T Jsi

ational Science Foundation Annual Report 196q

NSF 70-1







National Science Foundation

Nineteenth Annual Report for the Fiscal Year Ended June 30, 1969




Letter of
Transmittal

Washington, D.C.

DEearR MR. PRESIDENT:

I have the honor to transmit herewith the
Annual Report for Fiscal Year

1969 of the National Science Foundation
for submission to the Congress

as required by the National Science
Foundation Act of 1950.

Respectfully,

W. D. McELroy
Director, National Science Foundation.

The Honorable
T'he President of the United States.

U.S. GOVERNMENT PRINTING OFFICE
WASHINGTON : 1969




Contents

Letter of Transmittal
Foreword [
Introduction and Summary 2
Research Support Activities 10
Mathematical and Physical Sciences 13
Chemistry 13
Physics 18
Astronomy 22
Kitt Peak National Observatory 22
Cerro Tololo Inter-American
Observatory 26
National Radio Astronomy
Observatory 27
Mathematics 37
Biological and Medical Sciences 33
International Biological Program 33
Environmental Sciences 38
The United States Antarctic Research
Program 38
Atmospheric Sciences 4/
National Center for Atmospheric
Research 47
Weather Modification 44
Global Atmospheric Research

Program 46
Meteorology 48
Aeronomy 50

Solar-Terrestrial Research 57
Oceanography 53
National Ocean Sediment Coring
Program 53
Earth Sciences 58
Engineering 67
Social Sciences 64
Science Education 68
Graduate Education in Science 70
Graduate Traineeships 77
Graduate Fellowships 77
Fellowships for Advanced Scholars in
Science 72
Advanced Science Education Activities 72
Undergraduate Education in Science 73
College Teacher Programs 73
Instructional Improvement 75
Pre-Service Teacher Education 76
Special Projects for Undergraduate
Education 77
Pre-College Education in Science 78
Improvement of Instructional Materials 78
Cooperation in School System
Improvement 79
Activities for Secondary School Students 80
Pre-College Teacher Education Activities 80




Contents, cont.

Special Projects in Pre-College Education
in Science 83
Public Understanding of Science 83
Institutional Programs 84
Institutional Grants for Science 85
Graduate Science Facilities 86
Science Development 87
University Science Development 87
Departmental Science Development 88
College Science Improvement 90
Computing Activities in Education and Research 97
Computing Services 97
Education and Training Activities 93
Sea Grant Programs 96
Institutional Support Program 97
Project Support Program 97
Science Information 98
Information Systems Development 99
Operational Support for Services and Publica-
tions 100
Research and Development 700
Planning, Coordination, and Cooperation 10/
International Science Activities 103
Research and Education Programs 104
International Bilateral Programs 105
Exchange of Scientists with the U.S.S.R. and East
European Countries 106
International Nongovernmental Scientific
Organizations 706
Development Assistance Programs 706
Science Planning and Policy Studies 107
Studies of Policy Issues 707
Development of Basic Tools for Science Planning
and Policy Formulation 109
Development of National Science Policy Study
and Planning Capability 171
Appendices
A. National Science Board, Special Commission,
Advisory Committees and Panels 1774
B. Financial Report for Fiscal Year 1969 127
C. Patents Resulting from Activities Supported by
the National Science Foundation 128
D. National Science Foundation-Supported
Scientific Conferences, Symposia, and
Advanced Science Seminars Held During
Fiscal Year 1969 129
E. Publications of the National Science Founda-
tion, Fiscal Year 1969 134
Glossary 135




Foreword

This 19th Annual Report of the National Science
Foundation presents an account of major activities
conducted during fiscal year 1969. The operations
described were carried out under the leadership

of Dr. Leland J. Haworth who completed his 6-year

term as Director of the Foundation on June 30, 1969.

In assuming responsibility as successor to Dr. Haworth,
and mindful of the considerable progress that has

gone before, I am at the same time acutely aware of

the size of challenge we will face in the years
immediately ahead. In our proper concern for the
quality of human life, both material and intellectual,

it is clear that the sciences represent an essential
component of the national endeavor which must receive
recognition and support from all elements of our society.

As a nation we have become enriched by the bounty

of science, and there is no doubt that the material
dimensions of our society will continue to be enhanced
in the future. But in addition to the enjoyment of all
these things, we must look to science as well for the skills
and wisdom that will enable us to bring man into
harmony with his environment.

We recognize that our social relationships and
institutions are undergoing more profound and more
rapid change than at any time in the history of man,
much of which is due to the accomplishments of
science. But we are beginning to learn, too, that
change without basic understanding can distort our
aspirations. For this reason it is clear that in the
national interest we must persevere in mobilizing the
capabilities of all the sciences so that the worthy goal
of a good and fruitful life for all our citizens can

be attained.

W. D. McErroy
Director, National Science Foundation




Introduction
and Summary
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The period covered by this report,
fiscal year 1969, saw U.S. science ad-
justing to many external and internal
challenges. The response to the intel-
lectual challenge was as vigorous as
ever. At the microscopic level of the
universe, important new discoveries
in the biological sciences provided
new information on the complex
mechanisms of living systems and on
the interaction of life with its en-
vironment. Macroscopically, major
new observations in radio astronomy
revealed new facts about novel types
of cosmological bodies, and in astro-
physics demonstrated new mecha-
nisms of gravitational energy transfer.

Clearly the unraveling of the mys-
teries of the universe was proceeding
without hesitation. Yet the scientific
community was faced with serious is-
sues and operational difficulties. Stu-
dents and scientists examined on an
increasingly active scale real or ap-
parent ethical problems related to
different types of research activity.
Participants in the scientific process
as well as other members of society—
the ultimate recipient of the benefits
stemming from the process—dis-
cussed the degree of relevancy of
various types of scientific activities.
Growing concern was expressed about
the effects, frequently still unknown,
of scientific and technological prog-
ress, Undoubtedly, this more inten-
sive examination of one of the key
components of modern American life
is healthy for the dynamic evolution
of our society. Hopefully, it will lead
to a deeper understanding of the role
of science and the scientist in our
rapidly changing world. However,
this appraisal was accompanied by
operational impediments which, while
sometimes inevitable in view of
present problems, could produce
long-term adverse effects. Total na-
tional support of research and devel-
opment slowed down and Federal
funding of academic science and basic
research remained static, therefore
supporting only smaller levels of ac-
tivity. Overall, it became increasingly
evident that science and the univer-

sities are in a period of changing at-
titudes, and, as a result, new and im-
portant challenges.

A number of important develop-
ments, some related to these national
trends, occurred in fiscal year 1969
and affected both the organization
and programs of the National Sci-
ence Foundation. A new director,
Dr. William D. McElroy, was desig-
nated by the President for a 6-year
term beginning in fiscal year 1970;
first steps were taken toward imple-
mentation of Public Law 90-407, the
1968 congressional legislation which
amended the National Science Foun-
dation Act of 1950 and made a num-
ber of significant changes in the
Foundation’s structure and respon-
sibilities; funding adjustments were
made by NSF to enable it to operate
as effectively as possible within the
framework of limited fiscal year 1969
congressional appropriations and the
requirements of the Revenue and Ex-
penditure Control Act of 1968 which
placed expenditure restrictions on all
Federal agencies. These and other
significant events of the year are
summarized below.

JNew National Science
Foundation Legislation

On July 18, 1968, the President
signed Public Law 90-407 which
amended the National Science Foun-
dation Act of 1950. A number of
major changes were effected by the
new legislation: (1) alterations were
made in the organizational structure
of the Foundation and in the respon-
sibilities and duties of the National
Science Board and the Director;
(2) increased emphasis was placed
on applied research, social science
activities, programs dealing with
computers, and international cooper-
ation; (3) the Foundation is required
to receive an annual authorization
from Congress for its appropriations;
(4) the Foundation is to submit an-
nually (in addition to the annual re-




port of the Foundation) to Congress
two other reports—one, an analysis
by the National Science Board of the
status and health of U.S. science and
its various disciplines, the other, an
analytical documentation of the total
amount of support for research activ-
ity received by each college and uni-
versity or other nonprofit institution
from each Federal agency.

A number of steps were taken by
the Foundation during the past year
to carry out the new Act.

NaTioNAL SciENCE BoAarRD ANNUAL
REeporT.—The first annual report of
the National Science Board was for-
warded to the Congress, via the
President, on February 18, 1969. The
report, “Toward a Public Policy for
Graduate Education in the Sciences,”
together with its companion volume,
“Graduate Education: Parameters
for Public Policy,” examines the
circumstances that will characterize
graduate education between now and
1980.

In addition to noting that graduate
enrollments will probably double, re-
sulting in a cost of $20 billion an-
nually by the end of the next decade,
the following conclusions and recom-
mendations were made:

“% * % gubstantially increased

\ funding from the Federal Govern-
ment, unrelated to the present pe-
riod of budgetary retrenchment,
will be required if these institutions
are to meet the expectations of
American society.

“The markedly increased demand
for graduate education expected in
the next decade could be satisfied
entirely by selective expansion of
the programs of institutions already
engaged in graduate education.
However, each State and each met-
ropolitan area with a population
in excess of 500,000 should have
graduate educational resources
of high quality and of sufficient
capacity to ensure full contribution

to cultural, social, and economic
development.

“Encouragement should be given
to the development of multidisci-
plinary graduate programs at both
the master’s and doctoral levels,
adapted to the problems of a
changing society, combining vari-
ous of the natural, social, and engi-
neering sciences, and, when ap-
propriate, leading to the award of
new types of advanced professional
degrees, designed for the prepara-
tion of practitioners rather than
research-oriented specialists.

——

———

“Institutions moving for the first
time into graduate work, either at
the level of the master’s or doctoral
degrees, as well as those consider-
ing the formation of additional
graduate programs, should base
their decision on strong academic
departments, already in existence,
and on the availability of adequate
resources to be committed to the
graduate program.

“Academic research at the fron-
tiers of knowledge, in its own right,
is certainly in the national interest.
It is, however, inseparable from the
process of graduate education. For
this reason, although research
grants and contracts have played
a unique role in bringing U.S. sci-
ence to its present eminence, a
major restructuring of the instru-
ments of Federal support of gradu-
ate education is both timely and
necessary for the major expansion
expected in the next decade.”

The report also recommended that
“there be inaugurated a substantial
program of institutional sustaining
grants.” Noting that the present pat-
tern of research grants may be too
restrictive to meet new challenges,
the Board recommended that grants
in support of science be channeled
directly to institutions of higher learn-
ing and departments within them “to
help support salaries and stipends,
research facilities and libraries and
other general operating expenses.”

|
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Six specific types of grant programs
were recommended.

The second annual report of the
National Science Board is currently
being prepared and will deal with the
physical sciences.

AuTtHORIZATION HEARINGS.—In ac-
cord with the new legislation, the
Foundation’s first authorization hear-
ings were held in March 1969
before the Subcommittee on Science,
Research, and Development of the
House Committee on Science and As-
tronautics. Congressman Emilio Q.
Daddario was chairman for these
hearings which lasted nine days. Dur-
ing this time the subcommittee was
presented with a comprehensive re-
view of the scope of Foundation pro-
grams designed to strengthen the
Nation’s capabilities in scientific
activities.

The hearings before the special sub-
committee on the National Science
Foundation of the Senate Committee
on Labor and Public Welfare took
place in May 1969 with Senator Ed-
ward M. Kennedy as chairman of
the subcommittee.

The President had requested a
budget of $500 million for the Foun-
dation. Of this amount $10 million
requested for the Sea Grant Program
required authorization by the House
Committee on Merchant Marine and
Fisheries and the Senate Committee
on Labor and Public Welfare. The
Sea Grant authorization was made
for a total of $15 million. Acting upon
the recommendations of the House
committee concerned with the au-
thorization of the remaining $490
million of the Presidential budget
request, the House authorized appro-
priations of $478 million for the
Foundation for fiscal year 1970. The
Senate authorization committee rec-
ommended $487 million for fiscal
year 1970. Both bills would allow an
additional $3 million for foreign cur-
rencies. At this writing final congres-
sional action has not been taken on
the Foundation’s authorization bill.
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AprpLIED RESEARCH.—In response to
the legislative change which made
possible applied research support, the
Foundation studied possible means of
implementing such programs. These
assessments were undertaken to deter-
mine the mechanisms by which the
Foundation could best serve national
scientific needs through its support of
applied research. The resultant con-
clusions and the Foundation’s present
position on its role in applied research
undertakings were summarized in
written material prepared for the
House authorization hearings. This
'material points out the difficulty in
attempting to distinguish sharply
between basic and applied research.
In considering new or expanded
proposals for scientific research, in
view of its authority to support ap-
plied research, the Foundation has
adopted the following guidelines:

(a) Proposals must be for scientific
research projects which will add to
our store of generally useful
knowledge.

(b) In making grants to universi-
ties and colleges, the Foundation
will give preference to proposals
for research activities which consti-
tute an integral part of the nor-
mal academic program of the
institution.

(c) Applied research which is
clearly within the jurisdiction of
other agencies will not normally be
supported.

(d) Criteria for judging projects
involving applied research will in-
clude: (1) scientific excellence,
and (2) potential relevance to the
solution of important practical
problems.

(e) Proposals for research requir-
ing security classification will not
be supported.

(f) The Foundation, in its general
support of research, will continue to
emphasize the importance of scien-
tific research which contributes to

} the training of scientists and engi-
neers. Hence, support to nonprofit
institutions not directly involved in
academic research at the graduate
level will continue to be strictly
limited.
The Foundation proposes to support
interdisciplinary research on critical
societal problems, research which will
involve activity in both the basic and
applied ends of the spectrum. It is also
studying the possibility of supporting,
at academic and other nonprofit insti-
tutions, separately funded and man-
aged applied research programs in
special preselected subject areas.

AnNNuAL REPORT ON FEDERAL Sup-
PORT OF SCIENTIFIC RESEARCH.—
Data for the first annual report to
Congress on financial support re-
ceived from each Federal agency by
academic and nonprofit institutions
have been collected and are presently
in the process of being tabulated and
analyzed. The report will be published
in fiscal year 1970.

Financial Summary

For fiscal year 1969 Congress ap-
propriated $400 million for National
Science Foundation operations, a de-
crease of about 20 percent compared
with the fiscal year 1968 appropria-
tion of $495 million. The following
chart shows congressional funding
patterns for NSF since fiscal year
1959. It is significant to note that
during a period of increasing student
enrollments, and at a time of growing
awareness of the role of science in con-
tributing toward the solution of
critical problems, appropriations for
Foundation activities have first
leveled off and then dropped. At this
writing, the House of Representatives
has passed appropriations for fiscal
year 1970 totaling $420 million.

Actual obligations by the Founda-
tion in fiscal year 1969 totaled $433
million,' a decrease of about 15 per-

1This obligational amount consists of the
$400 million congressional appropriation plus
recoveries and unobligated balances from
previous years.
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cent compared with fiscal year 1968
(see table 1). The decrease in the
actual level of activities supported by
NSF was even larger, about 20 per-
cent, because the costs of these ac-
tivities increased between 4—7 percent
due to inflationary and increased
complexity of research factors.

The fiscal year 1969 reductions in
obligations were reflected through
lower levels of funding in all major
Foundation programs with the excep-
tion of the research project support
program for which obligations in-
creased slightly, about four percent
during the year. The most severe re-
ductions were experienced by the
Foundation’s facility programs; in fis-
cal year 1969 NSF obligations for
science facilities were less than half
of the fiscal year 1968 level.

Federal obligations for academic
science remained at the same level in
both fiscal year 1968 and fiscal year
1969 ($2.3 billion) while NSF sup-
port for this purpose dropped by 14
percent, from $423 to about $364 mil-
lion. Moreover, total Federal obliga-
tions for basic research at universities
and colleges also present a static pic-
ture over the 2-year period (about
$800 million each year) while NSF
support declined by 6 percent be-

tween fiscal year 1968 and fiscal year
1969.

Foundation obligations for fiscal
years 1968 and 1969 are shown in
table 2 according to field of science.
The Foundation’s scientific research
awards are made according to field
of science. However, other NSF
awards, such as those for computer
activities or science education, are
generally not made on a predeter-
mined disciplinary basis, but relate to
the primary objective of the specific
Foundation program involved.

Table 2 shows that the overall drop
in fiscal year 1969 NSF obligations is
reflected in almost all fields receiving

. Foundation support. In absolute
terms only the social sciences and
engineering maintained the previous
year’s level and the sharpest declines
occurred in the support of the life sci-
ences and the earth sciences, a de-
crease largely associated with the
considerably lower obligational level
of the Foundation’s institutional sup-
port programs. On a relative basis,
each discipline’s share of total Foun-
dation funds was approximately the
same in both fiscal year 1968 and fis-
cal year 1969.

Although the total amount obli-
gated by the Foundation in fiscal year

~——

Table 1
Obligations of the National Science Foundation
Fiscal Years 1968 and 1969

(Dollars in millions)

Fiscal year 1968 Fiscal year 1969
Amount | Percent | Amount Percent
Scientific research. .. .. 7 47 $225 52
Science education. ... ... eeeeeeeaaaan 125 25 107 25
Institutional support of science...._.___...._. 83 16 246 11
Computer activities in education and research. 22 4 17 4
%7’ ‘?m "'3"'.'-'“"( dies. .. g 0] ) g 0) :
anning an studies...............
Scionce‘mformp:ll'g: activities. . ___ 14 3 11 3
International science activities. . ... ... ... ... 1 (O] 2 O]
Program development an g " SOOI F T i 15 3 16 4
Total obligations_ ...l 505 100 433 100

1 Less than 1 percent,

2 Part of the 1969 decrease in this program relates to the Foundation's decision to change the formula used for the institu-
tional grants from an NSF to a Federal base and, in order to obtain the relevant data from other agencies, fiscal year 1969

awards for this purpose were deferred until early fiscal

year 1
Note.—Detail may not add to totals due to rounding.

ee p. 85 for further discussion.) Thus while approx-

u ear 1970. (St
imately $14 milrion was obligated in fiscal year 1968 for Ynstitutional Lnnts, no such awards at all were made during fiscal
;69. (Institutional grants constitute one program of the Foundat

ns overall institutional support activity.)
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1969 was significantly lower than in
1968, the total number of grants and
contracts awarded was not reduced.
In fiscal year 1969 the Foundation
awarded a total of 8,400 grants and
contracts, slightly more than were
awarded during the previous fiscal
year (8,274).* Thus, on the average

the size of each award was smaller in

fiscal year 1969 than in 1968. Based

~on total proposals processed, 42 per-

cent of the proposals had to be de-
clined or were withdrawn by the
applicant. Furthermore, of the pro-
posals accepted for award, only 50
percent of the funds requested could
be made available.

Budgetary restrictions  affected
Foundation operations in yet another
way. The Revenue and Expenditure
Control Act of 1968 called for a re-
duction of expenditures by all Execu-
tive departments and agencies in fis-
cal year 1969. To achieve this
reduction, the bill imposed a legal
limitation on expenditures made dur-
ing the year. In line with this require-
ment the President set an upper
limit, on an agency-by-agency basis,
on the amount that could be ex-
pended in fiscal year 1969. The im-
pact of expenditure limitations was
especially severe on the Foundation
because it has no direct, massive pro-
curement or operational programs to
absorb the reduction. As a result, this
action had severe consequences be-
cause many of the NSF university
commitments are of a long-term
character, and in most cases the
planned expenditures were based on
obligational authority made well
before fiscal year 1969.

After extensive review, the Foun-
dation decided to limit expenditures
not on a grant-by-grant basis but on

* These totals do not include awards for
formula-based institutional grants or for
individual fellowships. Awards for for-
mula-based institutional grants totaled 497
in fiscal year 1968 ; comparable fiscal year
1969 awards were postponed, as previ-
ously described in table 1. The number of
individual fellowships awarded was 2,566
in fiscal year 1969, 2,963 in fiscal year
1968.
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Table 2.—National Science Foundation Net Obligations, by Discipline, Fiscal Years 1968 and 1969

(Dollar Amounts In Millions)

Institutional Planning Science | International | Program
Percent Total Scientific Science support of Computing | Sea grant and policy | information science development
of total research education mnea activities program studies vities activities and
management
Fiscal Year 1968 | 1969 | 1968 | 1969 | 1968 | 1969 | 1968 | 1969 | 1968 | 1969 | 1968 | 1969 | 1968 | 1969 | 1968 | 1969 | 1968 | 1969 | 1968 | 1969 | 1968 | 1969
Physical Sciences..| 29 29 1$144.9 ($126.5 |$79.2 |$75.9 ($28.5 [$24.7 ($31.1 ($20.8 | $.2 | $.7 | () | &2 ... ... ] $5.7 1839 &1 | 2| .. |.....
Astrodiomy_...J " 6°1'" 61 27 2L 4TS [ 207 W8 e A T a v abh Be,ille (2') | ®
Chemistry__..{ 10 10| 49.1 | 43. 22,1 |19.5]|13.7 | 124 | 87| 8.1 o | 41 M .2 .6 o 0
Physics....... 13 13| 66.1 | 55.7 | 30.6 | 31.6 | 14.0 | 11.7 [ 20.1 | 10.6 | ... . 4 *) 1.3 (* *)
Environmental
fences.._____. 17 16| 8.4| 71.0/64.3 60.3| 9.6 | 7.7 | 87| L2| (™ | ™ | 4| L1 || 1.1 .5 2 3 AFEIERN W
Atmospheric
Sciences___ . 6| 27.5| 24.8(25.0 | 24.1 .4 1 Ll cdiciici]e snmsadamiiiinefone ez o pamoafamanns *) .2 o0 0 PSR
Earth Sciences_| 5 4| 23.5| 169 9.4 88| 7.7| 6.3| 55| L2| (® |.--.--- ™ b § ARk SR 7 .3 E‘; i 3 PRReTa SECPT
Oceanography. 71 33.5| 29.3|129.9(27.3| 15 5 2 ot 0. SRR R ™) .3 - 2 PO 3 o 3 ST R
Mathematical
iences________ 11 11| 53.9| 47,4127 |12.7|27.8 | 24.8| 7.6 | 3.5| 5.2 | 6.1 | _____| .. |......|-—.... .5 2™ | ®)
Life Sciences...._. 17 15| 85.8 | 66.7 |44.1 | 40.6 [ 19.7 [ 17.6 | 19.4 | 59 | _.___|.__._. 1.8 20 |......|...... .4 .3 .3 2
Social Sciences__ .. 7 9| 37.0| 36,9157 |15.7[13.6|13.5| 51| 50 5 .5 3 7(8L0) 85| .7 -2 I & IO G TN (R
Engineering______. 9 10| 44,6 | 45.0(20.5|20.1 158 [15.1| 6.5| 7.8 |...... B L2 n2| | .5 A4 ™ ) U R (R
All Other!__..__.. 11 9| 54.6 | 39.2 | _____|._.... 97 ) 31| 47| 24)16.0] 9.2 | L3 .8 14 1.9| 55| 4.4 .6 .9 §15.4 | §16.5
Total_____.. 100 | 100 | 505,2 | 432.6 |236.5 |225.3 (124.8 [106.5 | 83.2 | 46.5 (220 | 17.0| 50| 6.0 | 24| 2.4|14.4 | 107 | 1.4 1.8 /154 | 16.5

* Less than $100,

,000.
1 All other includes those obligations in support of programs which cut across disciplines and, therefore, are not attributed to any single discipline.

NOTE.—Detail may not add to totals because of rounding.

an institutionwide basis in order to
minimize overall adverse institutional
effects. No limitation was imposed on
institutions which had annual ex-
penditures under $50,000. The re-
maining institutions with NSF grants
were assigned ceilings, each of which
had been carefully developed. It
should be noted that later in the fis-
cal year both President Johnson and
President Nixon raised the National
Science Foundation expenditure ceil-
ing somewhat in recognition of the
hardship which the previous ceiling
was placing on the Nation’s colleges
and universities. However, it is an-
ticipated that in fiscal year 1970 the
National Science Foundation will
again be subject to some expenditure
limitation.

Significant Program Changes

New ProGraMs

Pre-SErRVICE TEeAacHER EbpucaTion
PrROGRAM.—A new program was in-
troduced during fiscal year 1969, by

the Division of Undergraduate Edu-
cation in Science, to assist universities
and colleges in improving curricula at
the undergraduate level for the prep-
aration of those who plan to become
elementary or high school science
teachers. The program encourages
institutions to develop a closer work-
ing relationship between their science
departments and education depart-
ments in providing training that will
offer undergraduate students in-
creased knowledge of subject matter
in science and mathematics, greater
skill and experience in developing
and testing course materials, and
early direct involvement in teaching.

StaTE AND LocaL INTERGOVERN-
MENTAL SciENCE PoLicy PLANNING
ProcraAM.—During fiscal year 1969
the Foundation started a new pro-
gram to make awards to help science
policy development and planning at
the State and local levels of govern-
ment. The prime objectives of the
program are to: (1) advance the
understanding of public issues and

problems having scientific and tech-
nological content at the State and
local levels of government; (2) pro-
mote better planning and application
of scientific and technological ap-
proaches to public problems; (3)
improve communication between
persons concerned with science and
technology at the Federal, State, and
local levels of government; and (4)
secure information on State and local
scientific and technical resources.

INTERNATIONAL ProGRAMS.—Three
new international cooperative pro-
grams were started during fiscal year
1969. A United States-Australian
agreement for scientific and technical
cooperation; a United States-Repub-
lic of China (Taiwan) cooperative
science program; and a United
States-Romanian cooperative science
program were initiated by interna-
tional agreement and discusions on
implementation are currently under-
way. Activities will include the ex-
change of scientists and collaboration
in research programs.




OtHER PrOGRAM CHANGES

ExpansioN or COLLEGE SCIENCE
IMmPROVEMENT  PrOGRAM.—During
fiscal year 1969 the Foundation
expanded its College Science Im-
provement Program (COSIP) to
include 2-year colleges offering col-
lege level courses in science. COSIP,
which had been designed to assist in
the development of the science pro-
grams of institutions with potential
for improving their science capabili-
ties and instructional programs, had
Xbeen restricted to 4-year institutions
with limited graduate programs. Now
regional groupings of 2-year colleges
are eligible to participate with a
neighboring college or university to
accelerate faculty development and
related course content improvement.
\This program marks the first Foun-

dation effort specifically designed to
benefit 2-year colleges.

In addition, the College Science
Improvement Program now permits
eligible 4-year institutions to form ad
hoc or formal groups of institutions

\ for cooperative science projects. This
allows these 4-year colleges to engage
in undertakings better accomplished
by associations of institutions than by
individual schools.

INsTITUTIONAL GRANTS FOR ScI-
ENCE.—The Institutional Grants for
Science Program provides annual
grants to colleges and universities for
use at their discretion for the pur-
pose of maintaining and strengthen-
ing their science programs. In the
past the amount of each institutional
award has been determined, with the
use of a graduated arithmetical for-
mula, on the basis of the total amount
of applicable research and research-
training grants each institution re-
ceived from the National Science
Foundation during the previous fiscal
year. In fiscal year 1969 the Founda-
tion announced its intention to ex-
pand the base used in computing
these formula grants to include
awards made by other Federal de-
partments and agencies, with the
exception of research grants made by

the National Institute of Mental
Health and other components of the
U.S. Public Health Service. The ex-
tension to a broader Federal base
will increase significantly, from 500
to 675, the number of institutions
eligible for such support.

Program Accomplishments

NoBEL AwARDS FOR PHYsIOLOGY
OorR MEDICINE

Two Nobel laureates were aided
in the research which led to their
awards. Robert W. Holley of the Salk
Institute and Har Gobind Khorana
of the University of Wisconsin, both
NSF grantees, shared the 1968 Nobel
Prize for Physiology or Medicine with
Marshall Warren Nirenberg of the
National Heart Institute for their
work in interpreting the genetic code
and its function in protein synthesis.

The three scientists worked inde-
pendently in their investigations but
all contributed to a common under-
standing of the genetic code and its
function in the making of proteins.
Dr. Holley’s research was conducted
at Cornell University, and he and his
team are credited with being the first
to determine the primary structure
of transfer ribonucleic acid (tRNA),
the carriers of amino acids used in
building up protein chains. Dr. Khor-
ana and his associates at the Univer-
sity of Wisconsin developed chemical
techniques that permit the assembly
of specific DNA (deoxyribonucleic
acid) molecular structures, and con-
firmed that the genetic code is read
in a linear and consecutive manner
and that it is a nonoverlapping triplet
code. For his work Dr. Khorana was
also a joint recipient with Dr. Niren-
berg of Columbia University’s 1968
Louisa Gross Horwitz Prize for out-
standing research in biochemistry.

Through a greater understanding
of the DNA-RNA complex it is hoped
that new controls over disease and
genetic defects can be developed. For
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example, because viruses contain
DNA, knowledge of these nucleic
acids is valuable in attempting to
overcome virus diseases.

This marks the second consecutive
year in which work supported by the
Foundation led to the Nobel Prize in
Physiology or Medicine. George Wald
of Harvard University who was
awarded this prize in late 1967 for his
contributions to research in vision had
received research support by the
Foundation for his studies over a pe-
riod of several years.

Discovery oF Graviry WAVEs

University of Maryland scientists
claim to have made the first detection
and measurement of gravity waves
from developing or collapsing stars
in the Milky Way. This discovery,
which supports the Theory of Rela-
tivity of Albert Einstein, essentially
means that gravitational energy is
transmitted through waves similar to
light or radio signals. Through this
research man is now able to detect
and measure these gravity waves. Fur-
ther work in this area can lead to a
far greater understanding of the earth
and the universe and could lead to
the availability of a new source of
energy. According to project director
Joseph Weber there is on the order
of 100 times more gravitational en-
ergy than nuclear energy in the
universe.

INTERSTELLAR FORMALDEHYDE
DiscoveERED

Organic molecules in interstellar
space have been discovered for the
first time. D. Buhl and L. E. Snyder
of the National Radio Astronomy Ob-
servatory (NRAO), B. Zuckerman of
the University of Maryland, and Pat-
rick Palmer of the University of Chi-
cago comprised a team which de-
tected interstellar formaldehyde by
use of the 140-foot radio telescope at
the NRAO observing site in Green
Bank, W. Va. Formaldehyde is the
first polyatomic organic molecule to
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be discovered in the interstellar me-
dium. Ammonia and water were also
detected this year. These finds are ex-
pected to yield important information
about the history of nuclear reactions
within the galaxy.

SUPPORT FOR ScHOOL OF SoOCIAL
SCIENCES AT INSTITUTE FOR
ApVANCED StUDY, PRINCETON

The establishment of a school of
social sciences at the Institute for Ad-
vanced Study in Princeton, N.J., is
being aided by a National Science
Foundation grant toward the con-
struction of a social sciences building.
The new school will join the Insti-
tute’s schools of mathematics, natural
sciences, and historical studies in the
fostering of scholarly activity at the
highest level. The grant represents
another step in the Foundation’s pro-
gram to provide additional resources
for activities in the social sciences.

MAanNGANESE DerosiT Founp

A multimillion-dollar deposit of
manganese on the floor of Green
Bay—an inlet located along the
northwestern shore of Lake Michi-
gan—was discovered by a University
of Wisconsin oceanographer, J.
Robert Moore. The deposit lies in
relatively shallow water and should
be recoverable by readily devised un-
dersea mining methods. The research
was supported in part by the Na-
tional Science Foundation.

The manganese-bearing pellets
were found in routine bottom sam-
pling and lie off Green Bay’s western
shoreline. These pellets constitute the
first significant deposits which have
been found in potentially commercial
quantities beneath the surface of a
body of fresh water. Most of the
world’s manganese deposits lie out-
side the United States.

DeEp SeA DriLLING ProjECT

The Deep Sea Drilling Project
(DSDP), conducted from the ship
Glomar Challenger, has produced im-

portant results, some of great poten-
tial economic significance. A major
surprise was the discovery of oil, gas,
sulfur, and other minerals commonly
associated with land salt domes in
deep water in the Gulf of Mexico—
the first time that oil has been discov-
ered in the deep ocean. The site was
the Sigsbee Knolls, discovered in
1954, which are now known to be
domes produced by the upward thrust
of salt. Later DSDP discoveries have
strongly substantiated the theory of
seafloor spreading and given much in-
formation about the geological his-
tory of the ocean basins—data that
are useful both for science and for
potential economic exploitation of the
ocean. As a sidelight, deep sea drilling
technology has been advanced; the
longest drill string ever suspended
from an ocean vessel—more than
19,000 feet long—was successfully
used. This project is carried on
through a contract with the Foun-
dation by the Scripps Institution of
Oceanography, with participation by
scientists from many universities and
institutes and from industry.

Special Activities

REerorT ON ROLE oF RESEARCH
AND DEVELOPMENT IN MAJOR
INNOVATIONS

In areport entitled “Technology in
Retrospect and Critical Events in Sci-
ence” (TRACES), the IIT Research
Institute delineated the research and
development processes that lead to
technological innovation. The report
presented tracings, that is historical
charts, of the key research and de-
velopment events which led to five
specific technological innovations
with major economic and sociological
impacts. The five innovations studied
included: (1) The oral contracep-
tive pill; (2) matrix isolation—a
technique for “stopping” chemical
reactions and observing the reaction
species, with significant application
in the chemical industry; (3) mag-

netic ferrites—materials widely used
in computer memory devices, tele-
communications, and small electric
motors; (4) the video tape recorder;
and (5) the electron microscope—
a device to produce images enlarged
to more than 100,000 times their ac-
tual size. Each of these innovations
was reviewed to establish its scientif-
ic origins. The tracings showed that
about 70 percent of the research con-
tributing to an innovation was non-
mission-oriented, i.e., undertaken for
the purpose of improving scientific
understanding, and nine-tenths of
this nonmission research had been ac-
complished before the innovation it-
self was ever conceived. About 20
percent of the events leading to the
innovations were oriented toward
some end product and about 10 per-
cent were connected with develop-
ment and innovation. The results of
the analyses thus revealed the broad
base of research generally necessary
for the eventual development of sig-
nificant technological innovations
and the significant role of non-mis-
sion-related research activity.

SpeciaL COMMISSION ON THE SOCIAL
ScIENCES

In 1968, in response to the in-
creased interest in the social sciences
in both the legislative and executive
branches of the Federal Government,
the National Science Board estab-
lished a Special Commission on the
Social Sciences charged with recom-
mending how the social sciences could
best contribute to the solution of criti-
cal problems of society. This com-
mission, which elected as its chairman
Orville G. Brim, Jr., president of the
Russell Sage Foundation, issued its
final report at the start of fiscal year
1970.

Entitled “Knowledge into Action:
Improving the Nation’s Use of the
Social Sciences,” the report stresses
that Government as well as society
at large should make increasing use
of the social sciences. The document
points out that many present day de-



cisions which take economic factors
and costs into account should also be
made on the basis of social costs and
returns.

With regard to specific recom-
mendations for implementing this
broad goal the report recommends:

® Appropriation in fiscal year
1970 to the National Science Foun-
dation of $10 million for the estab-
lishment of social problem research
institutes;

® Increased representation by so-
cial scientists on major Federal
policymaking groups such as the
President’s Science Advisory Com-
mittee, the Office of Science and
Technology, and the Council of
Economic Advisers;

® Improved dissemination of so-
cial science knowledge to the public;

® The strengthening of social sci-
ence activities by professional schools,
business and labor, and community
organizations.

Organizational Changes
OFFICE OF THE DIRECTOR

The 6-year appointment of Dr. Le-
land J. Haworth as Director of the
National Science Foundation expired
on June 30, 1969. Upon his departure
from the Foundation, Dr. Haworth,
whose career included terms as a
Commissioner of the Atomic Energy
Commission; President of Associated
Universities, Inc.; and Director of
Brookhaven National Laboratory,
became assistant to the president, As-
sociated Universities, Inc.

The President nominated Dr.
William D. McElroy, chairman of the
biology department at Johns Hopkins
University and Director of the uni-
versity’s McCollum-Pratt Institute to
succeed Dr. Haworth. Dr. McElroy
received Senate confirmation on

July 11, 1969, and took the oath of
office as Director on July 14, 1969.

In the brief interim period between
Dr. Haworth’s departure and Dr.
McElroy’s appointment, Dr. Louis
Levin, Executive Associate Director
of the Foundation, served as Acting
Director. Dr. Levin, whose appoint-
ment as Executive Associate Director
was announced early in fiscal year
1969, succeeded Dr. John T. Wilson,
who left the Foundation to join the
University of Chicago as vice presi-
dent and dean of faculties.

NaTtioNAL SciENCE Boarp CHANGES

Some changes in National Science
Board membership and organization
took effect in fiscal year 1969. Eight
6-year appointments to the National
Science Board were made by the
President at the close of fiscal year
1968, six new appointments and two
reappointments. These appointments
were listed in detail in the last annual
report of the Foundation. A complete
list of National Science Board mem-
bers can be found in appendix A.

In addition, as also described in
the previous report, elections were
held at the end of fiscal year 1968 for
Board officers. Dr. Philip Handler
was reelected chairman and Dr. E. R.
Piore was elected vice chairman for
terms expiring in May 1970.

NatioNAL SciENcE Boarp ORGANI-
ZATIONAL CHANGES

Changes were also made during the
year in the Board’s committee struc-
ture. The Standing Committee on
Science Development Awards and
Standing Committees I, II, and III,
each responsible for the surveillance
of specific Foundation program activ-
ities, were abolished and the follow-
ing new standing committees were
established:

Programs Committee which is con-
cerned with current and proposed
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Foundation programs (except for
institutional programs) ;

Institutional Committee which pro-
vides oversight, reviews policy issues
relating to the administration of
Foundation institutional programs,
and asesses the impact on institu-
tions resulting from the manner in
which Foundation programs are
administered ;

Long-Range Planning Committee
which concentrates on the long-range
problems of science in the United
States and the role to be played by
the Foundation in acting upon these
problems;

Proposal Review Committees (Re-
search Review Committee and Edu-
cation Review Committee) which, in
specified areas of Foundation activity,
are responsible for carrying out proj-
ect reviews based on which appropri-
ate action is recommended to the
Board or questions of policy are
raised ;

Budget Committee which reviews
and advises on budgetary and fiscal
matters.

StAFrF CHANGES

Several key personnel changes were
announced during the year:

Appotntments

Dr. Arley T. Bever, Deputy Plan-
ning Director.

Dr. Charles A. Whitmer, Division
Director for Pre-College Educa-
tion in Science.

Resignations

Dr. Milton E. Rose, Head, Office
of Computing Activities, resigned to
accept the chairmanship of the de-
partment of mathematics and statis-
tics at Colorado State University.

In total, 953 full-time personnel
were employed by the National Sci-
ence Foundation at the end of fiscal
year 1969 as compared to 972 in fiscal
year 1968.



Research
Support
Activities

Providing the scientist with the re-
sources to carry out his creative work
is a primary function of the Founda-
tion. To carry out this responsibility,
the NSF supports scientific research
primarily through grants to colleges
and universities for projects proposed
by the scientist who would carry out
the research. Research activities
covered in this chapter, are divided
into four * major areas:

® Research grants to institutions
for scientific investigations by indi-
vidual scientists or groups of scientists.

® Grants to academic institutions
for the acquisition of specialized re-
search equipment and facilities.

® Support of cooperative Na-
tional (and International) Research
Programs.

® Support of National Research
Centers, established and operated for
the Foundation by associations of
universities.

REsearcH ProjecT GRANTS

In fiscal year 1969, the Foundation
awarded 4,088 grants for research
projects amounting to a total of
$176.0 million, a slight increase
over the figure for fiscal year 1968. Of
all the actions taken by the Founda-
tion on research project proposals in
fiscal year 1969, 51 percent were
awards. Table 3 gives the distribution,
by number and amount, of awards
according to fields of science for the
fiscal years 1967, 1968, and 1969.
Grants were awarded to 423 institu-
tions, including 324 colleges and uni-
versities, in all 50 States, the District
of Columbia, Puerto Rico, and the
Canal Zone. More than 90 percent of
the funds went to academic institu-
tions. Of these, 233 received two or
more research grants, and 118 re-
ceived at least $200,000.

In engineering, the program of
Research Initiation Grants initiated

! Research undertaken in connection with
the National Sea Grant Program and com-
puting activities in research are discussed in
separate chapters.

in fiscal year 1966 for young engi-
neering faculty members beginning
independent investigations has been
continued. During the fiscal year,
the Foundation received 587 pro-
posals for Research Initiation Grants
(a decrease of about 15 percent over
the previous year) requesting $8.7
million. A total of 136 grants were
awarded in the amount of $2.0
million.

SPECIALIZED RESEARCH EQUIPMENT
AND FaAcILITIES

Many of the scientific tools used
by scientists are so large and complex
that they cannot be funded from
grants awarded for individual re-
search projects. Moreover, the com-
plex and sophisticated character of
much current research makes it more
economical to provide common-use
items for utilization by groups or
numbers of independent investigators.
The Foundation has initiated pro-
grams of support for specialized re-
search facilities and equipment in
most of the fields for which research
grants are awarded. A summary of
grants awarded for this purpose over
the past 3 years is given in table 4.

NATIONAL RESEARCH PROGRAMS

National Research Programs are
specifically identified as major re-
search efforts undertaken because of
a national need to accomplish a desig-
nated task in a particular field or
group of fields. Some programs in-
clude aspects which border on ap-
plied science ; others are characterized
by work in a specific geographical
area, and some involve international
cooperation and coordination. In
some instances the Foundation has
been given specific responsibility for
such programs by the President, or by
the Congress, or by agreement within
the executive branch of Government.
Table 5 summarizes totals for grants
and contracts for National Research

Programs over the past 3 years.



Table 3
Scientific Research Projects
Fiscal Years 1967, 1968, 1969

w (Dollars in millions)
Fiscal year 1967 Fiscal year 1968 Fiscal year 1969
i
Number | Amount | Number | Amount | Number | Amount
A""b“u"é’.'i $4.55 $4.06 $3.85
Rfdio-_‘.':iiiiiiﬁiIIIIIIZIZZ:IZII.’II:III Gl 128 L2100 ;47 i 2.96
Subtotal .. _________ . .. 117 5.84 119 6.19 125 6.82
Atmospheric Sciences:
Aeronomy..._ 1.65
Meteorology 4,32
Solar-Terrestrial 2.25
1
Subtotal ... ... .. 8.21
Biology :

} o(g'llular Biology....___._....._.._____ 8.69
Environmental and Systematic Biology - 6.88
Molecular Biology....._..__.___ .. 9.59
Physiological Processes. S . 9.36
Psychobiology_ ... ____ "7 3.78

Subtotal ... ... 38.31
Chemistry:
Chemical Analysis._..___.__ ... _____ comenalevbiideniia 1 1. 1.48
Chemical Dynamics. . . . 4 3. 4,16
Chemical Thermodyna - 1.1 1 1.56
Quantum Chemistry_ __ % 3.1 3. 3.54
Structural Chemistry. . - 3.8 3. 3.22
Synthetic Chemistry. .. ___ . 2.2 4. 3.90
Subtotal ... .. .. 416 17.21 454 17.717 484 17.85
Earth Sciences
Geology.__......._____ 1.31
Geochemistry 3.31
Geophysies______________ T 3.30
Subtotal__._... . __ o tn e e i nh ik 7.92
Engineering: .
Engineering Chemistry_._..______ 2.69 ... ___. 2.84 | ______. 2,73
Engineering Energetics. i i 3.08 . ... . 13 ) O F 29.4
Engineering Materials 2.89 .. .. - 5 3 SRS 3.23
Engineering Mechanics 597 ... 5.93 .. ______ 6.39
Engineering Systems. . s B W 3.00
Special Engineering Pro, LI5S ... . ... B3 .98
1 Subtotal ... __ .. 495 19.24 506 19. 40 491 19.27
MalhAe'm:tt’ics: d Topolog %
gebra and To, | (SERNEEEEECRIIY, S L 4, .
Anal[{sis, Foummions, and Geometry . 4, 4.37
Applied Math and Statistics_______~ " 4, 3.94
Subtotal_______..._ . 39 13.05 405 12.70 462 12.70
Oceanography:
Biological Ocunognghy ___________________ 6.03
Physical Oceanography_ _ _ 2.16
Geological Oceanography_ 2.55
Support, Ship Operations_______ 77" 8.64
Subtotal __. ... ___ 19.38
Physics:
Atomic and Molecular Physics________ 2.64
Elemcnuplg Particle Pbysg.. 11.53
Nuclear Physies_____~ "~~~ "7" 8.01
Solid State and Low Temp Physics_ _ 4.61
Theoretical Physics.__._________ 777" 3.73
Subtotal ... .. . 265 30.35
Social Sciences:
Anthropology_ ... ... .. ... . 3.42
Economics___. . . 4.29
Sockiogy and Social Peyéiiog 3.2
0c an ia ology. . g
Political Science. - 8-~ 128
History and Philosophy of Science.__ .87
Special Projects. . 1.90
Subtotal. . _ . 425 15.24
3,765 176. 02

RESEARCH SUPPORT ACTIVITIES
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Table 4
Specialized Research Equipment and Facilities

Fiscal Years 1967,

1968, and 1969

(Dollars in millions)

Fiscal year 1967 Fiscal year 1968 Fiscal year 1969
Number | Amount | Number | Amount | Number | Amount
Astronomy_.._ .. ... .. ... 12 $1.860 4 $0. 662 5 $0. 324
Atmospheric Sciences.._._.__ - 19 . 954 11 .788 .298
Biological and Medical Scienc 25 1.668 30 1.709 34 . 880
Chemistry._________.._____ 88 3.121 113 4,296 57 1.700
Engineering___._____ 44 .943 43 1.073 26 . 880
Oceanography._ . ... ... ... 11 2.017 9 4.711 1 1.397
Physies_ .. ____ ... 19 5.797 19 4,697 25 1.300
Social Sciences. .. ... _____________________. 10 . 309 3 1. 006 2 438
[ L R e e Xt LN 228 16.671 232 18,942 158 7.216
Table 5
National Research Programs
Fiscal Years 1967, 1968, and 1969
(Dollars in millions)
Fiscal year 1967 Fiscal year 1968 Fiscal year 1969
Number | Amount | Number | Amount | Number | Amount

U.S, Antarctic Research.....___________________ 143 $7.58 149 $7.64 145 $6.86

Arctic Ocean Research_..___________ . _____ 1 .13 0 0 0
Weather Modification.______ SRR 41 2.91 32 2.7 24 2.43

Deep Crustal Studies of the Earth (MOHOLE) 1 . 06 0 0 0 0

International Year of the Quiet Sun.... 18 ) 0 0 0 0
International Biological Program 12 .50 1 .70 16 1.22
Ocean Sediment Coring Program - 0 0 4 4.17 5 2.3
Global Atmospheric Resun:?l.. - . 0 0 1 .20 9 .54
Total .. 216 11.89 187 15.48 199 13.48

1 Continuing program begun in fiscal year 1966, no funds added in 1967.

NaTioNAL ResearcH CENTERS

The four National Research Cen-
ters established and funded by the
Foundation are Government-owned
facilities designed to fill special re-
search needs that cannot be met by
existing institutions. The facility is
operated in each case by a corpora-
tion formed by a group of universities
under the general supervision of the
Foundation. A limited staff of scien-
tists and support personnel is main-
tained at the two optical observa-
tories—Kitt Peak National Observa-
tory, Tucson, Ariz., and the Cerro
Tololo Inter-American Observatory
in Chile—and at the National Radio
Astronomy Observatory, Green Bank,
W. Va. Most of the available tele-
scope time at these facilities is as-

signed to visiting astronomers and
graduate students from the general
academic community.

At the National Center for At-
mospheric Research (NCAR), near
Boulder, Colo., a sizable staff of sci-
entists from a number of disciplines
conducts basic research in the at-
mospheric sciences and exercises
leadership in broad, cooperative pro-
jects of major national significance.
There is considerable participation by
academic scientists in these extensive
cooperative programs and in the use
of NCAR specialized equipment in
connection with independent research
projects.

Table 6 shows the level of funding
for the National Research Centers
during fiscal years 1967, 1968, and
1969.
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Table 6
National Research Centers—Fiscal Years 1967, 1968, and 1969
Fiscal year 1967 Fiscal year 1968 Fiscal year 1969
. Research Research Research
Capital operations Total Capital operations Total Capital operations Total
obligations and support obligations ard support obligations | and support
services services services
Cerro Tololo Inter-American
Observatory_._..____________._. $1, 020, 000 $693, 000 $1, 713, 000 $1, 502, 000 $823, 000 $2,325,000 | $3,449,000 | $1,101,000 $4, 500, 000
Kitt Peak National Observatory...... 2,058, 400 3,446, 600 5, 505, 000 8,331,176 4,144,192 12,475, 368 1,137,700 4,561,809 5,699, 510
National Radio Astronomy
Observatory.....________._.____ 1,392,538 3,592, 462 4,985, 000 874,300 3,989, 700 4, 864, 000 483,212 6,795, 001 7,278,214
National Center for Atmospheric
Research__._ . ........_........ 3,060, 656 9,240, 000 12, 300, 656 2,041,100 9,758,612 11,799,712 425,000 ( 10,611,736 11, 036, 737
Total ... 7,531,594 16,972, 062 24, 503, 656 12,748, 576 18,715, 504 31, 464, 080 5,494,912 | 23,069, 547 28, 564, 461

MATHEMATICAL AND
PHYSICAL SCIENCES

Recognizing the critical impor-
tance of the mathematical and physi-
cal sciences to the advancement of all
science, the Foundation has devoted
about a third of its total scientific re-
search project support to physics,
chemistry, mathematics, and astron-
omy. In fiscal year 1969, approxi-
mately 1,300 grants were awarded at
a level of $67 million in these areas.

Although distinctions among the
traditional divisions of the mathe-
matical and physical sciences can be
made in such matters as cost and
equipment requirements, there is a
continuing erosion of the boundaries
which divide the substantive content
of these sciences. As an example,
among the following articles which
highlight mathematical and physical
scientific research support by the
Foundation, two experiments are de-
scribed, one by a physicist and the
other by a chemist, in which optical
lasers are used to resolve problems
in quantum chemistry.

CHEMISTRY

The major portion of grants for
chemical research in fiscal year 1969
were used to support, at essentially
the same dollar level as in the two
preceding years, projects representa-
tive of the broad range of chemical
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research, including analytic, synthetic,
and physical chemistry, and instru-
mentation development for chemical
technology.

The Foundation continues to be
concerned with the research oppor-
tunities afforded to young men who
are just beginning a teaching career
in chemistry. To maintain the crea-
tivity of these young teachers, it is
imperative that they be able to begin
a program of research immediately
upon accepting their position. Ac-
cordingly, approximately 20 percent
of the grants provided during fiscal
year 1969 were for the support of new
inyestigators.

During fiscal year 1969, the Foun-
dation awarded 484 grants for re-
search in chemistry with a dollar
value just under $18 million.

Laser Excitation of Molecules

Laser excitation of molecules per-
mits the chemist to study in a gas
sample only those molecules which
are in a completely specified energy
state. This is tantamount to realiza-
tion of the chemist’s dream of a
“Maxwell’s Demon”—a hypothetical
submicroscopic imp who would sit
inside a gas sample and separate the
gas molecules according to their
energy levels, making the sample hot
on one side and cold on the other.

Intense, highly monochromatic
lasers are now being used as light

sources in photochemistry, and in
studies of energy transfer. Quantum
mechanical theory predicts that a
molecule’s motion may have only cer-
tain discrete rotational and vibra-
tional frequencies. The laser beam,
because of its single sharply defined
wavelength, can be used selectively to
excite the molecule, causing a transi-
tion from one particular vibrational-
rotational level of the ground state to
one particular vibrational-rotational
level of the excited state. By choosing
the plane of vibration of the laser
beam, the orientation of the excited
state molecule may be determined as
well.

Once the molecule absorbs the
laser radiation and makes a transition
to an excited state, it may lose its
energy of excitation through three
pathways: (1) Reactive collisions
which form new compounds; (2)
inelastic collisions in which the exci-
tation energy is transferred to new
vibrational-rotational levels of the
excited state; and (3) spontaneous
radiative decay by which the excited
molecule acts as a small radio an-
tenna and radiates away its excess
energy. In the last process the spec-
trum of the radiation emitted by the
molecule is not a continuum, but con-
sists of sharp lines of different wave-
lengths corresponding to those vari-
ous ground state vibrational-rota-
tional levels to which it can make
transitions. (See illustration.) These
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lines, known as a molecular fluores-
cence series, fingerprint the energy
levels involved and serve to identify in
detail those processes which have
affected the excited state molecule
before it radiates. For this reason,
laser-induced molecular fluorescence
is an exceptionally sensitive means of
investigating both the dynamics of
the internal molecular motions and
the collision processes the excited
state molecules undergo.

Richard N. Zare of the University
of Colorado has been studying laser
excitation of molecules in order to
explore the potentialities of this new
technique. In December 1967, he and
his collaborators announced the suc-
cessful observation of fluorescence
from the dipotassium molecule using
the red light beam from a helium-
neon laser as a source of excitation.
Since then, the list of molecules his
group has studied has grown to in-
clude diiodide, disodium, dilithium,
nitrogen dioxide, and s-tetrazine.
Many of these compounds occur
only in very minute concentrations,
and observation of molecular fluores-
cense from these molecules using laser
excitation demonstrates how sensitive
the technique is for detecting and
monitoring the presence of trace
compounds. This has many impor-
tant practical applications in analyti-
cal work, such as the possible devel-
opment of a “laser radar” capable of
measuring the impurity levels of con-
taminant gases in the atmosphere and
tracking their positions and motions.

From a spectroscopic study of laser-
excited molecular fluorescence, Dr.
Zare has been able to determine the
fundamental rotational and vibra-
tional frequencies of the different
molecular quantum states and to de-
duce, in some cases, the dissociation
energy of the molecule, ie., the
energy required to rupture the chemi-
cal bond between two nuclei. Such
information has allowed him to con-
struct accurate graphs of potential
energy for these molecules over a
larger range of distances between
atomic nuclei than has been hitherto

possible. Potential energy is the
energy which a system—a molecule in
this case—possesses by virtue of its
position or configuration (just as a
suspended weight or a stretched
spring has potential energy). The
shapes of such potential curves play
an important role in the models
chemists construct to describe colli-
sion processes.

Dr. Zare has also used the laser-
excitation technique to gain new in-
sights into other properties of excited-
state molecules. Information about
the electromagnetic charge distribu-
tion, radiative lifetime, fine and
hyperfine structure of molecules was
previously measurable only when
they were in the ground state,
through the use of such techniques
as microwave and molecular beam
methods. However, Dr. Zare has
shown that the excited states can be
studied with comparable accuracy by
subjecting laser-excited molecules to

electric, magnetic and radiofrequency
fields and measuring the effect these
fields have on the angular distribu-
tion of the emitted light. The first
results of the investigations on such
molecules as nitrogen oxide and hy-
droxyl are showing that the internal
motions of excited-state molecules are
far more complex than was previ-
ously assumed. It has also proved
possible to excite selectively only one
isotopic form of a molecule in the
presence of others. This may lead to a
photochemical procedure for synthe-
sizing compounds with predetermined
isotopes incorporated into specific
sites which would be invaluable in
analyzing complex reactions such as
those in living organisms.

Microscopic Motions in Solutions

Scientists have known for many
years, and have been able to prove in-
indirectly, that molecules in solutions
are constantly in motion. These mo-

Fluorescence series for the disodium molecule, excited by an argon gas laser at a wave-
length of 4880 Angstrom units. The sharp spikes on the spectrum, indicating different
quantum levels of energy (Q), serve to identify the molecule and its possible alternative
energy states. (After R. N. Zare)



tions include moving from one place
to another, called translational dif-
fusion, and tumbling, rolling or spin-
ning, called rotational diffusion. In
addition, large flexible molecules,
such as those which make up living
organisms, can spontaneously change
their shapes. These microscopic mo-
tions are classed as thermal motion
since they are affected by changes in
temperature. They are not yet very
well understood, since until recently it
has been impossible to observe or
measure them directly.

Robert Pecora of the Chemistry
Department at Stanford University
has theorized that a beam of light
directed at a solution will be scat-
tered and its frequency shifted in a
specific manner by interactions with
the moving molecules. If the fre-
quency shift, intensities, and the scat-
tering angles could be measured ac-
curately, the motions themselves
could be analyzed from the theory. In
addition to his work on microscopic
motions, Dr. Pecora has also devel-
oped a theory whereby the rate at
which certain reactions occur can be
measured using similar techniques.

