
in progress as a result of Foundation support awarded in fkcal year
1967 are :
l
The Educational Broadcasting Corporation of New York will
plan and test an experiment in televised mathematics education
for elementary teachers. The pilot study proposes to develop
innovative patterns in the use of mathematically sound materials
for furthering both the education of teachers and public understanding of mathematics. Written materials to accompany the
TV programs will be prepared.
l
Dartmouth University will conduct a project to extend the timeshared computer system available to Dartmouth faculty and
students to teachers and students of 20 surrounding high schools.
The grant provides for early exposure of secondary school students to computers in conjunction with regular classroom
instruction.
l
The Education Development Center, Newton, Mass., will begin
the development of a second-year extension of a junior high
school level course in Introductory Physical Science.
l
The University of Illinois will study ways of improving science
teaching at the secondary school level through more appropriate
use of mathematics. New mathematical treatments will be explored and preliminary work undertaken on a science teachers’
handbook.
Currently the Science Curriculum Improvement Study group is arranging for commercial editions of materials for the first and second
grades; material for additional grades is in the preliminary development
stage and can be expected to appear in print at regular intervals until
1972, when materials for kindergarten through the sixth grade will be
available. The Minnesota School Mathematics and Science Teaching
Project, devoted to the development of a coordinated science-mathematics curriculum, this year has made the first attempt in the exceedingly difficult task of interweaving separately developed science and
mathematics curricula for the first grade. The Elementary Science Study
( ESS) group continues to produce study units of high quality and appeal
for grades 1 through 6, and to conduct essential investigations into ways
in which these units can be taught effectively. Approximately 20 ESS
units have undergone revision in the past year prior to commercial
publication.
Cooperation
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in School

System

Improvement

Effective implementation of advances in curricular reform usually requires the advice of experts in making selections from various alternative
courses, assessingthe implications of changeover to a new curriculum,
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and the availability of specialists to help train the teaching staff. These
important elements are frequently unavailable to the school administration seeking to bring about immediate improvements on a large scale.
One solution to schoolsystem improvement problems is offered through
the Foundation’s Cooperative College-School Science Program. This
program provides for collaboration between the staff of a school system
and the science faculty of a college or university. Experts in the subject
matter of science and mathematics are thus made available for consultation and to conduct the teacher training needed by the local schools.
An effort supported by the Foundation in fiscal year 1967 will serve
to illustrate the kind of cooperation that makes for desired improvement.
The Unified School District in Lawrence, Kans., requested assistance
from the University of Kansas in planning and implementing a science
program in its elementary schools. The university will conduct a project
for the elementary teachers and supervisors which will focus on two
activities. First, the teacher-participants will be given training, including
laboratory work, during a summer phase so that they will have the necessary background material for working with one of the improved elementary science projects. The second phase consists of a coordinated
academic-year program of weekly meetings, demonstration classes, and
assistance with implementation of the elementary science materials. At
the conclusion of the project, the school district will have adopted improved science curricula for the kindergarten through the eighth grade
with trained teachers who understand how to use the materials.
Another interesting example of the cooperative effort is a project supported at the University of Colorado. The university operated two identical 5-week programs in cooperation with Boulder Valley School District
and Jefferson County School District during the summer of 1967. The
major goal of this project was to improve and strengthen the school
offerings in mathematics and science by using the computer as an instructional tool. For the Jefferson County Schools this involved operating
time-sharing computer consoles in the high schools so that the teachers
and students could have direct access to the computer. The teachers
and students from the Boulder Valley Schools traveled to the University
Computer Center during the academic year to have accessto a computer.
Materials and techniques developed during the summer are scheduled
for use in the 1967-68 academic year.
Implementation of new curricula requires of the elementary school
teacher not only increased proficiency in subject matter but often also
reorientation in philosophy and methodology, Under the Cooperative
College-School Science Program, the work of the Madison Project with
the school systems of Chicago, New York City, San Diego, Los Angeles,
and Philadelphia is providing a model for the introduction of improved
mathematics teaching at the elementary level, More than 600 teachers
in each of the school systemsunderwent intensive instruction with project
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24 25, and 26. These classroom scenes illustrate 8peciaZprojects being
conductefd in inner-city
Bchods to comb& deficiencies in curriculum and
methodology which are contributory causes of high rate8 of failure and dropouts. As experience i8 gained in combating these problems, more school systems can be expected to adopt improved science curricula for the eltmentarg
grade8 with trained teachers who understand how to use the matenals.

Figures

136

I
it
1

materials developed under the Course Content Improvement Program
during the summer of 1966 and the following academic year.
From this broad base, key teachers were selected to receive further
training so that they can become resource staff for the school system, able
to lead their own in-service programs and function as master teachers,
supervisors, and curriculum specialists. The experience gained in these
continuing “big cities” mathematics education seminars has already
beenput to use in six workshops held in the summer of 1967 to train
similar resource staff for the major elementary science and social science
curriculum sequencesnow being developed under the Course Content
Improvement Program.
The Cooperative College-School Science Program has had an extended period of growth, from a few grants for small experimental
projects in fiscal year 1961 to a level of 52 grants totaling $2,296,295 in
fiscal year 1967. Funds awarded this year represent an increase of 17
percentover the amount awarded in fiscal year 1966.
Activities

for High

School Students

In seeking to identify high-ability secondary school students .and to
reinforce their motivation for pursuing careers in science, the Foundation provides opportunities for close personal contacts, in a scholastic
environment, between selected students and experienced scientists. Financial support for appropriate activities is made available through the
SecondaryScience Training Program.
In fiscal year 1967, approximately 5,000 high school students had
training experiences of 5 to 10 weeks’ duration during the summer.
Theseactivities were conducted on college campuses or in qualified researchinstitutions. The students received college-level instruction and,
in many cases,worked on research projects in a junior but not menial
capacity. Approximately 1,000 additional students are receiving equivalent training on a commutiug basis during the academic year, usually
meetingon Saturdays for 30 to 35 weeks.
A project conducted at Cornell University this past summer illustrates
the types of instruction provided in the Secondary Science Training Program. The university presented a 6-week program, “Adventures in
physics,” which exposed 36 high school students (who had completed
their junior year) to two theoretical topics in physics and to independent

University

of Illinois

Photo

Figure %-Thousands
of high school student8 receive edlege-level training
during Bummer program8 on campuses or at research institutiona. This group
is participating
in a pregram in engineering science8 at the University of
Illinois, Urbana, 111.

laboratory work with research-grade equipment. Lectures given by faculty members were followed up by group discussionsand the working of
exercises and problems. The approach emphasized physical phenomena
(observations and measurements), and the associated logic that leads to
the development of modern concepts in physics. Laboratory work began
with an introduction to the use of equipment and the principles of
measurement, after which the students engaged in individual projects.
In the final days of the session, each student presented a report on his
project to the entire group and their instructors.
The Secondary Science Training Program is designed to encourage
and to advance exceptionally capable young students who are interested
in science. The caliber of the participants is impressive as is indicated
by a recent study of students who participated in 1960summer projects.
Facts developed from the more than 5,000 completed questionnaires returned by these students were that : 98 percent of the participants entered
college ; 81 percent of the boys and 65 percent of the girls majored in
science; 85 percent of the boys and 74 percent of the girls are taking, or
plan to take, postgraduate work in some subject; and 41 Percent of the
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boys and 22 percent of the girIs have active plans to work for a Ph. D.
degree.
he-college