It should be emphasized that the
changes in the frequency of the inci-
dent beam related to scattering from
solutions of molecules are so small—
on the order of one part per hundred
billion—that they could not be de-
tected before the invention of the
laser which provides high-intensity
light of a sharply defined frequency.

Experiments of the type first sug-
gested by Dr. Pecora in 1962 were
performed in 1964 by H. Z. Cum-
mins, Norman Knable, and Y. Yeh
at Columbia University. In their
classical experiment, they worked
with suspensions of microscopically
small polystyrene latex spheres, which
would exhibit frequency shifts in the
scattered light due only to transla-
tional diffusion. Dr. Cummins and
his coworkers directed a narrow ray
of light from a monochromatic gas

angles relative to the transmitted ray.
Their results confirmed that a charac-
teristic rate of diffusion could be ob-
tained from the new theory and ex-
periments.

Theory so far has concentrated on
relating models of the microscopic
thermal motion involved to the fre-
quency distribution of the scattered
light. This distribution may be cal-
culated for many kinds of systems,
for example, liquids composed of
small, nonspherical molecules, Dr.
Pecora and his coworkers have in the
past few years concentrated on the-
ories applicable to dilute solutions of
large molecules, which are difficult to
study by other techniques. Surpris-
ingly, for such systems the frequency
distribution of the scattered light is
relatively simple.

For more complicated situations, it
has been shown that in addition to
the translational diffusion rate, the
rate of molecular rotation and, some-
times, the rate of spontaneous shape
changes of large flexible  molecules
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may be obtained. During the past few
years, two light scattering experiments
have been performed which succinctly
measure rotational diffusion rates. Dr.
Cummins, T. J. Herbert, Francis D.
Carlson, A. Wada, and others have
worked with rod-shaped tobacco
mosaic viruses in water solutions. No
one has yet attempted to use light
scattering to observe the spontaneous
shape changes predicted by Dr.
Pecora’s theory for flexible large
molecules.

In addition to the ability to detect
extremely small frequency shifts and
thereby measure molecular motions,
the remarkable sensitivity of the light
scattering technique gives other ad-
vantages such as the fact that it can
be used with very small amounts of
material. Moreover, it does not de-
stroy or change the sample in any
significant way, as do some of the
older techniques. For this reason, deli-
cate biological materials which are in
scarce supply can now be more readily
studied.

laser at the solution, and measured
the intensity and frequency distribu-
tion of the scattered light at various

(a.) Spherical molecule has moved distance d in time t. (b.) Rod-sha‘ped molecule has
moved distance d and rotated through angle a in time £. (c.) Flexible molecule has
moved distance d and spontaneously changed shape in time ¢.
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Separation of Zirconium and
Hafnium

One of the cornerstones of modern
chemistry was the discovery that the
physical and chemical properties of
the elements reoccur in a regular pat-
tern, causing them to fall into family
groupings all of whose members have
analogous properties. An important
example of the way in which this
phenomenon can be troublesome
rather than useful is the similarity in
the characteristics of the metals
zirconium and hafnium.

With the current rapid increase in
the use of nuclear reactors as a source
of commercial electric power, zirco-
nium has become a valuable resource
as a material for their construction.
Zirconium’s value in this application
is due to its low capacity for the cap-
ture of thermal or low energy neu-
trons which must be captured by the
fissionable fuel in order to maintain
a chain reaction. Unfortunately, haf-
nium, which occurs in the natural
state with zirconium, differs from it in
physical properties almost exclusively
with respect to this key ability, i.e., it
is an extremely good neutron ab-
sorber. It is so good a neutron ab-
sorber, in fact, that its normal abun-
dance of 1 to 2 percent in zirconium
ores is sufficient to make the resulting
metal unsuitable for use in reactors.
However, the two metals are so alike
with respect to most other properties
that conventional metallurgical tech-
niques such as flotation are inappli-
cable to their separation. An existing
technique, which involves many re-
petitive steps, is lengthy and costly,
and moreover, gives a product from
which the metal cannot be obtained
directly.

Edwin M. Larsen and his students
at the University of Wisconsin have
been making studies of the chemistry
of zirconium and hafnium which may
clear the way for a simpler and less
expensive technique for separating
them. Professor Larsen’s attention has
been directed toward the reduced
states (generally speaking, the oppo-

site of the oxidized states in which
they naturally occur) of the
metals, in which there are known to
be more significant differences in
their properties. This work has led
to the interesting discovery that zir-
conium tetrachloride, dissolved in
aluminum chloride, is reduced at a
relatively low temperature (260° C.)
by zirconium metal to yield crystal-
line, nonvaporizable zirconium tri-
chloride. On the other hand, hafnium
tetrachloride does not react at all
under these conditions, and the va-
porizable unreduced hafnium tetra-
chloride and aluminum trichloride
can be separated from the zirconium
trichloride by sublimation—the di-
rect transition from solid to gas. In
a typical reaction, zirconium tetra-
chloride containing 1.4 percent haf-
nium is reduced to the trichloride
with a residual hafnium concentra-
tion of 0.074 percent, or a 2,000-per-
cent increase in purity. The reaction
system has the further advantage of
relatively low temperature and a pure
crystalline product suitable for direct
incorporation into normal metallurgi-
cal techniques.

Hydrolyzed Metal lons and
Clusters

Clusters of chains of hydrolyzed
metal ions known as polymers un-
dergo important biochemical reac-
tions in systems. For example, the
stable, 900-atom polymer of iron
coated with sugar molecules is a
source of iron for living systems and
is an analog to the iron-rich protein
ferritin, which forms a large part of
the storage iron in the spleen, intesti-
nal mucosa and liver. Interestingly, in
spite of their relative chemical sim-
plicity, the rate of reaction of clusters
varies, as do many biochemical reac-
tions in living organisms, from as lit-
tle as a few millionths of a second to
as long as several days.

The chemistry of hydrolyzed metal
ions, which are formed in water solu-
tions at intermediate levels of acidity,
has until recently attracted little di-
rect attention. It is known that, under

the conditions described, most metal
ions will form soluble clusters or poly-
mers with the hydroxide ion (OH-).
For a given metal, the clusters seem
to occur in a limited number of pre-
ferred forms or species, which pro-
foundly affect the availability and
reactivity of both the metal and the
hydroxide ions. For example, iron I11
exists as a stable dimer, or 2-atom
cluster, although its other, biologi-
cally more important form is the 900-
atom polymer.

Dale W. Margerum and his co-
workers at Purdue University are
studying the reaction mechanisms
and energies of reactions involving
metal hydroxide clusters in order to
more fully understand this puzzling
variation in reactivity. The starting
point for their investigations was the
rate of reaction of acid with the hy-
droxide groups. The usual rate of
such a reaction, which involves the
combination of hydrogen ion (H*)
with hydroxide ion (OH") to form
a water molecule, is extremely rapid.
In reactions involving metal ions,
however, the reaction rates are highly
variable.

Dr. Margerum’s group found, from
an investigation of the cluster con-
taining nickel hydroxide units, that
the stable cluster is not directly at-
tacked by acid. It turns out instead
that there is a less ordered, looser
form of the cluster, although of iden-
tical chemical composition, which
does react with the acid. This is sig-
nificant for the purpose of under-
standing and controlling the rate of
reactions of this kind, since the reac-
tion velocity can be limited by the
rate of conversion of the tightly
grouped cluster to its more open or
distorted form. In turn, the rate of
this conversion can be controlled
by normal techniques of chemical
manipulation.

Dr. Margerum’s studies of the iron-
IIT polymer, in collaboration with
Paul Saltman at the University of
California at San Diego and Thomas
Spiro at Princeton, show that these
polymers are modified as they stand



in solutimil, In this process, the rate
at which el polymer reacts is de-
creased tcafold without substantial
changes i1, the molecular weight of
the polym,r. This behavior strongly
suggests t at here, too, structural
changes in, the polymer leading to a
more tight'y clustered form are be-
hind the n duced reactivity.

These st dies have provided valu-
able insigh into the mechanisms of
reactions :aalogous to those occur-
ring in livii"g organisms, and contrib-
ute to progress in the synthesis and
control of ieactions in the biological
counterparss of the simple ion
clusters.

ir
Pore Sltructure Analysis

All mate‘eials which we ordinarily
encounter z,'e porous, and have po-
rous surface, like a sponge, but on a
microscopic, scale. This structure is
crucial to vi tually all our uses of ma-
terials. It dilermines a host of mate-
rial properti s, including permeability
(the ability, of gases and liquids to
“seep throu h” apparently solid ob-
jects), strenyth, surface friction, and
most import ntly, chemical reactivity,
such as the apidity with which met-
als exposed o atmospheric pollution
corrode or t;, mish.

A striking. example of a solid in
which poresgplay a decisive role is
concrete. Wyen portland cement re-
acts with waer, a hard, porous paste
is obtained, . vhich binds the grains
of sand and, pieces of crushed stone
into a cohen'tnt, rock-like mass. The
size and distl}ibution of the pores in
the hardene_ paste determine the
concrete’s . ensity, rigidity, and
strength. For nstance, freezing of wa-
ter can occux'conly in larger pores be-
cause in thé very small pores the
nuclei canno® grow into ice crystals.
Expansion 9on freezing in large
pores produc :s local stresses which
can cause crz king. Because porosity
in a surface in :reases the surface area,
pores also pla® important role in ab-
sorbents and « italysts in many chemi-
cal and physic 1] reactions.

An understanding of the proper-
ties of pores including their distribu-
tion, size, and shape is hampered by
the fact that the majority of pores
are so tiny that even with the most
sophisticated of electron microscopes
they cannot be examined directly,
and surface areas and volumes of
pores must be determined by less di-
rect means.

Stephen Brunauer of Clarkson Col-
lege has recently made a major con-
tribution to the field through the use
of a “modelless” method of analysis
of porous solids. The contribution is
called the modelless method because
the analysis starts without assuming
a model for the shape of the pore.
Prior methods have assumed that all
pore walls have the same shape, al-
though it seems more likely that pores
in most solids have irregular shapes.
Dr. Brunauer’s method of analysis
yields three key pore dimensions as
properties of the empty space within
the pore. This space, known as the
core, is that part of the empty space
in a pore which remains when a film
is adsorbed on the pore walls, and
which is capable of filling up with gas.

Dr. Brunauer’s analytic technique
depends on determining the volume
and surface area of the cores with
subsequent mathematical treatment
of experimental data. He secured his
experimental data by observing the
amount of gas that a porous sample
will absorb or release when subjected
to a range of pressures while at a con-
stant low temperature. Under such
conditions, the larger pores absorb
at higher pressures while the smaller
pores, including the micropores, ab-
sorb gas at lower pressures. From these
data, both the volume and surface
area of the core are calculated,
whereas previous mathematical meth-
ods only permitted calculation of the
volume. Having both the volume and
the surface area, a third figure, char-
acteristic of the distances across the
pores can then be calculated. With
reliable dimensions for all three pa-
rameters of the core, one cannot go
too far wrong in calculating from
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them the parameters of the pore
itself.

Previously used techniques of pore
structure analysis have not been able
to take into account the effects of
“micropores”—the smallest kind of
pores, with radii measured in hun-
dred-hillionths of an inch—because
they do not always exhibit the same
kind of properties as larger pores. Dr.
Brunauer has developed a method of
analysis for these pores as well, which,
taken together with his modelless
technique, permits for the first time,
a complete pore structure analysis.
His micropore analysis method uses
data obtained at low pressures and
temperatures which are subsequently
treated mathematically accordingly
to theories contributed by J. H. de
Boer at the University of Delft.

Almost the entirety of the surface
of an object is composed of pores, and
the degree and nature of the porosity
of a surface is central to many im-
portant properties aside from purely
physical ones. Because the atoms on
the surface of an object are less
tightly packed in among their fellows
than those in the body of the objects,
they aremore chemically reactive. For
this reason, the more surface area an
object has, the more chemically re-
active it will be. In addition to pro-
viding insight into the physical at-
tributes and reactions of substances, a
thorough knowledge of a material’s
pore structure will allow better pre-
diction of its reactivity and greater
control over its behavior in chemical
reactions, which is of immense poten-
tial value to any industrial process
which depends on chemical synthesis.

Chemical Instrumentation

Availability of sophisticated instru-
mentation for chemists is crucial for
research and teaching in colleges and
universities. This has become a criti-
cal concern for departments of chem-
istry since the acquisition, mainte-
nance, and replacement of instru-
ments is an expensive task.

During the past year, the Founda-
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tion received 244 requests totalling
$11 million for support of chemical
instrumentation in colleges and uni-
versities.

The Foundation was able to sup-
port 57 of these requests by contrib-
uting $1.7 million toward the pur-
chase of $3.3 million worth of instru-
mentation. Over the past 6 years the
Foundation has been able to provide
$14.4 million toward this program,
with universities, primarily from their
own resources, providing an addi-
tional $7 million as institutional con-
tributions. These significant institu-
tional contributions are evidence that
the institutions of higher learning
recognize the necessity of complex
instrumentation in chemistry.

PHYSsICS

The Foundation is currently pro-
viding approximately 20 to 25 per-
cent of the direct Federal support for
physics research at colleges and uni-
versities. This percentage of the total
has been increasing in recent years,
partially as a reflection of the in-
creasingly rapid reduction in support
of physics by other Federal agencies.

The subject matter of the projects
supported by the Foundation is ex-
tremely diverse in style—ranging
from the large scale, highly concen-
trated expensive experiments of high
energy physics to the smaller scale,
individual labors of theoretical physi-
cists. For this reason, the size of an
individual grant in physics can vary
across an extremely broad range. The
total dollar amount of such grants in
fiscal year 1969 amounted to about
$30 million for 284 grants.

Gravity Waves

Of the four basic interactions of
nature: strong and weak nuclear in-
teractions, electromagnetic, and grav-
itational, only the gravitational] force
is intuitively familiar. But a detailed
understanding of gravity has been ex-
tremely elusive even though Newton’s
“Universal Theory of Gravitation”

and Albert Einstein’s “General The-
ory of Relativity” have been two of
the seminal theories in the historical
development of modern science. This
is mainly because, paradoxically,
gravity is the weakest force in nature,
even though it dominates the large-
scale structure of the universe,

One effect of gravity predicted by
Einstein’s theory but which remained
unobserved is the existence of gravi-
tational radiation, or gravity waves.
The theory predicts that such waves
would be generated by oscillating
bodies in a manner analogous to the
generation of electromagnetic radi-
ation, such as radio waves, by oscil-
lating electric charges. Because these
waves would be exceedingly weak,
their detection would require unpre-
cedented feats of instrumentation.
For severa] years the Foundation has
supported an effort by Joseph Weber
at the University of Maryland to de-
velop instruments that could detect
such gravitational radiation. This
quest now seems to have borne fruit.

Dr. Weber’s antenna for detecting
gravitational waves consists of a 11/;-
ton aluminum cylinder carefully
suspended by a steel wire on acoustic
filters (see figure). Piezoelectric crys-
tals that convert mechanical motion
into electrical signals are bonded to
the surface of the cylinder so that vi-
brations of the cylinder can be de-
tected and analyzed electronically.
The basic hypothesis is that if a
gravity wave passes through the
cylinder, a very slight mechanical
distortion will be produced which
will produce an electrical signal
from the crystals which can be
amplified and recorded on a graph.
The response of the cylinder can
be calculated quite precisely using
Einstein’s theory. The distortion ex-
pected is so slight, however, that the
signal could readily be obscured by
random electrical fluctuations in the
circuitry and other sources of noise
if special precautions were not taken.
Moreover, distortions due to other
natural causes, such as cosmic rays or
earthquakes, or local sources, such as

This half-ton aluminum cylinder serves
as an “antenna” for the detection of

gravity waves. (University of Maryland
photo)
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trucks on neighboring highways or
construction also could produce sig-
nals. Consequently, an elaborate set
of seismic detectors and special sort-
ing and filtering procedures were
needed to rule out spurious signals.
The need to rule out such signals led
to an unprecedented degree of de-
velopment of detection technology.
In 1967, even with most noise elimi-
nated, Dr. Weber still recorded occa-
sional signals.

In an effort to ensure that some
nearby object was not accidentally
responsible for the measured signals,
Dr. Weber constructed an additional
cylinder, separated from the first by
thousands of yards and considered
only the coincidences (instances in
which the detectors produced signals
simultaneously) . Even with such pre-
cautions, recognizable signals were
detected.

Finally, in order to clinch the case,
an additional cylinder was set up at
Argonne National Laboratory, over
600 miles away from the cylinders in
Maryland. Gravitational waves travel,
according to Einstein’s theory, at the
speed of light. Thus, coincidences
between these two thoroughly iso-
lated detectors could be due to gravi-
tational radiation but not due to
seismic disturbances, which travel at
the velocity of sound. When the chart
records produced by these machines
were compared, there still remained
clearly recognizable coincidences
recorded over an 8l-day period
which could not be attributed to any
other source. Detailed statistical
analysis indicated that random acci-
dental occurrences of this sort were
virtually impossible, indicating the
first detection of gravitational
radiation.

The confirmation and the continu-
ing analysis of the observed effects
may well lead to the development of
a whole new field of science. At pres-
ent, no one knows the source or
sources of the radiation and many of
its properties have yet to be
examined. Detection, alone, is so diffi-
cult a task that many years will un-

doubtedly be required for these phe-
nomena to be fully understood and
routinely studied. Even if Weber’s
events should turn out not to be gra-
vitational radiation, they still would
represent an intriguing new phe-
nomenon demanding a scientific ex-

‘planation. If they are gravitational

radiation, as is now widely believed,
the basic discovery is in many ways as
fundamental as the analogous discov-
ery of electromagnetic radiation by
Heinrich Hertz in the 1880’s. Weber’s
work ultimately may lead to unique
insights into the properties of matter
and the structure of the universe.

Self-Induced Transparency

A new effect has been observed by
Erwin L. Hahn and Samuel L.
McCall at the University of Cali-
fornia, Berkeley, which shows that a
short burst of light from a laser can
pass a significant part of its energy
through a thickness of material of
nongranular composition such as
crystals which would block out a simi-
lar burst of light with the same power
from an ordinary lamp source. The
light waves from a laser may be pic-
tured as traveling through space in
the form of evenly timed electric vi-
brations. These vibrations are spoken
of as being coherent, in contrast to
the incoherent, randomly phased vi-
brations from an ordinary lamp.
When ordinary incoherent light of a
specific color or wavelength is ab-
sorbed by a material, the light pulse
gives up its vibration energy to the
atoms as it penetrates into the medi-
um for a short distance. Since this
energy can never return to the light
beam, the material is then defined as
being opaque to the light. However,
if coherent laser light is applied in a
very short time burst with an in-
tensity which is sufficiently great to
overcome atomic friction, the elec-
trons of the atoms of the material are
forced, momentarily, to absorb the
light energy, but will then return the
light energy to the laser beam in the
same direction it was originally
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COINCIDENCE TIME MARK MARYLAND DETECTOR

Chart records showing simultaneous ob-
servation of gravitational radiation signals
by detectors separated by 600 miles. (Uni-
versity of Maryland photo)
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Pendulum analog of self-induced transparency. Pendulum (white ball) is struck from
left by light pulse (rolling dark ball). Energy given to pendulum causes it to rotate a
full circle and strike rolling dark ball from behind. Rolling ball then strikes next
pendulum and process is repeated. (After Hahn and McCall)

traveling. This happens because the
electrons are set into motion syn-
chronized with the coherent light
vibrations.

A crude analogy is illustrated in the
following figure where a rolling ball
is aimed with a certain initial veloc-
ity into a row of pendulums. Each
pendulum consists of a fixed ball
hanging on a rigid rod suspended
from a pivot. The rolling ball repre-
sents the light pulse and the pendu-
lums  represent the absorbing
material. Before impact the pendu-
lums are hanging down at rest, ar-
ranged in a straight line one after
another. If the rolling ball strikes the
fixed ball of the first pendulum head-
on with sufficient impact (meaning
the light burst is now entering the
material) ; the rolling ball momentar-
ily gives up a good portion of its en-
ergy to the first pendulum and slows
down. The pendulum will then swing
upward and around, and “spank” the
rolling ball on its backside. This sec-
ond impact restores the energy lost
during the previous impact, to the
rolling ball and revives the ball’s mo-
tion in the direction of original travel.
This process can repeat itself with
pendulums further down the line,
and the ball “passes through” the suc-
cession of pendulums as does the
light burst through the material in
the actual experiment. Obviously, if
the ball does not have sufficient im-
pact velocity or energy to start with,

the first pendulum will not “loop the
loop,” and the ball will lose energy
and eventually stop rolling.

In the actual experiment the laser
light pulse is absorbed over a short
distance in the material if the light
burst is not sufficiently powerful. At
present, this novel transparency ef-
fect is understood to apply only to
optically responsive ions in noncon-
ducting crystals, such as the chrom-
ium ions in the ruby, which give it its
color, and not to metals. The same
effect should occur for bursts of radio
waves, microwaves, or sound waves
which are usually absorbed in matter.
The phenomenon is expected to be
useful in studying atomic and elec-
tronic motion which occurs over ex-
tremely short time intervals. More-
over, while the pulse passes through
matter, it is slowed down considerably
below the speed of light. This slow-
ing down or delay property consti-
tutes a new form of control over
laser light which may have applica-
tions in communication and com-
puter technology.

Nuclear Reactions

Research into nuclear reaction
mechanisms involves study of colli-
sions between atomic nuclei in an
effort to understand the dynamics of
their interactions. These collisions
often produce new nuclei, some of
which do not exist in nature.

Philip R. Bevington and others,
with Foundation support, have been
examining nuclear reaction mecha-
nisms at Stanford University. They
directed a beam of protons, acceler-
ated to an energy of 18 million elec-
tron volts by a tandem electrostatic
accelerator, onto a thin aluminum
foil target. Nuclear reactions between
the bombarding protons and alumi-
num nuclei take place in the foil.
Ordinarily, aluminum nuclei (Al??)
are made up of 13 protons (p) and 14
neutrons. In this reaction, one of the
14 neutrons in the aluminum becomes
attached to a proton producing a
deuteron (d) plus the lighter isotope
of aluminum containing one less
neutron (Al*¢). The experimenters
wished to discover how this attach-
ment of the neutron to the proton
takes place. Does the incident proton
striking the foil become absorbed into
the aluminum nucleus, producing a
nucleus of the element silicon (Si®®),
which then emits the deuteron, i.e.,
p+AIP"—Si*® followed by Si*—d
+Al*%, or does the proton pick up a
neutron from the AI*" nucleus as it
passes by, forming the deuteron
directly?

Theory predicts that in the first
case, deuterons will be emitted with
equal probability in all directions
from the target nucleus, while in the
second case the deuterons should
come out with a characteristic pattern
in the same general direction as the
proton beam. The detection appara-
tus determined from the deuteron
count that rather than being uni-
formly distributed in all directions,
the deuterons were concentrated in
the direction of the incident beam.
This result is consistent with the hy-
pothesis that the reaction proceeds by
a direct pickup of the neutron from
the AI*" nucleus, rather than by the
formation of an intermediate Si*®
nucleus.

A recent nuclear structure experi-
ment by W. Parker Alford and his
group at the University of Rochester
has provided interesting information



CAPTURE

Al 27
MODE

Aluminum
Foil

PICKUP

Al 2
MODE

Aluminum

Foil @ PrROTON

b
A 000000 @+0-———@——-/@\
®

@ +e

® Al

sz \ :

EMISSION ®
|
+
1

W

Intermediate
Nucleus

®

All Directions for Emitted
Deuterons Equally Probable

Al 20 4 d

R=

Deuterons are Peaked in
Direction of Incident Protons.
No Intermediate Nucleus.

(® DEUTERON

Alternate reaction modes for a proton, deuteron reaction. In upper model, a proton
from the incident beam at left is captured by an aluminum nucleus in the foil target,
forming a silicon nucleus which decays, emitting a deuteron, which can emerge in any
direction. In lower model, the proton picks up a neutron in passing, forming the
deuteron directly, which then emerges in substantially the same direction in which the

proton entered.

about nuclei of the element bismuth
(Bi**?). A beam of helium-three
nuclei (He®) which consists of two
protons and a neutron from the Ro-
chester electrostatic accelerator was
directed onto a lead target (Pb2°%).
Protons were stripped off the He® nu-
clei, producing the reaction He®+
Pb?%—d + Bi%,

The emerging deuterons were
sorted according to their energies in a
magnetic spectrograph. The deuter-
ons were found to be bunched
in discrete energy groups due
to the formation of corresponding
discrete excited states in the resulting
Bi* nuclei. Excited states are trans-
ient forms of the nucleus which oc-
cur when the nucleus contains more
internal energy than it does in its
normal or ground state. An excited
state typically lasts for less than a

millionth of a second before giving
up its excess energy in the form of
gamma rays (electromagnetic radia-
tion). Measurement of the energy
and other properties of the gamma
rays which result from the decay of
excited states, and identification of
the particles emitted in the process of
forming the excited states (deuterons
in the above example) provide an
understanding of the internal con-
stitution of nuclei, especially how the
protons and neutrons which make up
a nucleus are distributed and how
they move within the nucleus. In the
case of Alford’s experiment, the
emitted deuterons revealed the ener-
gies and intensities of the excited
states of Bi*®. These states were found
to have a particularly simple charac-
ter which can be loosely described as
corresponding to a proton revolving
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around a Pb*® core. The fact that a
complicated nucleus exhibits proper-
ties which can be interpreted in such
a simple fashion has stimulated the
search for other nuclear energy levels
which might possess these character-
istics and lead to a closer understand-
ing of many other nuclei.

Laser Light in Photochemistry

Optical lasers are becoming in-
creasingly valuable as laboratory
instruments in the study of structural
arrangements of molecules and their
states of energetic excitation.

This is admirably illustrated in the
researchconducted by Arthur Schaw-
low and his associates at Stanford
University. They have exploited the
extraordinary spectral purity of laser
light in the study of photochemical
processes; that is, chemical processes
in which part of the energy necessary
for the reaction is provided in the
form of light. The first reaction
studied has been that of bromine with
fully halogenated butene. Butene is
an unsaturated chain of 4 carbon
atoms linked to other elements. It is
said to be unsaturated because 2 of
the carbon atoms share a double
bond, i.e, they are tied to each other
rather than to another element. Un-
der proper conditions, it can take up
2 atoms of bromine to form a satu-
rated compound (halogenated bu-
tane). Bromine, on the other hand,
customarily exists as a molecule
consisting of 2 bromine atoms. The
initial object of the research was to
determine whether the bromine mole-
cule must first be dissociated into 2
free bromine atoms which subse-
quently react one at a time with the
butene, or whether properly excited
bromine molecules can react directly
with the butene, supplying both of
the needed bromine atoms at once. If
the latter situation obtains, then the
exact state of excitation of the
bromine molecule immediately before
reacting might be expected to deter-
mine the rate at which the chemical
reaction proceeds.
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Possible mechanisms for reaction of bromine and halogenated butene. In top figure,
excited-state bromine molecule dissociates and its atoms react individually with butene.

In lower figure, excited-state bromine molecule reacts directly with butene. * denotes

excited-state molecule; -
atom; C=carbon atom ; F=fluorine atom.

These alternative possibilities are
indicated respectively in the follow-
ing figures. In both cases, the bromine
molecule is brought to a predeter-
mined state of excitation very near to
the dissociation threshold by the ab-
sorption of a photon of definite energy
emitted by the laser.

It was possible to bring the bromine
molecules to various known specific
states of excitation just short of actual
dissociation by irradiating them with
high-intensity laser light at wave
lengths in the vicinity of 69404,
the exact state of excitation depend-
ing on slight variations of the laser
wavelength. Moreover, because of the
spectral purity of the laser radiation,
it was possible to excite selectively
one or the other of two bromine iso-
topes present in the experiment.

Dr. Schawlow’s group irradiated
the bromine molecules in a quartz
cell together with the halogenated bu-
tene, and observed the dependence of
reaction rate upon irradiation wave-
length, that is, upon the state to which
the molecules were excited. Also, they

indicates electron available for bond formation ; Br—=bromine

examined the isotopic composition of
the reaction products in relation to
the choice of bromine isotope excited
by the laser. Results to date indicate
that the bromine molecule must dis-
sociate before reacting. This is an
interesting result in itself but not
nearly as important as the develop-
ment and demonstration of a tech-
nique for initiating chemical reac-
tions selectively from known specific
excited states of molecules. This
should ultimately lead to improved
analysis of many important chemical
processes including photosynthesis
and other biochemical processes.

ASTRONOMY

The Foundation is the principal
Federal agency for the support of
ground-based astronomy. Through
research project support, research
facility and equipment programs, and
through the national observatories,
the Foundation is at present provid-
ing about 47 percent of the total Fed-
eral support of research in astronomy.
Significant contributions previously

The 158-inch G.E. quartz mirror blank on
its grinding machine. Above: The largest
tool, 138 inches in diameter, used mainly
for polishing to obtain a figure of revolu-
tion free from astigmatism. Below: A
smaller tool, 30 inches in diameter, is
shown during its epicyclic motion of re-
moving glass with garnet powder as the
abrasive. The work is being done in the
optical shop at the Tucson headquarters,
Kitt Peak National Observatory. (KPNO
photo)

made by other Federal agencies are
decreasing and, consequently, a
greater number of requests are being
received by the Foundation to pro-
vide support for research projects of
proven quality. Although this reduc-
tion is expected in both optical and
radio astronomy, it is more acute in
the latter field. During fiscal year
1969, the Foundation awarded 125
grants at a level of just under $7
million.

Kirr PEax NATIONAL OBSERVATORY
Facilities
Kitt Peak National Observatory

(KPNO), near Tucson, Ariz., was
established in 1958 for the purpose of

[rr—




The largest single piece of glass in the free world was cast by Owens-Illinois, Inc., in
Toledo, Ohio, with the pouring of a 158-inch mirror blank for the new Cerro Tololo
Inter-American Observatory in Chile. The “Cer-Vit” material used for the 25-ton
mirror blank does not change shape or dimensions even when subjected to extreme
temperature changes. With other types of mirror materials, thermal changes can cause
warping of the mirror surface and subsequent blurring of astronomical objects and the
loss of valuable viewing time while waiting for the mirror to adapt to the changes.

(Owens-Illinois, Inc., photo)

strengthening basic research and edu-
cation 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 Univer-
sities for Research in Astronomy, Inc.
(AURA).

Research is organized into three
principal fields—stellar, solar, and
planetary sciences astronomy. In
addition, engineering design and
construction of instrumentation for
telescopes and rocket experiments

comprise a significant portion of the
observatory’s activities.

In a major capital construction
program, unique for a single observa-
tory, excellent progress was made in
fiscal year 1969 on the two 150-inch
telescope projects. Both are the re-
sponsibility of KPNO, although one
will be located in Chile at the Cerro
Tololo Inter-American Observatory
(CTIO). The building and dome
construction for the 150-inch Kitt
Peak telescope is on schedule for
completion by the end of 1969; the
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158-inch primary mirror is being
ground and polished in the observa-
tory optical shop in Tucson, and the
mechanical mounting is in an ad-
vanced state of component fabrica-
tion in California, Washington, and
Japan. For the 150-inch Cerro Tololo
telescope, the building is on schedule
for completion in 1970, and the
mounting is being fabricated con-
currently with that for Kitt Peak. In
June 1969, 25 tons of molten glass
were poured into a mold at Toledo,
Ohio, to become a 158-inch disc of
zero-expansion glass which will be-
come the mirror for the Cerro Tololo
telescope. Present plans call for com-
pletion of the two telescopes—the
world’s second largest—in late 1971
and 1972 for the Northern and South-
ern Hemispheres, respectively.

Stellar Astronomy

A total of 119 visiting astronomers
and graduate students used the 84-,
50-, two 36-, and two 16-inch stellar
telescopes for approximately 60 per-
cent of the available scheduled time
during fiscal year 1969. For the aver-
age assignment of telescope time, the
duration was 4.7 nights, the average
number of participants per assign-
ment was 1.3, and the useful observ-
ing time was 62 percent that allotted.
The visiting observers represented 40
universities and research organiza-
tions in the United States and six
from foreign countries.

Staff and wvisitors alike have par-
ticipated in applying new observing
techniques on Kitt Peak. A pressure-
scanning Fabry-Pérot interferometer
was put into operation as a Kitt Peak
instrument, and groups from univer-
sities in Wisconsin, New York (Cor-
nell), and Maryland used similar in-
struments brought to the observatory
during the year. Image tubes have
been applied to an increasing number
of observational programs. Thus, at
the 84-inch telescope, use of the
image tube spectrograph for the first
time has exceeded the use of the
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conventional spectrograph at the
Cassegrain focus (one of the several
observing positions available for man-
agement of incoming light). It is
noteworthy that one group of investi-
gators obtained more spectrograms of
galaxies for radial velocity measure-
ments in 6 nights than were reported
in the first 15 years following the dis-
covery of red shifts in the spectra of
galaxies.

A new three-stage image tube has
been applied to spectroscopy of faint
sources. As one of the users of this
new sytsem, W. A. Hiltner, Yerkes
Observatory, University of Chicago,
obtained a series of more than 100
spectrograms of the X-ray source
Scorpio (Sco XR~1) during a 6-night
run at Kitt Peak while the object was
simultaneously being photometrically
monitored by Delo E. Mook of the
University of Michigan.

Following the discovery of the op-
tical variations of the pulsar in the
Crab nebula by astronomers of the
Steward Observatory, University of
Arizona, C. R. Lynds and D. E.
Trumbo, with others at Kitt Peak,
have obtained a number of time-re-
solved spectroscopic and photometric
observations. The spectra of the main
and mid pulse appear to be continu-
ous, for neither emission nor absorp-
tion features are recognizable in these
records.

The 50-inch telescope, formerly
the remotely controlled telescope, was
scheduled regularly for vistor use as
a manually operated instrument be-
ginning in April 1969. Light-weight
replacement optics of new, distortion-
free glass-ceramic material have been
ordered, and the telescope will be
reautomated at some time in the fu-
ture when program priorities and
funding will allow the changeover.

Solar Astronomy

The visible surface of the sun is
called the photosphere, and the at-
mosphere immediately above it is
termed the chromosphere. The Mc-
Math Solar Telescope with its large
light-gathering power (60-inch aper-

ture) and its big image (34-inch di-
ameter) is a particularly suitable
instrument for the detailed study of
these layers of the sun, which send us
over 99 percent of the energy in the
solar spectrum. Violent convective
motions continually occur in the pho-
tosphere and bring to the surface
some of the heat from below. On oc-
casion, powerful magnetic fields burst
through the surface creating sun-
spots; also, from time to time chromo-
spheric flares occur, which last 10
minutes to an hour.

During fiscal year 1969, 14 Ameri-
can astronomers, two graduate stu-
dents, two visitors from Norway, and
one each from Switzerland, Australia,
Sweden, and France used the Mc-
Math Solar Telescope along with the
resident staff of solar astronomers.
Their fields of study were broadly of
three kinds: (1) The sun’s chemical
composition; (2) the sun’s magnetic
phenomena; and (3) the motions
of gases in the photosphere and
chromosphere.

Of the 92 elements making up the
earth, only 63 are presently proven
as present without doubt in the sun.
To this list the newest observations
have confirmed thorium, terbium,
and erbium, and have added hol-
mium as a new one. The large in-
frared spectrometer just approaching
completion will be able to explore
the red region of the sunspot spec-
trum for such chemical compounds
as carbon monoxide, steam, hydro-
chloric acid, etc., which are normally
decomposed at the higher tempera-
tures of the photosphere.

A 40-channel magnetograph, em-
ploying 80 fiber optic systems, 80
amplifiers and 80 photocells has been
under construction for a year and is
expected to be in operation the sum-
mer of 1969. This instrument will al-
low detailed full-disc magnetograms
to be recorded in about one-half hour,
and will make possible the study of
the changing solar magnetic fields
that produce sunspots and flares.

The sun rotates once in about 25

Sunspots photographed at the McMath
Solar Telescope. The black spot repre-
sents the earth’s size. (KPNO photo)

days at the equator, and in about 30
days at the poles, hence not as a solid
body but as a gaseous mass stirred
deeply by internal motions. Solar staff
astronomers have started a new long-
range program of spectroscopic deter-
mination of the sun’s rotation, with
the aim of finding a clue to the nature
of the peculiar rotation of the sun.
In addition to these large-scale cur-
rents, the surface of the sun is covered

with clouds of hot gases that are

about 500 miles in diameter, and
which ascend from deep in the photo-
sphere to the top of the chromosphere
at speeds of 1 mile per second. An
understanding of this violent boiling
on the sun’s surface has been the
study objective of a number of visit-
ing scientists.

The McMath Solar Telescope con-
tinues to be used as a powerful teles-
scope-spectrograph-computer combi-
nation useful in the study of the
brighter stars and the major planets.
Visitors and staff have made observa-
tions to determine the Martian car-
bon dioxide abundance, and to detect
by its variations the topographic fea-
tures of the planet.




Planetary Sciences

The Planetary Sciences Division at
Kitt Peak National Observatory con-
ducts basic research in astronomy
with particular attention to observa-
tional data obtained outside the
earth’s atmosphere through the use of
sounding rockets. Investigations are
conducted by staff and visiting scien-
tists, especially in the radiation of ce-
lestial objects in wavelength regions
that are closed off to ground-based
astronomy by the earth’s atmosphere
and ionosphere. A significant portion
of the current effort is concentrated
on the atmospheres of the planets
Mars, Venus, and Jupiter.

Sounding Rocket Program and
Ground-Based Observations.—Dur-
ing fiscal year 1969 two Aerobee
sounding rockets were launched at
the White Sands Missile Range,
N. Mex., and each was successful in
returning scientific and engineering
data.

The first rocket, launched on Oc-
tober 23, 1968, was an engineering

test flight of the new Aerobee 170,
furnished by NASA, coupled with a
KPNO investigation of the ultravio-
let spectra of stars in the northern
Orion region by means of an instru-
mented payload including a scanning
spectrophotometer. The Aerobee 170
is capable of carrying the payload to
an altitude more than 500 kilometers,
higher than the earlier Aerobee 150,
and provides 87 seconds more observ-
ing time above 100 kilometers. The
spectrophotometer covered the ultra-
violet spectral range of 1,050 A to
2,150 A. Good ultraviolet spectra
were obtained on 17 stars, in spite of
the fact that the sky background
count was higher than expected.

The second rocket, an Aerobee 150,
was launched on June 12, 1969. The
purpose of this flight was to observe
the ultraviolet spectrum of Mars in
the range from 1,700 A to 3,500 A.
This was the third successful flight
in three launches of the newly devel-
oped Separable Payload Orientation
System developed by the Ball Brothers
Research Corp., Boulder, Colo., with

Contour map of part of the Martian surface obtained with the McMath Solar Telescope.
The abundances of carbon dioxide, measured at many points, were converted to partial
pressures. On the assumption that lower pressures correspond to higher elevations, the
pressures were interpreted as height differences, with contours drawn every two kilo-
meters. Points marked H are so high that no CO. atmosphere could be detected over

them (KPNO photo).
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the assistance of KPNO. The scien-
tific payload consisted of a 13.4-inch
Cassegrain  telescope system with
quartz optics, and a spectrometer
using a Paschen-Runge mount with a
40-cm. focal length grating. The
spectrum was recorded in two seg-
ments, and large-scale solar features
are easily identified, but the signal
level was low, and a satisfactory spec-
trum can only be obtained by sum-
mation of the data,

In order to check early radar indi-
cations that large topographic fea-
tures exist on Mars, staff members
developed a three-channel multislit
spectrophotometer for the purpose of
measuring the distribution of the par-
tial pressure of CO, as a function of
position on the planet. Using this in-
strument in conjunction with the
McMath Solar Telescope on Kitt
Peak, they have been successful in
obtaining observations which, when
interpreted as local height variations
in the surface, confirm the Mariner
IV radarresults and provide more ex-
tensive maps of these and other topo-
graphic features.

Theoretical Programs

In a published critique of models
for interpretation of certain emissions
observed by Mariner V, D. M. Hun-
ten and M. B. McElroy concluded
that the simplest model is one that
requires the deuterium/hydrogen
ratio to be about 100 times larger on
Venus than on Earth. In the upper
atmosphere, as a consequence of fast
hydrogen escape, the abundance of
deuterium atoms would be larger
than that of hydrogen. Thus, much
of the emission observed by Mariner V
would be a result of resonance scat-
tering of sunlight by deuterium rather
than by hydrogen atoms. If correct,
this model offers important insights
into evolutionary processes in Venus’
atmosphere. In particular, it implies
that a large fraction of the initial hy-
drogen budget has escaped over the
lifetime of the planet.

Work continued during the year
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on the interaction of the solar wind
with planetary atmospheres. In an
initial paper that discussed Mars, it
was concluded that the Martian iono-
sphere is drastically modified by the
solar wind, which results in a signif-
icant loss of gas from the planetary
atmosphere. On the average, how-
ever, the planet tends to gain hydro-
gen by accretion from the solar wind.

Work also continued on the prob-
lem of interpreting absorption lines
formed in hazy planetary atmos-
pheres. A model devised by J. W.
Chamberlain will be applied to new
observations of Venus in an attempt
to elucidate the scattering properties
of that planet’s atmosphere.

In the past year, KPNO scientists
have broadened their interests to in-
clude the outer planets. Several re-
search papers have been written on
diverse topics ranging from the scat-
tering properties of Neptune’s atmos-
phere to the hydrogen abundance on
Jupiter.

CerrO ToroLo INTER-AMERICAN
OBSERVATORY

In order to provide astronomers
with an unusually favorable window
to the southern skies, the Association
of Universities for Research in As-
tronomy, Inc., (AURA), has estab-
lished and operates, under a contract
with the National Science Founda-
tion, the Cerro Tololo Inter-Ameri-
can Observatory in the Republic of
Chile.

At this observatory site, 40 miles
southeast of the city of La Serena at
30° south latitude, excellent atmos-
pheric conditions have been found
for astronomical observations. These
result from a most fortunate set of
geographic factors. Prevailing off-
shore winds blowing across the cold
Humbolt current form a pronounced,
lower level inversion layer that damp-
ens atmospheric convection. Above
the inversion layer, astronomical see-
ing is superb. Cerro Tololo, with an
altitude of 7,200 feet, rises above the
inversion layer on the western ap-

proaches of the Andean cordillera. As
a result of these favorable conditions,
the region shows promise of becoming
an astronomical community of world-
wide importance. A consortium of six
European nations has established the
European Southern Observatory some
60 miles from La Serena, and the
Carnegie Institution of Washington
plans to establish a major telescope
installation in the vicinity.

In fiscal year 1969, construction
proceeded on the building which will
house the 150-inch telescope, and
completion is scheduled for March
1970. The 158-inch blank for the
primary mirror was poured in the
United States in June 1969.

In other construction, under an
agreement between AURA and the
Lowell Observatory, a 24-inch re-
flector was erected on Cerro Tololo.
This telescope was immediately
pressed into service in April by the
Lowell Observatory staff for photog-
raphy of the planet Mars.

During fiscal year 1969, a total of
47 astronomers and graduate students
carried out observations on Cerro To-
lolo. These included 33 visitors from
the United States, four of whom were
graduate students who collected ma-
terial for doctoral dissertations; nine
from Latin America, principally from
Chile and Argentina; and five from
Canada and Western Europe, includ-
ing one graduate student. In addi-
tion, four astronomy students from
Chile and one from Argentina ac-
companied their professors during
visits to the observatory to acquaint
themselves with observational tech-
niques. Observing time assigned to all
visitors was 69 percent of the total
available. The remainder of the time

~was used by the resident staff, by Kitt

Peak National Observatory staff, and
for maintenance work.

Five telescopes were operational
throughout the entire fiscal year; four
are Cassegrain reflectors with aper-
tures of 60, 36, and 16 inches (two
telescopes). The fifth telescope has
Schmidt-type optics and a 24-inch

Close-up view, toward the south, of the
building for the 150-inch telescope on
Cerro Tololo on June 24, 1969. The steel
structure, floors, and interior walls are
approaching completion, with work on
the rotating dome about to begin. (CTIO
photo)

L I S U



aperture, and is operated on loan
from the University of Michigan.
Two-thirds of its observing time is
available to observatory visitors and
staff.

A wide variety of observational
programs was undertaken by the
visitors and resident staff. The ob-
jects studied ranged from the planet
Venus to the nearer galaxies and
distant quasars. Studies of Milky Way
or galactic objects included X-ray
sources, old novae, peculiar variable
stars, spiral-arm tracers in the Carina-
Centaurus region of the Milky Way,
planetary nebulae, globular and open
star clusters. In the Magellanic
Clouds, new photometric sequences,
spectral types, and radial velocities
were determined for the brighter stel-
lar populations in these two nearest
galaxies. The photometric variability
of various southern quasars was also
investigated.

A highlight of the programs was a
concentrated observational effort on
the planet Mars, which had a favor-
able approach in May and June 1969.
Photometric, spectrographic, and
photographic observations with filters
selecting wavelength regions from the
ultraviolet to the far infrared were
undertaken by astronomers from the
University of Arizona, California In-
stitute of Technology, Cornell Uni-
versity, Lowell Observatory, and
Massachusetts Institute of Tech-
nology. These observations were
aimed at determining the nature of
the Martian surface by studying its
reflectivity and its photometric prop-
erties at various phase angles. The
polar cap was observed in an effort to
find its composition. Surprisingly, the
preliminary reductions of the latter
observations indicate that, during the
1969 Martian approach, the ob-
servable polar cap consisted of clouds.

NatioNaL Rapio AsTRONOMY
OBSERVATORY

Facilities
The National Radio Astronomy
Observatory (NRAO) is managed by

Associated Universities, Inc., under
contract with the National Science
Foundation. Now in its 13th year of
operation as a national center for
basic research in radio astronomy, the
observatory has two observing sites,
Green Bank, W. Va., and Tucson,
Ariz. Most of the staff scientists, the
main library, and computer are lo-
cated at a third site in Charlottesville,
Va. Support staff at Green Bank in-
cludes engineers who plan and main-
tain new receivers for the telescopes,
telescope operating personnel, and a
complement of administrative and
maintenance specialists. At Green
Bank the major radio telescopes are
the 300-foot meridian transit tele-
scope, the 140-foot fully steerable
centimeter-wavelength telescope, and
an interferometer consisting of three
85-foot telescopes. At Tucson, a 36-
foot millimeter wavelength telescope
is located at Kitt Peak National Ob-
servatory. With more than 25 receiv-
ers available for use on the 30-, 140-,
and 300-foot telescopes, the observa-
tory has the capacity to satisfy most
staff and visitor requests for telescope
time over a wide range of frequencies
extending from below 100 MHz
(million cycles per second) to 300
GHz (billion cycles per second).
Visitor-users of NRAO telescopes are
assigned at least 60 percent of the
telescope time available. Visiting
scientists and graduate students con-
duct observing programs either inde-
pendently or in conjunction with
staff members. In some cases, NRAO
now supports part of the travel costs
for distant visitor-users of the
telescopes.

During the past fiscal year the new
413-channel autocorrelation receiver
became fully operational on the 140-
foot telescope. With it a group of staff
and visitors discovered both the C!2
and C* forms of interstellar formal-
dehyde (H,CO), which is thought to
indicate that interstellar chemical
evolution is at a more complex level
than anticipated. Two tunable re-
ceivers became available that permit
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observers quickly to tune to any fre-
quency between 1 and 4 GHz. These
receivers enable observers to under-
take molecular line searches in that
frequency interval. On-line computers
became fully operational at the 140-
and 300-foot telescopes, removing the
necessity to wait for full data proc-
essing at the IBM 360/50 system in
Charlottesville before learning the
preliminary results of an observing
program. At the 300-foot telescope,
a four-feed arrangement at the tele-
scope focus quadrupled the rate at
which data can be obtained for radio
source surveys.

The 42-foot portable telescope was
operated successfully at a remote site,
25 miles from Green Bank. This tele-
scope can be operated remotely as an
interferometer in conjunction with
one of the 85-foot telescopes. Its
operation has demonstrated the feasi-
bility of achieving 1”” arc resolution
at 11-cm. wavelength, one of the de-
sign goals of the Very Large Array
(VLA) Proiect which proposes the
use of a number of telescopes to ob-
serve radio sources much fainter than
now possible. Very long baseline
(VLB) interferometry continued dur-
ing the year with the NRAO acting as
a clearing house for various groups
throughout the nation who want to
use the new 3- and 6-cm. portable
VLB receivers that became opera-
tional during the year. New terminals
and a fast computer-processor are
under construction and will markedly
increase the rates at which data can
be taken and analyzed. On the 140-
foot telescope, a new clip-on receiver
became available which operates at
2- and 6-cm. wavelength and that can
be installed in less than 2 hours to
take advantage of clear weather. This
receiver system has been scheduled on
a weather contingency basis and the
success experienced with this type of
scheduling has shown that a telescope
located in Green Bank can make high
frequency, weather-dependent obser-
vations for at least 20 percent of its
total observing time.
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Visitors, Students, and Staff

During calendar year 1968, 94
visitors observed with NRAO radio
telescopes, an increase of 12 percent
over 1967. Twenty-eight different in-
stitutions were represented by these
visitors.

Students from five nearby cooper-
ating colleges spend alternate terms
at the NRAO where they assist staff
scientists and engineers in their re-
search. The NRAO summer student
program accepts about 30 under-
graduate and graduate students be-
tween May and September each year.
The students attend a series of lec-
tures on radio astronomy and assist in
the NRAO research program.

At the end of fiscal year 1969, the
NRAO staff included 12 scientists
on the permanent staff, 13 on tem-
porary appointments, and 24 struc-
tural, mechanical, and electronic
engineers. The total permanent
NRAO staff was 224.

Antenna and Telescope Design
Projects

The design work on the Very Large
Array (VLA) was completed in
January 1969 and a report was pub-
lished, “A Proposal for a Very Large
Array Radio Telescope, Volume
IIL,” covering all work since the
publication in January 1967 of
volumes I and II. The VLA project
proposes an array of 27 radio astron-
omy antennas on a field approxi-
mately 30 miles on a side. The
antennas will be mounted on railroad
tracks so that their positions can be
moved. The positions are chosen so
that when the signals are added to-
gether, the combined instrument will
make “pictures” in radio wavelengths
having a resolution of detail equal to
that provided by a 200-inch optical
telescope. With the publication of this
report, the work on the VLA has
been brought to a point where de-
tailed design, prototype, and con-
struction would be the next logical
steps. Pending authorization for the

VLA or some modified version of it,
no further design work is planned.

A conceptual design for a 300-foot
fully steerable homologous telescope
has been completed. The expected
surface accuracy is 0.7 millimeter
during night and 1.0 millimeter dur-
ing the day. A full report, 4 300-Foot
High Precision Radio Telescope, was
published in June 1969.

NRAO Research Projects

ForRMALDEHYDE DISCOVERED

In early March 1969, interstellar
formaldehyde (H,C?0%) was dis-
covered in absorption with the 140-
foot radio telescope at 4,830 MHz in
15 galactic sources by D. Buhl and
L. E. Snyder of the National Radio
Astronomy Observatory, B. Zucker-

man of the University of Maryland,
and Patrick Palmer of the University
of Chicago. Formaldehyde is the first
polyatomic molecule ever detected in
the interstellar medium and its wide-
spread distribution is expected to pro-
vide important information about the
chemical processes of our galaxy.
Late in March, the same group
found formaldehyde absorption in
several more sources, including four
dark nebulae where the background
source appears to be the isotropic 2.8°
K. microwave background radiation.
This implies that the nebulae are
very cool with microwave excitation
temperatures less than 1.8° K. for the
H,CO energy levels involved. In
June, a second organic polyatomic
molecule, H,C*O (an isotopic form
of formaldehyde), was detected in
absorption at 4,593 MHz against the

Sgr. A
Av = |3 KHz

Radio absorption spectrum indicating the presence of interstellar formaldehyde. The‘
140-foot antenna was pointed in the direction of the center of the Mil!(y Way system
(Sgr A). The formaldehyde signal is shown as the three major dips occurring at velocities
in the line of sight, of 440, —5 and —53 kilometers per second. Each of these 3
absorption lines represents the effect of a different cloud of formaldehyde along the,

line of sight. (NRAO photo)
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galactic center by the same team of
radio astronomers. The two forms of
formaldehyde are expected to yield
new information about the history of
nuclear reactions toward the center
of our galaxy.

The discoveries of radio spectral
lines from formaldehyde, ammonia,
and water vapor, all of which oc-
curred in fiscal year 1969, have stim-
ulated searches for other radio spec-
tral lines at frequencies from 100
MHz to 150 GHz, further increasing
demands on telescope time.

CRAB NEBULA PULSAR DISCOVERED

The Crab Nebula, the remnant
of a supernova explosion in A.D.
1054, is one of the most fascinating
celestial objects. It was the first cosmic
radio source to be identified with a
galactic object, the first identified
X-ray source, and the first celestial
object in which optical synchrotron
emission was detected. Although the
Crab Nebula had been intensively in-
vestigated prior to 1968-69, the
source of its radiation remained a
mystery. In November 1968 during a
survey designed to detect new pulsars
with the 300-foot radio telescope, D.
H. Staelin and E. C. Reifenstein dis-
covered two pulsating sources NP
0527 and 0532, the latter located at
the center of the Crab Nebula. This
discovery proved to be the key that
led to a much more complete under-
standing of the astrophysical processes
that cause the continuing optical,
radio, and X-ray emission from the
Nebula. Observers at the Arecibo
Tonospheric Observatory showed that
the period of the pulsar, only 33 milli-
seconds, was the shortest period yet
found for a pulsar.

At the close of the fiscal year, T.
Gold found that pulsar emission was
sufficient to explain the intensity of
cosmic rays in the Milky Way system.
Further studies have shown that
pulsars are probably neutron stars of
exceedingly high density and are the
stellar end products of supernova ex-
plosions that occur near the end of the
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lifetimes of stars whose masses slightly
exceed the mass of the sun.

UniversiTy RESEARCH, FACILITIES,
AND EQUIPMENT

University Research

NEW SPECTRAL LINE DISCOVERY

The past year has been a most
important one for the discovery of
new lines in the radio frequency
spectrum. In addition to the spectral
line of interstellar formaldehyde dis-
covered at NRAO, additional unex-
pected spectral lines were discovered
at the Hat Creek Observatory of
University of California by the team
of C. H. Townes, D. M. Rank, A. C.
Cheung, W. J. Welch, and D. D.
Thornton. In an investigation par-
tially supported by NSF, this group
detected interstellar ammonia, NH;.
This emission line at 23.7 GHz (1.27
cm.) was observed in a number of
clouds in the direction of the galactic
center. The measurements implied a
temperature of the clouds, in which
the line originated, to vary from 25°
K. to 125° K. The presence of am-
monia in the higher temperature
cloud suggested that water wvapor
emission at 22.3 GHz (1.35 cm.)
might also be observable. This phe-
nomenon was found by the University
of California group not only in the di-
rection of the galactic center, but in
the Orion Nebula and other sources
such as the Aquila Cloud, W49. The
group has also observed the 65«
ionized hydrogen emission line at 24
GHz (1.2 cm.)..Allin all, the number
of observable spectral lines detected
by radio telescopes has dramatically
increased from the single observable
1,420 MHz (21 cm.) hydrogen line
of a decade ago.

Our view of the interstellar me-
dium is in the process of evolving a
picture of chemical composition
much more complex than had been
envisioned. The existence of am-
monia, water vapor, and formalde-
hyde imply that even more complex
atoms may be observable and that the
searching of the heavens with radio
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telescopes is even more rewarding to
man’s understanding of the universe
than the leading proponents of these
instruments would have imagined
only a few short years ago.

PULSARS AND NEUTRON STARS

During the year there was con-
tinued excitement about the pulsars.
These remarkable celestial objects,
first reported last year by British radio
astronomers, are characterized by a
pulsed radio signal from a very small
area of the sky; the pulse periods are
within the range of 0.02 second to
nearly 4 seconds. The pulses vary in
intensity but occur with great regu-
larity. Observations this year have re-
vealed a very minute lengthening of
the periods for all of the pulsars
which have been sufficiently well ob-
served. Approximately 30 pulsars
have now been discovered, compared
with a total of 9 known as the year
began. Radio astronomers in many
countries have been active in the
search.

The hypothesis that the pulsar
phenomenon results from a collapsed
star—a neutron star—in rapid rota-
tion with a period of rotation equal
to that of the pulse period, has gained
many proponents, especially since the
discovery of the shorter periods. The
minute slowing of the pulse repetition
rate is interpreted as a slowing of the
rotation of the neutron star.

Such neutron stars had been hy-
pothesized earlier as a possible result
of the collapse of stellar material into
a highly condensed state, perhaps ini-
tiated in the catastrophic implosion
called a supernova. Here an unstable
star collapses upon itself, at the same
time blowing away much of its sur-
face material to the surrounding
space. The resulting neutron star
would contain much of the material
of the original star but packed into a
sphere 10 miles or less in diameter.
The rotation of the original star
would be greatly increased as the col-
lapse toward the final neutron star

occurred.
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There is not yet agreement on the
details of the production of the pulsed
radiation. In one version it is sup-
posed that some of the material which
is escaping from the surface is con-
strained by the intense magnetic field
to rotate with the neutron star; and
emission from this material is in a
beam which, as it sweeps around the
sky, is directed toward the earth once
during each rotation of the star.

Of the two pulsars discovered at
NRAO in November 1968, the short
period pulsar NPO532 provided espe-
cially significant information when
three astronomers, W. J. Cocke, M. ]
Disney, and D. ]J. Taylor, using the
36-inch telescope at the Steward Ob-
servatory of the University of Arizona
on January 16, 1969, detected pulsa-
tions in the optical part of the spec-
trum from the central region of the
Crab Nebula, with a pulse period ap-
parently identical to that of the fast
radio pulsar. Within a few days after
this discovery, observers at the Kitt
Peak National Observatory, the Uni-
versity of Rochester, the University of
Texas, and the Lick Observatory of

the University of California had con-
firmed the optical pulsations and
found further that the pulsar position
coincided with that of a faint star
near the center of the nebula which
was known to have an unusual, es-
sentially featureless spectrum. The
group at the Lick Observatory, E. J.
Wampler, J. D. Scargle, and Ji.S.
Miller, were able to demonstrate
photographically an image of this star
when the recording of the photons
coincided with the pulse, and absence
of an optical image when the record-
ing was shifted out of phase with the
pulses. The work at Lick was jointly
supported by the Foundation and
NASA. Several observers found a sec-
ondary pulse of light occurring some-
what less than half way between the
main pulses, in agreement with the
radio results.

Less than 2 months after the Crab
Nebula pulsar was detected in the op-
tical region of the spectrum, a group
at the E. O. Hulburt Center for
Space Research of the Naval Re-
search Laboratory observed an X-ray
source in the direction of that neb-

During 1969, the first visual observation of a pulsar was made. The large star at about
6o clo.ck in the photograph to the right, not visible in the photograph to the left, has
been visually observed to blink on and off 33 times per second, in exact agreement with

radio pulsations from the same source. The pulsar is in the Crab Nebula. (Lick Observ-
atory photo)

ula. The scientists, G. Fritz, R. C.
Henry, J. F. Meekins, T. A. Chubb,
and H. Friedman, found the pulsar to
be the same as that of the optical
source. Dr. Henry’s work at the
Hulburt Center was supported by the
National Science Foundation. They
reported that “the pulsar X-ray
power is about 200 times the optical
power and about 20,000 times the
radio power.” This is in line with the
theory of a rapidly rotating young
neutron star which would be expected
to radiate most strongly in the shorter
wavelengtks. As the rotation slowed
through conversion of some of the
rotational energy to energy of radia-
tion by the pulsar process, one would
expect the radiation maximum to
shift to longer wavelengths with an
eventual concentration in the radio
portion of the spectrum, as appears
to be the case for the longer period
pulsars. At the end of the year, the
Crab Nebula pulsar is the only one
which has been detected in the optical
and X-ray ranges of the spectrum.

One may now perhaps speak of the
two lifetimes of a massive star., After
the star is born by contraction out
of a cloud of gas and dust, it begins
to shine as this contraction heats the
material by compression. When the
central temperature of the new star
rises to several million degrees, energy
is released deep in the interior by the
process of nuclear fusion in which
hydrogen atoms impacting at high
speeds combine to form helium. The
star eventually adjusts its size and sur-
face temperature until the energy ra-
diated out into space from the surface
just equals the energy produced in the
fusion of hydrogen into helium in the
interior. Since this is a slow process,
the star will shine in this way for a
very long time—its first lifetime.

With the depletion of the hydrogen
fuel deep within the star, it again be-
comes unstable; the interior may col-
lapse and the outer layers expand, a
stage that is followed in some cases for
the more massive stars by a complete
collapse to a much smaller size, with
an accompanying explosion at its sur-
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face to divest itself of superfluous ma-
terial. We occasionally detect such
a catastrophe as a supernova event.

If a compact neutron star results
from the event, the star has entered
its second lifetime. The gravitational
energy lost in the implosion now ap-
pears in great part as rotational en-
ergy, in an amount rather similar to
the budget of energy it produced by
nuclear fusion in its first lifetime.
Thus in the eventual slowing of its
rotation the neutron star has roughly
the same amount of energy to dis-
pose of in this second lifetime as was
used up during its first life as a visible
star. It is believed by some scientists
that particles of relativistic speeds
(near that of light) may be emitted
from such neutron stars, and serve
as the principal source of cosmic rays.
In any event, detection of the pul-
sars, first in the radio portion of the
spectrum and now in the optical and
X-ray ranges, has tended to confirm
the existence of such neutron stars
and furnished exciting new vistas into
the life of a star.

University Facilities and
Equipment

In fiscal year 1969, a number of
significant new items of astronomical
equipment procured with support
from NSF came into operation. The
130-foot radio telescope at the Owens
Valley Radio Observatory of the Cal-
ifornia Institute of Technology was
formally dedicated in October 1968.
A new 92-inch optical telescope at
the Kitt Peak station of the Steward
Observatory of the Universtiy of Ari-
zona was completed and became op-
erational in June 1969. Two other
major instruments which became op-
erational during the year—the 88-
inch telescope at the University of
Hawaii and the 107-inch telescope
at the University of Texas—are
housed in observatory buildings par-
tially funded by NSF.

MATHEMATICS

Much of the rapid expansion of
research in mathematics supported by
the Foundation over the last 10 or 12
years has been as applied mathmatics,
i.e., the development of mathematical
theory for use in the better under-
standing of real phenomena, both
physical and social. This is, of course,
to be expected in a time when the
physical, biological and social
sciences, which depend heavily on
mathematics, are themselves growing
rapidly. Although the rate of growth
in support of the field of pure mathe-
matics has not been as great, new
mathematical tools of unparalleled
power and generality have been
developed.

The major source of the growing
demand for support is the rapidly in-
creasing number of high quality
young research mathematicians on
university and college faculties,
matching a similar striking growth
in the number of students. A contri-
buting factor in the increasing de-
mand for Foundation support has
been a concurrent decline in the sup-
port of mathematical research by oth-
er Federal agencies. The Foundation
supported about 460 research projects
in mathematics during fiscal year 1969
at a level of almost $13 million. This
represents about a 13-percent growth
in the number of grants over fiscal
year 1968, although at a slightly lower
overall cost.

Biomedical Applications of
Scattering T heory

One of the most important physio-
logical indicators in the practice of
clinical medicine is the oxygen satura-
tion of blood. This is defined quanti-
tatively as the ratio p of oxidized
hemoglobin to total hemoglobin. Un-
til recently the method whereby p was
measured consisted in extracting a
sample of blood from the body, form-
ing a solution of hemoglobin by re-
leasing it from the red blood cells
(hemolyzing the blood) either by
crushing the cells mechanically or by
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chemical extraction. Light of a given
wavelength is then directed through
the hemoglobin solution and its ab-
sorption measured. The intensity of
transmitted light 7" (or, equivalently,
the absorpton) is related to p
through a rather simple equation
called the Lambert-Beer law, and
once T is measured, the Lambert-
Beer law gives p. This is essentially a
refined verson of the easily made
observation that the color of arte-
rial blood is bright red (high p)
while that of venous blood is dark
red (low p).

Sampling the blood is not conven-
ient, however, in cases where it is
desirable to know the oxygen satura-
tion rapidly or continuously. Such
cases occur in surgery, space flights,
experiments, etc., and as a result, in
situ optical instruments have been
developed and calibrated by compari-
son with data on hemolyzed blood.
Among such instruments, one uses
transmission of light through the flesh
of the ear, another the reflection of
light from the forehead, and a third
is a fibre-optical catheter which is in-
serted directly into a blood vessel.

The use of absorption measure-
ments from instruments of this sort
for the determination of oxygen sat-
uration is more complicated than the
method described above because in
whole blood the hemoglobin is pack-
aged in the red blood cells rather
than in the hemoglobin solution. To
be specific, if one uses the Lambert-
Beer law on optical data, results from
seven to 20 times that measured for
the hemolyzed case are obtained.
Physically, what happens is not
merely absorption of the light beam
(as in Lambert-Beer), but scatter-
ing to other directions than that of
the beam as well as scattering into the
beam.

Some years ago Victor Twersky of
the University of Illinois became in-
terested in electromagnetic scatter-
ing by random distributions of bodies
and through this became interested in
oximetry, or measurement of blood
oxygen content. He has extended his
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early work, obtaining explicit results
for oxygen saturation of the blood in
the case in which the red blood cells
are assumed to be spheroids (flat-
tened spheres), similarly aligned.
Since the optical measurements are
made on flowing blood, and since the
concentration and alignment effects
on the red blood cells caused by the
shape of the blood vessels and the
flow are not fully understood, his
results may also be of interest in the
study of these phenomena. Twersky
has developed a mathematical expres-
sion for the transmitted intensity
which accounts not only for the ab-
sorption, but also for the scattering
and the backscattering of the sphe-
roidlike cells. It is believed that his
work may suggest new measurement
procedures and diagnostic instru-
ments. The results are also of interest
for analogous studies seeking the ab-
sorption spectrum of other molecules
in other kinds of biological cells and
may also be useful for optical (or
acoustic) monitoring of various fluid
transport processes.

Major Developments in Topology

During fiscal year 1969, three of
the oldest and hardest problems in
geometry have been solved, two of
them with surprising results.

Topology, the branch of mathe-
matics involved, is that aspect of
geometry which deals with those
properties of surfaces which do not
depend on size or shape—for exam-
ple, the property of being all in one
piece (technically known as connect-
edness), or the property of being
knotted. A major emphasis of topol-
ogy is on the study of surfaces with
more than three dimensions. While it

may be impossible to visualize an ob- -

ject which could exist only in six-
dimensional space, such an object can
be conceived intellectually and de-
scribed mathematically.

A key property of surfaces is that
they fall into families of analogues.
There are, for instance, five- and six-
dimensional surfaces with mathe-
matical properties similar to the

familiar three-dimensional dough-
nut or innertube. In general, surfaces
of more than three dimensions are
known as manifolds. An elaborate
algebraic apparatus has been devel-
oped to treat properties of these ob-
jects and to define them precisely. De-
spite their esoteric nature, manifolds
are found to be helpful in describing
physical systems in which time is
thought of as the fourth dimension,
or in which the existence of many
particles makes it useful to think of
each particle as adding three more
dimensions to the system.

The three problems which have
been recently settled are known as
the annulus conjecture, the triangu-
lation problem, and the Hauptver-
mutung. The annulus conjecture,
which concerns the mathematical
description of the region between two
spheres, or their higher dimensional
analogues, one of which is entirely
contained within the other, has been
a problem for mathematicians for
many years. A trained mathematician
could intuitively predict the truth of
this conjecture, but a proof remained
elusive without the use of various
additional hypotheses. The more
roundabout proof, in turn, made the
proof of a number of other theorems
more difficult. The new solution has
now cleared up these problems. The
research in question was done inde-
pendently by the young Englishman,
C. T. C. Wall, at the University of
Liverpool, and Julius L. Shaneson
and Wo-Chung Hsiang at the Uni-
versity of Chicago, both using the
results of still another young man,
Robion Kirby, at the University of
California at Los Angeles. The Foun-
dation supported the work at Ameri-
can institutions.

The results concerning the other
two problems are striking, since they
are negative and show that even the
experienced mathematical intuition,
which could predict the correct out-
come of the annulus conjecture, can-
not be trusted very far, unless it
points the way toward a subsequent
careful proof. In brief, there are a

variety of ways to specify a manifold
precisely in mathematical terms. One
of the simplest in concept, although
cumbersome in practice, consists of
triangulating, or describing how the
manifold is built up from very simple
bits and pieces, such as points, line
segments, triangles and their higher
dimensional analogues, which are
called simplexes. The triangulation
problem arises from the conjecture
that a manifold described in some
other careful way could always be
broken down into simplexes which
would all fit neatly together where
they meet. It seemed so obvious that
this conjecture was true that it came
as a considerable surprise when
Robion Kirby and Lawrence Sieben-
mann constructed a six-dimensional
manifold which showed it was false.
Some manifolds cannot be triangu-
lated.

Mathematical intuition with regard
to this problem had been led astray,
despite a number of contributions
which led to its eventual disproof, by
the facts that most manifolds can be
triangulated and all one-, two-, and
three-dimensional manifolds have
been proved triangulable. Thus al-
though intuition is correct in most
cases, Siebenmann and Kirby’s ex-
ample proves that the conjecture is
not an absolute rule. A further but
positive aspect to their results lies in
a basic understanding of how nontri-
angulability can be predicted. Associ-
ated with each manifold is an infinite
sequence of algebraic objects known
as cohomology groups. It turns out
that only one of these cohomology
groups affects triangulation. If this
group has a certain elementary char-
acter, regardless of that of the others,
the manifold can be triangulated.

The Hauptvermutung conjecture
is of a similar nature. In this it was
proposed that a manifold which can
be triangulated cannot be triangu-
lated in two essentially different ways,
i.e., that the simplexes of each tri-
angulation could be broken down still
further to arrive at some common set
of basic building blocks. This too




turned out to be false: there is a
five-dimensional manifold which has
two quite different triangulations.
The obstruction to the truth of both
the triangulation problem and the
Hauptvermutung turned out to be
the same, namely, a certain algebraic
object known as a homotopy group
(whose nature determines among
other things, the nature of the coho-
mology groups above). While these
can be quite complicated objects in
general, by the fall of 1968 it had
been established that both conjectures
were true if this particular homotopy
group consisted of exactly one ele-
ment and were false otherwise. In
February 1969, Kirby and Sieben-
mann proved that the homotopy
group in question had exactly two
elements. Thus these famous conjec-
tures came to “within an inch” of
being true, but are both actually false.

BIOLOGICAL AND
MEDICAL SCIENCES

The Foundation supports basic re-
search covering the entire spectrum
of the life sciences. Investigation of
biological processes at the molecular
level has produced results of out-
standing importance which have re-
ceived world recognition. There now
exists a rapidly growing concern for
understanding and conserving our
environment. Ecology, the specialty
which contributes most importantly
to environmental studies, requires
large-scale support because of the
complexity of the phenomena it in-
cludes. A major undertaking of par-
ticular  ecological significance is
the International Biological Program
(IBP). The IBP is an international
endeavor designed to study the pro-
ductivity of land, freshwater, and
marine environment of the world, re-
lated problems of maintenance and
change of these environments, and
the question of human adaptability to
them.

A decrease of about 3 percent in
available funds during 1969 has

inhibited any significant shift in re-
search support priorities. Existing
commitments largely preclude under-
taking new programs in response to
new scientific and social needs. Cer-
tainly public concern warrants sig-
nificant increases in the research
effort devoted to those biological
fields that will contribute toward
easing current national problems.
During fiscal year 1969, the Foun-
dation awarded nearly $40 million to
support about 1,200 research projects
in the biological and medical sciences.

INnTERNATIONAL BrorLocicar PRoGRAM

The International Biological Pro-
gram (IBP) is a response on the part
of biologists to mounting concern
throughout the world for some major
problems confronting mankind to-
day—increasing population, food
shortages, and environmental deteri-
oration. As national programs and re-
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search proposals have been devel-
oped, it has become apparent that
IBP is primarily an ecological pro-
gram, including human ecology. The
proposed Integrated Research Proj-
ects of the U.S./IBP are presented in
this context in the accompanying fig-
ure. The U.S. participation involves
both integrated team research proj-
ects and individual research efforts
which are directed toward two pri-
mary goals: Understanding (1) the
structure and function of ecosystems;
and (2) man’s adaptability to his
environment.

The scale of these IBP programs is
larger than that of conventional bio-
logical research. If only for this rea-
son, the effectiveness of any proposed
approach is more than normally un-
certain, The U.S./IBP is not intended
to solve the monumental challenges of
environmental quality and manage-
ment of the biosphere, but aims
rather to develop an effective ap-

Ecosystem Analysis
(Modeling of whole ecosystems)

Adaptation of Eskimo Populations
(Human ecology at high latitude)
Adaptation at High Altitude

(Human ecology at high elevations)

Migrant and Urban Peoples
(Social Maladaptations to ecosystems)

Population Genetics of American Indian
(Genetic adaptations to ecosystems)

Nutritional Adaptation
(Exploitation of ecosystems)

Aerobiology
(Aerial transfers between ecosystems)

Conservation of Ecosystems

(Identification of natural systems)

Production in Upwelling Ecosystems
Biologi ion in rich ocean
Bnuguogmpfvy of The Sea y
ions of i in marine
Convergent-Divergent Evolution
(Evolution of ecosystems)

ECOSYSTEM
Hawaiian Evolution
ions into island

Physiology of Colonizing Splecles
P n
Biological Control of Organisms S
i between ions within

Phenology
(Periodicity within ecosystems

Ecosystem analysis is the basis of the approaches of programs within the International
Biological Program, as indicated by the variety of investigations identified.
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proach to their study and ultimately
a scientific basis for coping with them.
Such a scientific platform requires the
technology and knowledge of many
disciplines, the coordinated efforts of
many scientists, the experimental
manipulation of large environmental-
biological systems, the study of inter-
actions and stresses in such systems,
and the synthesis of large amounts of
information into workable and pre-
dictive models.

During the past year the develop-
ment and review of Integrated Re-
search Programs have continued and
strengthened under the U.S./IBP
Committees of the National Academy
of Sciences. Effectiveness has been in-
creased by realignment of these into
Executive, Program Coordinating,
and International Coordinating Com-
mittees. In order to facilitate han-
dling of proposals and to provide
more effective management for
grants, a new Program for Ecosystem
Analysis has been established within
the National Science Foundation. Co-
ordination with other Federal agen-
cies continues to be effected through
an Interagency Coordinating Com-
mittee.

With available funding, substantial
development has been possible so far
only for the “Structure and Function
of Grassland Ecosystems.” Smaller
awards have been made for early
stages of three other components of
Ecosystems Analysis—the Structure
and Function of Desert Ecosystems,
Structure and Function of Deciduous
Forest Ecosystems, and Structure and
Function of Coniferous Forest Ecosys-

tems. Work has been initiated on Pro-

duction in Upwelling Ecosystems,
Biogeography of the Sea, Convergent
and Divergent Evolution, and Aero-
biology, while support from other
Federal agencies has permitted some
work on Adaptation of Eskimo Popu-
lations, Population Genetics of Amer-
ican Indians, Migrant and Urban
Peoples, and Nutritional Adaptation.
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The diagram shows how energy from the sun, the ultimate source of energy for any
ecological system, flows through a simple system. Note the decreasing amount of energy
available at each higher level in the food chain, as the greater part of the energy
received at each step is dissipated in community respiration. The true facts are even more
dramatic than depicted here: for example, less than 2 percent of the sunlight is captured
in the first place, 98 percent being lost as heat to the atmosphere.

Ecology and Environmental
Management

The problem of environmental
quality in its broadest sense has be-
come a focus of national interest, and
since man will undoubtedly continue
to exploit and modify his environ-
ment on an increasing scale, a
rational basis is needed for his activi-
ties. The physical consequences of
strip mining and the discharge of
wastes into rivers are quite obvious,
but biological effects are more likely
to be subtle in their initial effect and
sometimes dramatically unpredicta-
ble in their final consequences. An
ecosystem, encompassing all the life
forms within a reasonably circum-
scribed geographical region, has prop-
erties which depend upon the
interactions between organisms in the
system and between each of the
organisms and its physical environ-
ment. The crucial problem confront-
ing man is to estimate the biological
consequences of manipulation of an
ecosystem by present or projected

activities.

There are at least two complemen-
tary ways of looking at ecological
problems. One can focus on the level
of organization being studied: indi-
vidual, species populations, mixed
species populations, or communities
and ecosystems. On the other hand,
one can consider functional relation-
ships: productivity, cycles of essential
elements, energy flow, and physio-
logical adaptations.

An important component of
ecosystems analysis is photosynthetic
efficiency, ie., the evaluation of
primary productivity and its relation
to solar energy. Daniel Botkin of Yale
University, for example, has been at-
tempting to measure the efficiency of
net primary production based on
interception of radiant energy under
field conditions. Interception, the
difference between radiant energy
above and below vegetation, was
measured with a solarimeter. The size
of this small, specialized instrument
makes it possible to measure energy
below the vegetation with a minimum
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disturbance of vegetative cover. Pro-
duction in a l-year-old field in New
Jersey was evaluated in terms of the
energy equivalence of the plant
growth. Above-ground growth was
measured for each species by a series
of short-term harvests, and total root
production was also measured by
short-term harvests. The net produc-
tion was 10 percent of the solar energy
intercepted by plants during the
growing period, but this represented
only 3.5 percent of the energy avail-
able above the vegetation during the
same period. Since the growing
period extends over only part of the
year, plant production was equivalent
to only 1.8 percent of the energy
available annually.

Understanding the effects of radi-
ant energy presents problems other
than photosynthetic efficiency. Since
the photosynthetic efficiency is a
function of wavelength, and since the
spectral distribution of light reach-
ing the plant is affected by the par-
ticulate or other matter in the atmos-
phere, a proper measurement of en-
vironmental effects upon productivity
will have to include information upon
spectral distribution as well as total
radiant energy. Radiation effects of
still another kind include damage by
ultraviolet radiation and its reversal
by visible light. Martyn Caldwell of
Utah State University has been inves-
tigating the importance of this factor
by subjecting alpine plants to pre-
cisely defined combinations of ultra-
violet and visible radiation. Tissue
destruction caused by ultraviolet
alone was evident in some individ-
uals; while under normal conditions
of high intensity ultraviolet but with
visible light also present to produce
photoreactivations, such severe tissue
destruction does not normally occur.

The research examples described
above are limited to the effects of
light on elements of selected eco-
systems. Clearly, the magnitude of
the task involved in developing a
fully descriptive and predictive model
of a complex ecosystem is enormous,
and will require our best scientific

efforts joined with the latest techno-
logical tools.

Macromolecules

The giant biological molecules
which make up the basic building
blocks of living material are a key
to our understanding of life and a
major focus of biological interest. As
a matter of fact, the 1968 Nobel
prize in Medicine or Physiology was
awarded for the second successive
year for work in the structure and
function of macromolecules. The
1968 laureates were Robert W.
Holley, now at the Salk Institute;
Har Gobind Khorana of the Uni-
versity of Wisconsin; and Marshall
Nirenberg of the National Heart
Institute. Recognition of Drs. Holley
and Khorana marks the first time
that grantees of the Foundation have
received the Nobel prize for work
carried on during the period of sup-
port by the Foundation.

During a little more than the first
half of this century, the concept of
the gene as the unit of biological in-
heritance has emerged, and it has
been identified chemically as deoxy-
ribonucleic acid (DNA). Also, a
mechanism has been formulated for
the duplication of DNA during cell
division, and its function in produc-
ing a particular polypeptide chain (a
string of amino acids which make up
a protein) has been identified. The
question of how the DNA encodes the
information for the construction of a
polypeptide chain which contains a
specific number of different amino
acids in a specific order was largely
illuminated by the work of Dr.
Nirenberg. He was able to produce
convincing evidence that a unit of
three of the DNA building blocks,
known as nucleotides, constitutes a
chemical “code word” which ulti-
mately determines that a particular
amino acid will be introduced into
the proper position in the polypep-
tide chain.

Dr. Khorana validated the nature
of the DNA code and identified spe-
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cific groups of three nucleotides with
specific amino acids. Khorana, by in-
genious chemical techniques, was able
to put together the building blocks of
DNA into a predetermined sequence
of groupsof three, each of which is a
code word. This collection of code
words was put together to form a syn-
thetic gene. These synthetic genes
were then used to make a second
molecule called messenger RNA
(mRNA). Messenger RNA, in turn,
directed the synthesis of a protein-like
chain. (See figure.) This new chain
was then broken down, one by one,
into its individual building blocks and
each was identified. By identifying
each of the building blocks of the new
protein, it was possible to break the
code of the original DNA and confirm
that three nucleotides make one code
word and specify a particular amino
acid. Khorana and his students have
also been able to establish the direc-
tion in which information on the
mRNA is read, that punctuation be-
tween code words is unnecessary, and
that code words cannot overlap.

Accepting that a code word of three
nucleotides in DNA generates a com-
plementary code word of three nu-
cleotides in mRNA, and that each
code word in mRNA dictates the
introduction of a particular amino
acid at a particular point in the grow-
ing protein chain, how is a particular
amino acid positioned properly in the
chain? The middleman in this process
has been identified as another kind of
nucleic acid, transfer RNA (tRNA).
There are different species of tRNA,
each of which can recognize only one
amino acid and a proper code word
on mRNA.

Dr. Holley determined the primary
structure of tRNA. Work initiated in
1960 led to the isolation of a pure
tRNA and, in 1965, to the determina-
tion of the complete nucleotide se-
quence of a tRNA. Subsequently, his
attention has been directed to the way
in which the tRNA molecule is folded,
and he has proposed a cloverleaf
model which seems consistent with
present knowledge of the structure
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The replication of mRNA is accomplished, as shown in the upper diagram, through the
use of code words (depicted here as geometric shapes) composed of three organic mole-
cules known as nucleotides. The reaction takes place within the nucleus of the cell. The
mRNA leaves the nucleus and, as shown in the lower diagram, directs the synthesis of a
protein within a cellular structure known as a ribosome. This is accomplished by tRNA
molecules brmgmg specific amino acids to the active sites on mRNA. The recognition
of the code is believed to reside in hydrogen bonds formed in the reaction.

and function of this macromolecule.
The implications of these continu-
ing developments in understanding
the molecular basis of genetics and
protein biosynthesis are so far-reach-
ing that they probably are not fully
appreciated despite wide exposure in
the news media. Khorana’s synthesis
of DNA represents the creation in
the laboratory of genetic material. Al-
though it would be an extremely
complicated extension, it points the
way to the synthesis of a modified or
entirely new set of genetic informa-
tion. Methods can now be conceived
by which this genetic material could
be introduced into a cell, or perhaps
used to replace the genetic material
normally present in a given cell to
produce an entirely new organism.
With this possibility for changing the
programming of a cell and with in-
creased understanding of protein
synthesis as represented by the work
of these Nobel laureates, we are pre-

sented with the possibility of modify-
ing biological systems.

Species

The first step in the scientific un-
derstanding of a naturally occurring
phenomenon is classification, the
sorting of data into groups and
classes. In the biological sciences, the
specialty of taxonomy fills this role
and provides much insight into the
degrees of relatedness and evolution-
ary adaptation of living organisms.
Among many important applications
of this knowledge is its use as an
analytic tool in the study of the
organization of ecological systems.

The concept of a species in man’s
scheme of classifying things has
tended to take on the aura of a bio-
logical reality even though it has not
yet been possible to provide a defini-
tion of a species which is acceptable
to all biologists. Taxonomy is usually

based on gross differences in form,
reflecting the fact that as different
species separate from a form of com-
mon origin and evolve, their genetic
constitutions are independently modi-
fied by the forces of evolution. After
the passage of a sufficient number of
generations and the development of
differences in a sufficient number of
genetic characters, there will even-
tually be enough differences in form
to provide for a recognizably different
species—that is, a group of organ-
isms within which there may be free
exchange of genetic material, and
which is separated from other species
by the lack of such exchange.
Complicating the view that the
species is a discrete or bounded en-
tity has been the recognition that
there is considerable genetic variabil-
ity within a species, and difficulties
often arise in deciding whether one
is dealing with a new species or
merely a variant within a recognized
species. Attempting to assess the
genetic relatedness of groups of in-
dividuals by observing gross differ-
ences in form is difficult and unsatis-
factory because the characters which
are used are generally remote conse-
quences of the effects of genes. In
recent years, however, it has become
possible to measure genetic variability
within and between species in a much
more direct way, by the study of
specific gene products, the proteins.
Among the tools developed by protein
chemists, gel electrophoresis provides
a rather simple method for detecting
differences between proteins which
can often be identified as due to dif-
ferences between particular genes.
For several years, Richard C.
Lewontin at the University of Chi-
cago has been applying gel electro-
phoresis to the study of genetic diver-
sity in species of the fruit fly, Droso-
phila, an organism which has been
extensively studied by classical genetic
methods. He has now extended this
work to include the protein variants
arising from 26 genetic loci, and the
results have been some somewhat un-
expected. In the first place, the extent
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of genetic variability within a species
has proved to be greater than ex-
pected, involving something over 30
percent of the genes which were
sampled at random by this method. A
second surprise has been the con-
stancy of occurrence of certain gene-
tic variants within the species over a
very wide geographical range in
North America. It had been expected
that different environmental condi-
tions might exert a selective pressure
which would result in a different fre-
quency of occurrence of some of the
genetic variants at the extremes of
geographic distribution, but this was
not found to be the case. A further
surprise has been the failure to find
any genetic site which is uniquely
different between closely related
species. The differences between
species of Drosophila have been with
respect to the relative frequencies of
occurrence of the proteins which are a
reflection of the variable genes rather
than in the appearance of new pro-
teins in one species but not in another.

Another aspect of the species con-
cept has been the hypothesis that
two species cannot occupy the same
ecological niche. Robert R. Sokal
now at the State University of New

SPECIES A

York, Stony Brook and Koichi Fuji
of the University of Kansas have
recently examined ecological charac-
ters of populations of bean weevils
from a variety of geographical areas
by numerical clustering techniques.
Parameters such as developmental
time, number of eggs laid, population
density, and the like may be regarded
as ecologic in the sense that there are
biological or physiological qualities
required to fill a particular environ-
mental niche. The extent to which
estimates of a group of these param-
eters for populations cluster about
similar values should give an indica-
tion of the extent to which the popu-
lations represent the same or different
species. The resulting ecological clas-
sifications corresponded with the ex-
pectations on taxonomic evidence.
Finally, it may be noted that man
is not the only taxonomist. Parasites
are usually rather specific with re-
spect to their host species. This is, of
course, consistent with the ecological
view that each species will have its
own niche—in this particular case,
its own host. There are not only par-
ticular kinds of mites which live in
the feathers of birds and others which
infest bees, but particular species of
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Hypothetical distribution of proteins la, 1b, lc, etc., arising from genes 1, 2, 3, etc.
Proteins produced by 7 of the 10 genes are the same in all individuals of species A. Pro-
teins of genes 8, 9, and 10 may be of the a or b type, indicating two kinds of genes 8,
9, and 10. In closely related species B, only those proteins are found which also occur
in A, but the relative proportions of 8a and 8b, etc., are different.
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feather mites select particular species
of birds. Warren T. Atyeo of the Uni-
versity of Georgia, and Irwin Newell
and Paul Hurd of the University of
California, Berkeley, are investigat-
ing these relationships for feather
mite and bee mites, respectively,
partly with a view to using these
parasitic or symbiotic organisms as
an aid in the classification of the hosts.

Chemical Communication

Chemical communication between
individual humans has fallen into dis-
use except for the employment of ar-
tificial scents. Modern society obvi-
ously calls for deodorants rather than
odorants. However, we still depend
upon chemical communication be-
tween cells (for example, in the action
of hormones) to regulate our internal
balance. In the case of other forms of
life, chemical communications play a
very important role, two examples of
which may be mentioned among
many supported by the Foundation.

There are at least two periods in
the life cycle of the cellular slime
mold when movement toward chemi-
cal attractants is observed. The first
reaction, one of orientation to a food
source, occurs during the active feed-
ing period of the vegetative amoebae ;
and the second reaction, leading to ag-
gregation, occurs when the amoebae
stream together to form a multicellu-
lar organism which then undergoes
changes in form and the develop-
ment of specialized cell-types, orga-
nismal structures, and differentiation.
After a search for many years, John T.
Bonner at Princeton University has
found that the chemical attractant
of the aggregation phase, in at least
one species of slime mold, is an or-
ganic chemical compound known as
acrasin (or cyclic AMP). This dis-
covery was of special interest because
heretofore cyclic AMP had been im-
plicated in the action of several hor-
mones in higher animals but had not
been known to influence chemical
communication in relatively primi-
tive kinds of organisms like slime
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molds. Judging from the way in which
cyclic AMP is involved in hormone
action in higher animals, it is likely
that the story in slime molds is also
complicated and other substances are
involved in producing a shift from
conditions of feeding to aggregation.

Another area where chemical com-
munication is of major importance is
within the insect world. Edward O.
Wilson and his associates at Harvard
University have conducted studies of
the organization of insect societies
over a period of some years. The pri-
mary emphasis of their research has
been upon the role of chemical sig-
nals, or pheromones, in communica-
tion among insects. Most of the work
in this field has dealt with those
pheromones which are ingested to in-
fluence caste and those which are
transmitted in a volatile form through
the air to attract or alarm, since such
substances have been relatively easy
to extract and bioassay. Recent work
of Dr. Wilson and F. E. Regnier on
the alarm-defense system of the ant,
Acanthomyops claviger, is of interest
in illustrating the power of modern
chromatographic techniques in such
studies and in demonstrating that a
simple hydrocarbon such as undecane
(a principal ingredient of light min-
eral oil) may play an important role
in signalling and defense. Although
undecane is odorless to most organ-
isms, ants have a rather strong olfac-
tory response to it in minute concen-
trations. Furthermore, they secrete it
in one of their glands which suggests
its availability for chemical com-
munication.

Within a species, alarm and at-
tractant reactions may be essentially
the same, since the alarm response is
one of attraction to the site at which
the chemical has been released (to
help repel an attack, for example).
The fact that the secretions contain
a mixture of components, however,
suggests that modifications may be
used to produce more complex re-
sponses. For example, certain glands
of a subgenus of slavemaker ants are
hypertrophied, and contain unusually

large quantities of olfactory organic
compounds. The possibility is being
explored that these organic substances
are employed in offense during slave
raids or the maintenance of slave
colonies,

This program, along with many
others in the same field, provides a
further example of basic research in
which the investigator is not directly
concerned with application, and yet
the potential for application by others
in the control of insects increases with
every systematic step taken in an at-
tempt to understand the basis for
regulation of social behavior in
insects.

ENVIRONMENTAL
SCIENCES

The scientific community and the
public at large has become increas-
ingly aware in the last few decades
that the quality, or even the existence,
of human life is dependent upon the
quality and nature of its environ-
ment. Study of the complex methods
by which the various constituent parts
of the environment interact, and how
the activities of man affect those parts
and their roles, are a principal focus
of the field of environmental science.
To investigate these processes, scien-
tists use the tools of chemistry, physics,
biology, mathematics, and astronomy,
and study such diverse phenomena as
the flow of energy from the sun to
the earth, tropical weather patterns,
and the history of sediments on the
ocean floor.

Because of the immense complexity
and sheer physical size of many of the
problems which must be investigated,
the National Science Foundation has
established several National Research
Programs (see articles on GARP,
Weather Modification, and the Ocean
Sediment Coring Program) and the
National Center for Atmospheric Re-
search, NCAR, to bring to bear the
diversity of talents needed.

Tue U.S. ANTARCTIC RESEARCH
ProGrAM

In 19609, although the U.S. Antarc-
tic Research Program (USARP) had

a number of notable accomplish-
ments, three frustrating events un-
fortunately impeded general progress
in this program. These are mentioned
to emphasize the ever-present hazards
which can plague polar operations.

In early March after the close of
the summer airlift support season at
the isolated plateau station, both gen-
erators which supply power and part
of the heat for the station broke down.
Fortunately, the mechanic was able
to build one operating generator from
the parts of both. Yet this generator
worked only haltingly and the sensi-
tive instruments of many of the
scientific programs were continually
failing. The important micrometeor-
ology program was nearly a complete
loss. A second failure occurred when
a drill became stuck near the bottom
of the deep hole at Byrd Station. Re-
peated attempts to dislodge it were
unsuccessful, and if the drill cannot
be dislodged during the 1970 season,
the cable will be cut and removed so
that electronic, seismic, and other
measurements can be carried out in
the portion of the hole above the
drill. Finally, heavy sea ice frustrated
recovery of automatic recording in-
struments left on the bottom the pre-
vious year during the International
Weddell Sea Expedition. Another try
to recover the instruments will be
made in 1970.

Despite the three serious disap-
pointments mentioned, many accom-
plishments were made in 1969, some
highlights of which are described
below. The usual observational and
scientific programs were conducted at
the year-round permanent installa-
tions at Byrd, McMurdo, Palmer, and
South Pole Stations. The multidisci-
pline reconnaissance of Marie Byrd
Land and of Ellsworth Land was suc-
cessfully concluded in January 1969.
Smaller field parties in geology, gla-
cial geology, glaciology, and biology
carried out research in the Transant-
arctic Mountains, the Queen Maud
Mountains, the Antarctic Peninsula,
McMurdo Sound, and the dry valleys
of Victoria Land.



The shipboard programs have been
especially successful. When the re-
search vessel USNS Eltanin entered
the shipyard at Auckland, New Zea-
land, in August 1969, for routine
checkup, she had logged over 256,000
nautical miles in Antarctic waters
since February 1962. A submarine
ridge that nearly encircles Antarctica
has been discovered and partially
mapped. This ridge, like the mid-
Atlantic and other ocean ridges, is
bordered by a bilaterally symmetrical
pattern of magnetic anomaly zones
believed indicative of ocean spread-
ing. The new U.S. Antarctic research
ship Hero commenced her first season
of work in the waters of the Antarctic
Peninsula and southern South
America.

U.S. AnTarcTIC RESEARCH PROJECTS

Climate Preserved on Ice

Scientists have worked for many
years to find out if the glacial periods
of the Northern Hemisphere occurred
at the same time as those of the
Southern Hemisphere. With the de-
velopment of advanced drilling tech-
niques to recover continuous ice
cores at great depths in Greenland
and Antarctica, the solution of this
problem has become possible. The
Antarctic Research Program helped
support the development of this
unique equipment by the U.S. Army
Cold Region Research and Engineer-
ing Laboratories that was used to pen-
etrate the Greenland Ice Cap at a
point where it is 1,360 meters thick
and then to drill completely through
the Antarctic Ice Cap at Byrd Sta-
tion, at a depth of over 2,164 meters.

The cores from both locations were
analyzed for oxygen isotopes O'® and
O, The ice cores from the Byrd hole
were also analyzed for the hydrogen
isotope, deuterium. W. Dansgaard of
Denmark worked on the Greenland
ice core, and Samuel Epstein and
Robert Sharp of the California Insti-
tute of Technology performed the
measurements of the Byrd hole
material.
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Oxygen-isotope determinations on ice cores from Camp Century, Greenland (black
line), and Byrd Station, Antarctica (colored line). Lower concentrations of O, repre-
resenting colder periods, are indicated by peaks to the left. The ages of the cores from
Byrd Station have not yet been determined, but it is likely that cores from approxi-
mately 2,100 meters from Byrd are of the same age as the 1,300-meter samples from
Camp Century. (After Dansgaard, Epstein, et al.)
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Air masses as they travel from their
source regions to the polar areas carry
larger quantities of the heavier iso-
tope O in warmer periods than in
colder periods. As a result, the ratio
of O to the more common, lighter
isotope O will vary seasonally be-
cause winter snow in the polar areas
will have a lower proportion of O
than will snow precipitated during
the summer. Also, over long periods
of time, these isotope ratios make it
possible to evaluate temperature dif-
ferences between polar areas and the
more temperate regions of the world.

By extrapolation of the annual
snow stratigraphy of the last few dec-
ades, which is preserved near the
surface, it was obvious that the early
relatively warmer, subsequent colder,
and present warmer periods plotted in
the accompanying figures represent
the pre-Wisconsin interglacial, the
Wisconsin glacial periods, and the
present period respectively, and that
the ice from the lower portions of
both the Arctic and Antarctic holes
is in the range of 100,000 to 200,000
years old. This opens up tremendous
potentialities for the direct study of
atmospheric composition, climate,
rate of in-fall of extraterrestrial ma-
terial, volcanism, precipitation, and
icecap dynamics for a much longer
period into the geologic past than
had been anticipated when the proj-
ect was initiated. No other recent dis-
coveries have so great a potential for
the determination of the multitude of
long-range cyclic factors that are so
significant in our environment.

Antarctic Fossil Insects

Insects make up the most nu-
merous and diverse of the readily visi-
ble animal groups, yet their fossil re-
mains are rare in any form and from
any geologic age. Fossil insects have
been particularly scarce from the
Southern Hemisphere, and, until this
year, none was known south of the
equator from rocks of Jurassic Age
from about 135 to 180 million years
ago.

During the 1968-69 Antarctic sum-
mer field season, geologists from the
University of Maine, Harold Borns
and Bradford Hall, discovered a fos-
sil-bearing zone in a thin, volcanic-
ash bed on Carapace Nunatak that
contained a large variety of Jurassic
wood, leaves, crustaceans, vertebrate
bone material, and insects. The rock
samples were turned over to F. M.
Carpenter of Harvard University,
who has recovered damsel flies, may
flies, and a beautifully preserved
dragonfly wing from them. Not only
are these the first Jurassic insects from
this half of the world, but the dragon-

fly represents a new genera and new
species from the Suborder Odonata, a
dominant group in the Jurassic of
Turkistan in the U.S.S.R. and of Ger-
many, but now represented by only
one living species from Japan.

The full significance of this dis-
covery will not become known until
the deposit can be thoroughly col-
lected by specialists in fossil insects,
but it may be comparable, in the
scientific light it may shed on geologic
history, to the famous Florissant fossil
beds of Colorado.

The Carapace fossil beds were
formed in the same way as the Floris-

SIS
"lllllllll' v:/l«.

gmlllllw 172

Photograph of the hind wing of a fossil dragonfly from Jurassic lakebeds at Carapace
Nunatak, Transantarctic Mountains, Antarctica. The coarse texture of the sediments
are the result of the lake beds bemg formed mainly from coarse volcanic ash.

Below, diagram of the vein pattern of the fossil dragonfly wing shown above. (After

Carpen ter)
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sant beds, by the accumulation of thin
layers of fine-grained volcanic ash in
a freshwater lake. The rare combina-
tion of events that has allowed the
preservation of these delicate animals
and plants at Carapace Nunatak has
preserved important keys to the inter-
pretation of geologic history, not only
of Antarctica but of the entire world.
Certainly the results of detailed
studies on the fossils discovered here
will bear directly on the geologic in-
vestigation of the ancient southern su-
percontinent of Gondwanaland, its
subsequent breakup, and the drift of
the resulting continents.

The White Blood Cell Count

Serial white blood cell counts on a
popuiation of eight healthy young
men wintering over at the inland
Antarctic base known as the Plateau
Station during the 1967 year were
taken by Lt. A. B. Blackburn (MC),
USNR, as one measure of the effect
of 9 months total social isolation en-
dured by these men. Done at the sug-
gestion of Drs. Jay T. Shurley and
Chester M. Pierce, with the collabo-
ration of Dr. Harold Muchmore, of
the Veterans Hospital, Oklahoma
City, and University of Oklahoma
Medical Center, this study indicated
that a phenomenon which is the
“mirror image” to the elevation of
white cell counts which occurs follow-
ing exposure to infectious disease
organisms took place under the iso-
lated situation in Antarctica. Total
white cell counts were seen to drop
from an average normal of 8,000 cells
per cubic millimeter of peripheral
blood, to a mean level of 3,600 cells.
These low levels had heretofore been
observed in viral infections or in seri-
ously ill persons only.

Absolute leukopenia (decrease in
number of white blood cells) has
been associated with increasing vul-
nerability to infection in man. Gnoto-
biotic (germ-free) animals also ex-
hibit absolute leukopenia, and are
markedly vulnerable to severe infec-
tion when removed from the germ-

free environment and exposed to the
microbial populations of everyday
life. Extension of the germ-free com-
parison suggests that the leukopenia
observed in isolated polar groups
might be due to antigen deprivation
which results when the normal micro-
bial mixing associated with social in-
tercourse ceases. This comparison to
germ-free animals appears to be fur-
ther strengthened by the repeated
observation of respiratory infections
in men returning from isolated polar
journeys.

The hypothesis is offered that,
after cessation of the normal (usual)
renewal and mixing of micro-
bial populations, the body’s defense
mechanisms involute or undergo a
kind of nonuse atrophy, rendering
the individual progressively more
vulnerable to disease following reex-
posure to microbes which might have
previously been unable to produce
illness. If this hypothesis is true, it
carries obvious implications for space
travelers, or any persons socially iso-
lated for prolonged periods.

ATMOSPHERIC SCIENCES

Fiscal year 1969 marked the end of
a decade of support of the atmos-
pheric sciences by the Foundation—
a decade in which the rapid growth
of atmospheric science activity was
paralleled by a growth in the level of
Foundation support. In 10 years, the
annual production of Ph. D. scientists
trained in this field increased tenfold,
and, in the 5-year period from 1964
to 1968, the number of universities
receiving Foundation support in the
atmospheric sciences increased from
31 to 48.

The Foundation programs in this
area are subdivided into three fields:
aeronomy, the study of the upper
atmosphere; meteorology, the study
of the lower, weather-producing part
of the atmosphere; and solar terres-
trial research, the study of the proc-
esses by which the earth receives the
energy from the sun which powers all
atmospheric phenomena. In general,
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the Foundation research support pro-
grams stress basic research in areas
that are not being supported ade-
quately or at all by other agencies of
the Federal Government. During
fiscal year 1969, the Foundation
awarded grants supporting 116 proj-
ects at a level of about $8 million in
the atmospheric sciences. The follow-
ing articles are examples of work
done in these fields with Foundation

support.

NatioNAL CENTER FOR
ATMOSPHERIC RESEARCH

In fiscal year 1969, the National
Center for Atmospheric Research
(NCAR) marked its 10th year of
existence under NSF sponsorship.
During that period, NCAR has es-
tablished a broad research program,
emphasizing attacks on fundamental
problems by groups of scientists larger
than would be typically available in a
university; has established facilities
for the use of university scientists and
has otherwise built a vigorous pat-
tern of scientific interaction and stim-
ulation with university groups; and
has joined in the planning and man-
agement of projects involving the co-
operation of university groups and
Government agencies.

NCAR, which is operated under
contract with NSF by the University
Corporation for Atmospheric Re-
search, a nonprofit consortium of 27
universities, has its principal labora-
tory at Boulder, Colo. Other labora-
tories and permanent field stations
are on the campus of the University
of Colorado, also in Boulder; Climax,
Colo.; Marshall, Colo.; and Pales-
tine, Tex. Temporary field sites are
operated in this country and abroad
as research needs or joint university
projects require.

Research on the Atmospheres of
the Earth and Sun

Atmospheric Modeling—At the
heart of NCAR’s research lies the
problem of interpreting atmospheric
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A 48 HOUR COMPUTER
PRODUCED FORECAST
OF SEA LEVEL PRESSURE

A 96 HOUR COMPUTER
PRODUCED FORECAST
OF PRESSURE AT 6 KM.

To check the ability of the NCAR model’s ability to forecast the real atmosphere,
experiments are conducted with real data as a starting point. In this example, the model
predicted more or less correctly the movements of highs and lows, but underestimated
their intensity. (NCAR diagrams)

behavior by numerical modeling of
atmospheric processes. The NCAR
global atmospheric model which is
built upon four equations represent-
ing changes in east-west wind, north-
south wind, air pressure, and water
vapor content is structured on a grid
with 5° latitude and longitude spac-
ing, and involves solving equations for
2,522 grid points at each of several
levels. During fiscal year 1969, experi-
ments with the NCAR model
demonstrated the importance of
clouds (and resultant radiation ef-
fects) and of mountain ranges in
controlling climate. The model is now
being tested for its ability to reflect
actual climatic conditions as well as
the day-to-day march of weather
patterns, using real weather data.

Thermal Convection and Moun-
tain Lee Winds.—Studies of thermal
convection, especially that involved
in severe thunderstorms and hail-
storms, have been a prominent part
of NCAR research. Theoretical and
laboratory studies of cumulus clouds,
of flow characteristics in and around
storms, and of vertical air motions
within clouds (determined by drop-
sondes falling through the storms
from high-flying aircraft and by labo-
ratory simulations) have given new
insights into convective circulation.
Studies are also being made, in co-
operation with a number of other
United States and Canadian agencies,
of the high-velocity, gusty surface
winds known in parts of the world
where strong, deep air currents flow
over high mountain ranges. In Colo-
rado such winds, frequent wintertime
occurrences, sometimes reach veloci-
ties in excess of 125 m.p.h. Reconnais-
sance aircraft and surface instruments
have now yielded data which reveal
many features of the flow structure of
these winds.

Atmospheric Chemistry.—A num-
ber of research projects at NCAR
have been devoted to determining the
nature and distribution of minor
constituents of the upper atmosphere.
Foremost among these has been the
development of a rocket-borne cryo-




genic air sampler, ENCAR-1, which
was flown successfully in September
1968. The sampler opened at 143,000
feet, and gathered the largest sample
of high altitude air ever collected—
the equivalent of nearly 10,000 cubic
feet—Dby freezing it on low-tempera-
ture coils. This unique sample is now
being analyzed.

Collections of volcanic fumes dur-
ing recent eruptions of several vol-
canoes—Kilauea in Hawaii, Arenal
in Costa Rica, and Mayon in the
Philippines—have enabled NCAR to
continue a program seeking to deter-
mine the composition of volcanically
derived particles in the atmosphere.
Such particles may become significant
climatologically during periods of ex-
ceptionally active or widespread. vol-
canism. This study is integral to an
understanding of the worldwide
sources and distribution of solid and
liquid atmospheric particles.

Tropopause Folding—In recent
years studies of ozone and radio-
activity concentrations have revealed
that the boundary between atmos-
pheric layers is not a flat and highly
impermeable discontinuity as had
long been supposed, but that it often
“folds,” particularly in the vicinity of
the jet stream, so that tongues of strat-
ospheric air extend down into the
troposphere. In order to study this
exchange, NCAR and Air Force air-
craft have sampled both above and
below the tropopause in the region of
the fold. Stratospheric air, recogniz-
able by its high content of ozone, sul-
fate, and radioactive aerosol particles,
was found at tropospheric levels on
the northwest side of the jet stream;
tropospheric air, high in silicon and
other surface-derived minerals, was
found to have entered the strato-
sphere on the opposite side of the jet
stream. Further studies of this inter-
esting phenomenon are planned.

Solar Temperatures—At the High
Altitude Observatory (HAO), studies
of the sun’s far infrared and far ultra-
violet spectra have yielded new infor-
mation on temperatures near the sur-
face of the sun and in the solar

corona. Using specially designed in-
struments flown in a NASA jet, HAO
scientists obtained far infrared spectra
which indicate that the lowest tem-
perature of the sun’s atmosphere is
about 4,300° K. This minimum tem-
perature occurs just above the photo-
sphere, the surface of the solar disc.
The far ultraviolet spectrum indicates
that the temperature then rises ex-
tremely sharply to about 1,000,000°
K. at the chromosphere-corona inter-
face, actually reaching a gradient of
10,000° per kilometer, and then in-
creases more slowly to about 2,000,-
000° K. in the corona.

Solar Magnetic Fields—It has be-
come increasingly evident that the
primary agent which molds the co-
rona into the structure visible at
eclipse or by coronagraph is the solar
magnetic field. Studies of photo-
graphic and photometric records of
the 1966 eclipse show that shapes of
coronal rays and polar plumes, which
are really density enhancements in
the solar atmosphere, conform well
with the shape of the solar magnetic
fields, reflecting the loops and arches
of the magnetic field lines. Sunspots,
flares, and other prominences also
seem to be caused or controlled by
magnetic fields, in some cases by rela-
tively small, very strong fields often
of opposite polarity from the main
field. These fields may be created in
the turbulent plasma below the visi-
ble surface of the sun, and portions
of the plasma may buoy to the sur-
face, at times giving birth to an active
region with its own strong magnetic
field. The strong field causes a cooling
of the plasma and formation of a
dark sunspot. Data accumulated at
Climax suggest that in active promi-
nences, very strong local magnetic
fields control both the flow of solar
material and the temperature gradi-
ents, and limit such prominences to
their characteristic shapes—Iloops,
surges, caps, filaments, and coronal
clouds.

Solar Rotation.—Although no satis-
factory explanation has been offered
for the fact that on the sun the equa-
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During 1968 NCAR acquired a Sabreliner
twin-jet aircraft especially modified for
atmospheric research. The 17-foot boom
will support scientific equipment well in

front of aircraft turbulence. (NCAR

photo)
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torial regions rotate faster than the
polar regions, HAO research has
demonstrated that the general solar
magnetic field is closely dependent on
this differential rotation. Computer
studies show that the well-known 11-
year cycle of solar activity, or the ob-
served development and drift of polar
prominences, can be reproduced by
using two different formulas for dif-
ferential rotation. It is now thought
that the differential rotation could be
maintained by conversion of the
kinetic energy of large-scale con-
vective motions in the sun itself.

Studies of the solar corona, con-
ducted at Boulder and Climax, Colo.,
and Mauna Loa, Hawaii, have re-
vealed several new features. A se-
quence of day-to-day measurements
obtained from 1964 to 1967 with the
k-coronameter at NCAR’s Mauna
Loa field station indicate that at equa-
torial latitudes the corona rotates at
about the same rate as the solar sur-
face, but at higher latitudes the
corona rotates faster than the under-
lying photosphere, thus in effect
smoothing out the differential
rotation.

Facilities Operations

The research aviation facility pro-
vided research flight support for many
NCAR and university programs and
made significant strides in aircraft
modification and instrument design.
During 1968, the facility acquired a
de Havilland Buffalo and a North
American Rockwell twin-jet Sabre-
liner, both of which have been modi-
fied for research use.

The scientific ballooning facility
continued to improve launch tech-
niques, balloon design, and electronic
support systems. NCAR staff mem-
bers met with representatives of the
balloon industry and the Government
to discuss issues of common concern;
an outgrowth of these meetings was
the formation of a committee on
scientific ballooning standards, to
promote use of uniform terminology
and to prescribe safety and packaging
standards.

The computing facility has devel-
oped methods to minimize turn-
around time and is therefore able to
fulfill many more requests, especially
for short-run computing jobs. In addi-
tion to general purpose computing for
NCAR and the scientific community
(an average of 600 jobs per day are
run on NCAR’s Control Data 6600
computer), the facility devotes an en-
tire shift to large-scale dynamic prob-
lems associated with development of
the NCAR global atmospheric model.
A new software system has made
central processor utilization more ef-
ficient. The group also works in
close liaison with the University of
Illinois group which is developing the
Illiac IV computer, a parallel-mode
machine whose potential is 100 or
more times greater than the fastest
existing computer. The NCAR gen-
eral circulation model is being coded
for use with that machine when it
becomes operational in 1971 or later.

Support activities of the field ob-
serving facility were divided nearly
equally between NCAR and univer-
sity programs. The facility assisted in
field activities of Florida State Uni-
versity’s Barbados Experiment in the
summer of 1968, and BOMEX in
1969, and provided major assistance
to a number of other programs.

Most of the staff of the global
atmospheric measurements program
(GAMP) has now moved to the flight
station at Christchurch, New Zealand,
where globe-circling, constant-level
balloons are launched. These inex-
pensive balloons have remained aloft
as much as 441 days, tracking high-
level winds as they go. This group
works toward improvement of all
phases of the GHOST balloon oper-
ation.

Educational Activities

NCAR continues to become in-
creasingly involved in activities at-
tracting outstanding students into
graduate study in atmospheric science
and bringing established scientists to
NCAR, where they may participate
in research activities. Four UCAR

predoctoral fellowships enable recipi-
ents to observe and assist in various
NCAR programs during the summer
and to attend graduate schools of
their own choosing during the aca-
demic year. Postdoctoral fellowships
bring atmospheric scientists from the
United States and abroad to NCAR
for a year of study and research.
NCAR’s Advanced Study Program
sponsors, each summer, a colloquium
on some topic relevant to atmospheric
science. In the summer of 1968, the
colloquium topic was internal gravity
and acoustic waves in the atmos-
phere; the 1969 topic is solar mag-
netohydrodynamics. Summer work-
study programs at NCAR teach stu-
dents the use of computers and air-
craft as tools for atmospheric re-
search. In another program, several
NCAR scientists are now participat-
ing as affiliate professors in university
research and teaching.