Teacher Education

Activities

Keeping pace with changes in scientific knowledge and the use of new
materials and techniques in science teaching is a problem for many inservice teachers who once were well prepared as science teachers. Teachers assigned to teach science subjects in which they have inadequate
backgrounds are faced with even greater difficulties. In an effort to provide the necessary supplementary training, the Foundation has supported
institutes and other teacher education activities for the past 14 years. A
significant number of pre-college teachers have received suchtraining, but
there are still many more who need and seek appropriate training that
will help them to improve the science education provided by the schools.
This year approximately 36,650 secondary school teachers of science
and mathematics were afforded study and training opportunities in 85 1
instructional projects-institutes, research participation, and other special
projects. The teacher-participant group represents about 19 percent of
the Nation’s science and mathematics teachers of grades 7 through 12.
Although significant progress in upgrading the subject-matter competence of teachers is made each year, the training problem becomesfurther
complicated by the constant growth in educational needs of teachers.
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recover printed rem& during Summer fnatitute
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Technology.
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Most of the increased needs stem from the substantial modernization
of course materials used in classrooms and the annual recruitment of large
numbers of new teachers by the schools--many of these being inadequately trained for teaching science and mathematics.
Training projects for secondary school teachers vary considerably, in
both format and content, Institutes may be conducted on a surnrner,
academic-year, or after-school (or Saturdays) basis.Research participation, conferences, and special projects for this group are also supported.
Designed to provide sound foundations in subject-matter knowledge for
the teachers, these activities focus on one or more of the following
objectives:
l
Remedial training for teachers who were initially ill-prepared;
l
Updating of subject-matter knowledge for those who once were
adequately prepared ;
l
Specific background training to equip teachersto teach the newer
curricular materials;
l
Training in depth to enable teachers to meet new, higher standards (such as those represented by a master’s degree) ;
l
Advanced specialized training for teachers and supervisors preparing for positions of leadership in scienceeducation;
l
Introduction
of teachers to research methodology through
participation in scientific research activity.
This year marked the termination of Foundation support of institutes
for elementary school personnel. In the 8 years of experimentation with
both in-service institutes and summer institutes for elementary school
personnel, 529 grants totaling $9,022,774 were made. Primary targets
have been those elementary schoolteachers and supervisors who were in
positions to lead their schools in revising the elementary science and
mathematics curriculum. (The preponderance of grants was awarded in
mathematics.) L?.principal thrust of this effort was to encourage the design
and trial of training projects, which were distinct in content from typical
undergraduate training for teachers. In supporting the development of
these prototype training projects, the Foundation has helped to create
a cadre of educational leaders and scientists who are prepared to improve
local educational programs through use of the support now available to
localities under the Elementary and Secondary Education Act of 1965.
It is of interest that an In-service Institute for Elementary School Personnel, conducted at the University of Georgia under a Foundation grant
in fiscal year 1966, received The Distinguished Achievement Award for
Excellence in Teacher Education ( 1967) of the American Association of
Colleges of Teacher Education for its project design and effectiveness.
This project in elementary mathematics combined the University, the

University

of Arizona

Photo

Figure 29~High school teacher work8 on experimental relativity project in the
phgSiC8 laboratory of the Uniuersity of Arizona. Secondary school teachers of
science and mathematics in all part8 of the country receive training opportunitiea during summer proprams at colleges and universitiecr.

State Department of Education, the State’s educational ‘I’v, 30 school
districts, neighboring colleges,films developed under another Inservice
Institute grant, and the U.S. Office of Education’s Regional Educational
Laboratory in providing instruction to some 900 elementary teachers
throughout the State of Georgia.
A different kind of experimental approach to elementary science and
mathemati-cs was supported this year as a special project. Through a
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group of 11 summer conferences, 328 well qualified secondary school
teachers of science and mathematics and supervisorswere trained to conduct local training programs for their elementary school colleagues durr
ing the academic year. The conferences were designed to give the participants an understanding of modern mathematics and science at the
elementary school level and to develop these individuals as resource personnel for training efforts in their home school districts.
Examples of other current special projects involving the training of
teachers or supervisors at the secondary school level are:
l
A new type of academic-year master’s degree program, conducted
at California State College at Fullerton, which permits local
biology teachers to study on a half-time basisfor 2 years while
being replaced in their classrooms by fifth-year teaching interns
who will also receive master’s degrees and certification as regular
teachers after completing their training;
l
A l-week conference for State supervisors of science, conducted
at the University of Virginia, to enable them to explore the various
new science courses in depth with course content project
directors;
l
A program for retraining retired military personnel who desire to
become science teachers, conducted at the University of South
Dakota.
There were 23 such awards, totaling $336,560, made for pre-college
teacher education in fiscal year 1967.
Special

Projects

in

Pre-college

Science

Education

Under a new Foundation activity, established in fiscal year 1967,
imaginative approaches to science education problems at the pre-college
level are encouraged. The Special Projects in Pre-college Science Education program supports small-scale experimental projects, usually
one-of-a-kind efforts.
Several unusual projects were awarded grams this year. One will
introduce an elementary science education program as a model for the
improvement of the elementary curriculum in schoolsthroughout a large
area of eastern Kentucky. (This project is supported as a part of a
larger effort being funded by the U.S. Office of Education under a title
I grant for impoverished schools.) Another interesting activity is a joint
project conducted by the University of Pennsylvania and the Philadelphia School System involving a unique method for training elementary
science supervisors. The participants wiI1 be strongly subject-matter oriented as a result of the training, but also will be thoroughly familiar with
the new elementary science curricula, particularly asthese new materials
may be adapted to inner-city schools.
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Another example of projects supported under this program is a study
designed to evaluate the adoption of new science course curricula by
a number of schools in northern California and Nevada. When it is
completed, the study will provide valuable guidance to both the National
Science Foundation and the various regional laboratories (supported by
the Office of Education) in facilitating the widespread adoption of the
new curricula. This grant was awarded to the Far West Laboratory for
Education Research and Development.
Through such special projects for pre-college science education both
local needs and broader requirements may be served. Fundamental
studies, in addition, may shed light on current or new practices that will
give direction to further’improvement efforts.
Table 11 provides a statistical summary of the fiscal year 1967 precollege teacher education activities.
PUBLIC

UNDERSTANDING

OF

SCIENCE

Public understanding of science and its role in today’s world serves
more than a cultural purpose; it is a requisite for effective citizenship.
Through support of appropriate projects, the Foundation seeks to increase public knowledge of scientific facts and convey some insight into
scientific processes.
Among the projects awarded support in fiscal year 1967 were:
An effort of the Scientists’ Institutes for Public Information to
aid local affiliates in providing scientific and technical information
to their communities (topics of interest include population growth,
automation, mental health, and air and water pollution) ;
A conference to be conducted by Oak Ridge Associated Universities, Inc., to help clergymen understand the nature and trends of
contemporary science;
Television projects, including the National Educational Television and Radio Center’s production of five television programs for
the “Spectrum” series;
Design and preparation of science exhibits, including public
exhibits to be developed by the University of Utah for long-term,
state-wide use;
Design and evaluation of an experimental curriculum on public
understanding of science by the New School for Social Research,
New York, N.Y., for use by adult education centers;
A seriesof three sciencewriters’ seminars on atmospheric sciences
to be conducted by the American Meterological Society.
A total of $427,205 was awarded in fiscal year 1967 for 17 grants in
sUPport of projects on the public understanding of science.
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INSTITUTIONAL PROGRAMS
In addition to the traditional objective of maintaining the strength
of academic science at institutions of recognized excellence, the Foundation has recently undertaken new programs to assistselected colleges and
universities in upgrading their capabilities in science education and
research. The number and variety of programs that provide support on
an institutional basis have had a notable impact on the overall program
structure of the Foundation.
This trend reflects increasing national concern with the need for more
universities and collegesof high quality in every region of the nationincluding an enrichment and expansion of national capability in scientific research and education in the sciences.Activities undertaken to meet
these needs were further stimulated by the President’s memorandum of
September 13, 1965, to Heads of Departments and Agencies on the
subject “Strengthening Academic Capability for Science Throughout
the Country.” To administer these programs, an Office of Associate
Director (Institutional Relations) was established effective January 23,
1967. Assigned to this office were responsibilities to plan, direct, and
administer the NSF programs for University and Departmental Science
Development, Graduate Science Facilities, and Institutional Grants for
Science. All of theseprograms are directed predominantly at the graduate
level and include assistanceto research as well as education per se. The
new College Science Improvement Program, which is also institutional
in nature, is directed at predominantly undergraduate colleges and is cliscussed in the context of undergraduate education (see p. 13 1) .
Unlike other programs of the Foundation which support graduate
institutions with existing excellence, the University and Departmental
Science Development Programs are for institutions which, while they
have current strength and the potential to advance, need help to join
the ranks of institutions having outstanding capability in science. To
receive such help, a realistic plan for scientific improvement must be
developed, and the proposing institution must be willing and able to contribute some of its own resources to the development program. These
requirements help preserve the autonomy of participating colleges and
universities. About sixty percent of NSF’s institutional support for science
is devoted to programs of institutional science improvement while the
balance is allocated to maintaining institutional strength in science.
The growing Federal role in institutional support, to which other
Federal agencies also contribute, has given rise to issues which have not
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yet been resolved, and indeed it is reasonable to expect that some of these
issues will endure. In addition to the problems of interagency coordination, there are inevitable difficulties in determining the allocation of
available resources between research support programs and those for institutional development. Limitations on total resourcescompel difficult
decisions regarding the balance of support among the various kinds and
quality of institutions which might be eligible. How should a proper
balance be arrived at between maintenance and improvement of high
quality in the major universities of recognized quality ascompared with
universities of lesser prestige, but with a strong drive and a Potential
towards improvement?
The question of distribution of Federal research funds among the
States and regions of the Nation is also receiving increased attention.
From the point of view of research productivity, it is evident that it is
not fruitful simply to redistribute research support funds without regard
to capability. Careful study of this complex problem involving multipurpose objectives indicates that the solution to increasing the base for
high-quality research is to help institutions with potential for improvement that have concrete plans for fulfilling that potential and the needs
of the region or locality in which they are located. Accordingly, improvement of good departments in average institutions carrying an increasingly
heavy load of graduate training must find support.
The largest supporting Foundation program is the “University Science
Development Program,” which, from its beginning in fiscal year 1965
to the end of fiscal year 1967, has obligated almost $100 million in
support of 25 institutions in 13 States. In fiscal year 1967,two additional
development programs were started to provide help at the university
department level (Department Science Development) and to undergraduate institutions (College Science Improvement). Funding for all
these programs totaled about $60 million in fiscal year 1967.
Eligibility criteria for these programs are distinctive in each case,and
collectively they extend across the needs for institutional development
from the undergraduate to the doctoral level. The University Science
Development Program is restricted to the needs of Ph. D. granting institutions. Departmental Science Development grants may be made to
institutions offering graduate programs at the master’s level, but strengthening of undergraduate science programs may also be included in the
development plan. The College Science Improvement Program is expressly designed for 4-year colleges having a meaningful commitment
to science among the curricula offered.
The three developmental programs mentioned above-together with
programs for Graduate Science Facilities, and Institutional Grantsprovide comprehensive support to assist institutions in improving the
quality and extent of their scientific activities across a wide front. Four
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are discussed below. As previously stated, the College Science Improvement Program is included in the section on Science Education.

UNIVERSITY SCIENCE DEVELOPMENT PROGRAM
The purpose of the University Science Development Program is to
assist in increasing the number of universities capable of conducting
distinguished programs of education and research in the sciences.
Through large grants to a relatively small number of carefully selected
institutions having doctoral programs and well-developed, long-range
plans to achieve general distinction, the Foundation helps them accelerate their e.fIorts to improve their relative standing among universities.
Universities which are already recognized for overall excellence are not
encouraged to apply for these grants. To the list of 17 institutions awarded
University Science Development grants in prior years, 8 were added in
fiscal year 1967: Carnegie Institute of Technology, Duke University,
Indiana University, University of Maryland, University of North Ca.rolina at Chapel Hill, University of Notre Dame, University of Texas, and
Vanderbilt University. The eight grants, each to be used over a 3-year
period, totaled $33,169,000. Altogether, the grants to all 25 institutions
amount to $96,938,000 and range in amount from $2,39O,OOOto $5
million. It is expected that several of these universities will advance
rapidly enough toward their 5-yeax goals to qualify for additional supplemental support from the Foundation.
The institutions receiving University Science Development grants
undertake to assume a substantial part of the costs of the planned improvement in addition to their normal increments of support for the
participating departments. In accordance with the plans submitted by
the 25 institutions, the Federal funds made available are allocated on
average as follows: personnel (faculty, postdoctoral students, graduate
and undergraduate students, and technical and clerical staff), 41 percent; equipment and supplies, 32 percent; and facilities (renovation and
new construction), 27 Percent. By field of science, the largest amounts
of funds have been allocated to physical sciences (39 percent) and interdisciplinary aress (24 percent).
In planning the program the Foundation hoped that it would lead
to the growth of major universities in geographic areas now lacking such
institutions. There are encouraging signs that this hope will be fulfilled.
Without relaxing the objectives of the program or the standards of
selection, the Foundation has awarded University Science Development
grants to universities in all but one (New England) of the Nation’s
main geographic divisions. Of the 25 institutions, six are located in the
South Atlantic Division, five in the East North Central, four in the
Middle Atlantic, four in the West South Central, two in the Mountain,

147

two in the Pacific, one in the West North Central, and one in the East
south central.
The full effect of the program on the Nation’s educational institutions
will probably not be clear for a generation. But while it is much too
early to evaluate the effectiveness of the grants, preliminary assessments
encourage the belief that the grantsare achieving their objective :
The grants are flexible enough to assistuniversities in cooperative
endeavors with other institutions and in some instances have stimulated such efforts.
The grants have encouraged interdisciplinary activities on the
campuses of several institutions and brought greater vigor to departments not included in the development supported by the
Federal funds.
Several institutions report that the grants havefavorably in%enced their ability to attract funds from other sources.
Faculty recruitment-a
key to the success of the improvement
Plans- has been facilitated, largely because of the heavy institutional commitment and the institutional prestigethat the grants
have come to represent in the academic community; these universities are considered to be “on the move.”
There is evidence, too, that the universities receiving the grants
are beginning to attract larger numbers of well-qualified graduate
and postdoctoral students.
The program has had a salutary effect in accelerating and extending institutional planning, not only for the areassupported by the
grants, but for other parts of the universities aswell.
The Ejrogram’s emphasis on careful institutional planning has been
very beneficial not only to the institutions receiving awards but to many
others as well. Many institutions not receiving awards have been led to a
careful and objective examination of their own strengthsand weaknesses
and to the formulation of long range objectives for themselves.Often the
aspiration to qualify for an award has helped institutions in enhancing
local and Statesupport for their plans.
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DEPARTMENTAL SCIENCE DEVELOPMENT PROGRAM
There are only a small number of exceptionally strong universitieswhich the University Science Development Program aims to increasebut there are many other institutions offering graduate degrees in science
and engineering-and admitting large and increasing numbels of graduate
students in these fields. These institutions are performing a vital service,
and with rising graduate enrollments, their contribution must continue
to grow. Typically, the science program as a whole in these insitutions
has not reached high levels of quality, but often oneor two departments
or interdisciplinary areas can bc identified which have appreciable
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strength. Assistance to these leading activities so that theymay achieve a
high level of quality in research and teaching will not only enhance the
value of their service but also, in many cases,will stimulate improvements
in related departments. The good departments give the whole institution
a target to aim for, and thus Foundation support has a multiplying effect.
As a means of increasing the number of institutions providing highquality training in science at the graduate level-and concomitantly
improving the quality of undergraduate instruction-the Foundation
announced, in fiscal year 1967, a new program directed at assisting the
improvement of single departments or interdisciplinary areas and designated, for simplicity, Departmental Science Development. Open to institutions offering master’s or doctor’s degrees in science or engineering,
the program offers the possibility of substantial support for development
in institutions not yet having strength in a sufficient number of departments to qualify for grants under the University ScienceDevelopment
Program.
In evaluating a proposal for a Departmental Science Development
grant, the Foundation looks at the institution as a whole aswell asat the
department or area for which support is sought. The evaluation considers
the soundness of the plan for the proposed development; the ability of
the institution’s and the department’s leaders and their dedication to the
plan; the nature and quality of the department’s present faculty, students,
facilities and equipment,’ and research programs; the strength of related
departments; the lik&hoti
that the department c&n attract suitable new
faculty and students; and the institution’s financial resourcesfor undertaking the expansioti and maintaining the higher levels of quality after
the granti exfjiir&.‘I&e ~e”U~icterslr)i:S@iene,D~~~~mept grants, those
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Although tht’ riti $@@A& ‘&ild~ f-&t ,bt &i&iticed until after the
Foundation’s appropriation was made in September 1966,it immediately
attracted widespread interest. In June 1967 the Foundation made the
first awards for departmental development; four grants amounting to
$1,945,000 in all were made to Clark University, Drexel Institute of
Technology, University of New Mexico, and TennesseeTechnological
Univemity. Additional proposals already received in considerable number
are being evaluated at the time of this writing. Many institutions are
now drafting proposals, and the Foundation anticipates that 100 or more
insitutions will request support for departmental development in the
next fiscal year.
In addition, during the current fiscal year the Foundation awarded
three “special” development g-rants-to the UniveAy of Nebraska,
the west Virginia University, and Wayne State University. These were
similar in concept to the grants awarded u,nder the University Science
Development
Program
and the Departmental Science Development
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Program but did not quite fit either catc&y.
awarded in the prior fiscal year.