WEATHER MODIFICATION

Under the broad authority of Pub-
lic Law 90-407, the Foundation sup-
ports research at universities and non-
profit institutions on atmospheric
mechanisms that could be influenced
for weather modification purposes.
These involve the study of ice nuclea-
tion mechanisms, droplet coagulation
and coalescence, cloud electricity, hy-
groscopic, or water-attracting, nuclei,
cloud dynamics, formation of hail and
graupel (spongy ice), air mass cir-
culation in severe storms, and many
others. In addition, research con-
tinues to be sponsored on the social,
ecological, economic and legal aspects
of weather modification.

Studies on ice nucleation efficien-
cies of silver iodide generators have
been continued at Colorado State
University, and it has been found that
the results obtained from cold cham-
bers used for determining nucleation
efficiency as a function of tempera-
ture are very dependent upon the
liquid water content of the chamber.
With high liquid water contents in
the cold chamber, the number of ice



crystals formed from a measured
quantity of silver iodide is much less
dependent upon cold box tempera-
ture than formerly believed to be the
case. This indicates that the nucle-
ation efficiency tables now being used
in the field may be in error by a con-
siderable factor. It was also found
that there is a critical concentration
of nuclei which cannot be exceeded
by any silver iodide generator due to
the rapid coagulation of particles in
the generator output when concen-
trations exceed 10° particles per cubic
centimeter of air. This study demon-
strated that increasing the rate of sil-
ver iodide being vaporized by the
generator does not necessarily mean
that more ice-forming nuclei will be
produced.

The modification of severe storms
such as the hurricane is also being ap-
proached from the point of view of a
mathematical model under develop-
ment at New York University. The
model was tested on the computer,
and simulated the life cycle of a hur-
ricane with a remarkable degree of
reality. It now responds sensitively to
changes in sea surface temperature,
and simulates landfall of the hurri-
cane by drastically reducing the wind
speed by 50 percent in 24 hours after
the supply of moisture from the ocean
is cut off. Besides the fact that the
model has succeeded in simulating
many aspects of the hurricane, it has
demonstrated the importance of the
oceanic latent-heat supply to both de-
velopment and maintenance of the
tropical storm.

During the summer of 1968, the
New Mexico Institute of Mining and
Technology tested a vertical wind
tunnel which is capable of injecting a
current of 1 milliampere of charged
oil smoke particles into the base of a
growing convective cloud. The elec-
tric field intensities observed down-
wind from the charger have been
very substantial, and appear to be in
the order of 500 volts per centimeter.
During periods when the mountain
was cloud covered and the charger
was operated, it was possible to detect
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singular radar echoes in the treated
clouds just downwind of the charger.
This suggests that the growth of
cloud droplets has been greatly en-
hanced as a result of the electrical
forces. When the charger current was
turned off, the radar echoes tended
to dissipate. The experiment demon-
strated that it is possible to upset the
dispersion stability of a finite
although rather small atmospheric
cloud by electrical forces that are
artificially injected.

During fiscal year 1969 the Foun-
dation, with assistance from the
NCAR, presented a plan for a na-
tional hail research experiment to the
Interdepartmental Committee on
Atmospheric Research (ICAS) of
the Federal Council for Science and
Technology. This plan suggested an
interdepartmental project of research
in northeast Colorado over a 5-year
period to study the structure and
dynamics of hailstones in order to
understand the mechanism of hail
formation, and to determine whether
the accurate injection of seeding
avents in the potential hail-produc-
ing clouds might affect the size or
amount of hailfall at the ground.

The ICAS recommended that the
national hail research experiment be
started in 1971 or 1972, and that
the Foundation assume the re-
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sponsibility for arranging the orga-
nization and management of the
program, and for enlisting the coop-
eration of all the participating Fed-
eral agencies. A field site has been
established within the Pawnee Na-
tional Grasslands which is managed
by the Department of Agriculture,
and a preliminary observational pro-
gram has been established by NCAR
during the summer of 1969, working
jointly with the ESSA Research Lab-
oratories and Colorado State Uni-
versity under NSF sponsorship.

In the field of social aspects of
weather modification, the Foundation
sponsored a task group on the domes-
tic legal aspects of weather modifica-
tion at Southern Methodist Univer-
sity to examine the possible need for
changes in the present legal frame-
work in order to provide a sound
foundation for weather modification
in the future. In addition, various
alternatives in organizing and ad-
ministering  weather modification
operations and programs will be ex-
amined and presented in the final
report to be published early in 1970.

In summary, the Foundation has
continued to encourage and support
research in weather modification at
universities and nonprofit institutes
under the broad provisions of the

An NCAR radar detects developing hailstorms on the prairies of Pawnee National
Grassland, north of Raymer, Colo. (NCAR photo)
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Illustration of the major features of the 11-ship, 17-aircraft experimental array for
BOMEX. The 3-month experiment, conducted east of the island of Barbados, studied
the transfer of energy from the tropical oceans into the atmosphere.

National Science Foundation Act as
amended through August 14, 1968,
and will plan to continue this support
in the future. At the present time
the reporting responsibilities of the
Foundation and maintenance of
weather modification records under
Public Law 85-510 have terminated,
and no other Federal agency has been
designated to undertake this respon-
sibility. A number of bills have been
introduced into Congress to provide
this authority, but none had been re-
ported out of committee by the close
of fiscal year 1969.

GLOBAL ATMOSPHERIC
REsEARCH PROGRAM

Progress has continued on several
fronts during the past year on the
Global Atmospheric Research Pro-
gram (GARP). GARP has as its
objective the attainment of economi-
cally useful long-range weather
prediction. Recent developments in
computer and satellite technology
have provided the opportunity for
advancing toward this goal, and
studies of the theoretical limits of
atmospheric predictability have con-
firmed that significant advances are
within reason and reach.

Three requirements have been
identified that are essential to meeting
the objectives of GARP: (1) The
development of a global observing
capability; (2) the availability of
electronic computers with speeds at
least 100 times faster than the speeds
of the most powerful computers in
use today; and (3) the conduct of
regional field programs and com-
puter modeling experiments to im-
prove the physical and mathematical
basis of long-range prediction.

Following international acceptance
of GARP, the Federal Government
requested that the National Academy
of Sciences form a committee to plan,
coordinate, and guide the U.S.
GARP effort. This committee, formed
in March 1968 and chaired by Jule G.
Charney of the Massachusetts Insti-
tute of Technology, prepared a re-
port entitled “Plan for U.S. Partici-
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pation in the Global Atmospheric
Research Program” which has been
published and distributed to the
scientific community. This report out-
lines in general terms experiments
and programs that should be accom-
plished by the United States. Recom-
mendations of the report are currently
being assessed, and it is anticipated
that details of the next several years’
work will be completed by early 1970.

During May, June, and July 1969,
a field phase of GARP known as the
Barbados Oceanographic and Mete-
orological Experiment (BOMEX)
was held in an area east of the island
of Barbados, West Indies. The major
facilities consisted of 11 ships plus
the Navy’s research platform FLIP
and 17 aircraft. One hundred four
principal investigators worked on
over 90 separate experiments. The
supporting force consisted of more
than 1,200 men. All supplies and
equipment were flown in by units of
the Air National Guard.

BOMEX was designed to explore
one of the key processes governing the
physical behavior of the atmosphere
and the oceans—the transfer of
energy from the tropical oceans into
the atmosphere. Although this trans-
fer process is complex, BOMEX was
designed to investigate the initial
stage of the transfer on what is known
as air-sea interactions. The following
figure shows the experimental array.
This part of the investigation lasted
for the first 2 months. Preliminary
estimates show that during six of the
seven experimental periods, 80 to 93
percent of the necessary observational
data were collected successfully. The
aircraft meaurements were extremely
good. This means that when the data
are analyzed fully there will be a
much better understanding of the
subtropical atmosphere and air-sea
interaction in that area of the tropics.

The third month of BOMEX
emphasized the second stage of the
transfer process, the distribution of
energy from the lowest layers of the
atmosphere into deeper layers by
large-scale convective systems. Some
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A meteorological balloon released from the deck of the research vessel Discoverer carries
its instrument package aloft during BOMEX. The tethered balloon in the upper left can
fly instrument packages at predetermined heights for extended periods of measurement.
(ESSA photo)
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of these convective systems are 300-
500 miles in diameter. By observing
the cloud patterns from satellite
photographs it was possible to direct
aircraft to the areas of interest. Data
of interest were collected success-
fully from several different situations
and an analysis of the data will help
in understanding how this part of
the energy transfer takes place and
what is its magnitude.

During fiscal year 1969 GARP
funds were used to support seven
grants for BOMEX totaling over
$250,000. These grants helped sup-
port all aspects of BOMEX and were
not confined to any one scientific
area. The remainder of the GARP
funds was used to support more
fundamental GARP studies of pre-
dictability and the theory of large-
scale atmosphere and ocean processes
plus an analysis of data from the Line
Islands Experiment of 1967. In
addition to the regular GARP funds,
several grantees received support for
their BOMEX studies from meteor-
ology program funds making the
grant commitment to BOMEX equal
to about $450,000.

BOMEX was supported also by
the National Center for Atmospheric
Research (NCAR) in several ways.
An NCAR scientist was assigned on
a part-time basis to the BOMEX
project office to help with some of
the instrumentation and engineering
problems. The NCAR aircraft facility
furnished three different aircraft for
use during BOMEX and the field
observing facility provided techni-
cians and an M-33 radar unit.
Finally, several NCAR scientists par-
ticipated in a number of the experi-
ments and worked in cooperation
with universities and Federal agen-
cies particularly during the fourth
phase.

NCAR'’s global atmospheric meas-
urements program (GAMP) is de-
signing new types of instrumentation
especially suited for use in oceanic
or uninhabited land areas. Notable
among the new concepts developed
by GAMP is the global horizontal

sounding technique (GHOST) su-
perpressure balloon system. One of
the GHOST balloons, launched from
New Zealand in September 1967, re-
mained aloft for 441 days and com-
pleted more than 25 circumnaviga-
tions of the Southern Hemisphere.
During GARP an operational
GHOST system—with thousands of
such balloons—will relay weather
data via satellite to ground stations.

METEOROLOGY

Because atmospheric processes can
be expressed mathematically, it has
become possible, by the use of high-
speed electronic computers, to simu-
late the atmosphere by nutnerical
representations. Such models will
create realistic weather patterns for
a future time. Present experiments
indicate that computer models pre-
dict fairly well for periods of a few
days, but there are many difficulties
yet to be overcome, such as taking
into account the detailed thermal
effects of the earth’s land surfaces, the
dynamic effects on atmospheric proc-
esses of mountains, and the inac-
curacy created by feeding incorrect,
or too few, observations into the
computer. Often it is impossible to
obtain weather data from large areas
of the globe. It is for this latter reason
that the World Weather Program has
been initiated.

In addition to the problems men-
tioned above, much must be learned
about the significant energy exchange
processes and their interactions. At
McGill University in Montreal,
Svenn Orvig and E. Vowinckel are
investigating the energy balance at the
earth’s surface and in the atmosphere.
The investigators have designed a
computer program that permits com-
plete energy budget calculations from
normally available synoptic weather
observations. The calculations can be
done for all terms in the energy
budget calculation at a particular sta-
tion for a number of periods (cli-
matological application) or for many

GHOST balloon is
launched from Christchurch, New Zea-
land. Balloons such as this, drifting with
the wind, will transmit temperature, pres-
sure, and wind data to satellites for relay
to ground stations. (NCAR photo)

A constant-level
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stations for a particular period (syn-
optic application).

The program allows for four differ-
ent surface types: water, bare ground,
vegetation, and forest. Separate
energy budgets are calculated for all
of these and combined according to
the nature of ground in the area.
Seasonal changes are accounted for:
winter snow and ice, leaves on the
trees in summer, etc. Checks to com-
pare the program with nature have
been performed from time to time,
such as the comparison of calculated
to observed dates of lake ice forma-
tion, maximum ice thickness at the
end of winter, dates of snow melt, and
the amount of river runoff. Such tests
have proved to be extremely sensitive,
and have proven the accuracy of the
computer program.

One of the research efforts under
this project “dissected” a strong win-
ter storm in the Atlantic for which
actual data were available. The daily
values of energy budget elements
were computed for 7 days for 37 grid
points, at the surface as well as for
the higher atmosphere. Solar radia-
tion, terrestrial and atmospheric
radiation, turbulent heat transport,
evaporation, and heat storage changes
in atmosphere and ocean were all
evaluated. A detailed picture emerged
of the anatomy of the storm as well as
the manner in which it redistributed
heat within itself. The effect of the
ocean on such a storm and vice versa
became quite clear.

A similar study of a winter storm
over a continental area is nearing
completion. It is planned to study the
energetics of other storms during a
summer season over an ocean and a
continent as well as high pressure sys-
tems over land and water during vari-
ous seasons. When these studies are
completed, it will be possible to evalu-
ate the effect of the underlying sur-
face on the movement of storms and
their intensity. The distribution of
energy in the atmosphere as a result
of the storms also will be understood
better. This knowledge then can be
transformed into changes in current

numerical models of the atmosphere
and hence into better weather fore-
casts for every day use.

For years nagging questions have
arisen about man’s effect on his en-
vironment. Many of the questions
deal with that precious and irreplace-
able resource, the atmosphere. A par-
ticularly complex one to answer: Is
urbanization affecting the climate?
and if so, how much? In the past,
atmospheric scientists have tried to
assess these changes by comparing ob-
servations of temperature, wind, air
composition, and rainfall taken in
cities with those from the nearby rural
environment. This yielded estimates
of local changes that have been
ascribed to the city influence. But
some doubts remain in nearly all cases
because the precise conditions prior
to urbanization have remained un-
recorded, and we are forced to sub-
stitute a spatial comparison for a
temporal one.

An attempt is now in progress to
remedy this deficiency in knowledge.
The meteorology group at the Uni-
versity of Maryland under the leader-
ship of Helmut E. Landsberg has
started a micrometeorological survey
of the new town of Columbia in the
Baltimore-Washington corridor. At
Columbia, 7,000 acres of rolling farm
and woodland will be settled in the
next decade by nearly 200,000 people.
Although planned to minimize some
of the most obvious ailments of older
communities, some high density sec-
tors are included at Columbia.
Hardly avoidable is the replacement
of vegetation by impervious surfaces.
This causes notable changes in the
heat and water balance of the area.
The microclimate of the new town,
as it grows, is being measured by mo-
bile surveys and observations at fixed
locations. A very fortunate circum-
stance is the existence of three long-
record stations in the immediate sur-
roundings, at Woodstock College, at
Clarksburg on the University of
Maryland’s experimental Forage
Farm, and at Friendship Interna-
tional Airport.
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Micrometerological station in newly ur-
banized area at Columbia, Md., will help
to determine effects of urbanization on
local weather conditions. (University of
Maryland photo)
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One of the first results of the re-
search project is the clear fact that
even a single block of buildings or a
shopping center and parking lot cre-
ates a heat island. An increase of
about 1° F. has been noted over the
surrounding countryside. The wind
field at Columbia is becoming dis-
torted, and it is felt that this change
will become more pronounced in
coming years. Another effect that
shows up even with limited urban
developments is the markedly in-
creased runoff from precipitation.
The results of paved and roofed-over
areas are increased erosion and stream
silting. Air pollution is beginning to
be indicated at Columbia. Hopefully,
as the town develops, technology will
keep pace with the needs to conserve
the atmospheric resources.

As man destroys natural microcli-
mates, he creates new ones. The study
at Columbia is establishing some suit-
able baselines against which future
climatic changes can be measured and
criteria can be developed for use in
other new towns and in changes of
present cities and towns. It is the first
time that man has been able to make
measurements before a town is built.
As such, the quantitative results will
help establish the effect of urbaniza-
tion on the climate.

AERONOMY

Coupling Phenomena in Space

Interdisciplinary cooperation be-
tween aeronomers and solar terres-
trial physicists has led to the develop-
ment of unifying concepts which rec-
ognize the fact that phenomena in the
magnetosphere are strongly reflected
in ionospheric disturbances, and the
more recently discovered fact that
events in the ionosphere affect the
magnetosphere as well. The principal
coupling mechanisms relating phe-
nomena in these spheres are electric
and magnetic fields, electromagnetic
and hydromagnetic waves, particle
precipitation, and heat conduction.

Herbert Carlson of Cornell’s Are-
cibo Ionospheric Observatory has at-
tributed the presunrise heating of
electrons in the upper ionosphere to
the photoelectrons ejected from the
opposite hemisphere by the ionizing
action of sunlight and propagated
through the magnetosphere to the
ionosphere above Arecibo along mag-
netic field lines.

Sidney A. Bowhill of the University
of Illinois and his students, obtaining
data with the MIT Millstone Hill
Thomson scatter facility, have de-
tected the arrival of these photoelec-
trons from the Southern Hemisphere,
as predicted by Carlson, and are pres-
ently attempting the difficult meas-
urement of their flux and energy
spectrum.

In addition to the evidence of
particle coupling, other investigators
have discovered evidence of coupling
by heat conduction. John F. Noxon
at Harvard University and John W.
Evans at MIT Millstone Hill iono-
sphere radar coordinated their optical
and radio measurements during the
rare occurrence of a subvisual, red arc
emission of the atmosphere at mid-
latitude in May 1969. They showed
that there was a close quantitative
correlation between the emission of
the 6,300 Angstrom line of atomic
oxygen and the temperature of iono-
spheric electrons at 300 kilometers
altitude. The details of the correla-
tion support the idea that the mid-
latitude red arc is produced during
magnetic storms by electron heat
conduction from the magnetosphere
to the ionosphere along geomagnetic
field lines.

Andrew Nagy, Paul B. Hays, and
Raymond G. Roble at the University
of Michigan have recently con-
structed a large aperture Fabry-Perot
interferometer to measure the spec-
tral broadening of the 6,300 Ang-
strom line of atomic oxygen which is
a measure of the temperature of the
upper atmosphere. Shortly after the
instrument became operational, they
detected the midlatitude red arc and
auroras associated with the large

solar storm of October 1968. The
measurements indicate that the aver-
age temperature of the upper atmos-
phere in the midlatitude red arc in-
creased from 1,000° C. to 1,500° C.
and closely followed the intensity
variations of the magnetic disturb-
ance in agreement with Noxon’s re-
sults. However, the same measure-
ments made in the direction of the
aurora (caused by particle precipita-
tion) showed no temperature in-
crease. Such behavior was predicted
by theoretical calculations which
showed that if energy is deposited in
a small region (as in the case of an
aurora) it will not cause a large tem-
perature increase, but instead winds
will be generated which redistribute
the energy globally. On the night of
May 14-15, a large storm occurred
and was associated with intense
auroral activity. As predicted, the
temperature of the upper atmosphere
showed no appreciable increase, but
southerly winds of several hundred
miles per hour at 300 kilometers alti-
tude were observed with the inter-
ferometer.

While the coupling between the
magnetosphere and the ionosphere
proceeds in both directions, the cou-
pling between the stratosphere and
the ionosphere has been clearly es-
tablished only in one direction. An-
thony J. Ferraro and Hai S. Lee of
Pennsylvania State University have
clearly shown a sequential correlation
between stratospheric warmings and
changes in electron density in the
ionosphere. Several groups at the
University of Illinois, Washington
State University, and the University
of Washington have shown associa-
tions between density variations in
the lower atmosphere and disturb-
ances in the ionosphere.

The possibility of the reverse cou-
pling, that is an influence of iono-
spheric and magnetospheric phenom-
ena on the meteorology of the lower
atmosphere, is still one of the most
important and most controversial
problems of aeronomy. Theoretically,
no adequate mechanism has yet been




proposed which would support the
energetics of such coupling. Further
careful interdisciplinary research to
explore these problems is underway.

SOLAR-TERRESTRIAL RESEARCH

After a decade of important and
spectacular discoveries on the struc-
ture of the earth’s space environment,
the steady-state solar-terrestrial space
has become relatively well known;
but its fundamental origin, its dy-
namic behavior particularly under
disturbed conditions, and the strong
interactions between its many varied
phenomena have only just begun to
yield to increasingly detailed and
quantitative investigations leading to
the development of unifying concepts.

Until recently, all geophysical dis-
turbances associated with solar flares
were presented in terms of an aver-
age disturbance called a magnetic
storm which was thought to be the
direct result of the interaction be-
tween the particle flow from the sun
known as the solar wind and the
magnetic field of the earth. Syun I.
Akasofu at the University of Alaska
contested this idea and showed that
while general features of the storm
were clearly attributable to solar wind
interaction, the large temporal struc-
ture within the storm was not the
result of a corresponding variability
in the solar wind. Instead, Dr. Aka-
sofu suggested that these recurrent
disturbances are a fundamental mode
of behavior of the magnetosphere
itself which takes place when energy
that has accumulated in the earth’s
magnetosphere reaches a certain level
and is released abruptly in the form
of a phenomenon called a magneto-
spheric substorm. The recurrent pe-
riod of this dramatic release of energy
appears to be 3 to 4 hours, while the
magnetic storm itself may last several
tens of hours.

After the formulation of the initial
concept, different groups studied the
various manifestations of the mag-
netospheric substorm and contributed

greatly to the validation of this unify-
ing concept. George Parks and his co-
workers at the University of Minne-
sota and the University of California
at Berkeley, and Neil Brice at Cornell
University have shown that the puz-
zling, large-scale distribution of par-
ticle populations in the magne-
tosphere become more understand-
able when viewed in the context of a
magnetospheric storm. Robert A.
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Helliwell and Donald L. Carpenter
have revealed a redistribution of the
plasma flow toward and around the
earth during a substorm. Also,
Warren D. Cummings and Paul J.
Coleman of the University of Cali-
fornia at Los Angeles have actually
observed the magnetic effects of a
magnetospheric substorm through
simultaneous measurements of the
geomagnetic field at the ATS-1 geo-

The magnetosphere and plasmasphere represent 3-dimensional distributions of magnetic
and electric lines of force in space around the earth. The surfaces where these fields
come to an end are called the magnetopause and the plasmapause.

o
il
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synchronous satellite and at a loca-
tion in the Northwest Territories,
Canada, which is on the same mag-
netic field line as the satellite.

Unlike the concept of the magne-
tospheric substorm which was almost
wholly empirical in its beginnings,
the concept of the existence of a large
electric field across the magnetosphere
was almost, and to a great extent still
is, the result of theoretical reasoning.
During the past 3 years, the tempo of
research on theoretical models of
magnetospheric plasma convection
(and, by implication, the geoelectric
field) has increased considerably and
has become more quantitative.
Lately, Neil Brice of Cornell Uni-
versity has calculated the general pat-
tern of steady state plasma convec-
tion, on the basis of the observed
shape of the plasmapause somewhat
in the same way that an observer can
determine the flow of a river from
the state of its banks. Richard A.
Wolf and Alex J. Dessler of Rice Uni-
versity are calculating with initial
success the worldwide electric field
pattern taking into account the elec-
trical conductivities in the ionosphere
and the pressure in the plasmasheet,
which is a region of plasma accumu-
lation.

In spite of the great current inter-
est in the geoelectric field, there are
still few adequate and proven experi-
mental techniques to measure it. In

space, the great experimental difficul-
ties associated with the measurements
of these very weak fields or slow
plasma motions have limited the ex-
perimental effort to tests of tech-
niques. So far, ground-based tech-
niques, although they measure the
electric field indirectly, have provided
the only data to guide the effort of
the theoreticians.

Drs. Helliwell and Carpenter of
Stanford University have developed a
ground-based technique of recording
broadband whistler signals, of a type
commonly heard on shortwave radio.
These signals “fingerprint” the elec-
tromagnetic medium through which
they pass, and in so doing, provide in-
formation on the density and motion
of thermal plasma in the magneto-
sphere. Their work has provided
much of the available information on
the radial component of plasma con-
vection and hence about the strength
and variability of the geoelectric field.

During the past year, the research
groups under Forrest Mozer of the
University of California at Berkeley
and Paul Kellogg of the University of
Minnesota have pioneered a highly
promising balloon technique, in view
of the continuing difficulties of rock-
et-borne detection, for measuring the
large-scale geoelectric field. This new
technique involves the measurement
of voltage differences between pairs
of separated spherical conductors
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flown on balloons. Preliminary tests
of the technique and theoretical cal-
culations indicate that magneto-
spheric electric fields map down to
balloon altitudes without attenuation,
and that the weather associated elec-
tric fields should not perturb the
measurements. The accompanying
figures show the results of about 50
hours of balloon electric field data.
The good agreement of these results
with theory and with the results
of Dr. Carpenter offer the promise
of a low-cost method of measuring the
large-scale electric field of the earth
for various degrees of geophysical
activity.

Coordination of the 1970
Solar Eclipse Program

On March 7, 1970, a total eclipse
of the sun will occur across the Pacific
Ocean, southern Mexico, the Gulf of
Mexico, the eastern seaboard of the
United States, the maritime provinces
of Canada, and finally the North At-
lantic Ocean. The eclipse will be seen
from 16 to 19 hours, U.T. (universal
time)—or 11 to 14 hours eastern
standard time—and will produce a
maximum totality on the ground of
about 3.5 minutes. Solar eclipses offer
a splendid opportunity to study not
only the solar corona which is the
ultimate source of geomagnetic dis-
turbances, but also the magneto-
spheric and atmospheric processes
which are dependent on the presence
of particulate and electromagnetic
radiations from the sun. Unlike the
normal twilight transition in which
illumination of the atmosphere re-
ceds gradually, a solar eclipse results
in a relatively sudden removal of sun-
light from a fully illuminated atmos-
phere. Consequently, daytime condi-
tions change rapidly to nighttime
conditions, and the response of the
atmosphere can be studied without
the complexity of phenomena occur-
ring during a normal twilight period.
Chemical and ionic changes with re-
action times of 2 or 3 minutes should
be observable.




The proximity of the eclipse path
in the United States to large centers
of population, universities, astronom-
ical observatories, ionospheric labora-
tories and major rocket ranges has
generated much scientific and popu-
lar interest. Already U.S. and foreign
scientists have initiated plans for ap-
proximately 250 experiments related
to the eclipse. These involve optical
and radio measurements from stations
along the eclipse path, about 50
rocket launchings from Florida, Vir-
ginia, and Nova Scotia, and seven
research jet aircraft flying along the
path of the eclipse.

Recognizing the need for coordina-
tion of this large scientific undertak-
ing, the Office of Science and Tech-
nology of the Executive Office of the
President designated the National
Science Foundation as the U.S.
agency responsible for coordinating
Federal activities related to the 1970
eclipse.

A series of “Solar Eclipse *70” bul-
letins was initiated in July to provide

Path of the total solar eclipse of March 7, 1970. Between the parallel lines the sun
will be totally eclipsed. The sun will appear to be partially eclipsed from any point in
the continental United States. Areas closer to the path of totality will see more of the

sun obscured.

ECLIPSE OF THE SUN, MARCH 7,1970

information on the progress of scien-
tific and logistic plans, to present the
results of various surveys of the
eclipse circumstances, and to provide
a forum for discussions of inter-
actions among eclipse experiments.

An inter-agency coordinating panel
for the 1970 solar eclipse was orga-
nized in October. This panel has been
very effective in establishing strong
lines of communications and cooper-
ation among the 11 Federal agencies
involved in the solar eclipse program.

As fiscal year 1969 ended, it ap-
peared that 30 percent of the
planned experiments would be con-
cerned with optical and radio obser-
vations of the sun, 60 percent would
be concerned with the response of the
ionosphere to the sudden removal of
solar radiation, and the remaining 10
percent would be directed to mete-
orological and magnetic phenomena
associated with the eclipse.

The meteorological conditions are
expected to be most favorable in
southern Mexico; therefore, most of
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the optical experiments and a ma-
jority of the foreign expeditions will
be based there. The remaining experi-
ments will be conducted in the United
States, principally in southeastern
Virginia, eastern North Carolina, and
Florida. A few experiments, prin-
cipally the Canadian rocket launches,
will take place in Nova Scotia. As a
result of these coordinated efforts, the
most comprehensive set of solar,
ionospheric, and atmospheric meas-
urements ever made during a solar
eclipse will be developed. The next
opportunity to study a major eclipse
in the United States is predicted by
astronomers for the year 2186.

OCEANOGRAPHY

The United States has made a
national commitment to move for-
ward in efforts to develop and use
the vast national resources of the sea.
An impediment to the achievement
of these goals is the imperfect state
of our knowledge of the ocean and
its contents.

The broad goal of oceanographic
research activities supported by the
Foundation is to gain a better under-
standing of the sea and all the objects
and phenomena associated with it.
For this reason, the Foundation con-
tinues to support a full spectrum of
meritorious oceanographic research.
Since oceanography is a new and
basically interdisciplinary area of
science, the Foundation is also
deeply concerned with the training
of a new generation of oceanographic
scientists, and with continued im-
provement of oceanographic equip-
ment.

In support of these goals, the Foun-
dation in fiscal year 1969 obligated
approximately $19 million in 280
grants for research in oceanography.

NaTtional. OceaN SEpIMENT CORING
ProGRAM

Drilling operations conducted
aboard the vessel Glomar Challenger
were started in mid-August of 1968.
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The first several months of drilling
and coring in the deep oceans have
strongly confirmed the technological
feasibility and scientific value of this
program, and the finding of petro-
leum in very deep waters in the Gulf
of Mexico within the first few weeks
of operation is indicative of the sig-
nificant economic and industrial
implications of the work.

By the end of fiscal year 1969, the
drilling vessel had completed the first
four 2-month traverses across the
North and South Atlantic, with holes
drilled also in the Gulf of Mexico
and the Caribbean Sea, and had
entered the Pacific and completed
one and a half of five planned trav-
erses. The results immediately avail-
able from a shipboard examination of
the cores have already provided ad-
ditional support to the hypothesis of
seafloor spreading, which postulates
the continuous formation of sub-
marine crustal rock along the mid-
oceanic ridges and its lateral spread-
ing apart of the ocean floor.

In addition to the body of evidence
supporting the seafloor spreading hy-
pothesis, other significant discoveries
include: the confirmation that the
mid-Gulf mounds, in which the sur-
prising finding of oil occurred, are
indeed salt domes such as occur on
the continental shelves; the recovery
of sediments of Jurassic age, older
than any previously taken from a
deep ocean basin; the finding of much
more extensive turbidite (mudflow-
like) deposits in most parts of the
Atlantic than heretofore thought
probable; identification of extensive
layers of chert, a flint-like rock,
among the deep ocean sediments;
evidence of a rate of sedimentation up
to 1 foot per 250 years far out into the
deep Atlantic from the mouth of the
Amazon; and indications that the
hilly topography of the northeastern
Pacific is a result of extrusive activity
prior to the deposition of a thin sedi-
ment cover upon the seafloor.

These scientific discoveries result
from the technological feat of coring
much further into the ocean floor

Inspection of a tungsten drill bit by a group of deep sea drilling project officials aboard

S S

the Glomar Challenger during acceptance trials in the Gulf of Mexico. At some drill
sites, bits such as these penetrated the ocean floor 2,500 feet for sedimentary material.

(Scripps Institution of Oceanography photo)

The Atlantic and Pacific Tracks of the deep sea drilling project, showing the route
covered by the research vessel Glomar Challenger during fiscal year 1969. (Scripps

Institution of Oceanography photo)




beneath deeper water than ever be-
fore attempted. The penetration is
accomplished by dynamic position-
ing of the vessel, unanchored, over
the drill sites for several days until

 the task is completed. Dynamic posi-

tioning uses a computerized system of
pulses from acoustic beacons on the
ocean floor that are picked up by a
ship-mounted hydrophone array, fed
into a computer, and translated into
corrective action by propulsion units
which automatically keep the ship on
station.

A basic core description is being
prepared for materials secured during
each traverse. The core description is
designed to provide enough informa-
tion for subsequent investigators to
recognize and define research pro-
grams, and permit specific sample
qualities and provides information
selections without waste of time or
material. Also, the preliminary analy-
sis measures important perishables
essential to the objectives of many
investigators which they cannot, with-
out duplication and waste of effort,
provide themselves. The last aspect is
particularly important because it per-
mits participation of investigators
with limited resources to do research
on the samples to follow.

The preliminary core description
includes basic biostratigraphic assign-
ments, photographic and descriptive
records, core deformation determina-
tions by X-radiography, textural and
compositional descriptions, informa-
tion on density and consolidation, na-
tural gamma radiation and gamma-
ray attenuation, thermoconductivity,
carbon and carbonate content, X-ray
mineralogy, interstitial water, and
paleomagnetism. The initial core
descriptions result from the coopera-
tive efforts of many scientists aboard
the vessel and later in shore-based
laboratories. These participating
scientists, as those serving on the ad-
visory planning panels, are drawn
from institutions and organizations
throughout the country and abroad.
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Observations of the levels of carbon dioxide in the sea and in the atmosphere made by
an international oceanographic team early in 1969, Notice low levels of carbon dioxide
near shores where marine plant production is taking place, and higher levels near
Aleutian Islands, where ocean is giving up carbon dioxide to the atmosphere. (After

Park, et al.)

After publication of the initial core
descriptions, samples of the material
will be available to qualified scien-
tists who request them for individual
research projects, regardless of prior
participation in any phase of the plan-
ning or operations.

Carbon Dioxide in the Oceans

The oceans act as a sink for excess
carbon dioxide that is produced by
human civilization. Studies in recent
years show that the oceans, which
cover more than 70 percent of the
earth’s surface, contain 50 times more
carbon dioxide than the atmosphere.
Recently, C. David Keeling of the
Scripps Institution of Oceanography
and his coworkers found that during
1959-63 the atmospheric level of car-
bon dioxide was increasing by 0.2
percent a year. If the same rate of
increase prevails, and if the oceans are
not capable of absorbing the excess
gas quickly enough, adverse climatic

changes could occur.

The mechanism of absorption of
the atmospheric carbon dioxide by
the oceans is complicated by many
oceanic processes. For instance, when
deep seawater, which is rich in carbon
dioxide, surfaces, the oceans give off
their extra carbon dioxide into the
atmosphere. Therefore, during the
period of vertical mixing, generally in
winter months, the oceans do not ab-
sorb carbon dioxide. In another ex-
ample, when small plant blooms occur
near the sea surface, the demand for
carbon dioxide becomes intensified,
for the plants need the gas to produce
organic matter. Atsuch times, carbon
dioxide may be absorbed into the
ocean from the atmosphere.

To study these and other processes,
an international scientific team from
Canada, Japan, and the United States
collaborated in joint oceanographic
studies in the North Pacific during
March and April 1969. Timothy R.
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Parsons of the Fisheries Research
Board of Canada investigated organic
matter production in the ocean. Fumi
Seki of Tokyo University assessed the
activities of marine bacteria and
fungi. The U.S. team, under P. Kilho
Park of Oregon State University,
monitored the level of carbon dioxide
in the atmosphere and in the ocean
and studied other chemical matters.

This international team found that
a low carbon dioxide level in seawater
exists where recent production of or-
ganic matter by marine plants has
occurred. They further observed that
low gas regions, near the coasts of Ja-
pan and Canada, did not disappear
within several weeks. Their observa-
tions imply that either the air-sea gas
exchange is sluggish or the biological
removal of the gas is matched by the
gas input from the atmosphere. The
team also found that the ocean was
giving off its carbon dioxide into the
atmosphere near the Aleutian Islands
as indicated in the following figure.

This work demonstrates that the
rate of carbon dioxide absorption by
the ocean is governed by the physical
(current and mixing) and biological
(organic matter production) proc-
esses occurring in the oceans. With
the ever-increasing production of car-
bon dioxide by the human society, we
urgently need to know the mecha-
nisms by which the oceans absorb
carbon dioxide.

1969 Black Sea Expedition

A study of the waters, bottom sedi-
ment and underlying geologic struc-
ture of the Black Sea was made by
the Woods Hole Oceanographic In-
stitution under sponsorship of the
National Science Foundation.

The investigation was carried out
aboard Atlantis II, a Woods Hole
research vessel, with John Hunt as
chief scientist.

In addition to Woods Hole person-
nel, scientists from seven universities
and seven research organizations par-
ticipated in the cruise. Included in
the party were four Turkish and three
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to follow chemical processes in the ocean. The decrease in C¥ indicates that carbon
dioxide is being formed in the Black Sea from the bacterial degradation of organic
matter. This process has not been observed in open oceans such as the Atlantic and
Pacific. (After Hunt et al.)
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Russian scientists. Other foreign
countries represented were West Ger-
many, Italy, and Sweden.

Atlantis I was the first U.S. ocean-
ographic research vessel ever to call
at the Black Sea ports of Novorossiysk
and Yalta. The vessel also called at
Istanbul where an open house was
arranged for teachers from Turkish
schools and universities, for local em-
bassy staff, and for the press.

During the 7-week period between
March 16 and May 7, 1969, over 50
stations were occupied at which more
than 1,000 water samples and about
60 cores of various types were ob-
tained. Continuous geophysical pro-
filing was made over most of the
cruise track to define sediment layers
in the Black Sea basin and geologic
structure in the earth’s crust beneath
the sea.

Although some of the data col-
lected during the cruise are still being
processed, much important informa-
tion has been learned concerning the
geochemistry and geophysics of the
Black Sea basin and its waters, For
example, a large concentration of par-
ticulate matter, several meters thick,
was discovered in the water column
at the oxygen-hydrogen sulfide inter-
face. The interface ranges from 75 to
250 meters in depth, the deeper por-
tion being along the continental mar-
gin. The particles seem to be com-
posed of iron and manganese and
probably represent an extremely high
concentration of these heavy metals
throughout the Black Sea. Hydrogen
sulfide concentrations in the deeper
parts of the Black Sea were found to
be twice the values previously re-
ported by Russian scientists.

Continuous seismic profiling pene-
trated to depths of 2 kilometers into
the Black Sea basin and showed that
portions of the Caucasus Mountains
plunge beneath the northeastern sec-
tion of the basin. The center of the
sea is flat and is surrounded by nar-
row continental slopes cut in places by

submarine canyons. The flat, deep
areas are characterized by sediments
which show several clearly defined
cycles of black, reduced layers alter-
nating with light gray, more oxidized
layers. Thick deposits of sediment
have been transported to the eastern
portions of the basin by turbidity
currents.

A phenomenon not previously ob-
served in any other sea was the sys-
tematic depletion of carbon-13 in the
total carbon dioxide content in the
deeper waters of the Black Sea.

Mineral Discovery in Deep Sea
Sediments

In the past, we tended to think of
the depths of the ocean as forever
stable and unchanging—a final rest-
ing place for ships, sediments, and
other solids. This view has been
altered as evidence of various types
has been developed which indicates
that ocean floors are in motion and
are far from quiescent. New evidence
of ocean floor change has been discov-
ered by Enrico Bonatti and Oiva
Joensuu of the University of Miami
Institute of Marine Sciences who
reported the only known occurrence
of palygorskite in deep sea sediments.
The mineral was identified during
routine analysis of sediment cores
taken by the university’s R/V Pills-
bury from 5,000-meter water depth
in the Barracuda Escarpment area of
the western tropical Atlantic.

Basically, palygorskite is a clay-
mineral composed predominantly of
silicon, aluminum, iron and magne-
sium oxides. Palygorskite is normally
formed in fresh water and lagoonal
sediments or in shallow marine en-
vironments as a result of the action
of magnesium-rich solutions on ter-
rigenous clays. Palygorskite also forms
when hot water or steam come into
contact with igneous rocks such as
basalt.

Considering the possible modes of
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formation, the presence of this min-
eral in the deep ocean raises the
question of whether it originated in
shallow water sediments and was sub-
sequently brought into deeper water
by slumping or submarine landslides,
or whether the mineral indeed formed
at great depth in the ocean. No indi-
cation was found for a shallow water
origin so that some proof was needed
to account for on-site formation.

The conditions necessary for the
formation of palygorskite in such
areas require magnesium-rich solu-
tions in contact with parent material
such as montmorillonite clays. Even
though montmorillonite is common in
deep sea sediments, magnesium-rich
solutions are not present under nor-
mal conditions. Examination of the
geological conditions in the sampling
area, however, gave clues that paly-
gorskite could have formed at that
site. Evidence of hydrothermal ac-
tivity was obtained at a location only
a few miles from the coring site.
Fragments of basalt were recovered
which had been strongly altered
hydrothermally. Apparently hot water
and magnesium-rich solutions issue
from fractures in the ocean’s floor ad-
jacent to the Barracuda Escarpment
and come into contact with sediment,
thereby transforming the clayey con-
stituents into palygorskite.

The discovery is significant in that
it provides evidence that the chemical
composition of sedimentary deposits
is subject to change, even at great
depths, and also provides a mech-
anism for such changes.

Specialized Oceanographic
Research Facilities

In the 1950’s the oceanographic re-
search fleet, operated by universities
and private laboratories and sup-
ported by the National Science Foun-
dation, consisted of less than 20 ves-
sels which had been obtained from
various sources and which were only
partially adapted to the needs of the
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oceanographers using them. Since
1960, this fleet has been systematically
upgraded to the present fleet of 32
vessels at 17 institutions. This up-
grading has been accomplished
through the construction of new ves-
sels, the conversion of other vessels
and the improvement and modifica-
tions of those already in the fleet
whenever this was practical. Only
three of the vessels currently sup-
ported by NSF were part of the fleet
prior to 1959. Of the 29 additional
vessels, NSF financed the construc-
tion of six new vessels and 10 con-
versions,

In the same period, NSF has also
supported the construction of new
shore laboratories and piers and re-
lated buildings that were equally es-
sential to the modernization of
oceanographic research.

During fiscal years 1960-68, NSF
has provided approximately $35 mil-
lion to some 20 U.S. institutions with
about $15 million going into fleet im-
provement, about $15 million toward
the construction of shore laboratory
facilities, and about $5 million for
piers and related buildings.

In fiscal year 1969 NSF funds com-
mitted to oceanographic facilities to-
taled $1.4 million. The entire sum
was awarded to the Institute of Ma-
rine Sciences of the University of Mi-
ami toward the cost of constructing a
new research vessel. The new vessel,
which will be approximately 165 feet
long, has the following advantages:
(1) it can be operated with a smaller
crew than comparable length ves-
sels of conventional design, thus re-
ducing the annual operating costs;
(2) its large open deck can be used
for portable laboratory units and
other modular gear arrays, thus in-
creasing the scientific capabilities of
the vessel and facilitating the “turn
around” between cruises; and (3) its
hull design takes advantage of exist-
ing production techniques in stock
hulls, thus reducing basic construc-
tion costs.

EarTH ScIENCES

The Foundation’s role in the earth
sciences is to keep active the vigorous
pursuit of knowledge on fundamental
concepts and processes relevant to the
solid earth. In recent years there has
been a marked increase in the number
of students going into geological fields
in the universities. As an example, the
number of geophysicists in the col-
leges and universities increased by 60
percent between 1961 and 1966, The
Foundation continues to be the pri-
mary source of funds for most geo-
logic research done by academic sci-
entists. To this end, the earth
sciences—geology, geophysics, and
geochemistry—are currently sup-
ported in fiscal year 1969 in approxi-
mately 200 research projects at a
level of about $8 million.

Modern Processes as a Key to the
Geologic Past

Many of the processes of nature
that affect the earth’s surface today
are known to have been active in the
geologic past, and the investigation of
modern environments is receiving in-
creasing attention as a basis for un-
raveling earth history. To develop

criteria for deciphering the ancient
sedimentary rock record, geologists
are investigating modern environ-
ments where physical, chemical, and
biological conditions can be moni-
tored and where the sediment record
of processes operating in the imme-
diate past can be interpreted readily.
For example, Robert Ginsburg and
his research associates of Johns Hop-
kins University are investigating
modern tidal flats in a tropical marine
environment where sedimentary fea-
tures so prevalent in some of the
earliest sedimentary rocks in the geo-
logic record are known to be forming
today. The study area, one of car-
bonate deposition, was chosen not
only because the conditions respon-
sible for certain sedimentary features
could be directly observed, but also
because tidal flat processes have been
a major contributor to the sedimen-
tary record throughout geologic time.
Carbonate rocks are, of course, im-
portant reservoirs for water and oil
accumulation.

The research has concentrated on
one very common, but poorly under-
stood, kind of sedimentary layering—
the extremely thin layering in lime
muds (each layer or lamination about
one millimeter thick). Such thinly

FIGURES

Comparison of ancient laminated carbonate rocks with modern laminated sediments.
The photo on the left shows 450-million-year-old limestone from Maryland ; the photo-
graph on the right is of lime-mud layers forming today on tidal creek levee, Andros
Island, Bahamas. Each lime-mud layer represents sediment deposited during storm-
flooding of tidal flats. (Johns Hopkins University photo)




layered rocks (“laminites”) are typi-
cal of ancient tidal flat deposits and
are quite remarkable for the very
small range in thickness of the in-
dividual laminations. The obvious ex-
planation for this uniformity is that
the sedimentary events recorded in
the laminations are all of about the
same magnitude. Some periodicity
seems also to be implied. To try to
find out just what kind of informa-
tion is stored in one lamination, or
thin layer of lime mud, the Johns
Hopkins investigators have been
studying the mode and rate of deposi-
tion of layers which are being pro-
duced today on the modern carbonate
tidal flats of Andros Island, Bahamas.
A red pigment was placed on the
sediment surface in different parts of
the higher tidal flats to provide a pre-
cise time horizon from which to judge
the rate of deposition of sediment.
Flooding of the higher tidal-flat areas
by sediment-charged seawater oc-
curred infrequently, but after the sea-
son’s first major cold front brought
strong and persistent onshore storm
winds to Andros Island, it was found
that sediment has been smeared over

large areas of the flats, making a sin-
gle layer or lamination 1 to 2 milli-
meters thick.

Clearly then, on Andros Island a
lamination is a “storm-layer” and
the vertical succession of laminations
preserved in the tidal-flat sediments is
a record of the succession of major
onshore storms that have battered the
west side of Andros Island in the last
several hundred years. But why is
each lamination of relatively uni-
form thickness? Since storms come in
a wide range of intensity and dura-
tion, one would expect to see a spec-
trum of lamination thickness. If a
cold front “norther” can leave a sedi-
ment layer a few millimeters thick,
then a tropical hurricane should pro-
duce a layer a few tens of millimeters
thick. However, the range in lamina-
tion thickness was actually found to
be surprisingly small, a little less than
1 millimeter to a maximum of 3 milli-
meters. It was concluded, therefore,
that lamination thickness is not de-
termined by storm intensity, but that
some other factor is in control. Fur-
ther careful investigation showed
that the entire surface of the tidal

These two sequences of photographs show how plant material is drastically converted
as it changes to peat, and illustrates how careful microscopic study of altered debris can
serve to identify the original plant material. The most highly altered material (furthest
right) is 1,500 to 2,000 years old. The upper sequence is a cross section through a stem
of saw grass, the lower sequence of the midvein of a red mangrove leaf. ( Pennsylvania
State University photo)
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flats is covered by an almost invisible
organic film, a slime of algae and
micro-organisms. This slime acts like
“flypaper” capturing (and holding
fast) sediment suspended in flood-
waters streaming over the tidal-flat
surface. Once this flypaper is choked
with sediment, it no longer acts as a
trap. Regardless, then, of the amount
of sediment passed over the flypaper
only one thin lamination can be
formed during storm flooding. For
the recent laminites of Andros Island
the remarkable uniformity of lami-
nation thickness does not, therefore,
reflect uniformity (or regularity) in
the physical processes of deposition.
Instead, the lamination is organic,
reflecting the action of films of slime
that impose on the record a same-
ness and regularity where none really
exists, Regularly banded, finely lami-
nated ancient limestones therefore
cannot be interpreted as having
formed necessarily in a quiet water
environment; they may well have
formed in turbid waters.

Another NSF study is aimed at
learning how ancient coal beds
formed. It has long been known that
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coal forms from peats, which in turn
are derived from plants and other
vegetation. But how is vegetation
converted into the hard coal we know
today? Why are some coals different
from others? To better understand
the processes involved in coal forma-
tion, William Spackman and his
associates at The Pennsylvania State
University are making a detailed in-
vestigation of the relation of plants,
animals, and sediments of modern
swamp environments of southern
Florida where peat is actively form-
ing today, and are carefully exam-
ining differences in the peats of
successively older age. Laboratory in-
vestigations involving microscopic
study of thin slices of specially
stained peat specimens have revealed
significant details of the coal-forming
process, particularly as related to the
breakdown of once easily recognizable
plant materials to obscure constitu-
ents of the peats now in the early
stages of conversion to coal.

These studies in effect have resulted
in the “fingerprinting” of plant ma-
terials whose original identity has
been profoundly altered. Another
important result of the research was
the discovery of a “water lily” peat
as a significant component of the
layers of mud, plant debris, and other
sediments. This discovery drastically
affects the interpretation of the origi-
nal environment of the region in the
recent past, indicating far greater ex-
panses of open freshwater and domi-
nance of aquatic plants in the swamps
than originally believed. Such atten-
tion to details in the microscopic
makeup and environment of the peats
and associated sediments provides
vital clues concerning the formation
and characteristics of ancient coals,
and most importantly, their different
botanical and chemical characteris-
tics.

Improved Geologic Dating
Technique
Until recently, geologists, geochem-
ists and geophysicists were unable to
determine the age of extremely old
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rocks to an accuracy of about 10 per-
cent. One of the techniques used in-
volved the counting of radiation
damage tracks produced by the spon-
taneous fission of radioactive materi-
als in rocks, chiefly uranium-238.
Heavy atomic particles are emitted
during fission, and they travel short
distances in the solid, colliding with
existing structures, and tearing them
up. When etched in a solution, the
tracks can be observed and counted
under an ordinary light microscope.
Since the number of tracks is propor-
tional to the original amount of ra-
dioactive material in the rock, the
age of the material can be calculated
from the number of tracks, after de-
termining the original amount of ra-
dioactive material from the amount
of radioactive material now present.

A new radiation damage technique
for geologic and other dating is now
under development at Washington
University, St. Louis, under the direc-
tion of Robert M. Walker and his col-
leagues. The technique promises to
increase the sensitivity of dating geo-
logic and other materials by a factor
of about three thousand. Instead of
relying on the tracks of heavy par-
ticles, which are comparatively few
in number, this technique is based
on the radiation damage in solids
caused by the recoil of the nucleus
when the lighter, but more numerous,
alpha particles are emitted. Alpha
particles are not heavy enough to
register tracks directly, but with each
alpha emission, the emitting nucleus
recoils a little. These recoil nuclei are
much heavier and leave permanent
tracks. The tracks are only about a
two-thousandth as long as those of
spontaneous fission, hence they were
previously unobserved or unrecog-
nized when etched. They were found
by using the latest techniques in phase
contrast microscopy and the electron
microscope. Because the alpha recoil
tracks are much more numerous than
the fission tracks (about 2 million
alpha tracks to one fission track), the
chances of statistical error could be
considerably diminished, and dating

Etched tracks in mica as seen with stereo
scan electron microscope. Above: These
extremely shallow ~100A° deep) pits
were produced by etching a sample of
mica that had been exposed to a radon
emanation source. The radiation damage
produced by the recoil nucleus accompany-
ing alpha decay is responsible for the nu-
cleation of the chemical attack. Below:
These much deeper pits (~2000° deep)
were produced by etching a sample of
mica that had been irradiated with 30
Mev alpha particles. They result from
heavy recoils produced in nuclear colli-
sions between the alpha particles and the
constituents of the mica.




of man-made objects and very old
geological materials should be accom-
plished with much greater precision
than has previously been possible. Be-
cause of the increase in statistica] ac-
curacy, the technique could also be
used as an analytical tool to measure
extremely small amounts of radioac-
tive materials at levels much lower
than can now be detected.

ENGINEERING

Engineering research supported by
the Foundation has steadily broad-
ened in scope over the past several
years as well as increased in size. The
current annual level of support con-
sists of about 500 grants to 100 differ-
ent schools of engineering, totaling
nearly $20 million.

Initially, grants for research sup-
port by the Foundation were limited
almost exclusively to the classical
areas of engineering, mechanics of
fluids and solids, thermodynamics,
heat and mass transfer processes, elec-
trical theory, and the nature and
properties of materials. Although the
major portion of current grants re-
mains in these areas, the broadening
spectrum of engineering activity is
reflected in Foundation support of
research in systems studies, opera-
tional analysis, computer techniques,
earthquake engineering, and oceano-
graphic engineering. Other special
programs which have been and will
continue to be supported include
biomedical engineering, transporta-
tion, urban planning, and fire preven-
tion.

The Finite Element
Method

The engineer’s dilemma is that he
must produce a solution within re-
stricted time limits and he is further-
more held responsible for the results
produced by his analysis. In spite of
years of development of mathematical
techniques, many structural engineer-
ing problems defy exact solution be-
cause of their complexity. The Finite
Element Method (FEM), a newly
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FINITE ELEMENT REPRESENTATION
OF TYPICAL DAM AND FOUNDATION

b

Fih1

A Finite Element Method representation of a typical dam and foundation. By dividing
large structures into a finite number of smaller pieces and studying them, an engineer
can now analyze structures formerly considered too complex to be fully studied.

developed approximation technique,
enables a structural engineer to sim-
plify a complex system by dividing
it into a finite number of pieces. He
then analyzes this simplified system
by employing a rigorous mathema-
tical analysis. The FEM has advan-
tages over previous methods because
the finite elements can be changed to
represent varying physical properties
and discontinuities such as cracks at
any location in the structure. Since
the method requires the manipula-
tion of large matrices, its application
only became feasible with the advent
of digital computers.

Consider the application of FEM
to a structural system. The structure
is first approximated by assuming it
to be made up of a number of appro-
priately shaped pieces or elements of
a manageable size. Fictitious forces
representative of real distributed
stresses acting on the element bound-
aries are assumed to be applied at
points where the elements are joined,
taking into account the elasticity of
the materials involved. Stress and de-

formation of the elements are ana-
lyzed on the basis of the degree to
which the material involved can be
deformed by the forces in question.
The elements used can be either two
or three dimensional and large defor-
mations and nonlinear properties can
be dealt with.

The aircraft industry was the first
to apply FEM. The method was
further developed and introduced to
civil engineering applications by R.
Clough at Berkeley under a series of
Foundation grants. With the refine-
ments developed by Dr. Clough, his
students, and more recent workers,
FEM has became one of the most
powerful tools of analysis available to
structural engineers. One successful
use of FEM was in the analysis of
Norfork Dam. The dam, constructed
from 1941 to 1944, developed serious
cracks due to the release of heat dur-
ing the curing of the concrete. Be-
cause of these cracks, there was seri-
ous concern about the strength of the
dam, and doubt that the reservoir
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could ever be raised to design ca-
pacity; and a two-thirds capacity
limit was imposed. Dr. Clough, using
FEM, showed that the concern over
the strength of the dam was un-
founded, and that Norfork reservoir
could be raised to full-design capacity
with complete confidence. FEM is the
only presently available technique
which could have been conveniently
employed in this analysis.

Blood Oxygenation Studies

The needs for prolonged oxygena-
tion of blood during extended cardiac
procedures following serious injury or
operation, as well as for organ preser-
vation, have stimulated extensive in-
vestigation into methods of blood-
gas transfer.

Most devices currently used to oxy-
genate blood and remove carbon di-
oxide, act by direct exposure of the
blood to gas. In these systems, large
exchange surface areas are generated
by filming the blood in direct contact
with oxygen. Unfortunately, this
method is damaging to cells and
plasma proteins, hence, the major
current applications of blood oxygen-
ators are for the support of patients
during temporary cardiopulmonary
bypass.

A desire to overcome these prob-
lems has led to research into a tech-
nique which would avoid direct con-
tact, such as would be possible
through the use of synthetic gas-
permeable membranes. The earliest
membrane oxygenators, although
they did demonstrate a reduction of
blood damage and other unwanted
physiological side effects, proved to
be extremely inefficient in terms of
gas exchange, and as a result, were
of cumbersome design and unreliable
in operation.