One such grant had been

GRADUATE SCIENCE FACILITIES
The oldest of the Foundation’s institutional programs--Graduate
Science Facilities-has the objective of maintaining and strengthening
research and researchtraining through the provision of matching funds
for construction or renovation of science buildings and laboratories. Other
Federal agencies also support the construction of science faciliti~etimes in cooperation with the Foundation-but
the Graduate Science
Facilities Program alone has the responsibility for support of graduate
academic facilities in all fields except the clinical sciences.Science facilities
are also provided by the Univetity
Science Development Program, but
only as part of a general plan of development rather than for specific
needs, and by definition of purpose it excludes the foremost univetities.
If present national strength in science is to be maintained, institutious of
established merit need substantially more help from the Federal Covernment in meeting their facility needs.
In fiscal year 1967 the Foundation’s support of graduate facilities
construction was curtailed by a reduction of funds available for this
purpose. Consequently, awards were made almost exclusively to very
strong universities where needs for expansion or replacement facilities
were most urgent. All of the grants were arbitrarily reduced in size-only
one grant exceeded $1 million-so
that a larger number of institutions
could be assisted. Funds for general purpose laboratory apparatus were
excluded from all grants. Thus, the average size of the 56 grants (totaling $15.1 million) made in f&al year 1967 was 44 percent less than the
average of the year before. During the 7 years of the program’s existence,
the Foundation has awarded 898 graduate facilities grants for a total of
$164745,957.
Even though the Foundation found it necessaryto be highly selective
in awarding facilities grants in fiscal year 1967, grants were made to
institutions in 25 States. By field of science the funds provided in the
56 grants were distributed as follows:
Plrmtlt
Chemistry --_-----------------------------------------------------------------------------------------Engineering
Physics ___- _____________ - _-________-__---_------------Behavioral sciences ___________ -___- ______ -_----------------Animal sciences ___-___-- ---------------------------------PlaRt sciences ___________ -- ___________________---__------_
Biophysics, biochemistry, and microbiology
_______- ----__-----_Earth gnd atmospheric sciences and astronomy ____-------------Mathematics ______________ -- _________________ ~~_~~_~_~__~~

19
14
18
7
14
3
6
14
S
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Foundation
programs
of
in the implementation
of
particular
requirements.
of new facilities in which
portions.

institutional
support are designed to assist
plans devised by the institution
to meet its
The photographs
which follow are examples
Foundation support contributed to the science
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fhyaics and astronomy research building at the State University
Iowa. (Supported also by NASA.)
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Wgure 34.-Research and research training facility for the Joint Institute
of
Laboratory Astrophysics, a cooperative research organization formed by the
University of Colorado and the U.S. Bureau of Standards.
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During the year the Foundation completed a study of the probable
needs of the Nation’s universities for graduate science facilities for the
next decade. The results of this study indicate that, as a minimum, an
average of $439 million per year will be required for the construction of
such facilities, if adequate space for the increasing number of graduate
students and faculty members is to be provided. In fiscal year 1967 the
total expenditure was approximately $290 million, of which the Federal
Government supplied about $90 million. There is serious question as to
whether the major universities will be able to continue to increase their
share of the expensesufficiently to meet the estimated additional
requirements.

INSTITUTIONAL GRANTS FOR SCIENCE
Foundation policy emphasizes that responsibility and decisionmaking
for the strengthening of science programs be vested heavily in institutions
of higher learning. Seven years ago the Foundation began its program
of Institutional Grantsfor Science to help meet the need of colleges and
universities for funds that could be used flexibly to maintain strong,
well-balanced programs of education and research in the sciences. The
funds provided by these grants are uniquely flexible, allowing institutions maximum freedom in their use. They are for general support of
science and may beemployed as the institutions themselves decide, excluding only nonscience activities and indirect costs. The Foundation has kept
the administration of the program as simple as possible in the interest
of protecting institutional freedom. Colleges and universities have demonstrated their responsibility by wise and careful use of the funds.
In fiscal year 1967 the Foundation awarded $15,152,015 in Institutional Grants for Science to 517 colleges and universities in all 50
States, the District of Columbia, and Puerto Rico, The grants, computed
by a graduated arithmetical formula based on grants made for research
purposes, ranged in amount from $709 to $159,186. Over one-third of
the grants were for $20,000 or more, and 55 institutions received grants
of more than $100,000.
During the 7 yearsof the program, a total of $65.3 million has been
awarded to 673 different institutions of higher education. Colleges and
universities are eligible.to receive Institutional Grants if, during the preceding year, they have received Foundation grants for research, undergraduate research participation, or research participation for college
teachers. The formula matches equally the first $10,000 of the amount
of the ‘applicable grants and then tapers so that the largest Institutional
Grants are in the neighborhood of $150,000. Although all institutions
receive grants based on the amount of the Foundation’s support, the
tapered fprmula especially benefits the institutions in the middle and
lower ranges of NSF research and research-training support.
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Coverage of the program was extended in fiscal year 1967 to include*
the academic-year phase of the Undergraduate Research Participation
Program. As a result, 117 institutions became eligible for small ,Institutional Grants. Although grants to these institutions averaged only
about $2,000, the flexibility of the funds will enhance their value
considerably.
Annual reports from the institutions participating in the program
show a wide diversity in the use of Institutional Grant funds, even among
institutions that arq thought to be much alike. The variability of science
needs and opportunities from campus to campus in an especially compelling reason for the provision of flexible funds and the delegation to
college and university administrators of the responsibility for meeting
local situations. The grants assist the institutions in adjusting to changing conditions, quickly taking advantage of special opportunities, and
preserving essential control over their research and educational programs. In their preoccupation with keeping their own science programs
strong, college and university officials help achieve the national goal of
maintaining a sound academic base for science. The principal uses of
the grant funds have been for equipment, faculty research, and faculty
expansion and improvement. Nearly half of the expenditures has been
for instructional and research equipment and supplies.

COMPUTER SCIENCE PROGRAM
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During recent years computers have become increasingly important
in both research and education. Their use by collegesand universities has
grown rapidly but they remain expensive both td obtain and operate.
Institutions generally have been forced to apply a larger portion of their
resources to computirig and smaller ihstitutions -cannotafford the computing power needed to train their students and support the research
efforts of faculty members.
Foundation support for academic computational facilities has the
dual purpose of providing assistanceto institutions in improving and expanding their computational capabilities and of helping them to maintain and upgrade high quality computational capability where it now
exists. In addition, it is clearly advantageous to exploremeans by which
the usefulness of computers in academic science can be enhanced. There
is a need for more information on alternative approachesto such questions
as the relative merits of interinstitutional or regional centers compared to
single campus installations, training requirements for computer center
staff, and the changes in course content necessaryto integrate computer
use into the classroom.
Present Foundation support for computational facilities is intended
to contribute to more vigorous and efficient research, improved education in the sciences, and to institutional development. It is hoped that
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this type of support for science can be substantially expanded in the future
to help meet the needsof both small and large institutions. The following
is an example of work now underway in the development of computational capability.
The University of Wisconsin, with partial Foundation support, is developing an experimental “computer information utility” to provide
service to the entire University of Wisconsin system on 13 campuses.
Hardware costs for the first 3 years will be nearly $6.0 million. Other
operating expenseswill bring the total cost during the 3-year period to
more than $12 million,
Rather than set up an expensive facility on each campus, the University has decided to install a very large computer, on the campus in Madison, Wis. Nearly 300 terminals, on the Madison campus and scattered
throughout the State, will be connected to the main computer by telephone lines. A variety of terminal devices, ranging from simpIe typewriters to large visual display devices, will allow students and faculty to
make use of the computer in as simple or as sophisticated a manner as
they desire. This flexibility of use is made possible by the size and
sophistication of the central machine.
The computer has a modular organization which allows the system
to expand as demand grows. Since up to 16 central processors can be
added and one central processor represents 15 times the computing power
of the old Wisconsin machine, substantial growth is allowed. During
the term of the grant, input-output stations consisting of at least card
readers and line printers will be installed at the College of Engineering,
the Mathematical ResearchCenter, the Social Science Research Institute,
the Milwaukee campus, and several other areas of heavy demand. In
addition, satellite computers linked to the central machine will be placed
in the computer science department, the chemistry complex, and the
Medical School. These terminals will provide much faster data transfer
and allow experiments to be tied directly to the computer.
The University of Wisconsin’s project is a significant approach to the
crucial problem of extending to a greater number of students and faculty
accessto computers for research and education. If successful, the Wisconsin experiment could be a model for the future development of computing, pointing toward the time when information, and the capacity to
process it, becomes a true utility as available and inexpensive as electricity
is today.
In fiscal year 1967, the Foundation obligated $12.7 million for con+
puting activities in education and research.
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SCIENCE INFORMATION
Scientific researchis incomplete until the data obtained and conclusions reached are communicated to other scientists. Although there are
many forms of such communication, most scientific data and ideas are
recorded in scientific and technical documentation the growth of which
is phenomenal-for many fields of science, the volume of literature is
increasing exponentially. More than two million scientific and technical
articles are published annually in the world’s scientific journals. The
multibillion dollar annual investment in basic and applied research in
the United States resultsin thousands of pagesof scientific and technical
data which must be published, abstracted, indexed, and stored for
retrieval in order to securethe maximum benefits of research in the most
efficient manner.
In recognition of this important aspect of the scientific enterprise, the
Foundation supports a number of activities related to both national and
international information resources. These include organization, preservation, exploitation, and dissemination of scientific information, as well as
indexing, abstracting, translation, and other services. The Foundation
also supports the development of new and improved methods of making
scientific information available to American scientists and engineers and
fosters the interchange of information in the domestic scientific community and between American scientists and their colleagues in other
nations.
In fiscal year 1967, three major areas were selected for emphasis in
support of scienceinformation :
Discipline-Based Znformatimt
Sys~ems.--Support for development
of comprehensive information systems within the major scientific
disciplines;
Federal Science Information
Acriuiries.--Support for and coordination of multiagency information programs;
General Science Znformatitmt
Actk%es.-Support
of: (a) Research on documentation; (b ) research and experimentation directed toward improvement of the dkmination
of scientific and
technical literature; (c ) undirected research at information research centers in universities; and (d) international science information activities.
In the fiscal year ending June 30, 1967, the Foundation awarded 146
grants and contracts, amounting to $10.7 million, in support of scientific
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information activities. This support went to 32 scientific societies, 24
academic institutions, eight research institutes, eight commercial organizations, one museum, three government agencies, and five foreign organizations (for translation services).