For the past 2 years, Philip A.
Drinker, a physiologist at Harvard,
and Richard A. Moss, an engineer at
the Massachusetts Institute of Tech-
nology, have been working jointly in
an effort to improve the rates of gas
transfer of membrane type oxygena-
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Schematic representation of coiled capilliary mixing apparatus for the oxygenation of
blood, and detail of induced flow within the capillary. (After Drinker and Moss, et al.)

tors. Their work led to a practical
method of nontraumatically aug-
menting the rate of oxygen transfer
by constructing the membrane in the
form of a coiled capillary tube. The
nature of the flow of the blood
through the coil induces a mixing
which increases the amount of blood
which physically contacts the mem-
brane. This method has direct appli-
cation to the design of blood oxygen-
ators which will permit prolonged
periods of cardiopulmonary bypass.

Continuing research under this
program involves two distinct areas of
interest; analytical and experimental
investigation of the fluid mechanics
and transfer rates of the system, and
experimental evaluation of the oxy-
genator performance. These two
phases will be carried out concur-
rently, with close collaboration and
interchange between the participat-
ing staff and students. The ultimate
goal of the research is to establish the
design parameters and range of po-
tential applications for the oxygena-

tor, and to design, build, and test an
optimized real-life prototype system.

Distribution of Impurities
in Semiconductors

Most of the current state of devel-
opment in solid state electronics de-
pends on the effects of impurities
deliberately incorporated into semi-
conductor crystals. An increasing de-
mand for these crystals has made the
crystal-grower’s art an important one,
and scientists are now investigating
the theoretical concepts behind the
technology developed through expe-
rience. For instance, an important
part of the incorporation of impuri-
ties is their uniform distribution.
What factors in the physical process
of growing the crystals affect this dis-
tribution?

The standard arrangement for the
growth of semiconductor crystals con-
sists of placing a seed crystal into a
crucible containing a quantity of the
semiconductor metal in the molten
state. Atoms from the melt aggregate



on the surface of the seed crystal,
causing it to grow. In order to control
the size of the resulting crystal, it is
pulled slowly out of the melt, so that
the deposition of new material takes
place on one end only. Experience
until recently showed that desired
impurities were more evenly distrib-
uted in the crystal if the seed were
rotated in the melt during the growth
process.

Harry Gatos and August Witt of
MIT have investigated the processes
which takes place during the growth
of crystals. As a result of their re-
search, they have developed analyti-
cal techniques which cast consider-
able light on the growth processes,
and furthermore, have grown the
most homogeneous single crystals of
indium-antimony and germanium
ever prepared.

To do this, they first developed
etching techniques by which physical
heterogeneities, or variations due to
impurities can readily be detected
with a resolution of better than 0.2
microns—about 0.00008 of an inch.
Heterogeneities caused by impurities
can thus be revealed and studied with
interference contrast microscopy.
They have also developed a method
which makes possible determination
of the rate at which crystals grow from
a melt of the parent semiconductor as
well as determination of the struc-
tural characteristics of the interface
between the melt and the crystal. The
method is based on the introduction
of vibrations of controlled frequency
into the semiconductor melt during
crystal growth. Such vibrations result
in the formation of striations in the
impurity growth of the crystal with-
out affecting its overall solidification
characteristics. Since Drs. Gatos and
Witt can study these striations by
their high resolution etching tech-
nique, they can determine precisely
the growth rates and fluctuations in
growth throughout the crystal from
the known frequency of the vibra-
tions. Such ‘“rate striations” con-
stitute further a continuous record of
the morphology of the crystal-melt

interface which in itself is a very im-
portant aspect of crystal growth.

By applying the “rate striation”
technique to the growth of indium-
antimony crystals during which the
growing crystal is rotated, the origin
of so called rotational impurity stria-
tions was for the first time unam-
biguously identified. It was shown
that thermal asymmetry (lateral sep-
aration between the axis of rotation
and the axis from which thermal
gradients are uniform) is exclusively
responsible for this type of impurity
heterogeneity as it leads to fluctua-
tions in periodic growth rate during
rotational pulling of the crystal from
the melt. The observed rotational
striations thus reflect the dependence
of growth rate on the effective incor-
poration of impurities. It was further-
more found that it is virtually impossi-
ble to completely eliminate thermal
asymmetry and consequent formation
of rotational impurity striations in
standard crystal growth arrangements
during which the seed crystal is
rotated in the melt.

Accordingly, since it is known that
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rotation of the crucible containing the
melt effectively eliminates the forma-
tion of nonrotational striations, Drs.
Gatos and Witt investigated the dis-
tribution of impurities in crystals
grown with crucible rotation but
without seed rotation. Under such an
arrangement the thermal conditions
in the melt can be optimized and
steady state growth conditions can be
established at the solid-melt interface,
since without seed rotation the poten-
tial effects of any existing thermal
asymmetry are not realized. Single
crystals of indium-antimony and ger-
manium have been prepared in this
manner in which no impurity hetero-
geneities could be detected by any
available means outside the core of
the crystal. This work has led from
theory to a proven and practical
method to dramatically improve the
quality of semiconductor crystals, and
should have a major impact on solid
state electronics in the near future.

Wind Generated Waves

Although observations of the effect
of the wind on water have been a

GROWTH RATE CURVE

CRYSTAL

RATE
STRIATIONS

CROSS-SECTION THROUGH A

Schematic representation of the introduction of high frequency “rate striations” during
semiconductor crystal growth. The rate of growth at any given moment can be deter-
mined from the separation of successive striations at a known frequency. (After Gatos

and Witt.)
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This 115-foot-long glass and steel tunnel
at Stanford Universit is capable of simu-
lating a wide variety of waves, with or
without wind, allowing engineers to study
the ways in which ocean waves are gen-
erated and the effects they have on man-

made structures. (Stanford University

photo)

natural part of man’s heritage since
he took to the seas, surprisingly little
is known about the complex process
by which wind makes waves. In view
of the economic importance of waves
on commerce and the public at large,
techniques are needed to predict wave
behavior more accurately.

En Yun Hsu and his colleagues,
R. L. Street and B. Perry at Stanford
University, are making a series of ex-
periments and obtaining answers
about many factors in the wave-gen-
eration process. Their work is being
carried out in a 115-foot-long glass
and steel channel which simulates a
cross section of ocean. The channel
is 6 feet high and 3 feet wide, and
can accommodate up to 3 feet of
water depth. A wave-generator
plate, driven by a hydraulic piston,
can be electronically set to simulate
various existing sea conditions. A 30-
horsepower centrifugal fan sucks
wind through the tunnel and over the
water at speeds up to 60 miles per
hour. A “beach,” made of stainless
stee] lathe shavings held in steel
baskets, imitates the action of a real
beach by dissipating and absorbing
the energy of the waves as they pass
out of the generating area. This is
necessary to prevent reflected waves
from breaking back from the end of
the tunnel and interfering with the
controlled patterns under study.

Waves without wind, wind-driven
waves, or various combinations of
both can be produced in the tunnel,
which is one of the largest laboratory
wave-generating devices in the
United States that combines both
wind and wave effects. Detailed
measurements are being made of the
wave motions, of the growth of waves
under wind action, and of conditions
in the wind itself. The main advan-
tages of such a laboratory facility over
the ocean itself as an experimental
site are that the principal energy fac-
tors of the air-sea interaction can be
controlled and the same conditions
repeated over and over again in the
laboratory.

In the 3 years that the Stanford

facility has been in operation, signifi-
cant experimental results have been
produced that are currently being
used by theoreticians to modify their
models of wave generation. It was
first shown that certain important
statistical properties of ocean wind
waves were properly simulated in the
laboratory facility. Then, theoretical
predictions of the pressure distribu-
tions in the air at the interface, were
verified through the use of an ex-
tremely sensitive measurement system
that rose and fell with the waves at a
point in the tunnel, always staying
one-quarter of an inch above the wa-
ter surface. Wave growth measure-
ments made along the tunnel length
confirmed limited ocean measure-
ments and clearly showed that pre-
dictions of growth were low by factors
of 3 to 8. Finally, recent measure-
ments of the turbulence in the air-
stream above the interface have con-
firmed the important role of eddying
motion in the transfer of energy from
wind to wave.

These studies, which make possi-
ble the examination in the laboratory
of the actual effects predicted by
theory, will permit future engineering
improvements in manmade structures
in the sea which are becoming in-
creasingly prevalent as we further ex-
ploit the resources of the seas and the
continental shelves.

SOCIAL SCIENCES

The National Science Foundation
support of research in the social sci-
ences constitutes about 20 percent of
the total Federal obligation in these
fields, but a much larger percentage
with regard to academically based
research. In such support, the Foun-
dation gives special emphasis to pro-
jects directly related to current so-
cial problems. Although the research
techniques may not always be as pre-
cise as in more experimental areas and
the methods not as easy to control as
in laboratory settings, the potential
contribution to the problem solving
of social problems is nevertheless

great.



Social scientists are among the
heaviest users of computer facilities
on most university campuses. Univer-
sity computing facility needs are in
large part supported by another
Foundation program, but the social
science program finances the special
computer requirements of the social
sciences, including programming as-
sistance, data tape libraries, and lim-
ited amounts of machine time for ex-
perimental research. Requests of this
nature arise primarily from growing
needs in the fields of economics, so-
ciology, linguistics and the political
sciences.

In keeping with the history of
steady growth in the support of the
field, the Foundation increased its
awards to approximately $15 million
in about 474 different grants during
fiscal year 1969.

Specialized Facilities Program—
Social Sciences at Institute for
Advanced Study

In a grant of signal importance to
the future of social science research,
the Foundation has contributed to
the establishment of a school of so-
cial sciences at the Institute for Ad-
vanced Study at Princeton, N.J., by
furnishing part of the funds needed
to construct a social sciences building.
The new school of social sciences will
be comparable to the institute’s exist-
ing schools of mathematics, natural
sciences, and historical studies, which
have achieved international eminence
in the pursuit of advanced learning
and exploration in fields of pure sci-
ence. Creation of the new school will
require construction of additional
physical facilities to house incoming
social scientists, some of whom will
join the distinguished permanent
faculty, and others who will remain
for 1 or more vears as visiting scholars.
Economists studying the theory of
choice under uncertainty ; sociologists
examining the process of decision-
making in informal groups; political
scientists studying the decisionmaking
process within political organiza-

tions—all find themselves dealing
with a similar set of problems which
appear to have a common logical
structure. A common thread is also
apparent in the psychological and
linguistic analysis of the problems of
language learning.

Faculty and visiting scholars in the
fields of anthropology, economics,
political science, psychology, and so-
ciology will work with historians in
applying social science techniques to
historical materials in order to achieve
a deeper understanding of the forces
that shape the course of change in
human societies. In addition to such
work in the area of social change, so-
cial scientists at the institute will con-
centrate on the analysis of how the
small social unit absorbs, processes,
and uses information. Thus, the area
of social evolution on the one hand
and decisionmaking processes on the
other will provide foci of convergence
for the intellectual interests of social
scientists drawn from a variety of dis-
ciplines. These are also areas in which
the institute is organizationally well
suited in the sense that they neither
require large team efforts nor elabor-
ate laboratory facilities in order to
make significant contributions to
social science.

Environmental Stress

As everyone knows who has been
exposed to the noise, overcrowding
and odors of today’s urban environ-
ment, simply living in the city is a
source of frustration and psychologi-
cal stress. Psychologists have done
many studies in the past on the ef-
fects of noise on performance, but
none on the issue of adaptation, other
than the observation that individuals
do, in fact, adapt to noise. An im-
portant question which remained un-
answered was the extent to which
adaptation produces detectable after-
effects in behavior.

David Glass of New York Univer-
sity and Jerome Singer of the State
University of New York at Stony
Brook have explored this question in

RESEARCH SUPPORT ACTIVITIES 65

a series of laboratory experiments.
They put together a noise by super-
imposing upon one another the
sounds of two people speaking
Spanish, two people speaking English,
a mimeograph machine, a desk calcu-
lator, and a typewriter. In one series
of experiments, they varied bursts of
this noise in regularity and in length,
and in another they kept them regu-
lar and of fixed duration. They kept
the total amount of noise equal in
both series. Half of the participants
in each of the two main series were
given noise at 110 decibels, the other
half at 56 decibels. A control group
included in the experiment was not
exposed to any unusual noise. The
participants in the experiments per-
formed a variety of tasks while their
responses to the noise bursts were re-
corded by skin resistance tests. (Base
measures were obtained during a 15-
minute relaxation period before the
noise and performance measures.)
Following this, they were given a set
of four puzzles to solve, two of which
were in fact insoluble, though this
was not obvious. The number of
attempts they made to solve the
puzzles was used to measure toler-
ance for frustration. Finally, to
measure depletion of energy during
the adaptation-to-noise period, they
were given a proofreading task.

The major hypothesis of the study
was that frustration tolerance would
decrease more following adaptation
to random noise than to fixed noise.
The skin conductance measures indi-
cated that experimental subjects did
indeed adapt to the noise and that
the high noise conditions produced
greater adaptation than any of the
other conditions. The performance
measures also showed evidence of
adaptation, with fewer errors from
earlier to later trials. The difference
in errors over time for the control
group was not statistically significant.
Furthermore, participants exposed to
both random noise conditions showed
less tolerance for frustration than
those in either of the nonrandom
noise conditions or in the control
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group, and made more errors in the
proofreading task. Thus, it appears
that the deleterious effects of adapta-
tion to random noise, whatever its
intensity, are greater than for adapta-
tion to predictable noise. (The in-
vestigators report that a physiologist
whose laboratory was down the hall
from their own complained to the
project secretary about the noise. “It’s
not so much the loudness, it’s not
knowing when it’s going to come
on.”)

The investigators considered a
number of possible explanations for
the relationship between adaptation
and tolerance for subsequent frustra-
tion, and explored one in a subse-
quent experiment. They hypothesized
that the unpredictable noise induces
feelings of a lack of control over the
environment, and subsequently other
details of the surroundings may come
to have little instrumental utility for
the person. Under these conditions,
performance efficiency and the ca-
pacity to withstand frustration may
decline. To test this possibility, a new
group of people participated in the
experiment, but half of them were
told that they could press a button
beside their chair to terminate the
noise, though the experimenter pre-
ferred that they not do so. Even when
they did not press the button, their
perception of control dramatically
increased their tolerance to frustra-
tion following adaptation.

Models of Production From
Natural Resources

The economic problem of the long--

term optimum recovery of natural re-
sources by private firms has received
relatively little attention. This is par-
ticularly true. for renewal resources
such as fisheries and timberlands. And
yet, formulation of economic theory
in these areas is essential for rational
production planning, allocating de-
velopment capital over time, and es-
tablishing appropriate public regula-
tory or development policies.

In coming to grips with this prob-
lem, Vernon L. Smith of Brown Uni-
versity has attempted to develop a
unified economic theory of produc-
tion from natural resources. In gen-
eral, this theory mathematically re-
lates the interactions between the
amount or mass of a resource avail-
able and the specialized capital for
its exploitation. The phase diagram
(left) partially illustrates its applica-
tion to the situation where the re-
source studied is replenishable, e.g.,
fisheries.

If initially the resource is at the
point of maximum self-sustaining re-
source population, the influx of new
exploitation capital will reduce the
population to the intersection of the
population and capital] curves at P,.
At this point, the industry is in equi-
librium with the economy (i.e., anin-
vestor’s return is equal whether he in-
vests in the exploitation of this re-
source or elsewhere), and it is also in
ecological equilibrium because what-
ever is harvested is replaced.

If this stability is disturbed, e.g.,
by disease, so that the resource popu-
lation is depleted, firms will suffer
losses forcing them to leave the in-
dustry and reducing its total capital
investments. Eventually a new equi-
librium is reached at P, where a re-
duced industry is again in balance
with the resource population. If how-
ever, the harvest exceeds the yield, the
point P, may be reached where the
resource base is totally depleted and
the industry must cease operation.

Almost any type of resource exploi-
tation can be qualitatively shown in
a phase diagram which will vary ac-
cording to whether the resource is
replenishable or nonreplenishable,
and whether significant effects not
subject to the control of individual
entrepreneurs are present. Dr. Smith’s
models provide an example of a de-
scriptive theory that transforms ele-
ments concerned with costs, demand,
and resource growth technology into
a pattern of exploitation, and serves
as a basis for an integrated economic
theory of conservation. The model or
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variations on it may have still other
possible applications, such as (1) a
theory of ecological equilibrium in
primitive hunter cultures; and (2)
possibly the rudiments of an economic
theory of species extinction, both his-
torical and modern.

Human Ecological Adaptation

Human practices as they affect
man’s relation to the natural environ-
ment can have critical consequences.
This is true of small, nonindustrial
societies, as well as the complex in-
dustrial nations with which we are
more familiar. Assessing the ecologi-
cal consequences of behavior in rela-
tively simple societies can be an in-
tricate task, but simpler ecological
adaptations can often provide valua-
ble insights into more general proc-
esses.

For example, the Karimojong of
Uganda are one of a number of Afri-
can societies dwelling in semiarid
grasslands who depend on cattle for
their livelihood, but who use their
animals for subsistence rather than
ranching or dairy farming. In terms
of a modern market economy, the
herding practices of the Karimojong
and other African pastoralists may
seem inefficient and even irrational.
However, Neville and Rada Dyson-
Hudson of Johns Hopkins University,
who studied the Karimojong in the
field, have observed that there are
profound rational and functional as-
pects of the traditional Karimojong
pastoral system.

The Karimojong do not system-
atically sell or slaughter superfluous
male stock or female stock of low fer-
tility or low milk yield. Primarily they
exploit their cattle by consuming their
milk and limited quantities of their
blood. Blood will be taken from an
animal every 3 to 5 months, unless it
is a bull or a cow that is pregnant or
giving milk. From 4 to 8 pints are ex-
tracted by tying a thong around the
neck sufficiently tight to make the
jugular vein stand out, but without
choking the animal. An arrow with
the tip wrapped in string, so that only

about an inch will penetrate, is then
shot into the vein. The blood flows
freely but when enough has been
taken and the thong is released, the
flow immediately stops.

The Dyson-Hudsons find the pas-
toral system of the Karimojong is re-
sponsive to a number of problems
they face: the difficulty of storing
herd produce with an undeveloped
technology in the hot climate found
2° north of the equator; the fact that
only large oxen and cows can be sold
in the area, and only at a very low
price; and the need for insurance
against catastrophic losses of live-
stock by enemy raids, epidemics, thirst
or starvation in an area where peri-
odic shortages of grazing and water
can cause high mortality among live-
stock.

Under these circumstances, the
Dyson-Hudsons point out the func-
tional character of the Karimojong
practice of maintaining large num-
bers of animals of low productivity
but considerable hardiness to convert
the sparse rough herbage into food
which they primarily consume as milk
and blood.

The Dyson-Hudsons say that when
outsiders recommend different ap-
proaches as more rational they usu-
ally assume that the major limita-
tions of the ecological system can be
changed by increasing the energy
potential of the system through build-
ing dams, drilling for water, improv-
ing seed, etc., and by relocating some
of the population. However, the Dy-
son-Hudsons note, the first kind of
change would place a heavy financial
burden on a developing economy,
and the second would present seri-
ous political problems for a new na-
tion. Herding practices such as those
of the Karimojong and other African
peoples in comparable circumstances
are highly rational in view of the
total ecology in which they live.
These findings are further evidence
that we must consider the effect on
the entire ecological system before
we decide as to the validity or in-
validity of a given practice.
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Sczence Education

Strong education in science is an
important national asset. It provides
the solid foundation for excellence in
science and technology, and spurs
progress in these essential fields.
Today the Nation looks increasingly
to the wise application of scientific
knowledge to cure such disorders of
society as air and water pollution,
uncontrolled population growth, dis-
abling diseases, urban congestion—
and a host of other disturbing condi-
tions. Also, the training of an ade-
quate supply of qualified scientific
personnel to help cope with contem-
porary problems is vital as is the wide-
spread public understanding of the
role of science in this age. The task of
providing effective science education
for nonscientists, prospective scien-
tists, and scientists is a challenge for
academic institutions of all levels. To
meet this challenge, a substantial
amount of the funds appropriated an-
nually to the Foundation supports ed-
ucational efforts, since the Foundation
is the only Federal agency specifically
charged with responsibility for sci-
ence education.

Specific  recommendations  for
building the strength of science and
engineering education in the United
States were made by the President’s
Science Advisory Committee in May
1959, and their recommendations
have been pursued through various
Foundation-supported  educational
activities. The areas which the Presi-
dent’s Committee cited as needing
“specific and urgent attention
throughout our educational system”
are: (1) the curriculum and the
content of courses; (2) the quality
and effectiveness of teachers; (3) the
recognition and encouragement of
students; and (4) the development of
intellectual leadership. Foundation
programs aimed at these targets have
made noteworthy progress over the
years, As this annual report discloses,
current programs and projects con-

1 “Hducation for the Age of Science,” state-
ment by the President’s Science Advisory
Committee, The White House, Washington,
D.C., May 24, 1959, p. 30.

tinue to stress improvement in the
cited areas. In its constant search for
the best ways to assist academic in-
stitutions in meeting demands of mod-
ern science education, the Founda-
tion also encourages appropriate new
or modified approaches to problem
solving.

Direct support of talented grad-
uate students and advanced scholars
in science is a key educationa] effort
of the Foundation. From 1952 to the
end of fiscal year 1969, NSF invested
more than $342 million in fellowships
and traineeships for advanced level
training. This represents a total of
51,698 fellowship awards offered to
the most highly qualified individuals
identified from among 184,224 appli-
cants, and 26,881 traineeships for
award by the 216 institutions receiv-
ing grants.

In addition, opportunities for ad-
vanced scientific training are made
available through NSF—supported re-
search projects. These projects pro-
vide research assistants with invalu-
able guidance and experience in aca-
demic research, which contributes
directly and significantly to graduate
education for scientists and engineers.

Recently the Foundation com-
pleted a study of the support mech-
anisms and major support sources for
full-time science graduate students,
based upon information supplied in
the fall of 1967 by 209 institutions
which grant doctorates in science. It
revealed that the largest group of stu-
dents, about one third, held fellow-
ships and traineeships. Further, the
Federal Government was the princi-
pal source of funds for fellowships,
traineeships, and research assistant-
ships. The National Science Founda-
tion, moreover, provided nearly one
fourth of all such federally funded
awards. Non-Federal sources pro-
vided almost all of the teaching
assistantships.

NSF support for special projects
in graduate education this year pro-
vided funds for a number of activi-
ties relating to contemporary social
problems. For example, a project
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concerned with a “Teaching Lab-
oratory for Biorheology and Analy-
sis of the Physical Properties of Bio-
materials” will provide for better
teaching of the mechanical and phys-
ical properties of biological materi-
als, and this, in turn, will eventually
promote better processing and hand-
ling of foods, and safer and quick-
er distribution of foods. Another spe-
cial project receiving support aims to
produce specialists who can study
large-scale socioeconomic systems in
a scientific way and better plan to
meet the complexities of modern life,
particularly in the urban setting.

The Foundation’s efforts for
strengthening undergraduate educa-
tion in science were broadened in
fiscal year 1969. For the first time
the Foundation has provided support
for the development of curricula for
the training of technicians in engi-
neering and in chemistry. The curric-
ula is intended primarily for use in
junior colleges and other 2-year in-
stitutions. NSF also announced the
establishment of the pre-service teach-
er education program, designed for
undergraduates who plan to become
secondary or elementary school
teachers of science or mathematics.
This program emphasizes a balance
between knowledge of subject mat-
ter and pedogogy, greater skill and
experience in developing and testing
course materials, and early direct
involvement in teaching.

Significant changes in the area of
undergraduate education support oc-
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curred also in the College Science Im-
provement Program. In addition to
the Individual Institutional Projects
program, the College Science Im-
provement Programs now include In-
terinstitutional Projects in 4-Year
Colleges and Cooperative Projects for
2-Year Colleges. The cooperative
projects offer assistance to junior
colleges seeking to improve their
science instruction through coopera-
tive activities involving nearby col-
leges or universities. As the number
of junior colleges continues to grow,
the Foundation is increasingly con-
cerned about ways and means to help
these institutions to provide good sci-
ence instruction.

At the pre-college level, NSF pro-
vides substantial support for the sup-
plementary training of science and
mathematics teachers, improvement
of course content, development of
leadership in science education in
school systems, and implementation
of new instructional materials in the
schools. This year the Cooperative
College-School Science Program re-
ceived significantly increased funds to
expand itsactivities for improving sci-
ence programs in the schools. These
projects include the testing of new
course materials for secondary
schools, improvement of elementary
school science curricula, and assist-
ance to local school systems or to
systems representing a wide geo-
graphical area. The institute pro-
grams for teacher training provide
valuable assistance through a num-

Table 7

Education in Science
Fiscal Year 1969

Number of Dollar Number of Funds
proposals amount awards obligated
received requested made (net)

Graduate: $42, 465, 606
1. Fellowships 9, 4421 $62 283,172 2,9142 513, 095, 828;
2. Traineeships and other grants 441 | 103,805, 182 397 29, 369, 780
Undergraduates__ ... ___......._.. “ 2,920 65,615, 000 1,384 27,334,602
Pre-Collepe... ... .. .. bl gl dd 1,836 | 85 243,000 1,127 45,497, 286
1 Applications.

? Fellowshi

d g

s,
: Inch%%s Bollego Science Improvement Program: column 1—108; column 2—$16, 776, 603; column 3—74; column 4—
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ber of projects for developing special-
ists, coordinators, and supervisors
who will have competency in areas
directly relevant to school needs.

Since the introduction of NSF-
supported summer institutes in 1953,
an estimated 155,000 secondary
school teachers of science and mathe-
matics have received supplementary
instruction in their respective fields
through such institutes. Fiscal year
1969 grants for institutes afford
training opportunities for approxi-
mately 17,900 participants in sum-
mer institutes, nearly 1,375 in aca-
demic year institutes, and about
13,600 participants in in-service
institutes.

Through the Course Content Im-
provement Program the development
of improved science and mathematics
courses continues to receive support.
In addition, funds are made available
for workshop projects for training
college and school resource personnel
who are experts in the various new
source materials. An estimated 24
percent of the some 14 million U.S.
students enrolled in grades 9 through
12 in the fall of 1968 were using cur-
ricular materials in science or mathe-
matics developed under NSF support.

Early in 1969 the Foundation an-
nounced its policy for the distribution
of publications and other materials
developed under NSF science educa-
tion programs. This policy includes
practices which have evolved during
the course of program administration
for the management of income-pro-
ducing instructional materials. An at-
tempt has been made to keep the
policy flexible, so that unusual proj-
ects will not be too narrowly circum-
scribed. Provisions of the policy en-
sure that the Foundation is not in the
position of monitoring or supporting
indefinitely the management of the
residual business affairs of a particu-
lar project.

Mindful of the problems facing
educationally disadvantaged students,
the Foundation continues to support
some activities designed to be of bene-
fit to them. For example, the Agri-

cultural and Industrial State Univer-
sity of Nashville, Tenn., received a
fiscal year 1969 grant for curriculum
improvement through the applica-
tion of computers to instructional
problems in mathematics for inade-
quately prepared freshmen. A proj-
ect funded jointly by the U.S. Office
of Education (USOE) and the NSF
provides for the development of sci-
ence courses at 13 predominantly
Negro institutions; the program em-
phasizes student involvement and
participation as a means of learning.
A current NSF grant to Michigan
State University provides for the
training of science teachers from in-
nercity secondary schools of nine
urban communities in Michigan; this
project includes a summer phase for
student-participants as well as teach-
ers (USOE also contributes to the
support of this project).

In fiscal year 1969, as in past years,
the Foundation has sought to invest
prudently in science education efforts
which have proved most successful
and in those which give great promise
of beneficial results for the future.
Program modifications and innova-
tions, as noted in this report, are
aimed at increasing the relevance of
NSF educational activities to contem-
porary needs and challenges.

Detailed information about the va-
rious educational activities follows.
Table 7 shows the NSF support for
fiscal year 1969 science education ac-
tivities at the three major educational
levels.

GRADUATE
EDUCATION IN
SCIENCE

Highly specialized training needs of
scientists and engineers must be met
in graduate education in science. The
Foundation has a major concern for
these individuals for they represent
the source of scientific potential and
achievement. All facets of advanced
science education require continuing
attention in order to assure that sci-
entific knowledge and skills are mov-
ing forward with the times and that
an adequate supply of well-trained
scientific manpower is maintained in
the national interest. To recognize
and encourage graduate students and
to develop intellectual leadership in
science and engineering the Founda-
tion has stressed assistance for gradu-
ate students, career scientists, and sci-
ence faculty. Graduate-level support
is provided primarily by means of
NSF fellowships and traineeships.
Fellowships are awarded—in nation-
al competition—on the basis of merit
and ability; the Foundation makes
these awards directly to individual
applicants. Traineeships are awarded
locally by institutions receiving NSF
grants for supporting graduate train-
ing programs. In the past decade
approximately 65,000 NSF fellow-
ships and traineeships have provided
direct support for persons pursuing
advanced education in the sciences.
Fiscal year 1969 support for fellow-
ship and traineeship programs offers
approximately 8,900 U.S. citizens op-

Table 8

NSF Fellowship and Traineeship Programs
Fiscal Year 1969

Awards Individuals
requested by involved in Awards
institutions applications offered Net amount
Graduate traineeships. .. ... - o ciiiieeaenano 17,199 (219) 8 .o 5,238 (214)1|  $25, 905, 000
Summer trainaeshipp: for graduate teaching assistants__. 59 205; | I, 852 5197; 1 810,721
Graduate fellowships.... ... 7,231 2,500 9,154, 864
Postdoctoral fellowships..._.... 1,087 130 702, 404
Science faculty fellowships. . _ ... 1,048 212 2,509, 690
Senior foreign scientist fellowships__ .. ..........- 76 72 728, 868
G RN AR ok pU R N R DAL Sl b L 25,558 9,442 9,004 39,811,547

t Number of institutions involved.




portunities for appropriate study and
research at institutions in the United
States and abroad. Table 8 summa-
rizes data on applicants, awardees,
and obligations.

Aims of other NSF educational ac-
tivities at the graduate and advanced
levels are to: encourage university
graduate departments to experiment
with unusual or innovative educa-
tional programs; improve course con-
tent and instructional materials in
the sciences at the graduate level;
provide educational opportunities in
specialized or frontier areas of science
for graduate and postdoctoral stu-
dents selected from different schools
and regions; and increase the under-
standing of science by the American
public.

The NSF Graduate Fellowship and
Graduate Traineeship Programs
again felt the impact of the recent
(spring of 1968) change in the Selec-
tive Service Act. Revised regulations
have eliminated the essentially auto-
matic deferment of graduate students;
in 1968-69 only those students in at
least their third year of work toward
an advanced degree were considered
eligible for deferment on the basis of
their student status. For reasons of
military or alternate service, 63 indi-
viduals who accepted Graduate Fel-
lowships for 1969-70 have postponed
commencement of their graduate
work ; the fellowships will be reserved
for future use. Of the 7,231 applica-
tions for graduate fellowships re-
ceived this year, 5,716 were new
requests as compared with 7,155 new
requests received last year. Data in-
dicating the precise effect of Selective
Service on the decrease in applica-
tions received are not available. Be-
cause Graduate Traineeships are
administered entirely by the grantee
universities, the impact of the revised
draft regulations on the traineeship
program is less well known. However,
by the close of this fiscal year the
Foundation had been notified of 109
student resignations which were asso-
ciated with military obligations of the
trainees.

GRADUATE TRAINEESHIPS

The Graduate Traineeship Pro-
gram covers all fields of science sup-
ported by the Foundation. Its aim is
to increase the number of qualified in-
dividuals who pursue and complete
advanced study leading to master’s
and doctoral degrees in any of these
fields. Traineeship grants are awarded
primarily to institutions with existing
facilities and staff to accommodate
additional first-year graduate stu-
dents in strong programs, or whose
students can progress more rapidly
toward an advanced degree with the
aid of traineeships. The grantee
institutions determine in which uni-
versity departments high-ability stu-
dents shall receive traineeship ap-
pointments.

Of the 219 universities applying
for new or continuing Graduate
Traineeship grants this year, 216 re-
ceived support. Available funds pro-
vided for 5,238 new or continuing 9-
o1 12-month traineeships (418 fewer
than the 5,656 awarded last year to
209 universities). In addition, 852
Summer Traineeships for Graduate
Teaching Assistants were supported
in fiscal year 1969 (113 fewer than
the 965 awarded last year to 193
universities) .

GRADUATE FELLOWSHIPS

Recognizing that graduate students
represent a critical segment of U.S.
scientific manpower, the Foundation
has supported Graduate Fellowships
for the past 18 years. These fellow-
ships, awarded to unusually able stu-
dents pursuing advanced degrees in
science, mathematics, or engineering,
are intended to help the recipients
complete their studies with the least
possible delay. Competition for
awards is intensely keen, and only
exceptionally capable students are
successful in this national contest, As
part of the selection process, panels
of eminent scientists, appointed by
the National Research Council, re-
view and evaluate the qualifications
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Graduate student at the University of
Wisconsin uses an electron microscope in

a research project in zoology.
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of each candidate before NSF deter-
mines who shall be offered a fellow-
ship.

There were 7,231 applications for
Graduate Fellowships in fiscal year
1969; awards offered totaled 2,500
(last year 8,814 applications were re-
ceived and 2,500 awards were of-
fered). The 18-percent decrease in
applications this year may be due, at
least in part, to the revised Selective
Service regulations affecting graduate
students. Other factors may be the
less rigid requirements and the larger
stipends of several sources of support
available to good students.

As in previous years, the largest
number of the Foundation’s fellow-
ships and traineeship awards were
offered to predoctoral students. In
the three graduate student pro-
grams, fiscal year 1969 awards totaled
8,590 (Graduate Fellowships—2,500
awardees; Graduate Traineeships—
5,238  recipients, and Summer
Traineeships for Graduate Teaching
Assistants—852 recipients).

FELLOWSHIPS FOR ADVANCED
ScHOLARS IN SCIENCE

Advanced scholars in science, with
their in-depth experience and knowl-
edge, contribute significantly to the
scientific enterprise and the training
of future scientists and engineers. In
fiscal year 1969 the Foundation of-
fered 414 fellowship awards in sup-
port of high-level scientific study for
established scientists (130 Postdoc-
toral Fellowships and 212 Science
Faculty Fellowships—all tenable at
institutions of the individual’s choice;
and 72 Senior Foreign Scientist Fel-
lowships—tenable at U.S. colleges
and universities only). Senior Post-
doctoral  Fellowships were not
awarded this year due to the limita-
tion of funds.

Science Faculty Fellowships pro-
vide an opportunity for junior college,
college, and university science teach-
ers to enhance their effectiveness as
teachers. This year the Foundation

received 1,048 applications for sci-
ence faculty fellowships; 212 awards
were offered. About 25 percent of
these award recipients already possess
their doctorates; the remaining 75
percent are seeking doctoral degrees
and are primarily from smaller col-
leges and universities across the
Nation.

A record-high number of institu-
tions (76 of the 107 eligible) partici-
pated in the Senior Foreign Scientist
Fellowship Program this year. The
awards that were made will permit
72  senior foreign scientists to
teach and conduct research at U.S.
universities.

At the request of the Department
of State, the Foundation administers
two North Atlantic Treaty Organi-
zation (NATO) fellowship pro-
grams, including selection of the
fellows. These international fellow-
ships in science, aimed at promoting
scientific progress and obtaining
closer collaboration among scientists
of the member nations, are supported
by NATO funds.

In fiscal year 1969 the Foundation
offered NATO Postdoctoral Fellow-
ships in Science to 40 U.S. scientists.
The awards provide to young scien-
tists training opportunities of 6- to
12-month duration at appropriate
educational institutions in other
NATO countries or in countries co-
operating with NATO. NATO Sen-
ior Fellowships in Science, also ten-
able at institutions in other NATO
countries and those associated with
NATO, were offered to 27 U.S.
senior scientists to enable them to
study new scientific techniques and
developments.

ADVANCED SCIENCE
EpucaTioN AcTIVITIES

Strengthening graduate education
in science requires support for special
kinds of educational efforts which are
not within the fellowship and trainee-
ship framework. Under the Advanced
Science Education Program, grants
are awarded for such activities as spe-

cial projects in graduate education,
advanced science seminars, public un-
derstanding of science projects, and
travel to international scientific meet-
ings. Institution-oriented activities
seek to improve the quality of science
training provided by universities and
colleges ; projects oriented toward the
individual offer science instruction or
activity of a highly specialized nature.
Fiscal year 1969 grants for advanced
science education activities amounted
to approximately $2.7 million.

Special Projects in
Graduate Education

The main function of this program
is to promote the development and
testing of innovative approaches to
graduate science education. Experi-
ence has taught that many of today’s
educational problems cannot be
solved in traditional ways. Thus the
Foundation supports special projects
concerned with experimental courses,
curricula, and training aids, as well
as conferences on problems of grad-
uate education in science. Often a
successful project conducted by one
university will help other graduate
schools to initiate similar improve-
ment activities.

A growing interest in special proj-
ects related to contemporary social
problems is evident this year. For ex-
ample, the development of pest con-
trol measures that act only against
selected targets and are completely
safe for other organisms is the ulti-
mate aim of a major NSF-supported
effort. This project involves the par-
ticipation of Cornell University,
North Carolina State University,
Oregon State University, and the
University of California at Berkeley
and at Riverside. It provides for the
training of graduate and postgradu-
ate students in pest management, es-
pecially the biological control of pest
populations.

Among the uncommon areas of
science that are subjects of special
course or curricular projects receiv-
ing support this year are: geophysi-
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cal fluid dynamics (Case Western Re-
serve University) ; Quaternary studies
option in anthropology (Washington
State University) ; planning and pol-
icy sciences (University of Pennsyl-
vania) ; and field biometeorological
techniques (University of Wisconsin,
Green Bay).

Fiscal year 1969 grants for special
projects totaled 22, amounting to
approximately $1.1 million.

Advanced Science Seminars

Advanced Science Seminar projects
supplement graduate school curricula
and enable participants to pursue
science subjects in greater depth. Di-
rected at regional and national par-
ticipation, these conferences or semi-
nars cover primarily sophisticated
topics in science. Recent information
concerning highly specialized fields
and interdisciplinary areas of science
is commonly made available to teach-
ers of graduate courses through semi-
nars. Some projects provide for re-
search participation under the tute-
lage of nationally and internationally
established senior scientists.

Fiscal year 1969 grants for seminar
projects totaled 37, amounting to ap-
proximately $1 million. The largest
number of grants was made in the
social sciences.

Examples of efforts funded are:
an interdisciplinary program in be-
havioral sciences and law for 40 grad-
uate and professional students and
postdoctorals, conducted by the Uni-
versity of Wisconsin, and a continuing
training program in glaciology and
Arctic sciences for 21 graduate stu-
dents conducted by Michigan State
University.

UNDERGRADUATE
EDUCATION IN
SCIENCE

Science education at the under-
graduate level bears directly on the
professional preparation of future sci-
entists and engineers and the orien-
tation of citizens for effective roles in
a modern society. Thus colleges and

undergraduate components of univer-
sities have a continuing responsibility
for providing stimulating and mean-
ingful instruction in the sciences. In
carrying out their mission these insti-
tutions face enormous problems: an
inadequate supply of well-trained sci-
ence teachers, rapidly growing scien-
tific knowledge, insufficient funds for
necessary science facilities and equip-
ment, ever-expanding student enroll-
ments, and various other pressures.

NSF programs for strengthening
undergradaute education in science
are aimed at the most criticak of these
areas. Support is provided for increas-
ing the competence of the science
faculty, improving courses and curric-
ula, and making available special
educational opportunities for able
students majoring in science. There is
assistance for the acquisition of teach-
ing equipment and other instructional
aids. Lastly, and of great importance,
is the Foundation’s provision of com-
prehensive grants to assist colleges in
improving all aspects of their under-
graduate science programs.

This year marks the end of the first
decade of major NSF activity in the
realm of undergraduate science edu-
cation. During this period, support at
the undergraduate level totaled ap-
proximately $275 million, $27.3 mil-
lion of this having been invested in
fiscal year 1969. Although encourag-
ing progress has been made during the
10-year period, the current rate of ex-
pansion in institutions and enroll-
ments is creating an urgent need for
increased attention and assistance.

The Foundation’s general ap-
proach to the improvement of under-
graduate science education has been
(a) to identify problem areas; (b)
to design programs for bringing Fed-
eral support to bear upon these prob-
lems; (¢) to conduct these programs
at least long enough to evaluate their
effectiveness and to refine their pro-
cedures; and (d) to arouse a concern
in leading scientists and teachers for
the problems of undergraduate edu-
cation and to encourage their partici-
pation in improvement efforts.
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Among the highlights of fiscal year
1969 activity in undergraduate sci-
ence education are: the Foundation’s
entry into the area of science techni-
cian training (through the awarding
of four grants, totaling $986,500, for
developing 2-year curricula for the
training of technicians in engineering
and in chemistry), initiation of the
first formal NSF program designed
specifically for 2-year colleges, and
announcement of a pre-service teach-
er education program in science
for secondary and elementary school
teachers. In addition, the Foundation
began a gradual phasing out of Col-
lege Commission support. These com-
missions, organized in eight discipli-
nary areas (agriculture and natural
resources, biology, chemistry, earth
sciences, engineering, geography,
mathematics, and physics) , have been
generally helpful in focusing attention
on problem areas and in collecting
and disseminating information about
effective ways of improving under-
graduate instruction. The consultant
and advisory groups of the Commis-
sions have been especially useful in
giving specific guidance to smaller in-
stitutions interested in initiating local
reforms, but a shift in the Founda-
tion’s patterns of such support is now
indicated to be desirable.

CoLLEGE TEAcHER PrROGRAMS

College Teacher Programs provide
the kinds of supplementary training
necessary for strengthening the effec-
tiveness of teachers of undergraduate
science. Collectively they help teach-
ers keep abreast of new discoveries
and at the same time assist them in
developing workable ways of getting
these modern concepts across to their
students. Usually the training is con-
ducted at the larger institutions where
facilities are adequate and the teach-
ing staff is highly competent. NSF-
supported institutes, short courses,
and research participation projects for
college teachers have aided under-
graduate institutions throughout the
United States.

Projects supported under the Col-
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lege Teacher Programs are of three
general types: those designed to help
bring underprepared teachers up to
an acceptable level of competence,
those designed to refurbish the train-
ing of initially well-prepared teachers
whose teaching effectiveness is dimin-
ished by the passage of time, and
those designed to provide more ad-
vanced teachers with a concentrated,
relatively sophisticated exposure to
sofne specialized area having particu-
lar relevance to current advances in
their respective disciplines.

More than $5 million was awarded
in fiscal year 1969 for the various
college teacher activities, providing
training opportunities for 3,525
teacher-participants. (These partici-
pants represent a geographical dis-
tribution covering all 50 States.) In
addition, 212 college teachers were
awarded Science Faculty Fellowships
under the Foundation’s fellowship
support program, which provides fi-
nancial assistance to in-service college
teachers of science to enable them to
undertake furthér scientific study or
work that meets their individual
needs. See table 9, NSF programs
for college teachers.

The training needs of junior-col-
lege science teachers are of growing
concern to the Foundation. Two-year
colleges are rapidly increasing in
number, and more teachers who are
adequately trained are needed. These
teachers must be equal to the task of
giving their students good initial
preparation for possible careers in
science. As a means of some assistance,
more than one quarter of the training
opportunities available under the Col-
lege Teacher Programs are currently
offered to junior college teachers.

Summer Institutes

Summer Institutes, ranging from
8 to 12 weeks in duration, offer
courses designed to provide further
education in a particular discipline
to college and junior college teachers.
They are held at a time of year when
most faculty members are free to
work at self-improvement, and when
graduate facilities are least taxed by

[l s e e R S ———

regular students. The courses consti-
tute a specially designed unit, usual-
ly planned to permit exploration in
depth of an area of particular impor-
tance or significance in the scientific
discipline.

Fiscal year 1969 grants provided
support for 1,766 teacher-partici-
pants at 48 institutions conducting
summer institutes, More than one-
third of the participants selected were
junior college teachers.

Academic Year Institutes

Academic year institutes provide
college teachers with full-time train-
ing in a university environment dur-
ing regular sessions. The teacher-
participants enroll in core courses or
seminars planned especially for them,
but they may also take established
courses and laboratory work presided
over by the university’s regular fac-
ulty.

During the past 10 years, each of
1,204 college teachers participating
in this program has received a full
year of graduate study in science.
Due to current budget restrictions,
fiscal year 1969 grants provide sup-
port for only five institutes and 71
teacher-participants.

In-Service Seminars
In-service Seminars offer training
on a part-time basis (evenings or
weekends) to college faculty who are
located within commuting distance of
the institutions conducting the sem-
inars. Thus the teacher-participants,

ing, may obtain additional knowl-
edge of subject matter in their sci-
entific disciplines or become ac-
quainted with new textbooks and
laboratory equipment of professional
interest to them.

The six grants made in fiscal year
1969 for seminars provide training
opportunities for 384 college teach-
ers. Stipends are not awarded in this
program.

Short Courses

Short Courses, ranging from 2 days
to 4 weeks in duration, are designed
to deal in depth with selected areas
of subject matter in science. Fre-
quently such projects feature as
teachers those scientists who are cap-
able of developing sets of related
new scientific discoveries in a succinct
lecture series. The instruction is in-
tensive and is intended for partici-
pants with advanced backgrounds.

Among the topics supported under
fiscal year 1969 grants are:

e Estuarine Ecology (University of
Delaware)

® Geographic Applications of Re-
mote Sensing (University of Ten-
nessee)

e Systems Analysis for Land Use
Planning (Rutgers, the State Uni-
versity, New Jersey)

® Energy and Moisture Balance Cli-
matology (University of Dela-
ware).

The 27 grants awarded this year
support training for 769 college

while continuing their regular teach- teachers.
Table 9
NSF Programs for College Teachers
Fiscal Year 1969
Proposals received Grants awarded
Num- | Participants Amount Num- Participants Net
I:‘c':“ ke me I'»lor o Obligation
College teacher institutes_...______ 8,268)| ($11,605, 165 99 (2,990)| ($3,170,491)
Suglmer institutes_..___ a (5, 308) { 7,914, 855) (61) 1,766 2,312,382
Academic year institutes 340 2,444,780 5 71 290, 852
In-service seminars. .. . 1,019 . 6 384 45,874
Short courses_..__.____ 1,601 1,013, 650 27 769 521, 383
Research participation_____________ 897 2,210, 240 231 535 796,633
Science faculty fellowships 1 1,048 14,971,728 | ... 212 2,509, 690
T o i e iy i i 590 10,213 28,787,133 330 3,737 6,478,814

1 Also included in statistics on fellowship programs.




College teacher participant in a summer
institute  (right) works with crystal
growing apparatus in a solid .state
physics laboratory. (University of Ari-
zona Photo)

Research Participation
for College Teachers

The Research Participation for
College Teachers program provides
to science teachers the opportunity to
pursue research activities on a full-
time basis during the summer. Usu-
ally the participants are from institu-
tions where research facilities are
likely to be limited and where heavy
teaching schedules make time for
research scarce. All applicants for
this training must possess at least a
master’s degree in science (usually in
the field of the intended research),
making it probable that they will
have the academic background
needed both to profit from the expe-
rience and to make a useful contribu-
tion to the investigation.

One-third of the participants are
selected for further participation in
“Academic Year Extensions.” These
extra awards provide modest support
for the participant to continue the
research at his home campus and on
a schedule that is convenient for him.

In fiscal year 1969 the Foundation
awarded 55 grants for research partic-
ipation for college teachers; these
provide for 359 teacher-participants.
In addition, 176 Academic Year Ex-
tensions were provided.

INSTRUCTIONAL IMPROVEMENT

Upgrading course materials at the
undergraduate level is essential to the
improvement of science instruction
for college students. Curricular re-
form in pre-college science and math-
ematics during recent years has ac-
centuated the need for new teaching
materials and approaches at upper
academic levels. To effectively imple-
ment changes in science curricula,
however, undergraduate institutions
must have the necessary modern in-
structional equipment. Hence the
Foundation provides support for both
curriculum improvement and acqui-
sition of equipment.

Science Curriculum
Improvement

The Science Curriculum Improve-

ment Program encourages outstand-

SCIENCE EDUCATION 75

ing scientists and science educators in
the various scientific disciplines to de-
vote a significant part of their time
to creating better academic environ-
ments for both students and faculty—
to ponder the questions: “What must
one expect students to know, to
understand, and to be able to do?”
and “What are the best ways of im-
parting this knowledge, understand-
ing and facility?”

Those individuals who influence
selection of the materials to be pre-
sented and who exert leadership in
recommending how the teaching can
best be done have a profound influ-
ence on all other efforts to improve
the caliber of science teaching. Their
task requires that they investigate
ways of increasing the vitality, the
flexibility, and the pedagogical qual-
ity of curriculum arrangements, pro-
duce courses or course modules on
which others can model their own
versions, and create an array of first-
rate teaching aids from which the in-
structor may choose. NSF grants for
their efforts also serve to give visibility
and stature to teaching activity and
thus to enhance the peer image of
the scientists who teaches. The aim is
to produce a situation in which the
rewards of teaching are considered
equal to the rewards associated with
research activity.

The Foundation supports a variety
of mechanisms to encourage both
macro- and micro-curricular evolu-
tion. The most general type of ap-
proach involves curriculum reform on
a broad scale. Both interdisciplinary
and intradisciplinary efforts are sup-
ported. Both are likely to require an
entirely new organization and em-
phasis of subject matter. In some
instances, courses require original
design to accommodate recent devel-
opments which are reshaping a dis-
cipline, eg, use of computers in
electrical engineering.

Examples of noteworthy curricu-
lum improvement activities sup-
ported by fiscal year 1969 grants are:
® Development of a large-scale cur-

riculum program for chemical
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technician training (American

Chemical Society) ;
® Development of a single sequence

of four physics courses, graded in

difficulty and in their mathemati-

cal prerequisites, which permits a

student to enter and to finish the

sequence on the basis of his interest
and mathematical background

(University of Michigan, Flint

College) ;
® Application of computers to in-

structional problems in electrical

engineering (Colorado State Uni-
versity) and in mathematics for in-
adequately prepared freshmen

(Agricultural and Industrial State

University, Nashville, Tenn.) ;
® Production of educational films in

developmental biology (Education

Development Center) ; and
® A study of undergraduate instruc-

tion in psychology in the United

States, with the aim of developing

recommendations for a more co-

hesive academic approach to the
subject (American Psychological

Association).

Both the recent growth of modern
industrial needs and the expansion
of the 2-year college movement have
created concern about technical edu-
cation in the United States. The
NSF-supported curriculum develop-
ment project for training chemistry
technicians is intended primarily for
use in junior colleges and other 2-year
institutions, and will be used in train-
ing chemistry technicians for posi-
tions in industry, university
laboratories, and Government.

So that the training will be consist-
ent with the special abilities and
interests of students to be trained, the
curriculum will emphasize laboratory
work and direct “hands on” experi-
ence rather than abstract theory. It
will attempt to achieve comprehen-
sive coverage of basic chemical sub-
ject matter while retaining sufficient
flexibility to encourage the inclusion
of modifications and special topics
that are important to the user
institutions.

Another current project which is

concerned with technical training in
2-year colleges involves the develop-
ment of a curriculum leading to the
associate degree in electronics tech-
nology. Based at the University of
Illinois, a working team consisting of
individuals from 2-year institutions
will prepare materials for such
courses as Resistive Circuits, Single
Time Constant Circuits, Pulse Cir-
cuitry, and Linear Electronics. Par-
ticular attention is being given not
only to the sequencing of the tech-
nology subject matter, but also to the
supporting mathematics courses.

Grants for college science curricu-
lum improvement totaled $5,004,179
in fiscal year 1969, supporting 54
projects.

Instructional Scientific
Equipment

The Instructional Scientific Equip-
ment Program helps institutions of
higher education to purchase equip-
ment which will assist in the imple-
mentation of local course or
curriculum improvement efforts. NSF
grants for this purpose are lim-
ited to not more than 50 percent
of the cost of the equipment. Experi-
ence has shown that even a modest
amount of assistance can spur an in-
stitution’s  progress in providing
stronger science courses.

It has been found also that modern
equipment opens the way to more
meaningful experiments for students,
often imparts new confidence in the
significance of laboratory work, and
tends to challenge both science de-
partments and individual faculty
members to improve the content and
manner of instruction.

Fiscal year 1969 equipment grants
totaled 603, amounting to $4,615,-
300; this represents approximately
34 percent of the amount requested
in the 1,418 proposals submitted to
the Foundation this year.
PrE-SERVICE TEACHER EpucaTion

The Pre-service Teacher Education
program, established in fiscal year
1969, aims at improving the prepara-
tion of prospective teachers of pre-

college science. It encourages univer-
sities and 4-year colleges to develop a
closer working relationship between
their science departments and educa-
tion departments in providing train-
ing that will offer undergraduate stu-
dents both increased knowledge of
subject matter in science and mathe-
matics and greater skill in organizing
and presenting course materials. The
Foundation believes that such an ap-
proach to pre-service education
should help to alleviate the need for
early supplementary or remedial
training of new teachers.

The program does not prescribe
the curricula through which univer-
sities and colleges will achieve these
goals, but emphasizes certain curri-
cular elements or characteristics that
the Foundation views as highly
desirable.

Prior to the formal announcement
of this new program in March 1969,
the Foundation had supported sev-
eral pilot projects to experiment with
approaches to improving the pre-serv-
ive education of science teachers.
Among these were efforts conducted
by the University of Georgia and five
other units of the State of Georgia
system, the Illinois State University,
the State University of New York
College at Plattsburg, and the Ne-
braska Board of Education of State
Normal Schools.

The six grants, totaling $678,600,
made in this program in fiscal year
1969 provide funds for the continua-
tion of some of the earlier efforts and
for three new projects (a summer
project concerned with practical
methods in science teaching—East
Carolina University; a 3-year project
for preservice teachers with double
majors in any two of the following:
physics, chemistry, mathematics—
University of Pittsburgh, Pennsyl-
vania; and a 4-year physics project
that includes opportunities for under-
graduate participants to construct
and test their own instructional
units—Austin Peay State University,
Tennessee).

Emphasis in the early years of the
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Pre-service Teacher Education Pro-
gram will be on the education of
prospective secondary school teach-
ers, but some attention will also be
directed to projects for improving the
preparation of elementary school
teachers.

SPECIAL PROJECTS FOR
UNDERGRADUATE EpUCATION

The special projects program pro-
vides support for prototype projects
that investigate new approaches to
undergraduate science education, giv-
ing special attention to identifying
those that offer promise for enhancing
the education programs of many col-
leges and universities if applied on a
broad scale. It also experiments with
projects so identified, examining pro-
cedures, testing the devices over a
range of institutions so as to define
their limits of effectiveness, and the
like.

Among the current special projects
receiving NSF support are:
® A pilot study to develop and imple-

ment a new 4-year B.S. curriculum

in nuclear technology (Oregon

State University) ;
® An interdisciplinary research proj-

ect designed and conducted by a

group of outstanding undergradu-

ates—the Associated Students of
the California Institute of Tech-
nology—for a summer study of

“Man and Environment” (Cali-

fornia Institute of Technology) ;
¢ The development of science courses

at 13 predominantly Negro insti-
tutions—courses designed to bridge
the gap between an uninspiring

secondary school education and a

college program that emphasizes

student involvement and participa-
tion as a means of learning (Insti-
tute for Services to Education)—
funded jointly by USOE and NSF.

Fiscal year 1969 grants for special
projects. totaled 21, amounting to
$715,877 (exclusive of the Visiting
Scientists program).

Through the Visiting Scientists
(College) program, the Foundation
Supports arrangements made by the

362-648 O-70—6

various professional societies to send
competent scientists to local campuses
for 1- or 2-day visits,. The visiting
scientists consult with faculty mem-
bers on local problems relating to
course and curricular improvement,
deliver lectures on their specialties
and assist undergraduate students in
making educational plans, The expe-
rience and counsel of such senior fac-
ulty members from major institutions
can be of enormous value to profes-
sors in small departments who are
seeking to update and upgrade their
science programs and to students who
desire career guidance or intellectual
stimulation in science.

Fiscal year 1969 grants for Visiting
Scientists (College) activities provide
for 1,426 visits, totaling 2,694 days,
at a cost of $275,065.

College Science Improvement
Programs

The College Science Improvement
Programs support efforts for accel-
erating the development of science
capabilities of predominantly under-
graduate institutions. Grants are
awarded to colleges and universities
for implementation of comprehensive
improvement plans based upon care-
ful study and analysis of long-range
needs and goals. Plans may include
any combination of activities calcu-
lated to upgrade the preparation of
college students for careers in science
or in science teaching.