DISCIPLINE-BASED INFORMATION

SYSTEMS

Increased emphasis in this area of activity during 1967 resulted in
the allocation of 73 percent of available funds ($7.7 million) to support
for the science information systems of professional societies,as compared
with 52 percent ($6.0 million) during the previous year. Foundation
emphasis on the development of discipline-based information systems
rests on the fact that the professional societies are, for the most part,
operators of information systems serving their active members, who are
collectively important producers and consumers of scienceinformation.
Foundation support for the development of discipline-based information systems for eight fields of science is shown in the accompanying
table.
Science information highlights for each field of sciencelisted in Table
12 are discussed below. Support for conventional information services,
i.e., translations, monographs, journals, and secondary publications, is
not discussed.
Chrmry
Chemical Abstracts Service (CAS ) continued development of its computerized registry system for chemical compounds. The American ChemiTable
Program activity
field(s)

12,4iscipline-8usecf
and

Chemistry. . . . . . . .
Biology. . . . . . . . . .
Engineering . . . . . . .
Physics. . . . _ . . .
,.
Mathematics.
..
..
Social sciences.
...
Environmental
(earth)
sciences. . . . . . . . . . .
Environmental
(atmospheric) sciences. . . .

Totals.
1 Translations
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*

... ....

Totals

$1,201,807
1,089,845
1,066,600
909,965
368,600
366,917

lnformution

Research
and
studies

support of
publications
and services

Systemsdevelopment and
improvement

..... . . .....
$472,545
521,750
82,720
129,700
208,200

$763,038
617,300
388,000
466,820
. . . . ..... . .
124,990

$465, 769
.,...... . . .
156,850
360,425
238, 900
33, 727

509,865

894,ooo

44, 100

243,200
11,000,ooo

_ _. . . . . . . .
. . . . . t... . . .

19, 600
.. ..... . . . .

3, 167,980

3,251,148

1,319, 371

1,448,265
262,800
1 l,OOO,OOO

Systems

7,714,799

and other science information

activities

under Public Law 480.

I

cal Society and CAS continued efforts to establish specifications for and
to design a mechanized system capable of serving the field of chemistry.
Biology

The American Museum of Natural History initiated a bibliographic
service for ichthyologists. The University of Colorado began a project to
develop a prototype demonstration system for organizing and accessing
biological museum specimen data in nondocumentary form. Biological
Abstracts continued the pilot project for a specialized abstract bulletin
for mycology.
Engineering
Engineering Index, Inc., continued its pilot effort in the development
and establishment of a comprehensive, computer-based abstracting and
indexing service for engineering.

The American Institute of Physics (AIP) began to plan for a physics
information system. AIP undertook a study of user behavior and user
evaluation of innovations in information service as the first phase of a
project entitled “Current Communications in Physics.”

The American Mathematical Society (AMS) continued devclopmmt
of computer-controlled photocomposition in preparing mathematical
copy for journal publication. AMS also began a study on the use of
machine aids for editorsof scientific translations.
Sochd

Sciences

The Council on Social Science Data Archives continued a program of
collaboration in researchservices among major social science data archives
to explore the feasibility of telecommunication links in providing access to
and use of several remotely located computerized data banks. The Center
for Applied Linguistics initiated a series of developmental planning studies
to catalog present information sources in linguistics, study users’ needs,
and develop’a set of requirements for a national linguistics information
system. The American Psychological Association completed computcrization of its secondary services.
Environmental

IEarth)

Sciences

The American Geological Institute continued production of Bibliography and Index of Geology Exclusive of North America (BIGENA),
initiated a mrvey of existing information systems, and established l.iaiso~~
for planning integrated information systems in the earth sciences.
w-13
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Cnvlronmentul

fAtmospheric1

Sciences

The American Meteorological Society undertook a management
analysis of Meteorological and Geoastrophysical Absfracts (MGA) to
describe and analyze the present MGA operational system.

FEDERAL SCIENCE INFORMATION ACTIVITIES
During 1967 the Foundation continued its support to the Smithsonian
Institution for operation of the Science Information Exchange (SIE).
SIE is a clearinghouse for information on current research projects actually under way. The volume of activity at SIE hasgrown steadily since its
establishment, and it now maintains an inventory of about 100,000
research projects supported by agencies of the Federal Government.
A second major Federal information center that hasbeen supported by
the Foundation is the National Referral Center for Science and Technology in the Library of Congress. The Center is intended to facilitate coordinated access to the nation’s resources of scientific and technical
information, Included in its responsibilities are identification of all
significant information resources in the fields of scienceand technology,
and acquisition and cataloging of data defining the nature, scope, and
capabilities of these resources. The Center further provides advice and
guidance about these resources to any individual or activity requiring
accessto them, either in response&ospecific inquiries or requests, or more
generaIIy in the form of published directories and guides.
Many of the queries posed to the Center emanate from industry, and
in the evolution of this service since 1962 the Center has identified and
cataloged more than 10,000 information resources. In the 5 years of its
existence, the Center has become a national focal point for questions as
to the sources of information on specifk scientific and technical subjects.
The Foundation in 1967 continued to participate in the activities of the
Committee on Scientific and Technical Information (COSATI) , an advisory committee to the Office of Science and Technology, in the continuing effort to assure coordination between contemporary information
developments in the Federal and private sectors of the scientific and
technical communities.

GENERAL SCIENCE INFORMATION ACTIVITIES
These activities include a wide variety of scienceinformation projects,
such as acquisition of foreign publications; support and publication of
announcement media (translation indexes, guides, directories, Scientific
Information Notes, Current Research and Development in Scientific
Documentation) ; international travel for science information purposes;
the support of committees and secretariats [U.S. National Committee
5 for the International Federation for Documentation (USNCFID) , the
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Secretariat of the International Association of Technological Libraries
(IATUL),
the International Council of Scientifk Unions Abstracting
Board] ; and staff support for review and monitorship of science information activities of various international organizations.
In support of library services the Foundation provided support for
the development of ( 1) new means of accessto library collection; (2)
an integrated, computer-based, bibliographical data system at the University of Chicago; ( 3) unconventional library catalogs, featuring remote accessfor users; and (4) a centralized processing service for the
acquisition of library materials for Colorado’s academic institutions.
The most recent development in research and studies of a general
science information character has been the implementation of the concept of supporting undirected research at information research centers
established in universities. A third center was established, during fiscal .
year 1967, at Georgia Institute of Technology with two principal
activities:
( 1) Construction of mathematical models for information in
the scientific disciplines; and,
(2) Research on the control of information for problem-solving
and decision making in an academic environment.
In additian,. the F’oti&l~ti~;l; also’ supported individual science information rese&h&s ‘who. tiMed
‘or continued work on ( 1) the use of
machine aidk ‘ih ‘prqCe~i~&“tifck~tion
; (2) the design, development,
test, and evaluation of scientific and technical information systems ; (3)
patterns of communication and information flow in science ‘and technology ; and (4 ) scienceinformation planning and data-gathering studies
(overlap in secondary services, page charges, manpower requirements
in the science information field).
Computer-Based