Initially this effort supported only
individual institutional projects, but
two additional programs, Interinstitu-
tional Projects in 4-Year Colleges and
Cooperative Projects for 2-Year Col-
leges, were announced in November
1968. The interinstitutional projects
provide for a cooperative approach
among 4-year colleges if such an ap-
proach affords clear advantages over
conducting independent projects on
each individual campus. Under the
cooperative projects for 2-year col-
leges, regional groupings of junior
colleges may participate with a near-
by college or university in cooperative
activities to accelerate faculty devel-
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In a research participation project, this
undergraduate student shares in the work
of redesigning and building equipment to
grow crystals. (Photo Texas Technologi-
cal College)

opment and related course content
improvement. In all programs the
grantee institution must be either a
university or a 4-year college. For de-
tails on the implementation of this
program during fiscal year 1969, see
page 90 in the chapter on institu-
tional programs.

Undergraduate Research
Participation

The program of Undergraduate
Research Participation encourages
institutions to provide opportunities
for able students to do essentially in-
dependent research under the guid-
ance of competent research advisers.
These students may participate as
junior colleagues in research projects
which are conducted by experienced
scientific investigators or they may
engage in independent study activities
oriented toward the theoretical as-
pects of such subjects as mathe-
matics, physics, physical chemistry,
and astronomy. There is evidence
that students who engage in this kind
of research activity develop more
rapidly in scientific maturity and
scholarly competence than those edu-
cated only by conventional classroom
techniques.

In fiscal year 1969 there were 448
grants, amounting to $3,716,393, for
undergraduate research participation.
These funds provide training for
3,346 undergraduate students.
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PRE-COLLEGE
EDUCATION IN

SCIENCE

During the pre-college period the
experience of students with science
and mathematics is of crucial impor-
tance. At this stage the base for
higher leve] study and understanding
of these subjects is being formed.
Both teaching and learning processes
must be geared to the challenges of a
scientific age. To help schools solve
their science education problems the
National Science Foundation stresses
support for: modern instructional
materials, guidance for schools and
school systems in putting such tools
to effective use, special training op-
portunities that will permit students
to achieve their maximum learning
potential, and supplementary educa-
tion for teachers that will increase
their teaching competence in subject
matter.

NSF pre-college educational efforts
of the past decade have made signifi-
cant progress in the improvement of
science and mathematics courses and
curricula and the quality and effec-
tiveness of teachers. Programs for
recognizing and encouraging second-
ary school science students and for
developing leadership in science edu-
cation in school systems also have
proved successful. But further prog-
ress is necessary, since changing con-
ditions bring new needs.

Recognizing that effective use of
teachers and new instructional ma-
terials in school systems requires the
carefully planned assistance of science
educators and supervisors, the Foun-
dation substantially increased funds
for the Cooperative College-School
Science Program in fiscal year 1969,
An encouraging feature of this sup-
port, evident in both the Cooperative
College-School Science Program and
the Academic Year and In-Service
Institutes for Secondary School
Teachers Programs, is that school
systems are showing greater interest
in, and making increased financial
contributions to, these projects. In

some instances, financial assistance
has also been provided by industrial
concerns.

Academic Year and In-Service In-
stitutes programs are now supporting
a variety of projects aimed at devel-
oping specialists, coordinators, and
supervisors with competencies di-
rectly relevant to school needs.
Through the course content improve-
ment program, continued and in-
creased support is being given to
workshop projects for training college
and school resource personnel who
are experts in the various new science
and mathematics materials. The
training is being conducted at a time
when the new materials are begin-
ning to be used extensively in the
schools, and upon completion of
training, these individuals will serve
as leaders in In-Service and Coopera-
tive College-School Science Projects.
This kind of activity provides a direct
link between the course development
efforts and the teacher education and
school implementation programs for
improvement of science instruction.

A brief report of NSF pre-college
education in science activities follows.

IMPROVEMENT OF INSTRUCTIONAL
MATERIALS

To provide for the development of
up-to-date instructional materials for
classroom use, the Foundation en-
courages leading scientists, educators,
media specialists and other experts
to engage in collaborative efforts for
the improvement of course content.
The impact of their work has been
widely felt in schools across the Na-
tion; an estimated 24 percent of the
some 14 million students enrolled in
grades 9 through 12 in the fall of
1968 were using curriculum materials
in science or mathematics developed
under NSF support. These materials
include texts, supplementary read-
ings, laboratory experiments and
manuals, laboratory equipment, and
films and other visual aids. Course
improvement may involve only small
segments of courses or may encom-
Pass an entire course or course

“

sequence incorporating new ap-
proaches to specific subject matter.
Among the fields covered are: biol-
ogy, physics, chemistry, mathemat-
ics, earth science, engineering, and
social science (anthropology, ge-
ography, and sociological resources
for social studies).

While widespread adoption of
NSF-supported course materials is
one indication of their success, the
problem of effective use of the ma-
terials is a matter of continuing con-
cern. Since the new materials differ
in content and approach, training of
teachers and providing assistance to
schools in the implementation of
these materials have been given in-
creased emphasis by the Foundation.
This year grants were awarded for 36
projects for implementing project
materials through development of re-
source personnel capable of helping
schools in the adoption of materials
of the schools’ choice. These projects
provided opportunities during the
summer of 1969 and the following
academic year for nearly 1,400 col-
lege faculty, science supervisors and
administrators, and teacher-leaders to
become familiar with, and gain ex-
perience in, teaching one or more sci-
ence curricula at the pre-college
level. Training opportunities were of-
fered primarily to those who could be
expected to train others rather than
offered to those who will be involved
only in teaching their own classes.
Sources of support for future teacher-
education activities of those trained
include State and local funds as well
as Federal support.

Due to budgetary limitations the
funds for the Course Content Im-
provement Program were reduced
from approximately $13.5 million in
fiscal year 1968 to approximately $8
million in fiscal year 1969. Only a
small number of new curriculum
development projects could be sup-
ported in view of the large require-
ment for funds to support ongoing
meritorious projects. Grants awarded
in fiscal year 1969 to start new proj-
ects include support for: A senior

S
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high school 3-year interdisciplinary
science sequence (Portland State
College, Oregon); a junior high
school 3-year interdisciplinary science
sequence (Florida State University) ;
a ninth grade course in mathematics
(University of Illinois) ; and films for
the Livine BrorLocy Fim Series
(City College of New York).

Among the long-term projects re-
ceiving support this year for comple-
tion of substantive work were:
¢ the Hieun ScuooL GEOGRAPHY

ProjEecT (American Association of

Geographers)
® the EarTH Science CurricULUM

Project (American Geological

Institute)
® A Stupy oF MATHEMATICS

ACHIEVEMENT IN Grabes K-3

(Stanford University)
® the HarvARD ProjecT PHysics

(Harvard  University) —Funded

jointly by USOE and NSF.

In addition, modest fiscal year 1969
grants were made for curriculum con-
ferences and video tapes for teacher
training.

The Foundation believes that
keeping instructional materials in
step with current and future class-
room needs also involves continued
support for such activities as plan-
ning and coordination projects to
stimulate the initiation of appropriate
curriculum  development efforts,
projects aimed at increasing the prac-
ticing teacher’s ability to deal with
new approaches and teaching tech-
niques, and projects for investigating
the learning process as a basis for the
development of improved curriculum
materials.

CooPERATION IN ScHoOL
SySTEM IMPROVEMENT

The Cooperative College-School
Science Program provides for collab-
oration between the teaching and
administrative staff of a school system
and the science faculty of a college
or university in bringing about im-
provement in school science pro-
grams.  Projects are supported
through grants to institutions of

higher education, but the school Sys-
tems are equal partners in the initia-
tion, design, and operation of the
projects. Most projects include on-
campus summer training for teachers,
followed by an academic-year phase
in which the colleges assist the
schools in a consultative and advisory
role during the first year of the new
program’s utilization in the classroom.

Activities conducted under this
program by grantee institutions vary
greatly in nature and scope. For
example, projects may focus on imple-
mentation of new course materials
for secondary schools, improvement
of elementary-school science curric-
ula, assistance to a local school system
or to systems representing a wide
geographical area, or improvement
of instructional programs for educa-
tionally disadvantaged students.

Cooperative College-School Sci-
ence Projects in operation this year
total 146. These projects provide
training for more than 7,000 teach-
ers; some include students who serve
as members of demonstration classes
and thus assist the teachers in learn-
ing to present new subject matter
and instructional materials. About
1,500 students will participate in
projects awarded support in fiscal
year 1969.

A current project at the University
of California, Berkeley, illustrates an
NSF improvement effort for elemen-
tary school science. To assist the
Berkeley school system, the university
provided science training to 50 teach-
ers from the Berkeley schools for a
4-week period in summer 1969. The
training has prepared the teachers to
introduce the curriculum of the
Science Curriculum Improvement
Study to their classes during academic
year 1969-70. Through meetings
held during the academic year for
the teacher-participants and through
classroom assistance, the university
will help the teachers implement the
new materials. The schools will
furnish the necessary laboratory kits
to make the implementation possible
and the teachers who are trained will
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Are both balloons filled with air? Kinder-
garten children are introduced to the
study of gases in a course-content improve-

ment project. (Photo University of Cali-
fornia, Berkeley)
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Watching mice in a pressurized chamber
with a magnifying glass this summer
science student estimates respiration rate
of the animals. Project was a study of
the effect of high altitude on the heart.
(Photo Roscoe B, Jackson Memorial
Laboratory)

undertake to assist other staff mem-
bers of their schools so that they, too,
can gain experience with the new
curriculum.

Several fiscal year 1969 grants
provide for implementation projects
that will have a wide geographical
impact. For example, some projects
operating in St. Louis, Chicago, New
York, and Philadelphia will train
teachers in the use of Madison
Project mathematics materials. Simi-
larly, projects using materials pro-
duced by the University of Illinois
Committee on School Mathematics
(UICSM) will provide instruction
for implementing UICSM materials
in schools located in Hawaii, Phila-
delphia, and Los Angeles-San Ber-
nardino, Calif.

A current mathematics project
conducted by Michigan State Uni-
versity illustrates an effort for im-
proving instruction for educationally
disadvantaged students. The Univer-
sity will undertake to train teachers
from inner-city secondary schools of
nine urban communities in Michigan.
The project provides a summer phase
for student-participants as well as
teachers. Association with students
from the inner city will enable the
teachers to gain experience with fresh
instructional approaches to such
learners. The project also includes a
substantial series of academic-year
activities for the further training of
teachers. This project is supported
Jointly by the Foundation and USOE.

In fiscal year 1969 approximately
$5 million was awarded to support
131 of the 146 projects in operation.
This represents a substantial increase
over last year’s support of 84 projects,
totaling nearly $3.4 million.

ACTIVITIES FOR SECONDARY
ScHooL STUDENTS

Among the large population of
U.S. secondary school students there
are a relatively small number who
have the intellectual ability and per-
sonal traits needed for developing
into scientists and engineers of the
next generation. The Foundation

i

seeks to identify those who possess
such potential and to reinforce their
motivation for pursuing careers in
science.

Through the Student Science
Training Program  (Pre-College)
carefully selected students are given
opportunities to associate closely
with scientists active in education
and research, and thus to clarify
their conceptions of a career in sci-
ence and, at the same time, add
to their knowledge of science. In 1969
this program provided training op-
portunities for 4,158 highly able sec-
ondary school students to spend from
5 to 10 weeks on the campus of a col-
lege, university, or research institution
to engage in college-level special
studies or to act as members of a re-
search team. An additional 1,692 par-
ticipants are undergoing comparable
training as Saturday commuters dur-
ing the academic year 1969-70.
Grants for this program totaled $1,-
872,516, a decrease of 7.4 percent be-
low the fiscal year 1968 level. The
number of projects supported was
112, as compared with 139 in the pre-
vious year. Budgetary limitations
necessitated the decrease in support.

In addition to the Student Science
Training Program activities, a variety
of projects benefiting secondary
school students were awarded Foun-
dation support in fiscal year 1969 (24
grants amounting to $166,157).
These include science seminars, the
presentation of student papers before
Junior Academies of Science, a math-
ematics talent search, and various
other efforts. The academic commu-
nity has shown a strong interest in
such special activities.

Pre-CoLLEGE TEAcCHER EDUCATION
ACTIVITIES

Sound instruction in modern
science and mathematics requires
fully competent teachers. Conse-
quently, upgrading the subject-matter
knowledge of science teachers has
been a major concern of the Founda-
tion since its early days, when many

7



secondary school teachers found that

their science training of an era ago

was grossly inadequate for teaching
the science and mathematics of today.

While the quality of science in-
struction has been vastly improved
through  NSF-supported teacher
training institutes and projects of the
last decade, a critical need for con-
tinued supplementary training re-
mains. Among the factors bearing on
the problem are:

e science and mathematics curricula
taught in the schools continue to be
upgraded, due largely to the influ-
ence of NSF-supported course con-
tent improvement;

e school systems continue to employ
not-fully-qualified teachers because
the regular teacher-training pro-
grams of colleges and universities
can supply only about 15,000 cer-
tificated teachers annually to fill
28,000 net vacancies covering ex-
pansion of science offerings and re-
placement of those leaving
teaching;

e scientific research and scientific
knowledge continue to expand and
teachers are expected to keep their
knowledge current;
demands for trained science super-
visors and other leaders in science
education, needed to help imple-
ment the many school improve-
ments resulting from massive Fed-
eral aid programs, continue to in-
crease; and

e science teaching is being upgraded

as a profession for which graduate
training in subject matter is a

what increased. More attention is
bemg given to the training of super-
visory personnel. Additional institutes
designed especially to meet the needs
of junior high school teachers are be-
ing supported. At the same time,
fewer multiple-field institutes de-
signed for the all-purpose teacher of
several subjects are being supported;
this reflects the increased specializa-
tion of teaching assignments which
accompanies school expansion and
consolidation and the increased em-
phasis on science.

The major trend in ‘pre-college
teacher education activities has been
to increase substantially training op-
portunities directly related to the im-
plementation of specific new courses.
However, whether institutes focus on
new curricular materials or tradi-
tional courses, increased emphasis on
applicability of materials and imple-
mentation in the classrooms of the
teacher-participants characterizes the
institute program in general.

The subject-field coverage of the
total program of institute projects
again closely approximates the na-
tional distribution of teacher assign-
ments within the natural sciences
and mathematics. Noteworthy this
year also is an increase (from 52 to
58) in institutes and conferences in
computer science.

Diversity is the hallmark of the
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1969 program of Summer Institutes
for Secondary School Teachers. The
duration of these institutes ranges
from 4 to 12 weeks, the number of
teacher-participants from 10 to 180,
the level of work from introductory
to graduate, the subject-matter fields
from single-field to many combina-
tions of fields, and the teaching level
from junior and senior high school to
advanced placement work.

Summer institutes in biology illus-
trate the diversity of projects in a
smgle field. Each of the 56 biology
institutes receiving support this year
is of a different nature. For example,
both Northern Arizona University
and Michigan Technological Univer-
sity offer ecology institutes. The
Northemn Arizona program utilizes
a general approach to the study
of ecology, including such topics
as biogeography, biotic relationships,
aquatic and marine aspects, ap-
plied ecology, and human ecology.
Michigan Tech, on the other hand,
emphasizes quantitative techniques
employed in modern ecological inves-
tigation, and each teacher-participant
will construct simple ecological equip-
ment which he will use in the pro-
gram and which will later be used by
students in his classes during the
academic year.

An unusual summer institute is be-
ing conducted in physical science this

Table 10
Pre-College Teacher Education Activities
Fiscal Year 1969

r equisite. Proposals received Grants awarded
The total NSF program of sup- Prrograms . \ ot
Sk ot . hagh
p]emen tary training for pre-c ollege Number | Participants mount umber | Participants obligaelions
teachers has been designed so that in-
dividual projects will assist in coping  1eSNule for sepemsary Aol
Academic year institutes. _____ 77 1,776 | $12,166,07 | 67 1,367 | $8,300,702
with one or more of these existing Sommer Inatiulee. .. 698 28636 | 35503513 | 411 17,455 | 18,999, 128
conditions and the total array of proj- Summer conferences_____ "1} 31 1,010 | 456,102 15 438 200,772
. . . In-service institutes. . _ 384 18, 260 6, 032 404 280 13,079 3, 255, 725
ects will provide overall assistance, In-service activities_ - 13 2,405 230,275 4 525 22,905
with appropriate balance of subject Subtotal.__ 1,203 52,087 | 54,388,301 | 777 32,864 | 30,779,232
Suppl tal projects for other
fields, geographical location, and g o oot il T 8 45 86, 592 4 40 30,519
school level. Toul', i et o 1,211 52,132 | 5447498 | 781 32,904 | 30,809, 751

Sequential programs designed to
offer graduate training, often leading
to a master’s degree, have been some-

Note.—Total ber of p d and grants awarded include double count on combined activities: i.e., 25
combined summer-inservice msmules 1 combined summer institute and supplemental project and 1 combined summer
conference and supplemental project.
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year by Pan American College, Edin-
burg, Tex. It focuses on the problem
of underprepared junior-high school
teachers drawn from the Mexican-
American population of the lower
Rio Grande Valley. This institute is
specifically designed for them since
many of these teachers encounter lan-
guage barriers and cultural differ-
ences that constitute problems for
them if attempting to participate in
other institutes covering this field.

Typical of four summer institutes
for science supervisors being sup-
ported this year is one at the Univer-
sity of California, Berkeley. This
institute is designed specifically for
science departments heads and super-
visors to acquaint them with recent
developments in physics, chemistry,
biology, and other science areas as
they relate to the total secondary-
school science program.

A combined Summer/In-Service
Institute for upgrading the scientific
backgrounds of local sociology teach-
ers and to assist them with im-
plementation of new curriculum
materials in Sociological Resources
for the Social Studies is being con-
ducted this year by the University of
Michigan, Dearborn, with NSF
support.

There were 427 Summer Institutes
for Secondary School Teachers
awarded support in fiscal year 1969
(17 of these received partial support
from other agencies, 14 being funded
jointly by the Atomic Energy Com-
mission and NSF) .

Academic year institutes receiving
NSF support in fiscal year 1969
totaled 67. All provide for a full
school-year of in-depth training in
science and mathematics; 24 have
special major objectives. Of the latter
group, 10 institutes address them-
selves specifically to the problems en-
countered by the junior high school
teacher as he moves from the general
science approach to the implementa-
tion of the new course content mate-
rials designed for the junior high
school. Seven institutes provide train-
ing for science and mathematics

specialists, coordinators, or super-
visors, with some designed for indi-
viduals already engaged in such work,
and others aimed at teachers seeking
to undertake supervisory work. Three
institutes focus on problems of re-
placing the in-service teacher so that
he can take advantage of the train-
ing afforded by an academic year
institute with the least possible dis-
location in the operation of his home
school. In the process, all three proj-
ects make use of intern teachers who
also receive intensive subject-matter
training prior to embarking on their
careers in secondary school science
and mathematics. The remaining
four institutes are concerned with
one-of-a-kind projects, including the
special training of secondary school
mathematics teachers for service in
inner-city schools and assistance to
teachers in the preparation and use
of computer-assisted instructional
materials in science education.

The major themes running through
1969-70 In-Service Institutes Pro-
gram are the continuing search for
ways of reaching the approximately
50 percent of the Nation’s secondary
school science and mathematics
teachers who have had no institute
experience, and the utilization of in-
service institutes as a vehicle for the
implementation of curriculum revi-
sions.

A recently supported In-Service In-
stitute approach focuses on the search
for means of reaching teachers who
are unable, for various reasons, to
avail themselves of the training
opportunities afforded by institutes
conducted along the more conven-
tional lines of instruction. Presently
the investigation is concerned with
the utilization of television.

Several in-service projects sup-
ported in fiscal year 1969 provide for
State educational officials to play an
important role in helping to plan
institutes which have a statewide
orientation. These usually involve the
participation of groups of colleges
and universities and are characterized
by central coordination.




In the 1969-70 school year 282
NSF-supported In-Service Institutes
will involve more than 13,000 partici-
pants. These include, at off-campus
centers or regional campuses, about
2,800 teachers who do not have uni-
versity instruction immediately acces-
sible.

Table 10 provides a statistical sum-
mary of the pre-college teacher
education activities, fiscal year 1969.

SpeciAL ProjecTs IN Pre-COLLEGE
EpucaTtioN IN ScieNce

This program encourages the de-
velopment and testing of imaginative
approaches to science education
problems at the pre-college level. Sup-
port is provided for small-scale ex-
perimental projects, usually one-of-
a-kind efforts. This year 18 such
projects were supported for a total of
$393,602.

The unique nature of these activi-
ties is illustrated by a few of the fol-
lowing current projects:

® A project being conducted at the
University of Nebraska is attempt-
ing to mesh the content of the
Physical Science Study Committee
program and the Chemical Educa-
tion Material Study program into
a four-semester physical science
course. Through this project exist-
ing course materials will be modi-
fied to meet local needs.

® An unusual collaborative effort,
involving Bridgewater State Col-
lege, Bridgewater, Mass., the State
Department of Education, nine
State colleges, and the University
of Massachusetts, is seeking to im-
prove elementary school science
curricula throughout Massachu-
setts.

® A project being conducted at the
Oregon Museumn of Science and
Industry will enable 60 secondary
school students from Portland area
schools to engage in research-type
project work under the supervision
of museum personnel and with the
assistance of practicing scientists
and engineers with whom the stu-
dents will consult.

Special projects serve an important
purpose in the improvement of pre-
college science education. The experi-
mental activities which prove to have
significant potential for increasing the
quality of science instruction can lead
the way to efforts of larger scope and
impact.

Public Understanding of
Science

Projects for public understanding
of science seek to increase the U.S.
citizens’ knowledge and appreciation
of science through various means.
This is especially important at the
present time because of the numerous
problems confronting our society in
which science is involved. Among the
approaches are conferences for sci-
ence writers, public science exhibits,
television projects, training for sci-
ence communicators, and curriculum
development. Some recent activities
aim at increasing the awareness of the
social and cultural consequences of
science and technology and try to ex-
plain the relation of science to other
intellectual endeavors.

In fiscal year 1969 the Foundation
awarded 13 awards, amounting to
almost $200,000, for public under-
standing of science projects.
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Institutional

Programs

The Foundation conducts a num-
ber of programs in support of insti-
tutions or their subdivisions, both for
strengthening and sustaining aca-
demic science. There are five pro-
grams designated as such. They are
Institutional Grants for Science
(IGS), Graduate Science Facilities
(GSF), University Science Develop-
ment (USD), Departmental Science
Development (DSD) and College
Science Improvement (COSIP).
The first two are to a large degree
sustaining programs; the latter
three are developmental in nature.
IGS provides flexible funds for in-
stitutional use on a formula basis;
GSF funds are awarded on a match-
ing basis for construction or renova-
tion of facilities; USD and DSD
provide support principally for the
improvement of graduate education
and research, and COSIP principally
for undergraduate activities.

Within the institutional relations
activities there is an architectural
group whose function is to provide
evaluative services to the Founda-
tion in matters dealing with the
construction and renovation of labo-
ratory facilities. This group also pro-
vides similar advice and information
to academic institutions and perti-
nent professional societies. In fiscal
year 1969 slightly more than half of
its activities were in support of the

graduate science facilities program
and the remainder of its efforts were
shared with university science devel-
opment and the specialized facilities
programs of the Foundation.

The following table (table 11)
summarizes Foundation obligations
for instituitonal programs in fiscal
years 1968 and 1969.

Two major developments during
1969 served to reflect the growing
concern with the need for institu-
tional support per se, as distinct from
Federal support of individual scien-
tific research and education projects
in the nation’s institutions of higher
education. First, the initial annual
report of the National Science Board
to the President and the Congress,
“Toward a Public Policy for Gradu-
ate Education in the Sciences” (NSB
69-1), recommended among other
actions “that there be inaugurated a
substantial program of institutional
sustaining grants . , . [and] . . . that
there be established a substantial pro-
gram of departmental sustaining
grants.” Further, the report recom-
mended “. . . a substantial program
of developmental grants . . .[and] ...
a substantial program of graduate fa-
cilities grants.” With the exception
of the departmental sustaining grant,
a limited program in support of each
of these recommendations already
exists within the Foundation; the

Table 11

Obligations for Fiscal Years 1968 and 1969
(Millions of dollars)

Fiscal year 1968 Fiscal year 1969
Progeae: Number Number
of Amount of Amount
awards awards
Maintenance of institutional strength:
Institutional grants for science._ ... . ... ....o..- 497 $14.2 (0] (0]
Graduate science facilities.... ... 50 17.8 14 $6.0
Development of science capability:
University science development_______ ... .. ... ... 9 29.6 Zgé
Departme?tal science develotpment ............................... gg 133 ;i &3
Cofoy scionce Improvement. -+~ LTI ews | s2|  nz|  46s

1 Timing of awards changed from June 1969 to fall 1969. Hence the program was temporarily suspended in fiscal year
969.
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problem is primarily one of
magnitude. Secondly, Congressional
proposals continue to reflect con-
siderable interest in formula grants
as one means of Federal financing
scientific activities in higher educa-
tion. Hearings were held in February
1969 on a revised version of the
Miller-Daddario bill (H.R. 35). The
bill, modified since the hearings and
reintroduced as H.R. 11542, pro-
vides for a national program of for-
mula-computed institutional grants
to be administered by the Founda-
tion, and authorizes first-year fund-
ing of $400 million.

Despite these developments, the
year was one of major fiscal retrench-
ment for institutional programs, re-
flecting the overall limitation on
funds available to NSF. Operations
of the individual programs during
fiscal year 1969 are described in the
following sections.

INSTITUTIONAL
GRANTS FOR SCIENCE

The Foundation program of insti-
tutional grants for science provides
funds for the general support of
science in U.S. colleges and univer-
sities. Because of the freedom of
campus officials to determine the use
of the funds, the institutional grant
funds, which may be spent for any
direct costs of science programs, are
uniquely adaptable to local needs and
opportunities.

Late in 1968 the Foundation in-
formed college and university presi-
dents of a major change in the ad-
ministrative procedure for the award
of institutional grants. Instead of
making the grants in June as in
previous years, on a formula based on
NSF awards alone, the Foundation
would make the awards in the fall of
1969 on a broader base of research
awards from several Federal depart-
ments and agencies. As a result of the
change in the date of making awards,
the Foundation incurred no obliga-
tions for institutional grants in fiscal

year 1969 except for amendments to
1968 awards.

The important change in the pro-
gram is not the time of making
awards, which is merely a shift in
schedule necessitated by other factors,
but rather the new base to be used
in computing the grants. For several
years, the Foundation had planned
to include research awards of other
Federal agencies in the institutional
grants base, but in order to avoid
overlap with the formula-grant pro-
grams of the National Institutes of
Health (NIH), the move was de-
ferred. Changes in the NTH program
of general research support in fiscal
year 1969 made it possible for the
Foundation to put the planned exten-
sion into effect.

Institutional grants in 1969 (fiscal
year 1970) will be computed from
the total amount of research obliga-
tions to U.S. colleges and universities
incurred in fiscal year 1968 by the
following Federal departments and
agencies: Departments of Agricul-
ture; Commerce; Defense; Health,
Education, and Welfare (exclusive of
the Public Health Service) ; Housing
and Urban Development; Interior;
and Transportation; Atomic Energy
Commission; National Aeronautics
and Space Administration; National
Science Foundation; and Office of
Economic Opportunity. The Founda-
tion will compute institutional grants
from data reported by these depart-
ments and agencies to the Committee
on Academic Science and Engineer-
ing (CASE) of the Federal Council
for Science and Technology. In addi-
tion to research obligations, the
computation base will continue to
include awards under Foundation
programs of undergraduate research
participation and research participa-
tion for college teachers. As in earlier
years, the grants will be calculated by
applying a graduated arithmetical
formula to the total amount of an
institution’s appropriate awards. The
formula will provide 100 percent of
the first $10,000 of an institution’s
base figure, and lesser percentages

INSTITUTIONAL PROGRAMS &85

Kline biology tower at Yale University.
(Photo Yale University)
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Bessey Hall, botany and forestry research
building at the Iowa State University, and
a corner of the cytology research labora-
tory. (Photo Towa State University)
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thereafter; it is expected that the
largest institutional grant will be
approximately $150,000. Substanti-
ally more colleges and universities will
qualify for the grants under the ex-
panded program.

Since the beginning of the program
in fiscal year 1961 the Foundation
has awarded $79.4 million in institu-
tional grants to approximately 750
colleges and universities.

GRADUATE SCIENCE
FACILITIES

The Graduate Science Facilities
Program provides assistance for the
construction and renovation of grad-
uate academic facilities for research
and graduate education in all fields
of science (except the clinical
sciences) and engineering. The pro-
gram, established by the Foundation
in fiscal year 1960 to help maintain
and strengthen academic institutions
of established merit, has provided
$182 million for facilities costing ap-
proximately one-half billion dollars.
It is estimated that these facilities are
accommodating in excess of 36,000
academic research and training per-
sonnel. All grants awarded by the
program require that the recipient in-
stitution provide, from non-Federal
sources, at least 50 percent of the cost
of the grant-supported project. In
some instances the program follows a
grant procedure wherein only a por-
tion of the award is made immedi-
ately available for planning purposes,
with the remainder made available
upon receipt of satisfactory docu-
ments indicating that the project
could be accomplished substantially
as proposed. This procedure has
proven effective and will be applied
to more facilities grants in the future.

During fiscal year 1969 a total of
30 proposals, requesting an average of
over $1.0 million was submitted. Be-
cause of the reduction in funds avail-
able, the Foundation limited the
maximum size of new grants to $750,-
000. Grants of this size could be con-
sidered only contributory rather than




matching. Nevertheless, it seemed de-
sirable to limit the size of each grant
in order to increase the number of in-
stitutions assisted.

Fourteen grants totaling $6,250,-
000 (gross obligations) were awarded
to 13 institutions in 11 States. The
size of the average grant was $446,-
000. Although this was a 26-percent
increase over last year’s average size,
it was in response to a 34-percent in-
crease in the average dollar amount
requested in fiscal year 1969.

Federal agencies supporting con-
struction projects at universities and
colleges have been working together
since 1966 to equalize differences in
their proposal and grant administra-
tion policies. As a result of this effort,
a series of recommendations has been
accepted by member agencies of the
Federal Council for Science and
Technology. In addition to these rec-
ommendations, additional agree-
ments were reached by the Founda-
tion and the Department of Health,
Education, and Welfare to equalize
various allowances in facilities grants.

A Foundation study of estimated
needs for graduate science facilities
during the period fiscal years 1968-73
indicates that an average of $440 mil-
lion per year will be required for the
construction and remodeling of such
facilities if adequate space for the in-
creasing number of academic research
and training personnel is to be pro-
vided. The total estimated Federal
expenditure required to meet these
needs amounts to $250 million per
year.

SCIENCE
DEVELOPMENT

UNIVERSITY SCIENCE DEVELOPMENT

The University Science Develop-
ment Program is assisting a number
of universities to implement plans de-
signed to improve significantly the
quality of their scientific research and
education programs. This year marks
the fourth complete year since the
first few of these development grants

were awarded. Some institutions have
now completed work under their
initial grants and have been awarded
2-year supplementary grants to finish
initially proposed 5-year plans for up-
grading their scientific programs.

In fiscal year 1969 the Foundation
obligated $23.1 million through the
university science development pro-
gram. Initial grants amounting to
$8.2 million were awarded to two in-
stitutions: New York University and
the University of Pittsburgh. Supple-
mentary development grants totaling
$14.1 million were granted to six in-
stitutions: Polytechnic Institute of
Brooklyn, the University of Florida,
the University of Southern Cali-
fornia, Washington University, the
University of Arizona, and the Uni-
versity of Virginia. One institution,
Kansas State University, received a
3-year special development award of
$0.8 million. Special awards of this
type are similar in concept to univer-
sity science development grants, but
the development objectives are more
limited in scope.

To date, 31 institutions have re-
ceived university science development
awards totaling $146.4 million, and
seven institutions have received spe-
cial science development grants
amounting to $6.4 million. In accord-
ance with plans developed by the in-
stitutions, Foundation funds have
been allocated, in aggregate, as fol-
lows: personnel (faculty, postdoctoral
scientists, graduate and undergrad-
uate students, technicians, and cleri-
cal staff), 41 percent; equipment and
supplies, 35 percent; and facilities
(renovation and new construction),
24 percent.

Since its inception, the program
has sought to encourage universities
to engage in realistic planning for im-
provement of the quality of their sci-
entific capabilities. The Foundation,
in its study and review of institutional
development plans, has attempted to
identify those plans which take ac-
count of institutional strengths and
weaknesses and which chart develop-
ment goals that are both meaningful

INSTITUTIONAL PROGRAMS &7

and attainable. The role of the insti-
tution is to blueprint the pathway
toward outstanding programs in aca-
demic science. Further, institutional
planning must include thinking
through ways of strengthening all of
the parameters which support quality
developments—administratively, aca-
demically, and fiscally. Finally, insti-
tutions which hope to participate
in university science development
awards must be willing to make com-
mitments of their own resources to
their plans.

Although it is clearly too soon to
assess fully what has been accom-
plished through the program, a num-
ber of things are evident:

First, academic institutions can con-
struct plans which set forth meaning-
ful and attainable goals. Almost all
of the universities which have com-
pleted the initial years of their devel-
opment grants have been able to ad-
here closely to such plans and to
achieve objectives which were iden-
tified at the time proposals were
written. Some deviation from plan
has occurred, but this was expected,
particularly in the light of new oppor-
tunities unforeseen prior to develop-
mental work under the grant. But,
for the most part, faculty develop-
ment, augmentation of professional
staff, and the ability to attract prom-
ising graduate students have pro-
ceeded in line with plans.

Second, it can be demonstrated that
most institutions contributed from
their own resources at least as much
as they had initially projected. In
most cases, university contributions
to their development plans exceeded
initial projections. This observation
lends strength to the belief that what
is being accomplished through the
program is far more than the dollar
contribution of the Foundation.

Third, there are indications that a
university science development grant
has both catalytic and synergistic con-
sequences. On the one hand, the grant
is an instrument whose character-
istics of broad-base institutional sup-
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port, resource flexibility, and prestige
make possible achievements which
otherwise might well be unattainable.
Thus the grant is a catalyst. On the
other hand, the grant complements
existing forms of support and tends to
attract additional support to the in-
stitution as a whole and to individual
scholars within it.

Fourth, and most importantly, many
of the universities which have pro-
gressed to the point of seeking supple-
mentary developmental support have
been able to demonstrate significant
progress in improving the quality of
their scientific research and training
programs. This is the result the Foun-
dation is seeking to achieve.

DEPARTMENTAL SCIENCE
DEVELOPMENT

The Departmental Science Devel-
opment Program aims principally at
improving the quality of graduate
science, education and research, and
strengthening the Nation’s educa-
tional resources for science and en-
gineering in as many regions and
populations centers of the Nation as
possible. This program focuses on the
department, area of science (includ-
ing interdisciplinary areas), or some
other subunit of an institution’s or-
ganizational structure. Special em-
phasis is placed on those departments
with the greatest potential for devel-
opment and the program anticipates
that each activity supported will

stimulate other parts of the institution
to higher levels of quality and pro-
ductivity, thereby increasing the in-
stitution’s stature and visibility in the
competition for available manpower
and resources.

During the past fiscal year, $8,634,-
670 was obligated for departmental
development in 15 institutions. This
was seven awards and $3.5 million
less than the previous year. Thirty-
six proposals were received during the
year and 19 proposals were declined
or withdrawn during this same pe-
riod. To a large degree the grants and
declinations of fiscal year 1969 were
based on proposals submitted in the
previous year.

From 107 proposals received to

UNIVERSITY SCIENCE DEVELOPMENT GRANTS
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date, 41 awards have been made and
an almost equal number withdrawn
or declined. This grant action has in-
volved the obligation of $22.6 mil-
lion, averaging $550,000 per award.

The 41 grants made to date were
distributed among 39 institutions,
Clark University and Rensselaer
Polytechnic Institute having each re-
ceived a second departmental devel-
opment award. The University of
Nebraska has received both a special
science development award and a
departmental science development
grant. Awards have been made to
institutions in 24 States. In 10 States
more than one award was made ; three
were made in Texas and Pennsyl-
vania, seven in New York, two in
Ohio, California, Massachusetts,
Michigan, Illinois, Wisconsin, and
Utah. The 41 awards were distrib-
uted to institutions in 21 major met-

ropolitan areas—population centers
in excess of 250,000. Multiple awards
were made in several of these centers,
e.g., New York, Milwaukee, Phila-
delphia, Worcester, Chicago, and
Albany-Schenectady.

Within the group of departmental
science development institutions are
representatives of every type of the
Nation’s universities. They range
from some of the smallest (Bryn
Mawr and Wesleyan) to some of the
largest (Texas A. & M. and the City
College of New York) ; they include
institutes of science and technology
(Rensselaer and Lehigh), consortia
(Claremont), municipal (Hunter),
public (Oklahoma State), and pri-
vate (Southern Methodist) institu-
tions.

The awards are distributed fairly
well by field or area of science, con-
sidering the fact that the selection
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processis to a large degree institution-
dependent. The following table (table
12) shows the number of awards in

each major field of science.
Table 12
Field Number of
awards
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Program philosophy has stressed
and continues to stress manpower im-
provement—especially faculty and
graduate students—as the central ele-
ment in departmental development.

DISTRIBUTION OF DEPARTMENTAL SCIENCE DEVELOPMENT GRANTS

Fiscal Years 1967 —1969
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Of the $22.6 million obligated to
date, 63 percent of the funds were
earmarked for manpower develop-
ment—28 percent was for faculty and
18 percent for graduate student de-
velopment. Postdoctoral support was
held to 6 percent of the total; pro-
gram philosophy maintains that post-
doctoral associates are embryonic
scientists still in training and thus
should be associated closely with se-
nior, highly productive scientists who
are more likely to be in residence at
the highly developed institution.

Equipment and supplies made up
24 percent of the obligation; renova-
tion, 4 percent; computer costs, 5
percent; and library resources, 2 per-
cent. The allocation for renovation,
although small, is critical, for too
frequently the development plan is
totally dependent on the availability
of additional or modernized labora-
tory facilities.

Total funds committed from all
sources to the plans of the 41
awardees amounted to $125 million.
The Foundation share of the commit-
ment came to about 18 percent, the
institution’s 53 percent, and 29 per-
cent was committed from all other
sources. The commitments are esti-
mates, but it is known from the few
cases where technical and fiscal re-
ports are currently available that the
projections are relatively conserva-
tive; in each case, both the institu-
tional commitment and the other
Federal funds more than exceeded
estimates.

CoOLLEGE SCIENCE IMPROVEMENT

The primary purpose of the Col-
lege Science Improvement Programs,
initiated in fiscal year 1967, is to ac-
celerate development of predomi-
nantly undergraduate institutions and
to enhance their capacity for contin-
uing self-renewal. To improve the
full range of undergraduate educa-
tion in science, the programs are in-
tended to benefit faculty and stu-
dents, subject matter and methods
of instruction, curricula and individ-
ual courses, facilities, equipment, and
teaching materials. In fiscal year

1969, the original emphasis on indi-
vidual institutional projects was ex-
panded to include interinstitutional
projects at 4-year colleges and coop-
erative projects for 2-year institutions.
In fiscal year 1969 the Foundation
awarded 35 grants, totaling $5,953,-
700, for individual institutional proj-
ects; eight grants, totaling $829,100
for interinstitutional projects in 4-
year colleges; and 31 grants, totaling
$1,980,900 for cooperative projects
for 2-year colleges. Fiscal year 1969
grants for college science improve-
ment programs thus totaled 74,
amounting to $8,763,700.

Table 13
College Science Improvement Programs Activities
Fisca] Year 1969

Grants
Disciplines
Dollars as
Number Amount percent of
total
Disciplines Affected by Awards
BIOIOgY.. . - e aeae 33 | $1, 592,600 18.2
Chemistry_.__________ 30 | 1,247,600 14.2
Engineering.._....... 17 754, 200 8.6
Environmental science: 12 252,700 2.6
athematics._..____. 25 | 1,190,500 13.6
Physies_....______ 31| 1,367,300 15.6
Social sciences.... 17 952, 600 10.9
Interdisciplinary_. 204, 2.3
Multidisciplinary__. .. ... ..o 21 | 1,201,300 14.0
Total . | 8,763,700 100.0
Type of Activity Affected b
Individual Institutional Projecu—-COSIP

Faculty research and scholarly activities_.. .. ___ ... .. ... $1, 858, 900 31

Local course and curriculum studies.... . _ 29 | 1,743,700 29

Instructional equipment____ e 28 | 1,371,900 23

Undergraduate student activities_. ... ___________________1111000 16 338, 6

Other activities . . iiiiiieaaa 24 640, 400 1

T o ciivinnsoiinsbmbnbmsnpmrvneron b tscsassnsnsarssnnonnalsncsnsovenss 5,953,700 100




Computing Activities

in Education
and Research

In fiscal year 1969, the second year
of its existence, the Office of Com-
puting Activities administered a va-
riety of programs and studies in
support of the computing require-
ments of education and research, and
continued to coordinate other pro-
grams of support for computing ac-
tivities throughout the Foundation.

During the year ending June 30,
1969, the Office of Computing Activi-
ties considered 489 proposals request-
ing a. total of $105,453,138. In
response, the Foundation made 194
awards obligating $17 million for an
award-to-request ratio of approxi-
mately 1 to 6. For those proposals
resulting in awards, the amount
awarded averaged approximately 50
percent of funds requested.

Awards were made to 153 institu-
tions in 39 States and the District of
Columbia. Fifteen awards were made
to support studies or conferences con-
cerning the use of computers in edu-
cation and research. Seventeen were
made for projects involving precol-
lege education. Of the $17 million
granted 96 percent was awarded to
educational institutions or consortia,
and 4 percent was awarded to non-
academic institutions.

Prior to the establishment of the
office, the Foundation had provided
support to university computing fa-
cilities and to research projects in
computer science for over 10 years.

COMPUTING
SERVICES

Perhaps the most striking feature
of computing activities at academic
institutions today is the growth of de-
mand for sophisticated computing
services in instruction. This phenom-
enon appears in the utilization sta-
tistics reported by university and
college computing centers. It is re-
flected in changes of course offerings,
and frequently in requirements for a
programing course in the freshman
or sophomore year of college. It also
appears in the increased investment
institutions have made from their own
funds to provide academic computing
services.

Institutional Computing Services

The Foundation institutional com-
puting services program is the only
Federal program offering institu-
tional support, as distinct from indi-
vidual project support, for the cost
of academic computing services. In
fiscal year 1969, $6.5 million was
awarded to 23 institutions to assist
with necessary expansion or initial
installation of computing services.
The grants ranged in size from
$14,000 to $1.2 million.

An example of the importance of
the institutional computing services
program can be noted at Michigan
State University, an institution with
approximately 31,000 undergradu-

Table 14

Computing Activities in Education and Research Awards by Program Categories, Fiscal
Years 1967, 1968, and 1969

[Millions of dollars]

1967 1968 1969
Program
Number | Obligations | Number | Obligations | Number | Obligations

Institutional computing services........... 27 $11.3 42 $10.6 23 $6.5
Education and training activities. .. .. .| . . _|.....___.. 39 4.5 81 4.3
Com?utar science research. .. - 21 1.4 25 L6 35 1.6
Spetad projecty®... ... oLl Lol SR EGEL 67 53 55 4.6
Tabbhosccaai i i 48 12.7 173 22.0 194 17.0

tegories and are described when appropriate in the accom-

‘S?ecill Project activities are undertaken in all prog
panying text.
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ates and 8,000 graduate students, The
university operated a computing cen-
ter which contained a large second-
generation computer at an annual
operating cost of about $1 million per
year, as well as nine smaller special-
purpose computers with annual costs
ranging from $11,000 to $250,000
each. However, the demand for com-
puting services for undergraduate in-
struction and for members of the
university community who had not
previously used computers was grow-
ing explosively. In 1 month in 1967—
68, the computer center was used by
77 departments and institutes to
process nearly 30,000 tasks, almost 60
percent of them for students in con-
nection with course work. Also, finan-
cial support for computing from State
appropriations, tuition, and income
from sponsored research lagged be-
hind the expenditures required.

To overcome these problems the
university proposed to purchase a
large third-generation computer and
sought a grant from the Foundation
to help provide financial stability
while it developed other sources of
support. A grant of $1.2 million for
3 years was made in fiscal year 1969.

The figure below shows the history
of support for computing at Michigan
State.

The Catholic University illustrates
a different situation—one in which
the existing machine had never been
able to service more than a limited
subset of campus requirements. Al-
though there had been a computing
center for several years, the primary
equipment lacked the capability to
handle major research problems, so
faculty members had employed vari-
ous expedients to secure service
from Federal laboratories and other
universities. Motivated by desires
to eliminate this inconvenience to
faculty and to expand computer use
in undergraduate instruction, the uni-
versity requested partial support for
the purchase of a medium-scale mod-
ern computer. Final action on this
proposal was a grant of $275,000 in
partial support of a 3-year program.

Regional Computing Activities

Another interesting development in
institutional support for computers
is the formation of cooperatives, con-
sortia, and other regional arrange-
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ments to help provide computing
services for educational institutions.
The Foundation, through its re-
gional computing pilot projects, has
been exploring the merits of these
arrangements.

In fiscal year 1968, a major effort
involved the inauguration of 10 re-
gional computing activities. Typi-
cally, each was centered about a
major university which provided
computer services to a cluster of
nearby colleges. These projects were
designed to make effective use of the
experience and equipment at uni-
versities to help colleges and a few
secondary schools introduce educa-
tional computing to their students
and faculty.

In fiscal year 1969, five additional
regional experiments were estab-
lished, to enlarge the range of models
available for study and evaluation,
with total awards of slightly over $2.1
million. Altogether, the regional cen-
ters now include 12 major universi-
ties, 116 participating colleges, and
27 secondary schools located in 21
States. The figure illustrates a proj-
ect centered about the Illinois Insti-
tute of Technology (IIT), which
serves nine participating institutions
in Illinois and Wisconsin, and also
shows the location of all of these
Foundation-supported regional ac-
tivities. In each of these activities
there is a good deal of concern
with faculty training, cooperation in
the use of instructional materials, and
sharing the results of experience with
educational use of a computer.

EDUCATION AND
TRAINING ACTIVITIES

Curriculum Development

The full impact of computers on
education will not be felt until the
modes of thought characteristic of
computing are incorporated into cur-
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emphasized in computing and must
inevitably affect the educational
process.

A systematic approach to an ex-
ploration of the benefits of the com-
puter in undergraduate study in
chemistry has led to the support of a
carefully selected set of projects. Don-
ald Secrest of the University of Illi-
nois is developing a number of ex:
periments for an undergraduate phys-
ical chemistry laboratory in which a
time-shared computer is an integral
part. Samuel Perone of Purdue Uni-
versity, who has directed two sum-
mer faculty workshops in the use of
computers linked to instruments for
chemical measurements, is also con-
cerned with uses in undergraduate
chemistry laboratories. Since the
computer is essential to the solution
of theoretical as well as experimental
problems, David P. Shoemaker of
MIT is exploring ways to give the
student access to computational serv-
ices which include capabilities that
result from applied numerical
analysis.

A project designed to explore fun-
damental curriculum revision at the
elementary school level is directed by
Wallace Feurzeig of Bolt, Beranek &
Newman in Cambridge, Mass. The

goal is to demonstrate through class-
room presentations that the teaching
of the set of concepts related to pro-
graming can be used to provide a nat-
ural foundation for the teaching of
mathematics, and indeed for logical
thinking in general. A new program-
ing language permits the expression
of mathematically rich algorithms,
both numerical and nonnumerical,
but is so simple that it can be taught
to second graders. Although it is pre-
mature to evaluate the significance
of this experiment, initial results are
encouraging.

Training

The intimate relationship between
curriculum development and training
activities in many computer projects
is well illustrated by the following ex-
ample in statistics.

A grant to the University of North
Carolina in fiscal year 1968 supported
the cooperative efforts of the depart-
ments of statistics, psychology, and
biostatistics in the development of
data sets, collections of problems, and
programs for use in teaching elemen-
tary statistics.

Programs were developed for sev-
eral types of computing services in-
cluding commercial time-sharing, a

LOCATION OF REGIONAL COMPUTING ACTIVITIES SUPPORTED
IN FY 1968-FY 1969 AND SCHEMATIC OF ONE CENTER

ricula. Concepts such as the logic of Tewmdio

programming procedures, the use of
models, the interrelationship of com-
plex events, and the uses of data are

362-648 O-70—7
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large university computing center,
and a small stand-alone computer. In
the summer of 1969, the university
organized a workshop for 32 teachers
from colleges and universities to ex-
plain and demonstrate the results of
the project. Foundation support will
enable these teachers to use the ma-
terials developed at the university to
integrate computer use in the teach-
ing of statistics at their home institu-
tions. This group of teachers will
reassemble at the University of North
Carolina in the summer of 1970 to
evaluate their experience.

A different type of training project
was conducted in the summer of
1969 in the Los Angeles area. Richard
Bellman of the University of South-
ern California directed an experi-
mental program in computing for
underprivileged secondary school stu-
dents that had an enrollment of 80
for a 4-week course. The curriculum
included a mathematics class, a pro-
graming class, a programing labora-
tory, and instruction in the use of
equipment. Another phase of the
project involved 20 additional stu-
dents, with nonscientific backgrounds,
who received an 8-week course in
data processing applications typical
of hospitals and medical centers.

Computer Science Education

Many universities and colleges are
Initiating academic programs in com-
puter science, a trend which first
started in the last half of the 1950’s
and which has been gaining momen-
tum rapidly. In some instances these
take the form of formal departments,
in some they constitute areas of con-
centration within existing depart-
ments, and in other cases they may
be interdisciplinary programs focused
on the use of computers. In fiscal year
1969, grants were made to six institu-
tions, the University of California at
Berkeley, Purdue University, Univer-
sity of Southern California, Washing-
ton University, University of Rhode
Island, and State University of New
York at Stony Brook, all primarily
for graduate education. These grants
ranged in size from $80,000 to $344,-

000 and totaled $1,028,600. Four of
these awards will help initiate grad-
uate programs in computer science
and two will help strengthen pro-
grams that have existed for a few
years.

RESEARCH ACTIVITIES

The Foundation supports research
in three major areas, computer
science, computer-based instructional
technology, and computer applica-
tions.

Computer Science

The emergence of computer
science as an academic discipline has
been given impetus by the increasing
complexity of computer systems. Al-
though early workers in this field
were trained in other areas, the
growth of information about compu-
ters has been so great that the defini-
tion of computer science as a
discipline and research area has been
a natural consequence.

Today research workers in com-
puter science are concerned with the
basic understanding of the potential
and limitations of computers; with
improved design and more versatile
components—in both hardware and
software; and with the discovery of
better ways of utilizing equipment.
Among the research projects being
supported are investigations of the
properties of algorithms, languages
for expressing these algorithms, com-
puting systems for processing them,
and techniques for improving means
of communication between man and
machine. One area of research that
is vital to long-range development of
this field is that of the theoretical
foundations of computer science.
Support has been provided to groups
at Cornell; Purdue, and the Univer-
sity of California at Berkeley to con-
duct basic research in this area. Using
abstract mathematical ‘models of
computational processes, these groups
are studying the characteristics of
classes of problems which cannot be
solved algorithmically. On the other
hand, for classes of problems which,
theoretically, can be solved, it is ex-

This computer is creating pictures that
can be seen with a third dimension—
depth. The pictures generated on the
screen by the computer have only the
dimensions of height and width, but when
viewed through the stereoscope mounted
in front of the screen they merge into a
single, realistically three-dimensional fig-
ure. (Photo Brown University)
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tremely interesting to obtain lower
bounds for ‘computational time and
for storage requirements, and such
bounds are being investigated.

Electronics technology appears to
be ‘approaching a point where the
speed of computers of conventional
design is limited by the speed of light.
Thus, significant increases in comput-
ing power are likely to depend upon
new highly complex machine archi-
tecture.. Jacob T. Schwartz, at the
Courant Institute of Mathematical
Sciences, New York University, is
studying highly parallel machine
structures, where several tasks of a
large computation are performed si-
multaneously. He is learning how the
parallel units must communicate with
each other and coordinate their ac-
tions. He is also measuring how much
inherent parallelism there is in vari-
ous computations and thus how much
computational power is added by this
type of design.

Instructional Technology

A popular impression of the com-
puter’s primary use in education is
as a teaching machine. Experiments
in the use of the computer to present
flexibly controlled instructional ma-
terial—often referred to as computer-
assisted instruction (CAI)—or to
provide the teacher with more direct
information about student progress
have shown exciting promise in cer-
tain applications. However, these ex-
periments have also pointed to
inadequacies in the current state of
technology and to more fundamental
inadequacies in our understanding of
basic areas of learning.

An understanding of both the bene-
fits and the limitations of CAI will
depend on its being tested at different
educational levels in a variety of cir-
cumstances. As part of a limited pro-
gram of testing and evaluation, grants
were made to Patrick Suppes of Stan-
ford University in fiscal years 1968
and 1969 to study the effect of CAT
on teaching programing and data
processing concepts to 80 innercity
secondary school students. This proj-
ect will serve both to test the effective-
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ness of this technique in a difficult
learning situation, and to collect data
about the learning patterns of these
students.

In this case, the students are
located in San Francisco, Calif., and
the instructional material is stored
in a computer at Stanford University
in Palo Alto, Calif. The choice of re-
mote terminals was dictated by trans-
mission costs: less expensive tele-
typewriters were used, although
visual display terminals might have
been superior from an educational
viewpoint.

Careful evaluation of the obstacles
inhibiting developments in this field
led the Foundation to try a different
approach in addition to specific proj-
ect activities. This approach is to
strengthen a few major centers to
promote longer range basic research
in instructional technology. The three
centers supported in fiscal year 1969
are located at the University of Pitts-
burgh, Stanford University, and the
University of Texas. Altogether six
grants in computer-based instruc-
tional technology were made in fiscal
year 1969 with total support exceed-
ing $1.2 million.

Computer Applications

Although computers were first de-
veloped to assist with complex nu-
merical calculations, it was soon
realized that nonnumerical informa-
tion could be coded and stored in the
computer memory equally well and
subsequently analyzed or altered by
programed procedures. During fiscal
year 1969, the Foundation made sev-
eral grants for study of computer
techniques for handling nonnumeri-
ca] information. A grant will enable
William H. Huggins of Johns Hop-
kins University to conduct research in
computer graphic symbols. Another
to John L. Clough of Oberlin College
will support work on the synthesis of
sound by computer. Still another to
David L. Bonsteel of the University
of Washington will aid the develop-
ment of techniques for simulating
visual experience in architectural
space using computer graphics.




Sea Grant Programs

The National Science Foundation
Sea Grant Program supports activi-
ties in research, education and train-
ing, and advisory services for de-
velopment of the Nation’s marine
resources.

In fiscal year 1969, approximately
$6 million was awarded by the Foun-
dation for these purposes as shown in
table 15.

Table 15

National Science Foundation G rant
Program Awards Fiscal Year 1969

Category of grant Number  Amount
Institutional support. .. ___ ... __.__ 7 $4,326,100
Project sucr.pqrt:_

Interdisciplinary projects_____. 5 878, 500
Education and training._______ 5 361,600
Applied research_____________ 6 377,000
Planning...._ .. ___________ 6 45, 865

Total ... 29 5,989,065

Although research results are not
normally expected for a number of
years after project initiation, the first
16 months of Sea Grant activity pro-
duced some striking accomplishments.

In February 1968, a project grant
was made to investigators at Francis
T. Nicholls State College, Thibo-
daux, La., to attempt management
of natural shrimp stocks in marsh
impoundments. While the brackish
and freshwater marshes of the region
are rich nursing grounds for shrimp,
natural predators are a major factor
in limiting shrimp population growth.
Two ponds were built by the Louisi-
ana Land & Exploration Co. as a con-
tribution to the college’s share of the
project cost, and shrimp larvae were
permitted to flow into the ponds from
the surrounding marshes. One pond
was left untouched, while natural
predators, such as saltwater catfish,
were destroyed in the other before
the seasonal arrival of the shrimp lar-
vae. Blue crabs, a marketable preda-
tor, were harvested during the shrimp
growth period. Through this rela-
tively simple program of predator

control, the managed pond produced
about three times the weight of
shrimp surviving in the unmanaged
pond. This result, at the halfway
point in the project, shows promise
both for increasing the offshore
shrimp harvest and for the aquacul-
ture of shrimp. A large commercial
firm is already taking advantage of
the research.