Bibllographlc

Duta System

The computer-based bibliographic data system at the University of
Chicago, mentioned above, represents an excellent example of Foundation support of library system development. This project proposer to
apply modern computer-based methods to standard library operations
in a prototype system which may have a major impact on the mociernization of library systems all over the country. A sub&x-&al proportion of
the project cost is being assumed by the University, and the Foundation
has now supplemented its initial supporting grant to assist the project
for another 2 years.
The novelty of the project lies in its fitting together a total integrated
system out of assorted data-handling systems for various library operations. Traditionally these operations-bibliographic
processing, catalog
searching, circulation control, and related library service operationsare handled manually. Computerization is expected to increase th& e&
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ciency of these operations by improving the rcspom time in providing
readers with faster, more current, and more accurate access to libresources. The scope and quality of library services will also be expanded
by introducing new services made possible by the capability of the system to process information to fit the specific needs of different groups.
The completed system may have remo’tely located terminals where
questions can be put into the system and answers received immediately.
Computer hardware can be expanded as required to meet increasing
loads of inquiries and changing service requirements.
Beyond the anticipated improvement in speed and efficiency, the
project investigators expect advances in both intellectual and physical
accessto recorded information. Since the system shouldbe economically
feasible for the typical large university library, the results at the University of Chicago should serve as a prototype systemfor other libraries.
Upon completion of the project the University of Chicago will make all
computer programs, their documentation, and other pertinent data available to other interested institutions.
Storage

and Retrieval

System for Nondocumenfafy

Biological

/nformafion

Another interesting project supported by the Foundation, and related
to the use of computer technology in information systems, calls for development of a prototype storage and retrieval system for nondocumentary biological information.
Much of the accumulated information in biology exists in nondocumentary form. It consists instead of preserved specimensin hundreds of
museums, laboratories, etc., along with the host of data associated with
such specimens.
The University of Colorado has undertaken to develop a prototype
system providing for storage and retrieval of this highly specialized information. The end product of this 2-year project will include a working,
computerized file of about 20,000 entries, a set of computer programs
specially adapted to the handling and retrieval of biological information,
and an evaluation of the cost and utility of this type of system for biological information storage and retrieval.
The projected system will provide a demonstration of a means for
organizing and providing accessto a part of this nondocumentary store
of information with the idea that, if the system proves economical, it
can be expanded readily to comprehend any file of specimen data.
The project. will require extensive liaison with holders of large collections of specimens (e.g., the Smithsonian Institution), with those responsible for abstracting and indexing functions in biology, and with
active researchers in biology, particularly taxonomists. The project will
also include a detailed substudy of the costs of programing and coding
SOthat conclusions regarding general adoption can hemade on the basis
of expected cost as well as anticipated utility.
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INTERNATIONAL SCIENCEACTIVITIES
Science is international-reaching
across national boundaries to exchange and acquire knowledge and to merge efforts in the attack on
common problems. The international science activities of the Foundation have three principal aspects : Support of projects to strengthen U.S.
science in programs funded by the Foundation; support of projects to
assist certain foreign countries in developing their scientific capabilities
(funded by the Agency for International Development) ; and international cooperative studies and other activities in conjunction with international science organizations.
STRENGTHENING
Research-Related

U.S. SCIENCE

Support

In its support of basic research in science, the Foundation regularly
cooperates with other nations in broadly based research programs which
are international in scope and character. Examples of such programs
are the Antarctic Research Program and the International Years of the
Quiet Sun. Such programs are undertaken in accordance with international agreements arrived at when important scientific opportunities am
recognized as requiring concerted multinational effort. Foundation support is mainly to academicscientists conducting their own research within
the framework of the agreed-on international program. In terms of men
and money spent, these types of activities comprise the great bulk of
science-related international activities of the Foundation. The results of
these activities are reported under their respective disciplines.
In addition to joint international programs of a specialized nature,
the Foundation also provides funds to U.S. scientists for research which
may be conducted abroad or in collaboration with foreign scientists.
Also, support is given for attendance at international scientific meetings,
science information exchange between cooperating nations, and educational and training programs. Few grants are made to foreign institutions
and only when exceptional conditions justify support to the foreign recipient. (In fiscal year 1967, there were 21 research grants to foreign
institutions totaling approximately $6 17,700.)
Two new research-related international cooperative programs were
established this year. The Governments of India and the United States
signed an agreement on February 14, 1967, for an exchange of scientists

and engineers, and an agreement for a cooperative program in science
between the United States and Italy was concluded on June 19, 1967.
The Foundation, under both agreements, is the implementing or coordinating agency for the U.S. Government.
The United States-India Exchange Program callsfor exchange visits
for periods of 2 weeks to sever-a1months with a tota of 800 man-days per
year for each country. Under the agreement, individual scientists and
engineers are proposed as exchange visitols by the traveler’s home country and selected, with the consent of the host country, on the basis of
potential contributions which may ensue from work in the two countries.
The Exchange Program was initiated in March 1967, and the first
Indian visitor arrived in the United States on April 15 for a ‘l-month
visit.
The United States-Italy agreement provides that thetwo governments
will undertake a broad-range program of scientific cooperation for peaceful purposes. Each government will provide financial support for its respective portion of the program. Activities under this program involve
participation by scientists of both countries and mayinclude exchange
of scientists, pursuit of joint research projects, and seminars to exchange
information. The cooperative program was initiated with three projects
which were approved by the National Science Foundation and the
Italian executive agency, the Consiglio Nazionale delleRieerche. These
are:
1. The Establishment of an International Studium of Molecular
Biology, University of California, Berkeley, and the International
Laboratory of Genetics and Biophysics, Naples;
2. A Cooperative Research and Training Program in Developmental Biology between the Massachusetts Institute of Technology and the University of Palermo; and
3. A Cooperative Research Program between the Istituto di
Medicina Sperimentale (CNR) and Washington University, St.
Louis, on Analysis of a Specific Nerve Growth Factor, its Antiserum and other Specific Growth Factors.
The United States-Japan Cooperative Science Program was established in 196 1 and has been successful in establishingcloser cooperation
in scientific investigations of mutual interest to the two nations. The
program is guided by a joint committee of distinguished scientists from
both countries. This group meets annually to reviewand evaluate the
projects under way and to designate new areas of mutual scientific interest especially suited for cooperative study.
Projects under the program are funded cooperatively, each country
supporting its own scientists. The National ScienceFoundation is the
implementing agency in the United States and worksclosely with Japanese agencies to coordinate activities.
166

There are four types of activities under the program: cooperative xzsearch, visits by scientistsof one country to the other for research or fact
finding in a specific field, scientific meetings, and the exchange of educational materials. During the past year, 16 cooperative research projects
were supported on such topics as Microearthquakes of Tohoku and
Nevada, Blood Macromolecules, Genetic Origins and Bioclimatic
Adaptations of the Japanese Macaque, and the Neurophysiology of
Sleep; under the visiting scientists category, four U.S. scientists spent
approximately a year in Japanese laboratories and nine U.S. scientists
visited Japan for shorter periods of time ; 19 United States-Japan seminars and three meetings to review cooperative research projects were
held, involving approximately 180 United Statesand 245 Japanese scientists; and in the area of educational materials, an exchange of scientific
films was initiated.
Education-Reluted

Supbort

In addition to cooperative research projects, contacts between the
American and foreign scientific communities are maintained through
fellowship and exchangeprograms.
Contacts between individual American and foreign scientists are encouraged and supported through fellowship and exchange programs. Of
the 2,915 fellowships awarded in fiscal year 1967 to U.S. citizens, 168
provided for tenure at a foreign institution. Forty-five U.S. citizens
received Foundation-administered North Atlantic Treaty Organization
Postdoctoral Fellowships for study for periods of 6 to 12 months in institutions of NATO nations or other cooperating countries. In fiscal year
1967 the NATO SeniorFellowships in Science Program was inaugurated
and administered for U.S. citizens ‘by the Foundation, and 20 individuals
received these awards. The primary objective of this proearn is to enable
U.S. universities and nonprofit scientific research institutions to send
senior staff members to study new scientific techniques and developments
for short terms ( l-3 months) at research and educational institutions in
other NATO nations or in countries that cooperate with NATO. Under
the NSF Senior Foreign Scientist Fellowship Program, provision was
made for 56 American institutions to be visited by that number of
eminent foreign scholars.
Travel grants were provided to 72 young American scientists for attendance at 40 Advanced Study Institutes sponsored by NATO. In
addition, travel grants were made to eight American scientists to visit
locations abroad, principally for the purpose of participating in international meetings related to science education.
The Foundation supportsindividtial exchangeswith the Soviet Union,
Czechoslovakia, Poland, Romania, and Yugoslavia. These exchanges are
administered by the National Academy of Sciencesin this country and
bY counterpart organizations in the respective foreign countries; they
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Table 13.nU.S.S.R. und East European Exchunge of Scfentisfs Program,
Number
and Duration of Individual
Visifs lnitiafed July I, 1966
June 30,1967
American
Scientists
Number

Duration
(manmonths)

Foreign
Scientists
Number

Duration
(manmonths)

East Europe :
Lecture and survey visits. .
Research visits. . . . . . . . . .