One of the first institutional Sea
Grants was awarded to the University
of Wisconsin in June 1968. Building
on previous research there and by
other Great Lakes universities, re-
searchers supported by the Sea Grant
Program located potentially valuable
deposits of manganese pellets at
Green Bay in Lake Michigan, Re-
search into the minerology, abun-
dance, and utility of the pellets, anal-
ogous to deep sea manganese nodules,
is still in progress, but preliminary
estimates indicate that the commer-
cial value of this single discovery may
equal or exceed the entire Sea Grant
budget in the fiscal year of the grant.

Hawaiian tuna fishermen still use
the method of chumming, or seeding
the immediate fishing area with live
bait fish, to attract tuna. The effi-
ciency of this method is limited, since
the bait fish, a species of anchovy,
cannot survive for more than 3 days
in the ship bait wells, thus reducing
productive fishing time. With institu-
tional Sea Grant support, the Univer-
sity of Hawaii Institute of Marine
Biology has developed methods of
extending the life of bait fish for
up to 10 days. These methods include
the design of improved bait tank
systems employing more scientific
techniques of aeration and water
purification. Investigators are also
examining less delicate fish species
which might be effective for use as
bait.

Other types of Sea Grant activity
do not produce results so quickly, but
their potential can be readily recog-
nized. These include the development
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of new course materials in ocean en-
gineering at Massachusetts Institute
of Technology; a unique training
program at Florida Atlantic Univer-
sity in which academic study in ocean
engineering is supplemented by ac-
tual work experience with marine in-
dustry; and an extension service at
Orgeon State University which has
made substantial progress in assist-
ing fishermen in development of a
better insurance program for their
equipment.

INSTITUTIONAL
SUPPORT PROGRAM

In fiscal year 1969, two additional
universities—the University of Mi-
ami and the University of Michi-
gan—were added to those already
receiving Sea Grant institutional sup-
port. The original six—Oregon State
University, University of Rhode Is-
land, University of Washington, Uni-
versity of Hawaii, University of
Wisconsin, and Texas A. & M. Uni-
versity—were initially awarded insti-
tutional support in fiscal year 1968,
and their programs of research, edu-
cation and training, and advisory
services continued to show progress in
1969. Planning grants, for assistance
in developing Sea Grant institutional
programs, were made to a consortium
of institutions of higher education in
North Carolina, and to Florida State
University.

Research under the Sea Grant in-
stitutional program covers a broad
spectrum of marine interests, ranging
from legal studies to scientific re-
search and engineering development
involving many disciplines. At the
University of Washington, for ex-
ample, oceanographers, economists,
political scientists, and lawyers are
making a concentrated study of an
embayment in Puget Sound to de-
termine how it may best be developed
for human use while maintaining the

environment and living resources. In
Hawaii, where a shortage of sand is
critical, physical oceanographers, ma-
rine geologists, engineers, and biolo-
gists are working jointly on locating
deep sand deposits, techniques for ec-
onomical recovery, and understand-
ing of the processes through which
sand is produced by the coral reefs
so that such processes can be main-
tained and protected.

Education and training are integral
parts of institutional programs at
various levels. At the graduate level,
new courses have been developed by
most institutions to expand the ma-
rine-related options available to all
students, including those in the liberal
arts and social sciences. The Univer-
sity of Rhode Island has instituted the
Nation’s first marine affairs graduate
course, specifically designed for social
scientists, international specialists,
and administrators. For training of
marine technicians, the Sea Grant in-
stitutions have enlisted the coopera-
tion of 2-year technical institutes and
junior and community colleges. Four
such 2-year institutions have devel-
oped a unified training plan under
the University of Washington Sea
Grant, with each school training a
particular type of technician. Texas
A. & M. University has cooperative
programs with two schools. Other in-
stitutions have single partners in ma-
rine technician training and are de-
veloping future programs with others.

Advisory service activities, to com-
municate results of scientific and en-
gineering research to users, have
increased. In most cases actual opera-
tions were delayed pending comple-
tion of training for extension agents.
Oregon State University organized
for extension services very quickly,
introducing productive activity im-
mediately by expanding existing co-
operative extension services. New
leadership reorganized the University
of Rhode Island regional marine in-
formation service and began several
new programes.
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PROJECT SUPPORT
PROGRAM

Project activities in fiscal year 1969
included four new technician train-
ing programs in various specialties
and a project in ocean engineering
education. Research grants included
projects to determine the population
biology of the Califorpia spiny lob-
ster, the economic feasibility of a sub-
merged buoyant pipeline for trans-
porting natural gas through deep
ocean water, investigation of sea-
weed extract effects on growth of
plants, and management and utiliza-
tion of estuarine resources.

Multidisciplinary grants, known as
coherent projects, were awarded to
the Virginia Institute of Marine
Sciences, the University of Cali-
fornia at Santa Barbara, and Hum-
boldt State College, Calif., for
broadly based research programs re-
lated to marine problems in their
areas. In addition to two grants for
planning major institutional pro-
grams, small grants were made to the
Dade County (Fla.) Board of Public
Instruction and the Washington
Technical Institute, D.C., for plan-
ning and activities related to marine
instruction and careers for innercity
and other underprivileged youth.

Renewa] awards for fiscal year
1969 included coherent projects at
Louisiana State University for inten-
sive aquaculture in marshes, and at
Scripps Institution of Oceanography
for graduate instruction and research
in applied ocean engineering sciences.

In addition to their continuing
studies of marine pollution, biologists
at Lamont-Doherty Geological Ob-
servatory have initiated a new project
exploring the use of nutrient-rich
bottom water as a culture medium for
plankton upon which commercially
valuable organisms can feed. This
aquaculture program is being con-
ducted in tanks and in a pond at St.
Croix in the Virgin Islands. The
water is pumped from the ocean from
various depths a short distance from
shore.




Science Information

The Office of Science Information
Service continued to support scientific
and technical information activities
during fiscal year 1969 through uni-
versities, professional societies, re-
search institutes, museums, and
other organizations. The Founda-
tion’s science information program is
an essential aid to scientists and en-
gineers, and helps ensure that their
information services are able to adapt
to changing conditions.

In fiscal year 1969, the Founda-
tion awarded 118 grants and con-
tracts, and obligated $10.7 million,
with major emphasis on support of
information systems development.
Among the major accomplishments
for fiscal year 1969 are the following:

1. Information systems develop-
ment continued to make good prog-
ress. The formulation of a concept of
a national information system for the
geosciences was started. The defini-
tion of information system programs
in physics and astronomy, psychology,
and linguistics continued in the major
scientific societies representing these
disciplines.

2. The discipline-oriented infor-

mation system based in the American
Chemical Society reached a maturity
which allowed the society to begin
exploiting the data base, both to im-
prove present services and create new
ones.

3. As part of the Foundation’s sup-
port for university-centered informa-
tion systems, the University of
Washington is developing a compu-
terized data bank on treaty informa-
tion contained in 550 volumes (8,641
treaties) of the U.N. Treaty Series.

4. The Science Information Re-
search Centers at Georgia Institute
of Technology and Ohio State Uni-
versity advanced in the development
of research and training programs in
the information sciences.

5. In the area of planning, coordi-
nation and cooperation, the report of
the Committee on Scientific and
Technical Communication (SAT-
COM) of the National Academy of
Sciences and the National Academy
of Engineering was published in June
1969. The report contains 55 recom-
mendations on national scientific and
technical information activities.

The Foundation’s Office of Science

NSF INFORMATION SYSTEM DEVELOPMENT AND IMPROVEMENT IN
SCIENTIFIC DISCIPLINES OTHER THAN CHEMISTRY
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Information Service programs are
oriented to four areas of program em-
phasis as discussed below.

INFORMATION
SYSTEMS
DEVELOPMENT

The main elements in this type of
support are: (1) Exploitation of
technology for greater speed, effi-
ciency, and dependability; (2) inte-
gration of information processes and
functions, whereby only one intellec-
tual processing of any item for the
information system is needed; and
(3) coordination with other informa-
tion systems in order to serve multiple
requirements.

Discipline-Oriented Science
Information Activities

The development of discipline-
oriented science information systems
is a long-term process involving sev-
eral phases: conceptualization, pro-
gram definition, system acquisition,
transitional operational capability,
and steady state operations. The
efforts of the scientific societies to

develop their systems through each of
these phases were supported. Awards
were also made for (1) development
of computer-controlled photocom-
position; (2) bibliographic organiza-
tion and control of scientific litera-
ture; and (3) modernization and
improvement of the translation proc-
esses through provision of computer
aids to editors of scientific transla-
tions.

Chemical Information System.—
Unlike some of the other discipline-
oriented science information activities
which are still in early phases of de-
velopment, the modernization and
improvement of the discipline-
oriented information system based in
the American Chemical Society
(ACS) reached a state of maturity in
fiscal year 1969 which allowed for a
significant start in exploitation of the
data base. The significant achieve-
ments in fiscal year 1969 are as
follows:

1. The CAS Chemical Registry
Systern exceeded a million com-
pounds with a million and a half
names and two million references
related to the structure records con-
tained in the registry files.
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2. The three experimental univer-
sity-based information centers estab-
lished or partially supported last year
have developed large user groups and
are currently processing several thou-
sand search profiles.

3. The center concept is being ex-
panded by the ACS to include input
centers. This expansion will provide
a means of sharing the processing
load, both manual and computer-
based, thus reducing the expense to
the individual center and also reduc-
ing the cost to the individual user.
An initial experimental agreement
has been made with the Chemical
Society of London as agent for the
United Kingdom Consortium on
Chemical Information, consisting of
10 professional organizations, to
process primary publications data
directly into the computer systems.

4. Projects utilizing the ACS files
and system facilities have also con-
tinued to develop in Federal agencies.
The National Library of Medicine
and the National Cancer Institute
have extended their direct contracts
with Chemical Abstracts Service
(CAS), while the National Aeronau-
tics and Space Administration and
the Food and Drug Administration
have undertaken negotiations indi-

rectly through  university-based
centers.
5. A number of agency groups are

INFORMATION SYSTEM DEVELOPMENT AND IMPROVEMENT IN CHEMISTRY

FUNCTION FY 1969 STATUS FY 1970 PLANS 3 . .
— o experimenting with computer search
 Work is underway on subsystems for scheduled development; i .
:lnrﬁlcetdar‘;::sms sf;);‘es:rv‘u%*;eg'g'a::l;z% i mlﬂ::m on cm";‘::- systems for substructures of chemical
put system, interface modules, photo- s foman Whwen C()mp()unds. WOrkShOpS COndUCted by
ACS Central Processing corr'mosmon. substructure searching . isu”v;“ application studies on edit- CAS h h l d . th
Development system ing via computer terminals; ave helped in the necessa
* Work is underway on processing %Wmm . . p . ry
ve in computer-supported e training in the use of their search
editing, system engineering, com- .
puter-supported documentation o techniques. Because about 80 percent
of chemical information is related
+ In th ter files: Gt g directly or indirectly to chemical
Operational Development of n%O.&)cﬂorr?r?:nﬁ::a'l esslmctures : ture, w w"::n.m N:l files, Y Y .
Unified Data Base 1,300,000 references pliok t8st speciat dets fies structures, the new techniques show

2,000,000 names . . . .
considerable promise in opening up

fields of information services not
hitherto possible.

The realization of a massive ma-
chine-readable data base has high-
lighted new problems which must be
solved, but in spite of these problems,
the support provided by the Founda-
tion helped maintain a rate of prog-
ress that will enable the American

« University based

Experimental centers established * Start experimental services at centers

« Foreign-based
OECD cooperative effort to assist
centers in 8 countries through
training and liaison

« Industrial
Technical liaison with industrial
centers for experimental use
new data bases

« Continued training and liaison

Distribution Centers

Development « Expand decentralized use activities

« Government agencies:
Experimental use of special data
bases by Food Drug Administration
and National Library of Medicine
systems completed
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Chemical Society to reach its first
goal on schedule—full computer op-
eration of CAS publications during
1971.

University-Centered Information
Systems

Paralleling the development of dis-
cipline-oriented systems based in the
national professional societies is the
need for a campus-based system to
(1) accept the end products of the
discipline-oriented, society-based sys-
tems, and those of the Federal agen-
cies and the commercial sector; (2)
develop an information system for in-
terdisciplinary areas of research as
well as for specialized segments of
broad disciplines; and (3) encourage
the modernization of library services
(including the development of re-
gional networks) .

Highlights of activities in this area
during fiscal year 1969 include (1)
the development of a computerized

-data bank on treaty information con-
tained in 550 volumes of the U.N.
Treaty Series (8,641 treaties). This
is an interdisciplinary information
project at the University of Washing-
ton oriented toward research by a
worldwide audience of political sci-
entists and students of international
law; (2) continued support for the
development of the Stanford Physics
Information Retrieval System (SPI-
RES), an on-line operational refer-
ence-retrieval system for use by fac-
ulty scientists as well as the staff of
the Stanford Linear Accelerator Cen-
ter; and (3) the improvement of
library systems and services of tradi-
tional libraries through experiments
in management techniques, applica-
tion and use of new technology, and
development of statewide or regional
networks for library service. For ex-
ample, the University of Colorado be-
gan the final phase of a project to
establish a centralized processing
agency for acquisition of library ma-
terials to service all of Colorado’s ac-
ademic institutions. This project will
attempt to show that costs (as well as

time) of acquiring and processing
library materials can be reduced. In
addition, specialized information
services (as a byproduct of central-
ized book processing) may be pro-
vided to scientists and engineers,

OPERATIONAL SUPPORT
FOR SERVICES AND
PUBLICATIONS

The principal objective of this ac-
tivity is to maintain existing informa-
tion systems and services at an
operational level which will serve the
essential needs of scientists and en-
gineers for information.

While new information services
and systems are being developed,
users must continue to depend upon
the capabilities of existing publication
and dissemination services to fulfill
their requirements. In fiscal year
1969, therefore, the Foundation’s ef-
fort was concentrated on (1) the
publication of original research in five
journals, 22 monographs, and three
conference proceedings; (2) main-
tenance of capability in abstracting
and indexing services in engineering,
mathematics, geology, atmospheric
sciences, biology, and the social sci-
ences as well as assistance for 12 spe-
cialized bibliographic and indexing
services; (3) translation and repub-
lication in English of approximately
100,000 pages of foreign scientific
and technical literature which 95 per-
cent of U.S. scientists and engineers
cannot read in the original language;
and (4) the support of the Science
Information Exchange (SIE).

RESEARCH AND
DEVELOPMENT

The objectives of this program are
realized through support of projects
undertaken by individual research-

ers and research projects conducted
by investigators associated with sci-
ence information research centers
such as those at Ohio State Univer-
sity and Georgia Institute of Tech-
nology. The Foundation’s support for
discipline-oriented and university-
centered information systems em-
phasizes the need for new techniques
to evaluate and measure the per-
formance of evolving information
systems. In fiscal year 1969, a Founda-
tion-supported project with Westat
Research, Inc., resulted in publica-
tion of a “Procedural Guide for the
Evaluation of Document Retrieval
Systems.” The guide identifies the
best available statistical techniques
for measurement of document re-
trieval system performance as well
as localization and diagnosis of mal-
functions of the system. Information
systems developers and operators
without advanced mathematical and
statistical training will find the guide
invaluable in design and evaluation
studies.

The high cost of all phases of in-
formation services is of great concern.
In an attempt to provide data on cost
effectiveness of purchasing serial
titles versus borrowing of such titles
by research libraries, the Center for
Research Libraries developed mathe-
matical models to determine at what
frequency of use of any given serial
title it becomes cheaper for the li-
brary to borrow or photocopy an item
when needed. Preliminary results in-
dicate that such models can be used
to decide whether to purchase or
borrow a serial title.

During fiscal year 1969, the science
information research centers at the
Georgia Institute of Technology and
Ohio State University made good
progress in the development of sound
programs of research and training in
the information sciences. The Georgia
center has developed a broad base of
research investigations, including two
main lines of activities: theoretically
oriented studies in the theories of in-
formation, information processes, and
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information systems; and application-
oriented investigations in information
and computer engineering. During
the 1968-69 academic year, the
School of Information Science in-
creased its number of graduate stu-
dents to 137 and added 10 new
courses to its curricula.

The Ohio State center has ex-
perienced a similar growth pattern
during the last year. An integrated re-
search program has been developed
encompassing the areas of human in-
formation processing, applied linguis-
tics, information analysis, artificial
intelligence, biological information
processing, and information storage
and retrieval. During the year, the
center increased its number of
graduate students to 89, and now
offers approximately 45 courses in its
curricula.

PLANNING,
COORDINATION, AND
COOPERATION

Adequate means must be provided
for planning, coordination, and co-
operation between existing systems
and services, both nationally and
internationally.

With the development of discipline-
oriented information systems, the
formation of university-centered in-
formation systems, the continual ex-
pansion of information systems and
services, the need for planning in
science information activities becomes
mandatory. The situation is analog-
ous to the construction of a building
without the aid of blueprints—the
resulting structure may be functional,
but its structural soundness, service-
ability, and value would be doubtful.

In fiscal year 1965, the Foundation
provided support to the National
Academy of Sciences and the Na-
tional Academy of Engineering for
the establishment of the Committee
on Scientific and Technical Com-
munication (SATCOM). SAT
COM’s charge was to investigate the

present status and future require-
ments of the scientific and engineer-
ing communities with respect to the
flow and transfer of information. The
3-year effort of SATCOM resulted
in the publication in June 1969 of a
report entitled “Scientific and Tech-
nical Communication—A Pressing
National Problem and Recommenda-
tions for Its Solution.” The report
recognizes the need for a planning
and coordinating mechanism for the
heterogeneous complex of scientific
and technical communication) activi-
ties that have emerged in response to
locally perceived needs and opportun-
ities rather than having developed in
an orderly, planned manner. The re-
port recommends the establishment
of a Joint Commission of the
Academies to stimulate greater co-
ordination among private groups and
to facilitate their interaction with
appropriate branches of the Govern-
ment and lists 54 additional specific
recommendations on scientific and
technical information tasks that need
attention.

The subsystems of an information
network must be able to exchange
information. Information, especially
in machine format, can be inter-
changed if the same standards are
used for input and output by the ex-
changing systems. Recognizing the
importance of standards to informa-
tion systems development and opera-
tion, the Foundation has supported
the activities of the U.S.A. Standards
Institute Committee Z-39 on Li-
brary Work, Documentation and
Related Publishing Practices for
many years. This committee of in-
formation specialists has published,
in fiscal year 1969, several standards,
for example: “Bibliographic Infor-
mation Exchange on Magnetic Tape”
and “Abbreviations of Titles of
Periodicals.” These standards, when
used by the major information serv-
ices, facilitate the exchange of in-
formation between systems.

Fiscal year 1969 witnessed a signif-
icant change in management and a
broadening of the former Special
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Libraries Association Translations
Center at the John Crerar Library
into a National Translations Center
(NTC), and the beginning of the de-
velopment of Federal policies govern-
ing various aspects of Federal transla-
tions activities. The center became the
focal point in the United States for
the handling of translations while the
Clearinghouse for Federal Scientific
and Technical Information (CFSTI)
assumed a lesser role as the central
depository and distributor of U.S.
Government-sponsored translations.
The Panel on International Informa-
tion Activities of the Committee on
Scientific and Technical Information
accepted a Foundation-prepared
statement of “Policies Governing the
Announcement and Dissemination of
Translations by Agencies of the U.S.
Federal Government.” The adoption
of this policy statement will facilitate
continuing cooperation among Fed-
era] agencies in making their transla-
tions readily available through the
CFSTI and NTC.

Scientific progress, both in the
United States and in other countries,
is dependent upon international ex-
change of information. One of the
objectives of the Foundation is to
ensure that the U.S. scientist or en-
gineer has access to published foreign
scientific results; participates in in-
ternational meetings and symposia;
and has available appropriate guides
and directories to sc’entific and en-
gineering resources in other countries.
One of the means used to accomplish
this objective includes support for the
(1) Participation of the U.S.A.
Standards Institute in the work of
the International Organization for
Standardization; (2) the U.S. Na-
tional Committee (through the
National Academy of 'Sciences) of
the International Federation for
Documentation; and (3) the Ab-
stracting Board and the Committee
on Data for Science and Technology
of the International Council of Scien-
tific Unions. These organizations are
all involved in various aspects of
scientific and technical information of
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interest and importance to the devel-
oping systems and services in the
United States.

As an example of the kind of in-
ternational cooperation in science in-
formation that is in process, one may
cite the International Council of
Scientific Unions/U.N. Educational,
Cultural, and Scientific Organization
Joint Study Project on the feasibility
of creating a world science informa-
tion system. The project has the or-
ganizational name of UNISIST, and
the Foundation is represented on the
project’s central committee. Ade-
quate representation of U.S. interests
by specialists and organizations is

maintained in the various working
groups and an advisory body of key
information services. The leading
nations participate in this voluntary
cooperative effort to assure the effec-
tive transfer of information world-
wide through new and highly
complex transfer modes. The forma-
tion of UNISIST and the enthusiastic
participation by many nations augurs
well for future coordination and co-
operation in the establishment of
international science information net-
works. Although projects of this type
require no funds from the Founda-
tion, they demand professional staff
expertise and time.

[



International Science
Activities

Foundation authority to partici-
pate in international science activities
was considerably broadened by the
passage of Public Law 90-407 signed
by the President on July 18, 1968.
Under this act, the Foundation “. . .
is authorized to initiate and support
specific scientific activities in connec-
tion with matters relating to interna-
tional cooperation . . . by making
contracts or other arrangements . . .
for the conduct of such scientific ac-
tivities.” The impact of this broader
mandate is not reflected in this re-
port of fiscal year 1969 activities, but

its influence can be expected to affect
the scope of Foundation international
programs in the future.

Most of the Foundation’s interna-
tional activities are an integral part
of programs aimed at strengthening
science and science education in the
United States, and are supported by
almost all units of the Foundation. In
addition, to facilitate the interna-
tional exchange of information, the
Foundation supports the translation
of a number of important scientific
journals and articles written in lan-
guages not understood by many

NATIONAL SCIENCE FOUNDATION
OBLIGATIONS FOR INTERNATIONAL ACTIVITIES,
FY 1963-71

Millions of Dollars
30

SOURCE: National Science Foundation

1967 1968 1969 1970 197
est. est.
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American scientists. The Foundation
also carries out some activities in sci-
ence education funded by the Agency
for International Development.

RESEARCH AND
EDUCATION PROGRAMS

International scientific activities
are increasing, and the American
scientific community and the Foun-
dation are taking part in these ex-
panded opportunities. One important
example is the International Biologi-
cal Program (IBP), which is de-
signed to discover more about man
and his interaction with his environ-
ment. U.S. participation in this pro-
gram—designed and planned by in-
ternational committees with strong
American input—is underway and
will increase. Emphasis of IBP is on

problems of ecology, rather than con-
ventional biological research, and
projects will employ the knowledge
and technology of many disciplines.

The Global Atmospheric Research
Program (GARP), designed to learn
more about the atmosphere and the
weather, is gathering momentum.
The U.S. Antarctic Research Pro-
gram (USARP) continues to support
scientists from the United States in
carrying out a large number and va-
riety of research projects in the Ant-
arctic; these include exchanges of
personnel in collaboration among sci-
entists of the 17 nations adhering to
the Antarctic Treaty. The Inter-
American Observatory at Cerro
Tololo, Chile, is supported by the
Foundation to provide astronomers of
many nations with facilities for stud-
ies of the southern sky.

International activities of the
Foundation’s science education pro-

Table 16

U.S.S.R. and East European Exchange of Scientists Programs Number and Duration of
Individual Vists Initiated, Fiscal Year 1968

American scientists Foreign scientists

POIING. i s e Db S Sk A
ROMADIB. ..o ln s noias tmas Sk imm eos SR b s

Number Duration Number Duration

(man-months) (man-months)

A 10 50 9 60
16 28 7 56
9 9 9 53

6 23 6 23
41 110 31 192
o 32 90 26 118
L 73 200 57 310

Table 17

U.S.S.R. and East European Exchange of Scientists Programs Number and Duration of
Individual Vists Initiated, Fiscal Year 1969

American scientists Foreign scientists

Duration
(man-months)

Number Duration Number
(man-months)

Czechoslovakia.
Poland

e 13 39 7 40
4 26 3 36
13 13 8 30
9 15 5 16
39 93 23 122
21 76 22 93
. 60 169 45

grams include fellowship awards,
both to Americans for study abroad
and to distinguished foreign scientists
to visit this country to contribute to
the research and teaching programs
of American institutions. Of 2,842
NSF fellowships offered to U.S. citi-
zens in fiscal year 1969, 99 provided
for study at foreign institutions. A
total of 72 scientists from 23 foreign
countries were invited to visit institu-
tions in the United States under the
NSF Senior Foreign Scientist Fellow-
ship Program.

In coordination with the Depart-
ment of State, the Foundation also
administers NATO-funded fellow-
ship programs, which permit Ameri-
can scientists to study in NATO and
other cooperating countries; under
these programs in fiscal year 1969, 40
Postdoctoral Fellowships and 27
Senior Fellowships were awarded. In
addition, and with Foundation sup-
port, 83 young U.S. scientists were
awarded grants to attend NATO Ad-
vanced Study Institutes in fiscal year
1969. In another program, 127
foreign science educators were
brought to this country to participate
in teacher-training institutes. Travel
grants were made to assist 671 U.S.
scientists and science educators to
attend meetings and conferences
abroad. In the past year Foundation
education programs also made grants
to scientific educational activities
abroad. Among these is a grant of
$330,200 to the Organization for
Tropical Studies—a consortium of 25
American institutions—established to
enable faculty and students from U.S.
institutions to study tropical biology
in Costa Rica.

Through its research projects sup-
port program, the Foundation pro-
vides research support directly to a
limited number of foreign institu-
tions. In fiscal year 1969, eight such
project grants were awarded in the
amount of $200,000, The Foundation
also provides funds to U.S. institu-
tions to support U.S. scientists con-
ducting research abroad.




INTERNATIONAL
BILATERAL PROGRAMS

The Foundation administers six
bilateral programs, two of which,
with Romania and India, are pri-

"marily concerned with the exchange
of scientists. The other four—with
Japan, Italy, Australia, and China
(Taiwan)—involve cooperative re-
search as well as exchange of scien-
tists and scientific information.

The oldest of these bilateral pro-
grams is the United States-Japan
Clooperative Science Program, estab-
lished in 1961, which has been
extremely effective in increasing com-
munication and collaboration be-
tween scientists of the two countries.
Activities conducted under this pro-
gram include cooperative research
programs, visits by scientists of one
country to the other, scientific meet-
ings, and exchange of educational
materials. In fiscal year 1969, 38 co-
operative research projects were in
progress with 10 new projects funded
this year; NSF support amounted to
$388,068. In addition, there were 47
seminars and project meetings held,
of which 16 were in this country and
11 in Japan; approximately 240
United States and 270 Japanese
scientists participated. This year
awards totaling $147,268 supported
research by 14 American scientists
in Japan.

Projects supported under the
United States-Japan program include
a study of the homing behavior of
chum salmon, a geologic study of
active faults in the earth’s crust in
Japan and the Western United
States, and economic studies. The
seminars supported include a wide
variety of subjects; among them are
the neurophysiological basis for learn-
ing and behavior, earthquake predic-
tion, new biological approaches to
pest control, and mathematical and
statistical analysis for transportation
planning and regional development.

The United States-Italy program
was initiated in June, 1967, and en-
compasses in general the same types

of activities as the United States-
Japan program, although so far only
cooperative research projects have
been activated. In fiscal year 1969
there were 25 on-going projects, in-
cluding 10 started this year. The
National Science Foundation con-
tributed $436,233, with other agen-
cies of the Government and U.S.
universities contributing an addi-
tional $306,265. Projects under the
United States-Italy program include
an oceanographic study at sites in the
Indian Ocean off the coast of Somali
and in the Ligurian Sea north of
Corsica; and comparative studies of
enzyme structure, photochemistry,
and mechanisms and research in neu-
tron diffraction.

The United States-Australian
Agreement for Scientific and Tech-
nical Cooperation was signed on Oc-
tober 16, 1968. Activities initiated
under the agreement, in cooperation
with other Federal agencies, include
collaboration in acquiring and an-
alyzing meteorological data for pre-
dicting thunderstorm hazards to air
traffic; a visit by an Australian scien-
tist to study forest fire research in the
United States; experiments in acous-
tic sounding of the lower atmosphere;;
and a meeting of United States and
Australian Government scientists to
consider cooperation in arid land
activities.

The United States-Republic of
China (Taiwan) Cooperative Science
Program was signed on January 23,
1969. Discussions between the two
implementing agencies—the National
Science Foundation and the National
Science Council in China—are un-
derway to determine mechanisms and
priorities in this program. Exchange
of scientists and cooperative research
programs will be stressed.

The United States-Romania Coop-
erative Science Program was signed
on November 26, 1968, as a part of
the cultural exchange agreements be-
tween the two countries. Planned ac-
tivities include exchanges of scientists
and cooperative research projects,

INTERNATIONAL SCIENCE ACTIVITIES 105

Photo shows women participants in a

college-level institute in chemistry at
Udaipur, India, in the summer of 1969.
(NSF Photo)
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but no projects have yet been
initiated.

The United States-India exchange
of scientists and engineers, which be-
gan in 1967, calls for exchange visits
totaling 800 man-days per year for
each country. In fiscal year 1969, 15
grants totaling $30,178 were awarded
to Indian participants for their travel
and expenses in the United States;
the international travel costs for the
Indians were paid by their own coun-
try. Twelve Indian scientists visited
the United States during this fiscal
year, and three will follow early next
year. Among the visitors were three
directors and one deputy director of
Indian national laboratories sup-
ported by the Indian Council on
Scientific and Industrial Research
(CSIR). Seven Americans were se-
lected to participate in this exchange;
three visited India during this year,
and four will go next year. The grants
to cover their international travel,
from NSF, amounted to $9,014;
travel and living expenses in India are
paid by CSIR and host institutions.

EXCHANGE OF
SCIENTISTS WITH THE
US.S.R. AND EAST
EUROPEAN COUNTRIES

During fiscal year 1969, the Foun-
dation continued to support ex-
changes of scientists between the U.S.
National Academy of Sciences and
its counterpart academies in Czecho-
slovakia, Poland, Romania, Yugo-
slavia, and the U.S.S.R. In
comparison with the highly successful
conduct of the program in fiscal year
1968, exchanges decreased in fiscal
year 1969 owing to fiscal stringencies
affecting the Foundation and, in the
case of the U.S.S.R., delay in com-
pleting administrative arrangements.
Restoration of the internationally
agreed level of exchanges with these
countries is anticipated for the future.
During the year, progress was made
toward initiation of exchanges with
Bulgaria and Hungary. Tables 16 and
17 below give details of the exchange

program for fiscal years 1968 and
1969.

INTERNATIONAL
NONGOVERNMENTAL
SCIENTIFIC
ORGANIZATIONS

Many international scientific co-
operative programs such as the Inter-
national Biological Program and the
Global Atmospheric Research Pro-
gram are conceived and coordinated
by the international scientific unions
and associated organizations. These
unions are also increasingly active in
sponsorship and coordination of ex-
change of information through sci-
entific meetings, publications and in-
formation systems, and the establish-
ment of standards, units and nomen-
clature necessary for international
collaboration and comparison of ex-
perimental results. The Foundation
encourages the participation of Amer-
ican scientists in this work, prin-
cipally through support to the Na-
tional Academy of Sciences-National
Research Council, which is the U.S.
national member of some 30 lead-
ing international nongovernmental
organizations.

The past year was marked by in-
creasing expression of concern, in
both scientific and governmental cir-
cles, over problems of the human en-
vironment, and the creation of an
ad hoc committee of the Interna-
tional Council of Scientific Unions
was authorized to report on the detri-
mental alteration of man’s environ-
ment, and to point out international
environmental  problems toward
which the Council’s advisory and co-
ordinating resources could effectively
be applied. Another current trend is
continued intensification of relations
between the nongovernmental scien-
tific unions and United Nations orga-
nizations such as the Economic and
Social Council, the World Meteor-
ological Organization, and the
United Nations Educational, Scien-
tific, and Cultural Organization.

DEVELOPMENT
ASSISTANCE
PROGRAMS

India

In 1966 the Foundation and the
Agency for International Develop-
ment (AID) concluded a contract
under which NSF assumed respon-
sibility to assist the Government of
India in improvement of Indian
science education. This program en-
compasses the basic sciences, mathe-
matics, engineering, and technical

‘education (polytechnics). The pro-

gram activities include summer insti-

tutes for teachers (school and
college) ; curriculum materials de-
velopment; college development;

university/college /school cooperative
development; and engineering and
polytechnics development. For the
summer of 1969, using funds trans-
ferred from AID, the Foundation pro-
vided 135 short-term consultants.

Latin America

Only a limited level of program ac-
tivity was conducted in Latin Ameri-
ca during fiscal year 1969, although
interest there remains high, and con-
tact has been maintained with many
Latin American scientists and science
educators, A grant was made to a
Harvard University scientist to pro-
vide advisory service to the Chilean
Government on an appropriate pro-
gram for fishery development and
oceanographic research in that coun-
try.

One small contract with AID en-
abled the Foundation to support in-
ternational activities in biological
education in Latin America and else-
where through the Biological Sci-
ences Curriculum Study (BSCS) ; to
help limited activities in mathematics
abroad through the School Mathe-
matics Study Group (SMSG) ; and to
undertake a study of low-cost scien-
tific equipment at the University of
Maryland.
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Science Planning
and Policy Studies

The planning and policy study ac-
tivities of the Foundation are carried
out to aid in the development of bet-
ter policies for the promotion of sci-
ence and science education. With the
information developed through these
studies, it becomes possible to assess
alternative courses of action and fre-
quently to arrive at the most appro-
priate  policy = recommendations
bearing on the national science effort
and on the internal activities of the
Foundation. National policy recom-
mendations are made by the National
Science Board and the Director to
the President, the Office of Science
and Technology, the Bureau of the
Budget, the Congress, and to the
public. Policy formulations for the
Foundation itself are made by the Di-
rector and the National Science
Board and are reflected in the imple-
mentation of the various NSF pro-
grams. Consequently, NSF policies
and policy changes are summarized
in the Introduction and Summary
chapter and are interwoven in the
reports on the various NSF program-
matic activities.

Planning and policy study activities
are focused in three major areas:

1. Studies of policy issues includ-
ing evaluation of the needs of science
and science education and their role
in society.

2. Development of the basic tools
for science planning and policymak-
ing.

3. Development of national sci-
ence policy study and planning capa-
bilities.

STUDIES OF POLICY
ISSUES

Issues in science policy develop-
ment require a variety of studies in
size and scope. Science and technol-
ogy can help solve some of the major
problems of society, but at the same
time they can also produce unex-
pected new problems that stem di-
rectly from their use and application.
As a result, there is a growing sense

of urgency for analyses of the impact
of science upon society. Although the
problems are exceedingly broad, in-
creasing attention from the scientific
and academic communities and the
Congress is being devoted to these
problems. Efforts carried out or sup-
ported by the Foundation are de-
signed to open up new areas of study
or are concentrating on problems of
most current interest.

An important study recently com-
pleted under contract by the Illinois
Institute of Technology traces the
relationship between different types
of research and development in the
evolution of five major technological
innovations. The study is called
“Technology in Retrospect and Criti-
cal Events in Science,” or by the
acronym TRACES. The study de-
veloped “tracings,” that is, historical
charts of key research and de-
velopment events which led to
five specific technological innovations
with major economic and sociological
impacts: ferrites used extensively in
computer memories and other elec-
tronic equipment; the contraceptive

' pill; the electron microscope; the

videotape recorder; and chemical
matrix isolation with important ap-
plications in the petroleum industry.
An example of a tracing is shown
in the accompanying illustration.
Analysis of the findings showed that
in the innovations studied, the num-
ber of key fundamental research
events peaked 20 to 30 years prior
to the actual innovations and that
approximately 90 percent of all fun-
damental key research events took
place before the innovation itself was
even conceived. On the other hand,
the average time between the con-
ception of these innovations and their
first practical demonstration was only
9 years. During this time period,
product-oriented applied research
and development played predominate
roles though fundamental research
events continued to make important
and necessary research contributions.

There frequently is need for a
major study effort involving the col-
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lection of new data relevant to a
particular current problem affecting
national science policies. The effect
of the leveling of total Federal sup-
port to academic science in recent
years and the special impact of ex-
penditure ceilings imposed in fiscal
year 1969 had reverberations which
require a special effort to determine
the impact of these developments
upon the health of the academic
science enterprise. In late fiscal year
1969 the Foundation initiated a
special survey to obtain systematic
and objective information on the con-
sequences of recent changes in the
level of Federa] funds allocated for
the support of academic science. A
survey methodology was developed
and initiated, and data will be com-
piled, evaluated, and reported in
the fall of 1969. Information ana-
lyzed will deal with financing and
effects on: proposal policies, students,
faculty, postdoctorals,” equipment,
construction, and research and teach-
ing activities. The population studied
in the survey comprises approxi-
mately 100 institutions of higher
education granting Ph. D.’s in the

sciences and will include departmen-
tal information for selected science
fields. The results of the survey are
expected to identify and assess the
major impact areas and dislocations
experienced by universities and the
accommodations made to them. Fur-
thermore, the results of this survey
will establish a benchmark for data
of a fundamental nature to be col-
lected periodically for the use of Fed-
eral agencies in planning their support
for academic science in the United
States.

The Foundation staff contributed
significant support to the develop-
ment of the National Science Board’s
first annual report, a two-volume
work on graduate education, “To-
ward a Public Policy for Graduate
Education in the Sciences” and
“Graduate Education Parameters for
Public Policy.” These reports outline
the existing and predicted patterns of
graduate science education and dis-
cuss policies for supporting the devel-
opment of graduate education in the
future. The report makes a series of
recommendations for State, regional,
and university planning of graduate
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science education and to the Federal
Government for programs to support
graduate education in the sciences.

In the spring of 1969 the Founda-
tion released a report, “Junior Col-
lege Teachers of Science, Engineer-
ing, and Technology, 1967,” on the
characteristics and educational qual-
ifications of an estimated 11,000 jun-
ior college teachers. This study of the
most rapidly growing segment of the
nation’s system of post-secondary
education showed that, despite the
rapid growth in the number of junior
colleges and in the number of stu-
dents they serve, there is a consider-
able degree of academic strength in
their faculties, and an unexpectedly
large amount of activity among
faculty members to work toward con-
tinued improvement. The Commis-
sion on Science Education of the
American Association for the Ad-
vancement of Science supervised the
study made under a grant from the
NSF. Among findings reported in the
study were those indicating that:
three-fourths of junior college teach-
ers held a master’s degree, another 9
percent held a doctorate, and 16 per-
cent had been admitted to candidacy
for the doctoral degree.

A study entitled “Contract Re-
search and Development Adjuncts to
Federal Agencies” was completed and
is scheduled for release later in 1969.
This report, prepared under contract
by the Denver Research Institute,
represents an evaluation of the organ-
izational mechanism known as fed-
erally funded research and develop-
ment centers (FFRDC’s). The report
concluded that the research centers
have been helpful in meeting new
and emerging Government R. & D.
needs in such areas as “big science”
research, large technological develop-
ment, systems analysis and systems
engineering. However, the continu-
ing need for such centers by the Fed- .
eral Government clearly requires
further study especially in view of the
research capabilities of Federal in-
house laboratories and of profit
organizations.
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The Federal-private technological
interaction was investigated by the
National Planning Association in a
project initiated by NSF. The study
entitled “Methods of Government
Business Cooperation in the Field of
Oceanics” has been completed. Var-
jous working papers and a prelimi-
nary general report were prepared to
assist the National Council on Marine
Resources and Engineering Develop-
ment in preparing its recommenda-
tions to the President and to Congress.
The final report of the Council in-
cludes chapters written under the
auspices of NSF on problems related
to economic exploitation of specific
marine resources, case studies of suc-
cessful marine ventures in mineral
discovery and production, and case
studies of nonoceanic industries with
substantial Federal support. The re-
port presents a review of problems
and a survey of policies that might
affect government in its efforts to
assist industry to exploit marine
resources.

Continued support was provided
for activities of the National Academy
of Sciences’ Committee on Science
and Public Policy (COSPUP). Dur-
ing fiscal year 1969 two volumes of a
three-volume report on the mathe-
matical sciences appeared under the
aegis of this committee. The first vol-
ume presents the present general sta-
tus of research and education in
mathematics and related disciplines,
with recommendations for research
and graduate education in the field.
The report recommends increased
Federal support for graduate students
in mathematics, for research appren-
ticeship programs and for mathe-
matics faculty improvement awards.
The second volume is a collection of
22 essays by distinguished mathema-
ticians on achievements and prospects
in mathematical work. The last vol-
ume will appear in fiscal year 1970
and is concerned with the special
problems of undergraduate education
in mathematics in the United States.
Similar studies of the life sciences and
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the behavioral and social sciences
were completed and will be reported
in the fall of 1969. Field evaluation
studies were begun in physics and
astronomy. The physics study will re-
late the field of physics to other
sciences and to society as a whole.
The objective of the astronomy study
is to outline the scientific priorities in
the broad area of both space and
ground-based astronomy. The study
evolved from a series of discussions
between the Bureau of the Budget,
the Office of Science and Technol-
ogy, NASA, and NSF.

The role of chemistry and chemists
in industry and the contributions of
the chemical industry in the industry-
university-government research triad
are the subjects of a joint effort of the
Foundation and the American Chem-
ical Society begun during the past
year. The study is the first undertaken
to assess in depth the impact of a
single science on the national
economy.

The interest of the Foundation in
promoting research in technology as-
sessment and forecasting was ex-
pressed in an award to the Institute
for the Future at Wesleyan Univer-
sity. The work supported will focus
on the application and testing of a
cross-impact matrix technique in two
assessment areas—first, the future im-
pact of an evolving technology-
cryogenics, and second, the impact of
present policies on the technology
gap with developing countries.

Developing effective allocation
mechanisms for science resources is
one of the most critical and difficult
issues in science policy. Thus, better
understanding of the impact of past
funding patterns and mechanisms is
needed. Studying such effects on dif-
ferent institutions within a higher
education system has been the subject
of a 2-year endeavor by Michigan
State University. The first results cov-
ering 12 institutions were included in
a report entitled “Impact of Federal
Support of Science on the Publicly
Supported Universities and Four-
Year Colleges in Michigan” which

indicates how research is supported
and administered within a State sys-
tem and where impacts on the finan-
cial, administrative, and reporting
systems were especially pronounced.

To obtain understanding of the ap-
plication of the R. & D. process to in-
dustrial innovation requirements, the
Foundation supported studies by the
National Planning Association to an-
alyze the transfer of technology and
the innovational phase of R. & D. in
three different types of industry (com-
puters, railroads, and housing). This
study, now completed, will be pub-
lished in the fall of 1969.

During fiscal year 1969 the pro-
graming, planning and budgeting ef-
forts of the Foundation shifted in
emphasis toward in-depth treatment
of important issues. One of the issues
undertaken during this fiscal year was
a PPB analysis of the International
Biological Program which afforded a
unique example of an effort to de-
velop a systematic plan for a program
involving multiagency interest and
participation.

DEVELOPMENT OF
BASIC TOOLS FOR
SCIENCE PLANNING
AND POLICY
FORMULATION

The National Science Foundation
is responsible for determining the size,
characteristics, and distribution of
national resources devoted to science
and technology. To fulfill this respon-
sibility, the Foundation, through its
planning and policy studies, secures
statistical and other information and
conducts or supports a variety of
descriptive, analytical, projective and
evaluative studies. This program in-
cludes the conduct of periodic and
special surveys from primary data
sources and the compilation of data
from secondary sources with accom-
panying comprehensive analysis. The
results of these surveys are contained
in the following examples of principal
studies completed or in process dur-
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ing fiscal year 1969. The accompany-
ing figures are examples of data made
available for use in science planning
activities.

The 18th annual survey of Fed-
eral support for science and technol-
ogy, “Federal Funds for Research,
Development and Other Scientific
Activities,” reported that Federal ob-
ligations for research and develop-
ment declined in fiscal year 1968 to
$15.9 billion from the fiscal year 1967
level of $16.5 billion, a 4 percent

drop. Estimates for fiscal year 1969
of $15.8 billion show a continued de-
cline but at a reduced rate. The de-
crease in total support was due to a
decrease in funding for development
which declined from $11.3 billion in
1967 to $10.6 billion in 1968 and
$10.4 billion in 1969, largely rep-
resenting decreases in this area for the
Department of Defense and NASA.
The report includes a section on the
geographic distribution of R. & D.
and R. & D. plant obligations for fis-

SELECTED CHARACTERISTICS OF SCIENTISTS BY
SCIENTIFIC FIELD AND TYPE OF EMPLOYMENT, 1968

PSYCHOLOGY ECONOMICS

TYPE OF EMPLOYMENT

NONPROFIT
ORGANIZATIONS

SOURCE: National Science Foundation

]
National Register of Scientific and Technical Personnel, 1968

SOCIAL SCIENCES

SCIENTIFIC FIELD

cal year 1968. In the future, geo-
graphic data will be developed an-
nually.

The first report of local govern-
ment involvement in research and
development, covering fiscal years
1966 and 1967, was issued in “R. & D.
Activities of State and Local Govern-
ments” and completes the picture of
governmental—Federal, State, and
local—R. & D. activity. Total R. & D.
expenditures by local governments
totaled $31.7 million in 1967, of
-which more than one-half was fi-
nanced by Federal agencies. Mu-
nicipalities represented about 60 per-
cent of the total R. & D. activity by
State and local governments, and
counties accounted for more than 25
percent. The principal area of R. & D.
activity was health and hospitals, fol-
lowed by education. More than 40
percent of the total local government
R. & D. expenditures were repre-
sented by New York City, Los Angeles
County, Los Angeles City, Philadel-
phia City, and Nassau County, N.Y.

A report, “Federal Support to
Universities and Colleges, Fiscal Year
1967,” was prepared by the Founda-
tion under the auspices of the Federal
Council for Science and Technology
Committee on Academic Science and
Engineering (CASE), and released
early in 1969. The report showed that
Federal obligations to the nation’s
universities and colleges began to level
off in fiscal year 1967 at slightly more
than $3.3 billion. Subsequent, as yet
unpublished, data indicate that the
level for fiscal year 1968 was $3.4
billion, an increase of 1.7 percent.
The report showed that academic
science obligations reached $2.3 bil-
lion in 1967 ; subsequent data received
showed that the fiscal year 1968
obligations were also $2.3 billion. Due
to inflation and increased complexity
factors, fiscal year 1968 funding rep-
resented, in fact, a decreased level of
activity support.

In conformance with a request
from the Chairman, Federal Council
for Science and Technology, the Na-
tional Science Foundation is under-
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taking an inventory of all Federal
laboratories and federally funded re-
search and development centers
(FFRDC’s). Based on returns of a
survey of Federal agencies, an indexed
directory will be prepared which will
be available for public use. Publica-
tion of the directory is scheduled for
early 1970.

“Research and Development in In-
dustry” is an annual report which
provides detailed information on the
R. & D. activities of industrial firms.
The report issued in fiscal year 1969
showed that these companies in-
creased their R. & D. spending by 6
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percent between 1966 and 1967 to
$16.4 billion or nearly 70 percent of
the nation’s total R. & D. effort. The
increase was spread evenly between
basic research, applied research and
development with gains of 5 percent,
5 percent, and 6 percent, respectively,
over their 1966 levels. A special re-
port on a major part of the industrial
sector, “Research and Development
in the Aircraft Industry,” was pre-
pared and released during 1969. This
report examines the financial and
manpower resources allocated to
R. & D. programs in this industry. In
1967, aircraft and missile companies

R&D FUNDS, R&D MANPOWER, AND
OTHER ECONOMIC AND EDUCATION INDICATORS,
1953-70*

Thousands of Persons
1,000,000

- 100,000

- 10,000

accounted for 34 percent of all in-
dustrial R. & D. spending. Federal
contracts amounting to $5.6 billion
were the source of 81 percent of these
expenditures which in turn amounted
to 54 percent of the total Federal
R. & D. dollars contracted to in-
dustrial firms.

Comparable employment statistics
of scientists and engineers over an
extended period of time have long
been needed for projections of future
occupational requirements. In recog-
nition of this need, the Foundation
arranged to have the Bureau of Labor
Statistics, U.S. Department of Labor,
construct a consistent statistical series
on the employment of scientists and
engineers in the United States. The
resulting NSF report, “Employment
of Scientists and Engineers in Indus-
try, 1950-66,” encompasses for the
first time a comprehensive employ-
ment series for scientists and engi-
neers.

A survey of computers and com-
puter science degree courses and their
use by universities and colleges in this
country was carried out, under con-
tract, by the Southern Regional
Educational Board. This survey was
entitled “Inventory of Computers in
U.S. Higher Education” and reports
on computers and peripheral equip-
ment in U.S. universities and colleges
as of June 30, 1967; it also includes
data on expenditures for acquisition
and application of the facilities as well
as the institutional uses of the com-
puter facilities. This inventory is be-
lieved to be the most current and
comprehensive effort of its kind to
date.

DEVELOPMENT OF

NATIONAL SCIENCE

POLICY STUDY AND
PLANNING CAPABILITY

The University Science Policy
Planning Program (USPP), started
in fiscal year 1968, aims to remedy
three deficiencies: (1) insufficient
educational background of students
to assess policy issues related to sci-
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ence and technology; (2) inadequate
means for formal education of those
who want to engage in careers in the
field of science and public policy
resulting in an insufficient supply of
young people prepared to enter this
field; and (3) inadequate use of the
great intellectual resource represented
by the academic community in the
study of science policy issues. Al-
though individual project grants of
interest to the Foundation are made
to university scientists through the

regular program of science policy re-
search grants, several awards for
broad universitywide integrated train-
ing and research programs in the area
of science policy studies were made in
fiscal year 1969 to expand the USPP
coverage to seven universities. New
awards were made to: University of
Indiana where a major focus will be
on policy and planning problems as-
sociated with man’s interaction with
his environment; Cornell University
to develop criteria for evaluating uni-

versity-based scientific research and
to explore the interplay of Federal
funding, laboratory organization, and
scientific research production; and
the State University of New York at
Albany (SUNY) where a planning
grant was given for support of inten-
sive conferences on the use of science
and technology in economics and so-
cial development at the recently orga-
nized Center for Science and the
Future of Human Affairs.

The State and local science policy

FEDERAL OBLIGATIONS FOR
BASIC RESEARCH, APPLIED RESEARCH,
AND DEVELOPMENT, FY 1953-70
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program has the objective of improv-
ing planning capabilities for the use
of science at the State and local level
of government and of improving in-
ter-governmental communications. A
2-day conference at Louisville, Ky.,
on “Science, Technology, and State
Government,” was arranged by the
Southern Interstate Nuclear Board
with Foundation support. The con-
ference was attended by representa-
tives from Federal and State Govern-
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ments, academic institutions, and in-
dustry. The meeting dealt with inter-
relationships and applications of
science and technology to various
facets of public affairs at the State
and local level. NSF awards were
made for further conferences, includ-
ing a western regional conference on
water resources and a northeastern
regional conference, sponsored jointly
with the Department of Housing and
Urban Development, in which the
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principal area of interest will be ur-
ban problems. A grant was made to
the University of Tennessee to study
the role of State government in
stimulating development through
science and technology and to make
recommendations for formulating
and implementing a science policy for
Tennessee. Such planning efforts are
designed to produce a useful model
for use of other States.
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National Science Board, NSF
Staff, Special Commission, Ad-

visory Committees and Panels

National Science Board

Terms Expire May 10, 1970

Mary 1. BunTing, President, Radcliffe
College, Cambridge, Mass.

H. E. CarTER, Vice Chancellor for Aca-
demic  Affairs, Urbana-Champaign
Campus, University of Illinois, Urbana,
1.

Jurian R. GorpsmiTH, Associate Dean,
Division of the Physical Sciences, Uni-
versity of Chicago, Chicago, Il

WiLLiam W. HaGerTy, President, Drexel
Institute of Technology, Philadelphia,
Pa.

Rocer W. Heyns, Chancellor, University
of California at Berkeley, Berkeley,
Calif.

Harvey Pickir, Chairman of the Board,
Picker Corp., White Plains, N.Y.

Mina S. Regs, Provost of the University
Graduate Division, City University of
New York, New York, N.Y.

F. P. Tuieme, President, University of
Colorado, Boulder, Colo.

Terms Expire May 10, 1972

Crirrorp M. HARrDIN, Secretary of Agri-
culture, Washington, D.C.

CuArRLEs F. JonEes, President, Humble
Oil & Refining Co., Houston, Tex.

Tuomas F. Jones, Jr., President, Uni-
versity of South Carolina, Columbia,
S.C.

*RoBerRT S. MorisoN, Professor of Biol-
ogy and Director, Division of Biological
Sciences, Cornell University, Ithaca,
N.Y.

*E. R. Prore (Vice Chairman, National
Science Board), Vice President and
Chief Scientist, International Business
Machines Corp., Armonk, N.Y.

Joserur M. RevnoLps, Boyd Professor of
Physics and Vice President for Instruc-
tion and Research, Louisiana State Uni-
versity, Baton Rouge, La.

AtHELSTAN F. SpiLmAuUs, President,
Aqua International, Inc., Palm Beach,
Fla.

Ricuarp H. Surrivan, President, Asso-
ciation of American Colleges, Washing-
ton, D.C.

Terms Expire May 10, 1974

R. H. Bine, Rudolph E. Langer Professor
of Mathematics, University of Wiscon-
sin, Madison, Wis.

*HarvEy Brooks, Gordon McKay Pro-
fessor of Applied Physics and Dean of
Engineering and Applied Physics, Har-
vard University, Cambridge, Mass.

WirLiaMm A, FowLER, Professor of Physics,
California Institute of Technology,
Pasadena, Calif.

NorMAN HackerMAN, President, Univer-
sity of Texas at Austin, Austin, Tex.

*Paite HAnDLER (Chairman, National
Science Board), President, National
Academy of Sciences, Washington, D.C.

James G. MarcH, Professor of Psychology
and Sociology, School of Social Sciences,
University of California at Irvine,
Irvine, Calif.

Grover E. MurrAy, President, Texas
Tech University, Lubbock, Tex.

Freperick E. SmitH, Professor of Re-
-source Ecology, Graduate School of
Design, Harvard University, Cam-
bridge, Mass.

Member Ex-Officio

WiLLiam D. McELroy, Director, National
Science Foundation, Washington, D.C.
(Chairman, Executive Committee)

* * *

VERNICE ANDERSON, Secretary, National
Science Board, National Science Foun-
dation, Washington, D.C.

SpEcCIAL COMMISSION ON THE SOCIAL
SCIENCES

OrviLLE G. BriM, Jr. (Chairman), Presi-
dent, Russell Sage Foundation, New
York, N.Y.

H. Guyrorp Stever (Vice Chairman),
President, Carnegie-Mellon University,
Pittsburgh, Pa.

SamueL J. ELDErRsVELD, Professor of Po-
litical Science, University of Michigan,
Ann Arbor, Mich.

MarioNn B. Forsom, Director, Eastman
Kodak Co., Rochester, N.Y.

WiLLiam L. Garrison, Director, Center
for Urban Studies, University of Illinois
at Chicago Circle, Chicago, Ill.

Marcarer A. Hickey, Public Affairs Edi-
tor, Ladies Home Journal, St. Louis,
Mo.

Aperame CromwerL HiLr, Acting Di-
rector, African Studies Center, Boston
University, Brookline, Mass.

GArRDNER Linpzey, Vice President for
Academic Affairs, University of Texas,
Austin, Tex.

Paur A. SamueLson, Professor of Eco-
nomics, Massachusetts Institute of
Technology, Cambridge, Mass.

Cecit G. Sueps, Director, Health Services
Research Center, University of North
Carolina, Chapel Hill, N.C.

Arran F. SmitH, Vice President for Aca-
demic Affairs, University of Michigan,
Ann Arbor, Mich.