12
3

12
16

4
5

5
45

Total, , . . . . , . . , , , . . . . .

15

28

9

50

Soviet Union :
Lecture and survey visits. .
Research visits. . . . . . . . . .

12
11

12
82

11
12

12
73

Total. . . . . . . . . .

23

94

23

85

24
14

24
98

15
17

17
118

38

122

32

135

..

Grand total:
Lecture and survey visits.
Research visits. . . . . . . . .
Grand total. . . . . . . . .

are conducted under terms of written agreements or understandings between the National Academy and its foreign counterparts. The agreement with the Soviet Academy is biennially renewedand is incorporated
within the exchange agreements between the two governments. Memoranda of Understanding were exchanged between the National Academy
of Sciences and its four East European counterparts and were confirmed
between January and July 1966. Negotiations havealso been conducted
with the Hungarian Academy, and initiation of exchanges is anticipated
in 1968. In these exchanges, scientists receive international travel sup
port and stipends from their home countries, and local travel and per
diem from the host countries.
DEVELOPMENT

ASSISTANCE

PROGRAMS

There is much interest abroad in the significant advances which have
been made in science education in the United States.However, educational methods and content cannot be exported intact for use on arrivd.
To ease the transition, the Foundation has worked closely with the Agency
for International Development (AID), to assistdeveloping countries in
their efforts to improve their educational programs in science. From the
U.S. experience in this area, supported in part by the Foundation, new
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materials in courSe content development and teacher training are being
adapted to local foreign needsand conditions.
In&.-The
international science activities of the Foundation were
highlighted this year by the implementation of a project initially undertaken in March 1966.The Agency for International Development (AID)
asked the National ScienceFoundation to assistin the formulation and
administration of anAID-financed cooperative program for the improvement of science education in India. The 1967 Summer Institutes in India
for College and Secondary Teachers composed the thrust of the new
program this year. A total of 172 consultants was selected by the National Science Foundation from 898 candidates. One hundred sixtythree served in 100 institutes, three as short-term supervisors in the New
Delhi Office of the Foundation and six as visiting lecturers.
The concept for the program grew out of a seriesof summer institutes
for collegesand secondaryschool teachers which had been supported aby
AID and the Government of India for the previous4 years. On the basis
of this experience, it was decided that the minimum duration of the
program should be 5 years and that within this period the main elements
of the binational effort would consist of :
1. Further training in both subject matter and methods for school
and college scienceteachers and the provision of supporting services to them ;
2. Creation, adaptation, production, introduction and distribution of improved instructional materials, devices and methods, and
the development and testing of modem courses and curricula at
school and collegelevels; and
3. Development of improved instructional programs of schools
and colleges which will reflect the best of current practices, and
which shall provide for faculty and facility development, and for
special attention to gifted students.
Latin America. -Under a Participating Agency Service Agreement
with AID, the Foundation in 1963 initiated a scienceeducation improvement program with the five national universities of Central America
(Costa Rica, Nicaragua, Honduras, El Salvador, and Guatemala). These
universities, joined in November 1966 by the national university of
Panama, are grouped in a regional association called the Superior Council of Central American Universities (CSUCA) , with which the Foundation works directly.
During the year, staff training of Central American university profesSorSof Biology, Chemistry, Physics, and Mathematics continued to be a
principal activity of th NSF/AID program. Sevenin-service seminars of
3 to 6 weeks duration were held with a total participation of more than
150 staff members. In addition, 11 professors from the national universities were in academic-year programs in the United States and Puerto
Rico.
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To conduct the in-service seminars and to offer advisory services on
curriculum planning and other aspects of science education, the
NSF/AID program maintained a small scientific and administrative staff
in San Jose,Costa Rica. These persons were availablefor service throughout the Central America-Panama area.
INTERNATIONAL

,

:,‘P
i;
rf

International nongovernmental scientific organizations, through sponsorship of international meetings and conferences,provide a forum for
scientists from all over the world to gather for the exchange of research
results, papers, and new ideas, activities which are vitally necessary to
the work of scientists. Because of the worldwide expansion of scientific
effort and the broader extent of scientific problems to be solved, these
organizations are also needed as a means for cqordination and interaction
in international scientific activities. The Foundation provides support for
the participation of U.S. scientists involved in 25 or so nongovernmental
international scientific organizations. This support is channeled principally through the National Academy of Sciences,which, as the United
States adherent to most of these international organization (such as the
International Council of Scientific Unions and the,Pacific Science Association) , establishes representative U.S. committees.
Some international governmental institutions, such as the Organization for Economic Cooperation and Development (OECD)
and
UNESCO, have significant scientific components in their overall program. From time to time U.S. agencies, including NSF, are cooperatively
involved with these organizations in activities of a scientific nature. As
appropriate, the Foundation coordinates U.S. participation in OECD
scientific activities in cooperation with the Department of State.
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SCIENCE POLICY PLANNING
One of the responsibilities specifically assigned to the Foundation is
that of developing a national policy for the promotion of basic research
and education in the sciences. Responsibility for advising the President
in achieving coordinated Federal policies toward this end rests with the
Director of the Office of Science and Technology (OST). In practice,
the Foundation and OST constitute a team in which the Foundation
assembles and analyzes data on all aspects of the national science effort
in both the governmental and private sectors, and generates program
and policy recommendations bearing on the total effort as well as on
the Foundation’s internal programs. OST uses these data and recommendations as a resourcein developing its own plans with regard to the
total Federal effort.
In planning the national effort it is useful to distinguish between
several qualitatively distinct -types of purpose which science serves, since
the methods which must he yti$ed,iri a&es&g the needs and effectiveness
of individual programs differ markedly depending upon the purpose.
These major purposes (among others) may be cited :
1. Pr&l;;‘&ion of new knowledge and understanding of all aspects 01’ &c$ s&&l ‘and nititerial world”’ as an intellectual resource;
2. Provision of all the instrumentalities necessary for the scientific and engineering education of the Nation’s labor force;
3. Provision of the basic scientific and engineering knowledge
required for the solution of the Nation’s economic and social
problems.
In its efforts to develop data and to propose plans and policies relating to national science activities the Foundation not only utilizes its own
staff, but also depends heavily upon studies (which it sponsors in part
or in whole) by expert groups in other Federal agencies, in universities,
other nonprofit organizations, and private industry. More than 100
major studies were completed or in progress during fiscal year 1967. In
order to convey some idea of their nature, a few are described in the
following sections. They are grouped according to the principal purpose
(listed above) served by the activity under study.
The Foundation is also responsible for formulation of long-range plans
for its own programs and for the evaluation of its current programs.
Since the Foundation is the only Federal agency with responsibility for
the development of scienceas an intellectual resource in its own right, a

171

continuing effort is made to determine whether the Foundation’s own
activities are properly directed toward the achievement of this objective.
The first step in doing this is to determine national needs, then to estimal
the support which will be provided from other governmental and privai
sources, and finally to evaluate and plan for the Foundation’s operatior
so that the best combined national effort will result. The annual Program
Planning and Budgeting activity of the Foundation is conducted alon
these lines. Detailed analyses and projections for individual program
requirements are carried out in the appropriate program organization
and general statistical data are then utilized in integrating the individu:
plans into a consistent whole.
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One of the most complex and difficult aspects of planning scientifi
activities involves decisions on how much investment should he made i
major (and expensive) scientific investigations. Traditionally, this ha
been done by obtaining the opinions of eminent scientists in variou
fields of science on worthwhile proposals for scientific research. Cornpe
tition for limited Federal resources has intensified because of new prc
posals for scientific, social and other governmental programs, as well a
the increased costs of on-going programs. As a result, the problem c
apportionment of available funds to the various scientific areas of investi
gation has become more acute. For this reason, the National Scienc
Foundation increasingly in the last few years has sought advice on thi
subject from the Committee on Science and Public Policy (COSPUP
of the National Academy of Sciences. It would be fair to say that th
influence of this Committee also goes beyond the National Scienc
Foundation and is proving very useful to other parts of the executiv
branch of the Government as well as to the legislative branch.
COSPUP, which is principally supported by the Foundation, ha
since 1963 provided policy review and counsel on behalf of the Presiden
of the Academy for reports to the Federal Government prepared b
working groups of the Academy and National Research Council. OnI
such report on plant sciences was published in fiscal year 1967. Note
worthy among its recommendations to Federal granting agencies wer
that :
1. The annual level of general support of plant science researcl
be increased by a factor of 2 to 3 between 1965 and 1975;
2. $135 million be provided during this period for graduate ant
postdoctoral training costs;
3. Special projects and facilities needed to exploit recent ad
vances in the plant sciences require $411 million; and
4. New building costs of $65 million be supported.
1172
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Analyses and recommendations of this type, when combined with the
results of similar COSPUP studies already made in the areas of astronomy, chemistry, physics and digital computers, and with studies currently under way in the areas of mathematics, the life sciences,and social
and behavioral sciences,should form a reasonably homogeneous spectrum
of informed opinion against which to assessFederal support policies. In
addition to providing guidance bearing on the intellectual merit of the
various fields of science,these studies also estimate manpower growth
potential, and comment on the actual and potential contribution of each
field to national purposesexternal to science itself.
The COSPUP studiesmight be described as systematic efforts to obtain and organize expert opinion in a conventional fashion. In a less
conventional vein the Foundation is supporting two experimental investigations by Abt Associatesand the Rand Corp. in an effort to ascertain whether any practical analytic methods of asses&g proposed science support programs exist which can be used in conjunction with the
use of expert opinion. Is it possible to evaluate the merit of a research
finding quantitatively in terms of the numbers of other research inquiries to which it is likely to make a contribution? Going one step
further can one find statistical measures of the merit of whole fklds of
research or of a proposed new research project? In view of the magnitude and importance ‘of overall Federal science support and the very
large amounts of time senior scientists currently spend in the evaluation
of proposed programs and projects, any new analytical aids to the process
would be most welcome. They might also constitute a step in the direction of the quantitative measurement of effectiveness envisaged in
the Program Planning and Budgeting procedures.
SCIENCE

EDUCATION

AND

THE DEVELOPMENT

OF SCIENTIFIC

AND TECHNICAL MANPOWER
National scientific and engineering manpower requirements during
the next 5 to 10 years have been the subject of two recent studies. With
partial support from the Foundation, the Bureau of Labor Statistics
has projected to 1975 the scientific, engineering, and technical manpower
level required to maintain the economy at a high level of total employment. Concurrently, the Foundation has studied the science and engineering staff needs at institutions of higher education for the period
1965-75. Th ese studies indicate that during the next 10 years institutions of higher education may have to hire a larger fraction of the
country’s new doctorates than in the recent past in order to meet their
staffing needs. Currently they hire about half the output.
Assuming that it would he a desirable national goal to provide the
institutional resources nece
to train these doctorates, the Foundaion has tended to direct much of its planning effort toward assaying the
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means and costs of achieving this goal. For example,it has been
mated that approximately $300 million is being expended annuall
the construction of facilities for graduate education and research in tl:
sciences and engineering (exclusive of the medical sciences), of whit
approximately one-third is provided by the FederalGovernment. 1
order to provide the additional facilities required to meet increasir
student load, the annual national investment would have to be &rem
by $150 million.
Following the same economic-demographic approach it is possib
to estimate the rate of increase in direct graduate student suppo~
graduate faculty salary support, and support for other components (
the total cost of the research training of doctoral students.Such comput
tions are tending to become one of the principal bases for estimatir
long-range national needs in many areas of support for science in whit
the Foundation has responsibility. Continuing effortswill be necessal
to ascertain and measure social and economic parametexxwhich can t
used to measure the cost and effectiveness of Federalprograms.
Almost of necessity most long-range plans for national developmel
of well-established institutions tend to be based onprojections of preset
day ideas of what constitute optimum management parameters. In tt
case of higher education, these include such numbersas student-fact&
ratios, relative faculty effort devoted to teaching versus research, ratio
of numbers of undergraduate to graduate studentson a well-roundc
university campus, and similar factors. New and hopefully better COI
cepts and methods are being constantly developedby the institution
themselves. This process should not only be encouraged,but to the extel
possible long-range plans should attempt to anticipate the adoption (
promising innovations. Another type of external influence which is difl
cult to predict with accuracy, but to which Federalplans must be ac
justed, is found in the long-range plans of State university systems an
of major private institutions themselves. In an effortto obtain a reason:
bly comprehensive picture of innovative trends and of local universi
planning, the Foundation has joined with the Officeof Education and tl
National Institutes of Health in supporting a surveyof planning an
innovative activities at a selected group of morethan one hundn
institutions. This study is being carried out underthe auspices of tt
Academy for Educational Development.
A trend of particular interest is the very rapid growth in the numbs
of postdoctoral appointments at U.S. institutions. The number of sue
fellows is estimated now to be in excess of 12,000,and the cost of the
activities may exceed $200 million annually. This situation is bein
intensively studied by a group at the National Academy of Sciences wit
support from the Foundation and other public andprivate sources.
In consonance with recent Presidential directives, an effort is bein
made to assess the impact of science, and to survey science-relate
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activities, at the State and local levels of government. One of the objectives is to improve the exchange of information and useful experience
between interested State, regional, and local groups. As a part of this
activity, a major study is being supported at Michigan State University
on the impact of Federally supported research programs on State colleges
and universities in Michigan.

SCIENCE FOR THE SOLUTION
OF SOCIAL AND ECONOMIC
PROBLEMS
While the Foundation’s principal responsibilities lie in the area of
non-mission-related basic research and education, increased attention is
directed to studies of the manner in which, in the long run, basic research
and education contribute to the country’s social and economic well-being.
As part of a continuing contribution to the data base upon which national planning for researchand development is carried out, five specific
Foundation efforts may he mentioned :
1. The publication of the 15th annual “Survey of Federal Funds
for Research, Development and Other Scientific Activities” [total
R. & D. Federal funds obligated in fiscal year 1965 were $14.6
billion) ;
2. The publication of a study of the “Geographic Distribution of
Federal Funds for Research and Development” (in fkcal yeas
1965,72 percent of Federal R. & D. funds were obligated in the 10
leading States; the same 10 States provided 40 percent of all State
and local funds for academic R. & D. and 60 percent of all State
and local funds for State agencies R. & D.) ;
3. A study of State government expenditures for R. 81 D. (in
fiscal year 1965 total expenditures at other than educational institutions totaled $88 million, of which about half were made by the
five leading States) ;
4. A study of R. & D. expenditures at nonprofit organizations,
other than educational institutions (a total of $610 million in fiscal
year 1964) ;
5. The publication of a study of “National Patterns of R. & D.
Resources, 1953-68,” including funds and manpower (an estimated
total of $22.2 billion was expended by all performers in fiscal year
1966 of which the largest component is $15.4 billion performed by
industry).
Indirectly through its support of the National Academy of Sciences’
Committee on Science and Public Policy (COSPUP) , the Foundation
helps make available to the public informed advice on problems of
applied research and development. A report recently issued by COSPUP
(with special support from the Committee on Science and Astronautics
of the U.S. House of Representatives) entitled “Applied Science ax@
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Technological Progress” has made a searching inquiry into this subjec
One observation made in the report which has a direct hearing on Feder
R. & D. policies is that “the most important invention in the pursuit
modern (asopposed to older) applied science is the big mission-orient1

industrial or government laboratory.”
Another

source of advice on R. & D. pertaining

to social and econom

problems is the recently constituted Committee on Public Engineeri]
Policy of the National Academy of Engineering. Partial support of tl
activities of this committee is being provided by the Foundation. One
the tasks of the committee will be to conduct surveysof the engineeri
needs of the United States, and in particular to evaluate technical a.r
manpower resources in a manner similar to that in which COSPUP h
evaluated scienceneeds and resources.
In the area of the development of marine resourcesand engineer%
the Foundation has been assigned a mission-related responsibility, name
the support of Sea-Grant Colleges and Programs. The purpose of the
efforts is to help produce the skilled manpower, facilities, and equipme
necessary for the exploitation of marine resoures. As an aid to plannil
this program, the Foundation is supporting a study by the Nation
Planning Association of methods of government-business cooperation
the field of oceanics, including an analysis of current private enterpi%
in oceanics and the factors which govern their successor failure. Co
currently, an inhouse staff study is in progress to estimatethe existing aI
projected manpower needs.
In and of themselves, many of the planning activities of the Found
tion may be regarded as being in the domain of socialscience. Extensi
data collection and analysis represent a contribution to the national effc
to develop systems of economic and social indicators. Since these effol
should be undertaken with a good understanding of the sciences ther
selves, the Planning organization attempts to maintain a staff havil
professional competence in all the science areas.
Organization

In terms of staff effort, the major portion of Foundation planning
devoted to the collection and analysis of data, primarily of a statistic
nature. This function is performed by the Office of Economic and Ma.
power Studies. With the accumulation
of ever-expanding quantities
information, increasing attention is being given to the storage and pro
essing of data, a responsibility which has been assigned to the new
formed Office of Data Management Systems, which, among other r
sponsibilities, also handles the Foundation’s own data processing oper
tions. Studies of specific policy issues and formulation of plans 5
science both of a national character and pertaining to the Foundatior
own programs are carried out by the recently constituted Office
Planning and Policy Studies.
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