*Member, Executive Committee.
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National Science Foundation
Staff**

Director, William D. McElroy
Executive Assistant, Robert W. Johnston
Executive Associate Director, Louis Levin

Office of Computing Activities

Head (Acting), Glenn R. Ingram
Special Assistant, Christof N. Schubert

InsTiITUTIONAL COMPUTING SERVICES
SEcTION
Head, Joseph P. Fennell

SpeciAL ProjEcTs SECTION
Head, Arthur S. Melmed

EpucaTioN, REsEArRcH, AND TRAINING
SEcTION
Head, Kent Curtis

Research

Associate Director, Randal M. Robertson

Deputy, Edward P. Todd

Special Assistant, Leonard F. Gardner

Senior Staff Associate, Raymond J. Seeger

Assistant For Special Projects, Jerome H.
Fregueau

Division of Environmental
Sciences

Division Director, T. O. Jones
Deputy Division Director, A. P. Crary

OFFICE OF ANTARCTIC PROGRAMS

Chief Scientist, Louis O. Quam
Executive Officer, G. R. Toney

SciENCE PROGRAMS

Program Director, Antarctic Biology,
George A. Llano

Program Director, Antarctic Earth Sci-
ences, Mort D. Turner

Program Director, Antarctic Atmospheric
Physics, Ray R. Heer, Jr.

FieLp REQUIREMENTS AND COORDINATION
PrOGRAM

Program Director, Philip M. Smith

Projects Coordinating Officer, R. L. Dale

Polar Engineering O fficer, Jerry W. Huff-
man

Vessell  Coordinating
Merle R. Dawson

Officer-Eltanin,

ATMOSPHERIC SCIENCES SECTION

Head, Fred D. White

INTERDEPARTMENTAL COMMITTEE FOR
ATMOSPHERIC SCIENCES

Executive Secretary, Sherman W. Betts

AERONOMY PROGRAM

Program Director
White

(Acting), Fred D.

**As of Aug. 15, 1969.

METEROLOGY PROGRAM

Program Director, Eugene W. Bierly

SoLAR TERRESTRIAL RESEARCH PROGRAM

Program Director, Albert E. Belon

WEATHER MODIFICATION PROGRAM

Program Director, Peter H. Wyckoff

NATIONAL CENTER FOR ATMOSPHERIC
RESEARCH

Program Coordinator, Glenn E. Stout

EARTH SCIENCES SECTION

Head, William E. Benson

GEOGHEMISTRY PROGRAM

Program Director, Alvin Van Valkenburg
GeoLocYy PROGRAM

Program Director, Richard G. Ray
GeoPHYSICS PROGRAM

Program Director, Pembroke J. Hart

OCEANOGRAPHY SECTION

Head, Hugh McLellan

PaysicAL OCEANOGRAPHY PROGRAM

Program Director, P. Kilho Park

OceAaNoGrAPHIC FAciLITIES PROGRAM

Program Director, Mary K. Johrde

SuBMARINE GEOLOGY AND GEOPHYSICS
PrograMm

Program Director, Vernon J. Henry

Division of Mathematical and
Physical Sciences

Division Director, William E. Wright
Executive Assistant, Andrew W. Swago

ASTRONOMY SECTION

Head, Robert Fleischer

OpT1icAL AsTRONOMY PROGRAM
Program Director, Harold H. Lane
Rapio AsTroNoMY PrROGRAM
Program Director, Everett H. Hurlburt

CHEMISTRY SECTION

Head, M. Kent Wilson
CuemicAL DyNaMmics ProGrAM
Program Director, Donald A. Speer
CHEMICAL INSTRUMENTATION AND ANAL-
vsis PROGRAM
Program Director, Arthur F. Findeis
CHEMICAL THERMODYNAMICS PROGRAM
Acting Program Director, James J.
Zwolenik
QuanTuM CHEMISTRY PROGRAM
Program Director, William H. Cramer
STRUCTURAL CHEMISTRY PROGRAM
Program Director, O. William Adams
SyNTHETIC CHEMISTRY PROGRAM
Program Director, Oren F. Williams

MATHEMATICAL SCIENCES SECTION

Head, William H. Pell

ALGEBRA AND ToroLoGY ProGRAM

Program Director, Ralph M. Krause

ANALYsIS, FOUNDATIONS, AND GEOMETRY
ProcrAM

Program Director (Acting), John V. Ryff

APPLIED MATHEMATICS AND STATISTICS
ProGRAM
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Program Director, Barnett R. Agins
Puysics SecTioN

Head, Wayne R. Gruner
ATtomic AND MOLECULAR
ProGrAM
Program Director, Langdon T. Crane, Jr.
ELEMENTARY PARTICLE PHYSICS PrROGRAM
Program Director, J. Howard McMillen
INTERMEDIATE ENERGY PHYSICS PROGRAM
Program Director, Paul F. Donovan
NucLEAR Puysics ProcrAM
Program Director, William S. Rodney
SorLip STATE AND Low TEMPERATURE
Puysics ProgrAM
Program Director, Howard W. Etzel
THEORETICAL PHYSICS PROGRAM
Associate Program Director, Joel A. Snow
Associate Program Director, Bernard

Chern

Puysics

Division of Biological and Medical
Sciences

Division Director, Harve J. Carlson
Deputy Division Director, John W. Mehl
Special Assistant, Mis. Joan Jordan

CeLrLuLAR BrorLocy SECTION

Head, Herman W. Lewis

DEVELOPMENTAL Brorocy PROGRAM

Program Director, Eloise E. Clark

GenETIC BroLocy ProGrAM

Program Director (Acting), Herman W.
Lewis

EcoLocy AND SYSTEMATIC
BroLocy SecTION

Head, John F. Reed

EcosysTEM ANALYSIS PROGRAM
Program Director, Charles F. Cooper
BroLocicAL OCEANOGRAPHY PROGRAM
Progarm Director, Malvern Gilmartin
GeNERAL EcoLocy PrRoGRAM

Program Director, John L. Brooks
SysTEMATIC BioLogy PROGRAM
Program Director, John O. Corliss

MoLecuLAr BioLocy SECTION

Head, Eugene L. Hess

BrocHEMISTRY PROGRAM

Program Director, Abraham Eisenstark

Bropuysics PROGRAM

Program Director (Acting), Eugene L.
Hess
PrYSIOLOGICAL PROCESSES SECTION

Head, David B. Tyler

REGULATORY BroLocy PROGRAM

Program Director (Acting), David B.
Tyler

MEeTABOLIC BloLOGY PROGRAM

Program Director, Elijah B. Romanoff

PsycHOBIOLOGY PROGRAM

Program Director, Henry S. Odbert
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Division of Engineering

Division Director, John M. Ide
ENcGINEERING CHEMISTRY PROGRAM
Program Director, Lewis G. Mayfield
ENGINEERING ENERGETICS PROGRAM
Program Director (Acting), R. E. Ros-
tenbach
ENGINEERING MATERIALS PROGRAM
Program Director, Isracl Warshaw
ENGINEERING MEcHANICS PrROGRAM
Program Director, Michael P. Gaus
ENGINEERING SysTEMs ProGraM
Program Director (Acting), Elias Schutz-
man
SpeEciAL ProcrAMS
Program Director, Morris S. Ojalvo

Division of Social Sciences

Division Director, Howard H. Hines

ANTHROPOLOGY PROGRAM

Program Director, Richard W. Lieban

Economics ProGrAM

Program Director, James H. Blackman

GEOGRAPHY PROGRAM

Program Director, Howard H. Hines

HisTorY AND PHILOSOPHY OF SCIENCE
Procgram

Special Consultant, Dudley Shapere

Special Assistant, Mrs. Bertha W. Rubin-
stein

PoriTicAL SciENcE ProGrAM

Program Director, Howard H. Hines

SocroLocy AND SociaL PsvcroLocy
ProcraM

Program Director, Charles R. Wright

SpEciAL ProjEcTs ProGrAM

Program Director, Murray Aborn

Office of Sea Grant Programs

Head, Robert B. Abel

Planning Officer, Harold L. Goodwin
Program Director, Arthur G. Alexiou
Program Director, Robert D. Wildman

Institutional Relations

Acting Associate Director, Howard E. Page

Special Assistant (Planning), Mrs. Mil-
dred C. Allen

ARCHITECTURAL SERVICES STAFF

Supervisory Architect, Harold Horowitz
Engineer, S. A. Heider

GraDUATE Science FaciLiTies SEcTion

Head, Joshua M. Leise

Staff Associates: Richard A. Carrigan,
Paul G. Cheatham, Lloyd O. Herwig,
Frederic A. Leonard, Harold A. Spuhler

INSTITUTIONAL GRANTS FOR SciENCE
Procram

Program Director, J. Merton England

UnN1versiTy SciENGE DEVELOPMENT
SEcTION

Head, Denzel D. Smith

Senior Staff Associate, George A. Livings-
ton

Staff Associates: George W. Baker, Jesse
C. Denton, J. Richard Mayer, David T.
Clark

SciENCcE DEVELOPMENT
SecTION

Head, William V. Consolazio

Staff Associates: Edward Z. Dager, John
F. Lance, Ralph H. Long, Jr.

DEPARTMENTAL

Education

Associate Director, Thomas D. Fontaine

Deputy Associate Director, Keith R.
Kelson

Executive Assistant, Albert T. Young

PLANNING AND EvaLuaTion UNiT

Planning Officer, William A. Jaracz

Division of Undergraduate
Education in Science

Division Director, Lyle W. Phillips

Pre-sErvice Teacuer EpucaTioN Pro-
GRAM

Program Director, Donald C. McGuire

CoLLEGE TEACHER PROGRAM

Program Director, Reinhard L. Korgen

UNDERGRADUATE INSTRUCTIONAL Pro-
GRAMS

Program Director, Richard C. Kolf

CoLLEGE SciENCE IMPROVEMENT Pro-
GRAM

Program Director, James C. Kellett, Jr.

SciENce  CurricuLUM  IMPROVEMENT
ProGraM

Program Director, Alfred F. Borg

Division of Graduate Education
in Science

Division Director, Howard D. Kramer

Deputy Division Director, Francis G.
O’Brien

ADVANCED ScIENCE EpUucATION PROGRAM

Program Director, Fred S. Honkala

GRADUATE FELLOWSHIPS AND TRAINEE-
sHIPS PrROGRAM

Program Director, Douglas S. Chapin

FacurLty AnND Postpoctorar FeLLow-

sHIPS PROGRAM

Program Director, Hall Taylor

SENIOR FELLOWsHIPS PROGRAM

Program Director, Mrs. Marjory R. Bene-
dict

Division of Pre-College Education

in Science

Division Director, Charles A. Whitmer
TeacHER EpucaTiON SECTION
Head, C. Russell Phelps

SuMMER STupY PROGRAM

Program Director, William E. Morrell

ResearRcH TRAINING AND ACADEMIC YEAR
STtupy ProGrRAM

Program Director, Michael M. Frodyma

STupENT AND CuUrricULUM IMPROVE-
MENT SECTION

Head, Howard J. Hausman

PrE-cOLLEGE Course CONTENT IMPROVE-
MENT PROGRAM

Program Director, Laurence O. Binder

STUDENT AND COOPERATIVE PROGRAM

Program Director, E. Allen Davis

Planning

Planning Director, Charles E. Falk
Deputy Planning Director, Arley T. Bever
Special Assistant, Lawton M. Hartman

Office of Data Management
Systems

Acting Head, R. W, H. Lee

Office of Planning and Policy
Studies

Head, Sidney G. Reed, Jr.

Office of Economic and
Manpower Studies

Head, H. E. Riley
Deputy Head, Sidney A. Jaffe

STATISTICAL SURVEYS AND REPORTS
SECTION

Head, Kenneth Sanow

GOVERNMENT STUDIES GROUP

Study Director, Benjamin L. Olsen

UNIVERSITIES AND NONPROFIT INSTITU-
TIONS STUDIES GROUP

Study Director, Joseph H. Schuster

INpDUsTRY STUDIES GROUP

Study Director, Thomas J. Hogan

ANALYTICAL STUDIES GROUP

Study Director, Lawrence Seymour

SPONSORED SURVEYS AND STUDIES
SECTION

Head, Thomas J. Mills

ScienTiIFic MANPOWER STUDIES GROUP
Study Director, Norman Seltzer
Science EpucaTtion Stupies GrRoup
Study Director, Justin C. Lewis
NatioNnaL REcISTER GrOUP

Study Director, Milton Levine
ForeicN StupiEs GrouP

Study Director, Joseph P. Kozlowski
SpeciAL ANALYsiS GRoOuUP

Study Director, Robert W. Cain
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Office of Science Information
Service

Head, Burton W. Adkinson
Deputy Head, Henry J. Dubester

STUDIEs AND SUPPORT SECTION

Head, William S. Barker

RESEARCH AND STUDIES PROGRAM
Program Director, Donald K. Pollock
INFORMATION SYSTEMS PROGRAM
Program Director, Harold E. Bamford, Jr.
INFORMATION SERVICES PROGRAM
Program Director, Gordon B. Ward
SpEcIAL ProjEcTs ProGram
Program Director, Edward C. Weiss
CHEMICAL INFOrRMATION UNIT
Head, Paul D. Olejar

SciENCE INFORMATION COORDINATION
SECTION

Head, Ernest R. Sohns

DomMEesTic SciENCE INFORMATION Pro-
GRAM

Program Director, Henry Tovey

ForeiGN SciENcE INFORMATION Pro-
GRAM

Program Director, Eugene Pronko

Office of International Science
Activities
Head, Arthur Roe

COOPERATIVE SCIENCE ACTIVITIES

Head, Max Hellmann

INDIA PrROGRAM

Program Director, Gordon Hiebert

UNITED STATEs-JAPAN AND UNITED
STATES-ITALY PROGRAMS

Program Director, J. E. O’Connell

ScienTIFIc Liaison

Head (Vacant)

NSF/New Derui, NSF Science Liar-
soN STArF, USAID New DEeLHI, CARE
OF AGENCY FOR INTERNATIONAL DE-
VELOPMENT, WasHINGTON, D.C. 20523

Head, Ray Koppelman

Professional Associates, Duncan Clement,
Robert Hull, Warren Thompson

NSF/Tokyo, ScCIENCE LIAISON STAFF,
NaTioNAL ScieNce FounpaTioN, CARE
oF AMERICAN EmBAssy, APO San
Francisco 96503

Head, Walter Hodge

Office of the General Counsel

General Counsel, William J. Hoff

Deputy General Counsel, and Head, Legal
Office, Charles F. Brown

Deputy General Counsel—Special Proj-
ects, Charles Maechling, Jr.

Office of Congressional and Public
Affairs

Head, Clarence C. Ohlke

Special Assistant for Publications Policy,
Jack Kratchman
Congressional Liaison Office

Congressional Liaison Officer, Theodore
W. Wirths

Public Information Office

Public Information O fficer, Roland D.
Paine, Jr.

Administrative Manager

Administrative Manager, F. C. Sheppard
Deputy Administrative Manager, Henry
Birnbaum

Office for Equal Opportunity

Head, Howard S. Schilling
Deputy Head, Francis G. Naughten

Contracts Office
Head, Robert D. Newton

Grants Office

Head, William E. Fee, Jr.
Deputy Head, Robert A. Michelitch

Management Analysis Office
Head, George Pilarinos

Administrative Services

Administrative Services Officer, Howard

Tihila
Personnel Office
Personnel Officer, Calvin C. Jones

Comptroller
Comptroller, Aaron Rosenthal

Budget Office

Budget Officer (Deputy Comptroller),
Luther F. Schoen

Finance Office
Finance Officer, Edward B. Garvey

Indirect Cost (Rate) Determina-
tion Office
Head, Louis Siegel

Internal Audit Office
Head, Wilford G. Kener
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Advisory Committees and Panels

Apvisory CoMMITTEE FOR BroLocIicAL
AND MEDICAL SCIENCES

W. Frank Blair
Department of Zoology
University of Texas
Austin, Tex.

Edward W. Fager (Vice Chairman)
Scripps Institution of Oceanography
University of California, San Diego

La Jolla, Calif.

David M. Gates

Director

Missouri Botanical Garden
St. Louis, Mo.

Carl Gottschalk (Chairman)
School of Medicine
University of North Carolina
Chapel Hill, N.C.

J. Woodland Hastings
Biological Laboratories
Harvard University
Cambridge, Mass.

Anton Lang, Director

Atomic Energy Commission Plant Re-
search Laboratory

Michigan State University

East Lansing, Mich.

John W.Saunders

Department of Biological Sciences

State University of New York
Albany,N.Y.

Charles G. Sibley
Peabody Musuem
Yale University
New Haven, Conn.

Richard L. Solomon
Department of Psychology
University of Pennsylvania
Philadelphia, Pa. :

Norton D. Zinder
Rockefeller University
New York.N.Y.

Apvisory ComMmITTEE FOR COMPUTING
ACTIVITIES

Daniel Alpert (Chairman)
Dean, Graduate College
University of Illinois
Urbana, Il

Gordon W. Blackwell
President

Furman University
Greenville, $.C.

Samuel D. Conte
Director, Computation Center
Purdue University
Lafayette, Ind.
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Sidney Fernbach

Head, Computation Division
Lawrence Radiation Laboratory
Livermore, Calif.

John G. Kemeny (vice-Chairman)
Department of Mathematics
Dartmouth College

Hanover, N.H.

Alan J. Perlis, Head

Department of Computer Science
Carnegie-Mellon University
Pittsburgh, Pa.

J. T. Schwartz

Courant  Institute of
Sciences

New York University

New York, N.Y.

Ithiel de Sola Pool

Department of Political Science
Massachusetts Institute of Technology
Cambridge, Mass.

Ottis W. Rechard

Director, Computing Center
Washington State University
Puliman, Wash.

Jules 1. Schwartz
King Resources Co.
Los Angeles, Calif.

Harrison Shull

Dean of the Graduate School
Indiana University
Bloomington, Ind.

Mathematical

Patrick C. Suppes

Institute for Mathematical Studies in the
Social Sciences

Stanford University

Stanford, Calif.

Apvisory COMMITTEE FOR ENGINEERING

Donald A. Dahlstrom
Vice President, Eimco Corp.
Palatine, Ill.

Daniel C. Drucker

Dean, College of Enginering
University of Illinois
Urbana, Il

George W. Housner

Department of Civil Engineering
California Institute of Technology
Pasadena, Calif.

Thomas L. Martin, Jr. (Chairman)
Dean, Institute of Technology
Southern Methodist University
Dallas, Tex.

Charles L. Miller

Department of Civil Engineering
Massachusetts Institute of Technology
Cambridge, Mass.

Rustum Roy, Director,
Materials Research Laboratory

Pennsylvania State University
University Park, Pa.

Robert M. Saunders

School of Engineering
University of California, Irvine
Irvine, Calif.

John G. Truxal, Provost,
Polytechnic Institute of Brooklyn
Brooklyn, N.Y.

Winfield W. Tyler (Deputy Chairman)
Vice President for Research

Xerox Corp.

Rochester, N.Y.

Max L. Williams, Jr.
College of Engineering
University of Utah
Salt Lake City, Utah

Apvisory CoMMITTEE FOR ENVIRON-
MENTAL SCIENCES

James R. Balsley, Jr.

Chairman, Department of Geology
Wesleyan University

Middletown, Conn.

Wayne V. Burt, Chairman
Department of Oceanography
Oregon State University
Corvallis, Oreg.

John E. Cantlon
Department of Botany
Michigan State University
East Lansing, Mich.

Richard M. Goody

Director of Blue Hills Observatory
Harvard University

Cambridge, Mass.

Glenn R. Hilst

" Executive Vice President

Traveler’s Research Center, Inc.
Hartford, Conn.

Vernon J. Hurst, Chairman,
Department of Geology
University of Georgia
Athens, Ga.

Richard H. Jahns (Vice Chairman)
Dean, School of Earth Sciences
Stanford University

Stanford, Calif.

James Warren McKie
Department of Economics
Vanderbilt University
Nashville, Tenn.

Carl Oppenheimer, Chairman,
Department of Oceanography
Florida State University
Tallahassee, Fla.

Robert A. Ragotzkie (Chairman)
Director of the Marine Studies Center
University of Wisconsin

Madison, Wis.

Gilbert F. White
Professor of Geography
University of Chicago
Chicago, IlL.

Apvisory COMMITTEE FOR
INsTITUTIONAL RELATIONS

Homer D. Babbidge, Jr.
President

University of Connecticut
Storrs, Conn.

Louis T. Benezet (Chairman)
President

Claremont University Center
Claremont, Calif.

John A. D. Cooper

Dean of Science
Northwestern University
Evanston, IlL

Willard Deming Lewis
President

Lehigh University
Bethlehem, Pa.

Joseph L. McCarthy
Dean of Graduate School
University of Washington
Seattle, Wash.

Edgar F. Shannon, Jr. (Vice Chairman)
President

University of Virginia

Charlottesville, Va.

George L. Simpson, Jr.

Chancellor

University of Georgia System

Atlanta, Ga.

Joseph R. Smiley
President

University of Colorado
Boulder, Colo.

Calvin A. Vanderwerf
President

Hope College
Holland, Mich.

Apvisory COMMITTEE FOR
MATHEMATICAL AND
PHYSICAL SCIENCES

Bart J. Bok

Director, Stewart Observatory
University of Arizona
Tucson, Ariz.

Gerald M. Clemence
Yale University Observatory
New Haven, Conn.

Paul J. Flory
Department of Chemistry
Stanford University

Palo Alto, Calif.

Herman H. Goldstine (Vice Chairman)
Research Division, IBM Corp.
Yorktown Heights, N.Y.




Kenneth Greisen

Department of Physics

Cornell University

Ithaca, N.Y.

Irving Kaplansky

Department of Mathematics
University of Chicago
Chicago, IIL

Verner Schomaker (Chairman)
Department of Chemistry

University of Washington
Seattle, Wash.

William P. Slichter

Bell Telephone Laboratories, Inc.
Murray Hill, N.J.

George H. Vineyard
Brookhaven National Laboratory
Brookhaven, Long Island, N.Y.

Apvisory COMMITTEE FOR
PLANNING

Paul M. Doty
Department of Chemistry
Harvard University
Cambridge, Mass.

Wayland C. Griffith (Vice Chairman)

Vice President for Research and Tech-
nology

Missiles and Space Co.

Lockheed Aircraft Corp.

Sunnyvale, Calif.

Milton Harris

Chairman of the Board of Directors
American Chemical Society
Washington, D.C.

Allyn W. Kimball

Dean of Arts and Sciences
Johns Hopkins University
Baltimore, Md.

Edwin Mansfield
Department of Economics
University of Pennsylvania
Philadelphia, Pa.

Emmanuel G. Mesthene

Director

Program on Technology and Society
Harvard University

Cambridge, Mass.

David Z. Robinson

Vice President for Academic Affairs
New York University

New York, N.Y.

M. H. Trytten

Consultant to the President of the Na-
tional Academy of Sciences

Washington, D.C.

Carl M. York, Jr. (Chairman)

Assistant Chancellor for Research

University of California, Los Angeles

Los Angeles, Calif.

Apvisory COMMITTEE FOR
Science Epucation

Sanford S. Atwood
President

Emory University
Atlanta, Ga.

George Henry Baird

President and Executive Director
Educational Research Council
Cleveland, Ohio.

Lionel V. Baldwin

Dean, College of Engineering
Colorado State University
Fort Collins, Colo.

Herbert J. Greenberg

Chairman, Department of Mathematics
University of Denver

Denver, Colo.

John K. Hulm

Director, Solid State Sciences R. & D.
Research Laboratories
Westinghouse Electric Corp.
Pittsburgh, Pa.

Allan A. Kuusisto

Vice President for Academic Affairs
State University of New York
Albany, N.Y.

James W. Mayo

Chairman, Department of Physics
Morehouse College

Atlanta, Ga.

James Findley Nickerson
President

Mankato State College
Mankato, Minn.

Joseph B. Platt (Chairman)
President

Harvey Mudd College
Claremont, Calif.

Arnold E. Ross

Chairman, Department of Mathematics
Ohio State University

Columbus, Ohio

William A. Stallard
President

South Florida Junior College
Avon Park, Fla.

Apvisory COMMITTEE FOR
SoCGIAL SCIENCES

Roger C. Buck

Department of History and Philosophy of
Science

Indiana University

Bloomington, Ind.

Eugene A. Hammel

Department of Anthropology
University of California, Berkeley
Berkeley, Calif.
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Robert E. Lane

Department of Political Science
Yale University

New Haven, Conn.

Stanley Lebergott
Department of Economics
Wesleyan University
Middletown, Conn.

Marion E. Marts
Vice-Provost
University of Washington
Seattle, Wash,

John C. McKinney
Department of Sociology
Duke University
Durham, N.C.

M. Brewster Smith
Department of Psychology
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Appendix B

Salaries and Expenses
Appropriation

Receipts

Fiscal year 1969 appropriation_... ... _ $400, 000, 000
Unobligated balance brought forward from
fiscalyear 1968 ... .. __ . 47, 667, 028
Recovery of prior year nbli#ation ............ 7,955, 536
Reimbursement from non-Federal source. 143,946
SN, - .. L R 455, 766, 510

Less: Bureau of Budget reserve established

under Public Law 90-218__. . = " —20, 000, 000
Transfer appropriation to GSA for rent. . -3, 857
Total available for obligation. ...

Net obligations

Support of scientific research:

Scientific research project support:

Mathematics. . _ . _ 12, 696, 597
Physics. ... ... 30, 346, 738
Chemistry___.__ 17, 848, 276
Biological sciences , 307, 362

stronomy ... 6, 816, 879
Atmospheric sciences 8, 205, 695
Oceanography____ . 19, 381,729
Earth sciences. . 7,917,288
Engineering. . __ mnd --. 19,265,222
Social sciences...._.__ .~ 15, 238,808

Sublotel: oo 176, 024, 594

Specialized research facilities and equip-
ment:
Biological sciences research facilities:
Specialized biological facilities and

equipment. ____________________ 879, 828
Oceanographic research vessels and

facilities_._______ . 699, 646

Ent\gironmental sciences research facili-
ies:
Oceanographic research facilitles.___ 697, 055
University ~ atmospheric  research
facilities. .._..__._________ 297, 964
Physical sciences research facilities:
Chemistry research instruments. __ _ 1,699,728
University  astronomy  research

facilities. . ... . ______ i 323, 600
University physics research facili-

Lo o ST AT e e 1,299,639
Engineering research facilities. . ___ 880, 457
Specialized social science research

facilities. . _.________ . . ______ 437, 900

7,215,817

National research programs:

Antarctic researc | programs.___ 6, 858, 655
Weather modification program. . 2,433,974
Ocean sediment coring program - 2,435,
International  biological ~ pro-
grams_..____ 1, 215, 800
Global  atmosp
program. . . 536, 490
Subtotal . _________ . . __ 13,479,919

National research centers:
National Radio Astronomy Ob-

servatory_________.... .. .. 7,278,214
Kitt Pukmnioml Observatory . 5,699, 510
Cerro  Tololo Inter-American

0bumto7 ................ 4, 550, 000
National Center for Atmospheric

Research...._.._ ... _ . 11, 036, 737

Sublomal. . oo

28, 564, 461

Subtotal, support of scientific
e, I

$435, 762, 653

225, 284,791

Financial Report
for Fiscal
Year 1969

National sea SARLORORN.. .
Computing activities in education and rmearch. o

Institutional support for science:

Institutional grants for science...______ $0
Graduate science facilities._________ _ 5,979, 815
Soteetel .. 5,979, 815
Science development programs:
University  science development
program. ... S 23,103, 000
Departmental science development
BN 8,634,670
Coliege science improvement pro-
s 8,763,700

Subtotal 40,501, 370

-Science education support:

Precollege education in science:

Course content improvement. ... ___ 7,710, 535
Cooperative college-school 4,823, 563
Special projects.._._..___ , 440
Institutes. Hhe gk 30,779, 232
Research participation and science
activities for teachers____._ .~ 0
Science education for students_____ 1,872, 516
S 45,497, 286
Undergraduate education in science:
Science curriculum improvement
program.______ el s st e 5,004, 179
Undergraduate instructional ~pro-

v LN 8,205, 122
College teacher programs. 3,967, 124
Special projects.__..______ 715,877
Pre-service teacher education. 678,600

Subtotal
Graduate education in science:

18, 570,902

Fellowships and traineeships....._. 39, 811, 547
Advanced science education proj-
ects:
Special projects._._____ ... __ 1,158,938
Advanced training projects_____ 1,309, 367
Public understanding  of
o, e GRE  Rl 185,754
Subtotal_________._ . __ 42, 465,606

Subtotal, science education support__ _
Science information activities.._._______________
International cooperative scientific activities..___ .
Planning and policy studi

Total obligations, NSF salaries and expenses appro-

e D SR GRS S sy
Unobligated balance carried forward to fiscal year 1970._____
1 LA e e R
Trust Fund
Receipts
Unoblifzted balance brought forward from
Tesipowionm.... ... ... ..~ 7,493
Donations from private sources. .~ 630
Total availability_......._.__________ 8,123
Obligations
Total obligations for fiscal year 1969__..._ __ 48
Unobligated balance carried forward to fiscal
el ¢ MRS R R 8,075
o SR SR N U 8,123

$5, 989, 065
16,979, 280

46,481, 185

106, 533, 794
10, 664, 451
1,800, 696
2,421,717

16, 490, 514

432,645,493

3,117, 160

435,762,653




Patents Resulting from Activ-
ities Supported by the National
Science Foundation

A d . C The Foundation, since its last annual re-

ppen X port, has received notification of the is-
suance of the following four patents by
the U.S. Patent Office covering inven-
tions arising out of Foundation-sup-
ported activities on each of which the
Government has received a nonexclu-
sive,  irrevocable, nontransferable,
royalty-free, worldwide license:

Patent No. 3,335,081 entitled “Method
of Treatment of Sewage by Bio-Oxida-
tion and Apparatus Therefor’ was
issued on August 8, 1967, on an inven-
tion made by Ahmed Sami El-Naggar
during the course of research supported
by a grant to Valparaiso University,
Valparasio, Ind. This invention relates
to a method and apparatus of sewage
treatment.

Patent No. 3,371,854 entitled “High Ca-
pacity Orbitron Vacuum Pump” was
issued on March 5, 1968 on an inven-
tion made by Raymond G. Herb during
the course of research supported by a
grant to the University of Wisconsin,
Madison, Wis. This invention relates
to high-voltage generators of the elec-
trostatic type capable of producing ex-
tremely high voltages up to several mil-
lion volts. One object is to provide a
new and improved electrostatic genera-
tor in which the charging belt is re-

placed with one or more endless strings
of conductive pellets insulated from one
another and adapted to carry charges to
the high voltage electrode.

Patent No. 3,424,904 entitled “Process for

Producing Negative Hydrogen Ions
from Protons” was issued on January
28, 1969, on an invention made by
Bailey L. Donnally during the course
of research supported by a grant to
Lake Forest College, Lake Forest, IIL
This invention concerns a process for
producing negative hydrogen ions from
protons by passing a beam of relatively
low energy (e.g., up to about 2,000 elec-
tron volts) protons through atoms of
an alkali metal in order to produce a
beam of particles containing metastable
and ground state hydrogen atoms and
charged particles.

Patent No. 3,434,335 entitled “Apparatus

for Acoustically Detecting Minute Par-
ticles Suspended in a Gaseous Atmos-
phere” was issued on March 25, 1969,
on an invention made by Gerhard
Langer during the course of work per-
formed under NSF Contract C-160
with the University Corporation for
Atmospheric Research. This invention
relates to a new aparatus for detecting
and counting minute particles sus-
pended in a gaseous atmosphere which
apparatus responds to the particles in a
jet stream by emitting sounds.

1 License received Dec. 9, 1968.
2 License received July 3, 1968.




Appendix D

National Science Foundation-
Supported  Scientific  Con-
ferences, Symposia, and Ad-
vanced Science Seminars Held
During Fiscal Year 1969

SciEnTIFiIc CONFERENGES AND SYMPOSIA
In THE BrorocicAL AND MEDICAL
ScIENEES

Second International Congress of Prima-
tology.—Yerkes Regional Primate Re-
search Center, Emory University, At-
lanta, Ga.; June 30-July 3, 1968;
Chairman: Geoffry Bourne, Emory
University ; sponsor: Emory University.

Third International Symposium on Olfac-
tion and Taste—Rockefeller Univer-
sity, New York City; Aug. 19-21, 1968;
Chairman: Carl Pfaffmann, Rockefeller
University; Sponsor: Rockefeller Uni-
versity.

Fifth International Congress of Photobi-
ology.—Dartmouth College, Hanover,
N.H.; Aug. 26-31, 1968; Chairman:
Warren Butler, University of Califor-
nia at San Diego; Sponsor: National
Academy of Sciences.

Symposium on Organic Matter in Natural
Waters—College, Alaska; Sept. 2-4,
1968 ; Chairman: Dr. Donald W. Hood,
University of Alaska; Sponsor: Institue
of Marine Science, University of Alaska.

Third International Conference on Mag-
netic Resonance in Biological Sys-
tems—Warrenton, Va.; Oct. 14-18,
1968; Chairman: W. D. Phillips; Spon-
sor: Du Pont Co., Varian Associates,
National Science Foundation,

Fifteenth Annual Symposium on System-
atics.—Missouri Botanical Garden, St.
Louis, Mo.; Oct. 18-19, 1968; Chair-
man: Hugh B. Cutler, Missouri Botani-
cal Garden; Sponsor: Missouri Botani-
cal Garden.

Regional Conferences of the Society for
Developmental Biology:

West Coast Conference.—San Fernando
Valley State College, Northridge,
Calif.; Oct. 22-24, 1968 ; Chairman:
Mary Lee Barber, San Fernando
State College; Sponsor: Society for
Developmental Biology and the Na-
tional Science Foundation.

Southeastern Conference.—Tallahasse,
Fla.; April 25-26, 1969; Chairman:
Dr. Morton L. Burdick, Florida State
University; Sponsor: Society for De-
velopmental Biology and the National
Science Foundation.

Midwest Conference.—Indiana State
College, Terre Haute, Ind.; April 30—
May 2, 1969; Chairman: Dr. Nor-
man A. Dial, Indiana State Univer-

sity; Sponsor: Society for Develop-
mental Biology and the National Sci-
ence Foundation.

Northwest Conference—Friday Harbor,
Wash.; May 16-18, 1969; Chair-
man: Dr. Arthur H. Whiteley, Uni-
versity of Washington ; Sponsor: So-
ciety for Developmental Biology and
National Science Foundation.

Workshop Conference on Topical Prob-
lems—Cotvallis, Oreg., Nov. 22-23,
1968; Chairman: W. P. Stephen, Ore-
gon State University; Sponsor: West
Coast Population Biologists.

Symposium on Chemical Mechanisms of
Enzyme Catalysis—New Orleans, La.;
Dec. 27-19, 1968; Chairman: Dr.
William Jencks, Brandeis University;
Sponsor: National Science Foundation.

First Conference on Mechanisms of
Amphibian Metamorphosis—Wakulla
Springs, Fla.; Jan. 9-11, 1969; Chair-
man: Dr. Earl Frieden, Florida State
University; Sponsor: Florida State
University,

Conference on Mossbauer Spectroscopy
in Biological Systems—University of
Illinois, Urbana, Ill.; Mar. 17-18,
1969; Chairman: H, Frauenfelder and
I. C. Gunslus, University of Illinois;
Sponsor: University of Illinois.

Fourth International Symposium on Lab-
oratory Animals.—Washington, D.C.;
Apr. 8-11,1969 ; Chairman: Robert H.
Yager, National Academy of Sciences;
Sponsor: National Academy of Sciences.

Conference on Establishing a Troop of
Japanese Macaques in the United States
for Behavioral and Ecological Re-
search.—Columbia, Mo.; May 2-4,
1969; Chairman: Dr. John T. Emlen,
University of Wisconsin; Sponsor:
University of Missouri.

Second International Symposium on
Carotenoids Other Than Vitamin A.—
New Mexico State University, Las
Cruces, N. Mex., May 6-9, 1969;
Chairman: Owen Weeks, New Mexico
State University; Sponsor: Interna-
tional Union of Pure and Applied
Chemistry, Hoffman-La Roche, New
Mexico State University, National
Science Foundation.

Thirty-Fourth Cold Spring Harbor Sym-
posium on Quantitative Biology.—Cold
Spring Harbor, N.Y. ; June 5-12, 1969;
Chairman: John Cairns, Cold Spring
Harbor Laboratory of Quantitative
Biology; Sponsor: National Science
Foundation, National Institutes of
Health and Atomic Energy Commission.

Conference on Mechanisms of Vertebrate
Vision—Rochester, N.Y.; June 12-14,
1969; Chairman: Robert Boynton,
University of Rochester; Sponsor:
National Science Foundation.

Symposium on Adaptive Aspects of In-
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sular  Evolution.—Mayaguez, P.R.;
June 14-20, 1969; Chairman: A. C.
Smith, University of Hawaii; Sponsor:
Association for Tropical Biology.
Twenty-Eighth Symposium of the Society
for Developmental Biology.—University
of Colorado, Boulder, Colo.; June

16-18, 1969; Chairman: Anton Lang,

University of Michigan; Sponsor:

Society for Developmental Biology and

the National Science Foundation.

Gordon Research Conferences:

Lysosomes, II: Cellular Resistance and
Intercellular Parasitism.—Andover,
N.H.; July 1-5, 1968; Chairman:
George Parks, University of Rhode
Island; Sponsor: Gordon Research
Conference.

Molecular Pharmacology.—T ilton,
N.H.; June 16-22, 1969; Chairman:
O. Jardetzky, Sharp and Dohme Re-
search Laboratories; Sponsor: Gor-
don Research Conference.

Nucleic Acids—New Hampton, N.H.;
June 16-22, 1969; Chairmen: Rob-
ert Bock, University of Wisconsin,
and Jerome Vinograd, California
Institute of Technology; Sponsor:
Gordon Research Conference.

Cell Structure and Metabolism.—Meri-
den, N.H.; June 23-27, 1969; Chair-
man: Dr. Lowell Hokin, University
of Wisconsin; Sponsor: Gordon Re-
search Conference.

Proteins.—New Hampton, N.H.; June
23-27, 1969; Chairmen: Dr. How-
ard Schachman, University of Cali-
fornia and Dr. C. H. W. Hirs, Brook-
haven National Laboratory; Spon-
sor: Gordon Research Conference.

SciENTIFIC CONFERENCES AND SYMPOSIA
IN COMPUTER SCIENGE

Conference on Undergraduate Education
in Computer Science—Park City,
Utah; Sept. 8-13, 1968; Chairman:
William Viavant, University of Utah;
Sponsors: Association for Computing
Machinery, Commission on Engineer-
ing Education, and University of Utah.

Conference on Computer-Assisted In-
struction.—University Park, Pa.; Sept.
24-26, 1968; Chairman: Ralph T.
Heimer, Pennsylvania State University;
Sponsors: National Council of Teachers
of Mathematics and Pennsylvania State
University.

Special Series of Lectures on Mathe-
matics, Computation, and Comput-
ers—Urbana, Ill.; Oct. 28-Nov. 1,
1968; Chairman: J. Richard Phillips,
University of Illinois; Sponsor: Univer-
sity of Illinois.

Second Conference on Computer Graph-
ics.—Urbana, Ill.; Mar. 30-Apr. 2,
1969; Chairman: W. J. Poppelbaum,
University of Illinois; Sponsor: Univer-

sity of Illinois.

Fourth Symposium on Numerical Alge-
bra—Gatlinburg, Tenn.; Apr. 13-18,
1969; Chairman: A. S. Householder,
Society for Industrial and Applied
Mathematics; Sponsors: Oak Ridge
National Laboratory and Society for
Industrial and Applied Mathematics.

Conference on Statistical Computation.—
Madison, Wis.; Apr. 28-30, 1969;
Chairman: Roy C. Milton, University
of Wisconsin; Sponsor: University of
Wisconsin.

Intensive Summer Course on Digital
Computers in Chemical Instrumenta-
tion—Lafayette, Ind.; June 8-27,
1969; Chairman: Samuel P. Perone,
Purdue University; Sponsor: Purdue
University.

Seminar on Computer-Aided Design
in Engineering Education.—Houston,
Tex.; June 9-July 31, 1969; Chair-
man: G. F. Paskusz, University of
Houston; Sponsor: University of
Houston.

Summer Institute in Computer Applica-
tions.—Urbana, Ill.; June 16-July 26,
1969; Chairman: John J. Bateman,
University of Illinois; Sponsors: Ameri-
can Philological Association, National
Endowment for the Humanities, Uni-
versity of Illinois.

Regional Conference on Automata and
Computational Complexity.—Platts-
burgh, N.Y.; June 23-27, 1969; Chair-
man: William E. Hartnett, State Uni-
versity of New York at Plattsburgh;
Sponsors: Conference Board of the
Mathematical Sciences and State Uni-
versity of New York.

SciENTIFIC CONFERENCES AND SYMPOSIA
IN THE ENGINEERING SCIENCES

Twelfth International Symposium on
Combustion.—Poitiers, France; July
14-20, 1968; Chairman: J. P. Long-
well, Combustion Institute; Sponsor:
Combustion Institute.

Conference on Biomedical Materials.—
Denver, Colo.; July 15-20, 1968;
Chairman: David S. Crimmins, Uni-
versity of Denver; Sponsor: University
of Denver.

International Conference on Vehicle
Mechanics.—Detroit, Mich.; July 16—
18, 1968 ; Chairmen: Herbert K. Sachs,
Stephen R. Davis, Lawrence M. Patrick,
Wayne State University; Sponsor:
Wayne State University.

International Conference on Recent De-
velopments in Ellipsometry.—Lincoln,
Nebr.; Aug. 7-9, 1968; Chairman:
N. M. Bashara, University of Nebraska ;
Sponsor: University of Nebraska.

Second International Conference on
Thermal Analysis.—Worcester, Mass.;
Aug. 18-23, 1968; Chairman: C. B.

Murphy, Xerox Corp.; Sponsor: Col-
lege of the Holy Cross.

Eleventh Midwestern Mechanics Con-
ference.—Ames, lowa; Aug. 18-20,
1968; Chairman: H. J. Weiss, Iowa
State University; Sponsor: Iowa State
University.

Twelfth International Congress on Ap-
plied Mechanics—Stanford, Calif.;
Aug. 26-31, 1968 ; Chairman: Nicholas
J. Hoff, Stanford University; Sponsor:
Stanford University.

International Symposium on Gallium
Arsenide.~—Dallas, Tex.; Oct. 16-18,
1968; Chairman: William N. Carr,
Southern Methodist University; Spon-
sor: Southern Methodist University.

Conference on Interdisciplinary Aspects
of the Application of Engineering Tech-
nology to the Industrialization of De-
veloping Countries—Pittsburgh, Pa.;
Oct. 20-25, 1968; Chariman: Harold
E. Hoelscher, University of Pittsburgh;
Sponsor: University of Pittsburgh.

Symposium on Cybernetics and the
Management of Large Systems.—
Gaithersburg, Md.; Oct. 23-25, 1968;
Chairman: Heinz Von Foerster, Uni-
versity of Illinois; Sponsor: The
American Society for Cybernetics and
the National Bureau of Standards.

Symposium on Engineering and Medi-
cine.—Washington, D.C.; Oct. 30-31,
1968; Chariman: Edward L. David,
Bell Telephone Laboratory; Sponsor:
National Academy of Engineering.

Symposium on Nonsteady State Methods
of Kinetics Experiments—Los Angeles,
Calif.; December 3, 1968; Chairman:
William Manogue, DuPont Co.; Spon-
sor: American Institute of Chemical
Engineers.

Conference on Effects of Temperature and
Heat on the Engineering Behavior of
Soils.—Washington, D.C.; Jan. 16,
1969; Chairman: James K. Mitchell,
University of California, Berkeley;
Sponsor: Highway Research Board, Na-
tional Academy of Sciences.

Conference on Buckling of Space
Frames.—New York, N.Y.; Apr. 1-2,
1969; Chairman: Lynn S. Beedle, Le-
high University; Sponsor: Column Re-
search Council.

Symposium on  Electron, Ion, and
Laser Beam Technology.—Gaithers-
burg, Md.; May 21-23, 1969; Chair-
men: S. K. Poultney and C. O. Alley,
University of Maryland ; Sponsor: Na-
tional Bureau of Standards and the
University of Maryland.

Conference on the Behavior of Struc-
tural Concrete Subjected to Combined
Loadings.—Morgantown, W. Va.; June
16—18, 1969; Chairman: Emory L.
Kemp, West Virginia University ; Spon-
sor: West Virginia University.
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Conference on Current Developments in
High Voltage Electron Microscopy.—
Monroeville, Pa.; June 17-19, 1969;
Chairman: R. M. Fisher, U.S. Steel
Corporation; Sponsor: National In-
stitutes of Health and the United
States Steel Corp.

ScienTIFIC CONFERENCES AND SYMPOSIA
IN THE ENVIRONMENTAL SCIENCES

Symposium on Theoretical Problems in
Turbulence  Research.—Pennsylvania
State University, University Park, Pa.,
Sept. 9-13, 1968; Program Director of
Symposium: Hendrik Tennekes, As-
sociate Professor of Aerospace Engineer-
ing, Department of Aerospace Engineer-

‘ ing, Pennsylvania State University; Co-
sponsors: Pennsylvania State Univer-
sity; National Science Foundation.

Symposium on the High Pressure En-
vironment.—National Bureau of Stand-
ards and Carnegie Institution of Wash-
ington, Washington, D.C., Oct. 14-18,
1968; Symposium Organizers: Drs.
Charles W. Beckett and Edward C.
Lloyd, National Bureau of Standards,
and Drs. Peter M. Bell and. Francis R.
Boyd, Jr., Carnegie Institution of
Washington; Co-sponsors: National
Bureau of Standards; Carnegie Institu-

f tion of Washington.

ScieNTIFIc CONFERENCES AND SYMPOSIA
IN THE MATHEMATICAL AND
PuysicAL SCIENCES

Conference on Difference Methods for Ini-
tial Boundary Value Problems.—Den-
ver, Colo., June 24-27, 1968; Chair-

‘ man: Burton Wendroff, Mathematics
| Department, University of Denver; Co-
sponsor: Universtiy of Denver.
Gordon Research Conference on Nuclear
Structure Physics—Tilton, N.H., July
i 29-Aug. 2, 1968; Chairman: Joseph
Weneser, Department of Physics, Brook-
haven National Laboratory; Vice-chair-
man: Linwood L. Lee; Co-sponsor:
Gordon Research Conferences, Inc.

Research Seminar and Conference on
Orthomodular Theory. — Ambherst,
Mass., June, July, and August 1968
(conference date, Aug. 3-10, 1968) ;
Chairman: David J. Foulis, Department
of Mathematics, University of Mas-
sachusetts; Co-sponsor: University of
Massachusetts.

International Symposium on High-Speed
Computing in Fluid Dynamics.—U.S.
Naval Postgraduate School, Monterey,
Calif., Aug. 19-24, 1968; Chairman,
Scientific Committee: Francois N.
Frenkiel, Applied Mathematics Labora-
tory, Naval Ship Research and De-
velopment Center, Washington, D.C.;
Co-sponsors: International Union of
Theoretical and Applied Mechanics,

American Institute of Physics, Office of
Naval Research, and Atomic Energy
Commission.

Twenty-Third Annual Symposium on
Molecular Structure and Spectros-
copy.—Columbus, Ohio, Sept. 3-7,
1968; Symposium Co-Directors: K.
Narahari Rao and H. H. Nielsen, Ohio
State University; Co-sponsors: Ohio
State University and Office of Naval
Research.

Seventh Annual FEastern Theoretical
Physics Conference.—Amherst, Mass.
Oct. 18-19, 1968; Conference Chair-
man: Robert L. Gluckstern, Head, De-
partment of Physics and Astronomy,
University of Massachusetts; Co-spon-
sor: University of Massachusetts.

Seventh Rare-Earth Research Confer-
ence.—Coronado, Calif., Oct. 28-30,
1968 ; Conference Chairman: Joseph F.
Nachman, Solar Division, International
Harvester Co., San Diego, Calif.; Co-
sponsor: Solar Division of International
Harvester Co.

Symposium on Dynamics of Liquid Struc-
tures—Cleveland, Ohio, Nov. 19-22,
1968; Chairman, Organizing Commit-
tee: Frederick H. Fisher, Scripps Insti-
tution of Oceanography, University of
California, La Jolla, Calif.; Co-spon-
sors: Acoustical Society of America and
Case Western Reserve University.

Symosium on Wiener-Hopf Equations.—
Evanston, Ill, Nov. 29, 1968; Sym-
posium Chairman: Allen Devinatz, De-
partment of Mathematics, Northwestern
University; Co-sponsor: Northwestern
University.

International Symposium on Relativistic
Astrophysics—Dallas, Tex., Dec. 16—
20, 1968 ; Symposium Organizers: A. G.
W. Cameron, Yeshiva University;
Istvan Ozsvath and Ivor Robinson,
Southwest Center for Advanced Stu-
dies; Alfred Schild, E. L. Schucking,
and Harlan Smith, University of Texas;
Co-sponsors: Southwest Center for Ad-
vanced Studies; Belfer Graduate School
of Science, Yeshiva University ; Univer-
sity of Texas; Office of Naval Research ;
Air Force Office of Scientific Research;
National Aeronautics and Space Ad-
ministration; Atomic Energy Commis-
sion ; and private sources.

New Mexico State University Mathe-
matics Symposium.—DLas Cruces, N.
Mex., Christmas Holidays, December
1968; Co-sponsor: New Mexico State
University.

Second Conference on Nuclear Isospin.—
Asilomar Conference Grounds, Pacific
Grove, Calif., Mar. 13-15, 1969; Con-
ference Chairman: Stewart D. Bloom,
Lawrence Radiation Laboratory, Liver-
more, Calif., and University of Cali-
fornia, Davis, Calif.; Co-sponsors:
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Society, Atomic
and Lawrence

Americal Physical
Energy Commission,
Radiation Laboratory.

Conference on Complex Analysis—Hous-
ton, Tex., April 1969; Chairman, Orga-
nizing Committee: H. L. Resnikoff, De-
partment of  Mathematics, Rice
University; Co-sponsor: Rice Univer-
sity.

Midwest Conference on Theoretical
Physics.—Iowa City, Iowa, May 9-10,
1969; Chairman: Edward R. Mec-
Climent, Department of Physics and
Astronomy, University of Iowa; Co-
sponsor: University of Iowa.

Status Discussion Meeting on the Concept
of Resonance in Subatomic Physics.—
Eugene, Oreg., May 15-17, 1969;
Organizer and Host for Meeting:
Michael ]. Moravesik, Department of
Physics and Institute of Theoretical
Science, University of Oregon; Co-
sponsors: University of Oregon, Atomic
Energy Commission, and Willamette
Valley Research Council.

Regional Conference on  Nilpotent
Groups.—Austin, Tex.,, May 26-30,
1969; Chairman: John R. Durbin, De-
partment of Mathematics, University of
Texas at Austin; Co-sponsor: Univer-
sity of Texas at Austin.

Regional Conference on Global Differ-
entiable Dynamics—Cleveland, Ohio,
June 2-6, 1969; Co-Chairmen, Orga-
nizing Committee: A. J. Lohwater and
Nam P. Bhatia, Department of Mathe-
matics, Case Western Reserve Univer-
sity; Co-sponsor: Case Western Reserve
University.

Regional Conference on Algebraic and
Analytic Aspects of Operator Alge-
bras—Honolulu, Hawaii, June 9-13,
1969; Principal Organizer: Adolf
Mader, Department of Mathematics,
University of Hawaii.

Regional Conference on Boundary Value
Problems and Differential Equations.—
Knoxville, Tenn., June 9-13, 1969;
Conference Director: John S. Bradley,
Department of Mathematics, University
of Tennessee; Co-sponsor: University of
Tennessee.

Symposium on Kinetic Equations.—
Ithaca, N.Y,, June 12-13, 1969; Chair-
man of Symposium: Richard L. Liboff,
Department of Applied Physics and
School of Electrical Engineering, Cor-
nell University; Co-Chairman: Norman
Rostoker, IBM; Co-sponsor; Cornell
University.

International Conference on Symmetries
and Quark Models—Detroit, Mich.
June 18-20, 1969; Conference Chair-
man: Ramesh Chand, Department of
Physics, Wayne State University; Co-
sponsors: Wayne State University and
Atomic Energy Commission.
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Regional Conference on Automata and
Computational Complexity—Platts-
burgh, N.Y., June 23-27, 1969 ; Confer-
ence Director: William E. Hartnett,
Department of Mathematics, State Uni-
versity of New York at Plattsburgh; Co-
sponsor: State University of New York
at Plattsburgh.

ScienTiFiIc CONFERENCES AND
SYMPOSIA IN THE SOCIAL SCIENCES

Research Conference on Comparative
State Policies—Ann Arbor, Mich.;
July 28-Aug. 3, 1968; Chairman:
Warren E. Miller; Sponsor: Inter-
University Consortium for Political Re-
search and University of Michigan.

Conference in Proof Theory and Intui-
tionism.—Buffalo, N.Y.; Aug. 11-30,
1968; Chairman: John Myhill; Spon-
sor: State University of New York at
Buffalo.

International Symposium on Methodology
and Theory in Archaeological Interpre-
tation.—Flagstaff, Ariz.; Sept. 10-26,

1968; Chairman: Robert W. Ehrich; .

Sponsor: American
Association.

Conference on Technology and Compe-
tition in International Trade—New
York, N.Y.; Oct. 11-12, 1968; Chair-
man: Raymond Vernon; Sponsor: Uni-
versities-National Bureau Committee for
Economic Research.

Symposium on Social Behavior—Oxford,
Ohio; Nov. 1-2, 1968 ; Chairman: G. A.
Milton; sponsor: Miami University.

Conference on Education and Income—
Madison, Wis.; Nov. 15-16, 1968;
Chairman: W. Lee Hansen; Sponsor:
Conference on Research in Income and
Wealth, National Bureau of Economic
Research.

Symposium on the History of Economic
Thought—Durham, N.C.; Dec. 6-7,
1968; Chairman: Robert S. Smith;
Sponsor: Duke University.

Conference on Law and the Social Sci-
ences.—Washington, D.C.; Feb. 10-11,
1969 ; Chairman: Michael H. Cardozo;
Sponsor: Association of American Law
Schools.

Conference on Comparative Legislative
Behavior Research.—Iowa City, Iowa;
May 26-30, 1969; Chairmen: Samuel
C. Patterson and John C. Wahlke;
Sponsor: University of Iowa.

A Bi-National Program of Geographical
Research: Israel and America.—Je-
rusalem, Israel; June 30-July 12, 1969;
Chairman: Saul B. Cohen; Sponsors:
Association of American Geographers
and Hebrew University.

A Multidisciplinary Symposium on “Glo-
bal Systems Dynamics” —Charlottes-
ville, Va.; June 17-19, 1969; Chair-

Anthropological

man: Ernst O. Attinger;
University of Virginia.

Sponsor:

ADVANCED SCIENCE SEMINARS

Advanced Science Seminar in Linguis-
tics.—Urbana, Ill.; June 16-Aug. 9,
1969 ; Director: R. B. Lees, University
of Illinois; Grantee: American Coun-
cil of Learned Societies.

International Field Institute-African Rift
Valley System.—East Africa; June 27—
Aug. 11, 1969; Director: G. R. Downs,
American Geological Institute; Grant-
ee: American Geological Institute.

Regional Conferences in Comparative En-
docrinology.—Memphis, Tenn.; Lara-
mie, Wyo.; Greenvale, N.Y.; New
Orleans, La; Lincoln, Nebr.; Indiana,
Pa.; Seattle, Wash.; Oct. 31, 1968-May
24, 1969 ; Director: W. Chavin, Wayne
State University; Grantee: Americap
Society of Zoologists.

Advanced Seminar in Algebraic Groups.—
Brunswick, Maine; July 2-Aug. 22,
1968 ; Director: D. E. Christie, Bowdoin
College ; Grantee: Bowdoin College.

Advanced Seminar in Category Theory.—
Brunswick, Maine; June 24-Aug. 15,
1969 ; Director: D. E. Christie, Bowdoin
College ; Grantee: Bowdoin College.

Institute in Theoretical Physics.—Wal-
tham, Mass.; June 16-July 25, 1969;
Director: E. Lipworth, Brandeis Uni-
versity; Grantee: Brandeis University.

Support for U.S. participation in 4 Sem-
inar on Global Analysis—Montreal,
Canada; June 25-July 26, 1969; Di-
rector: J. Maranda, University of
Montreal ; Grantee: Canadian Mathe-
matical Congress.

Summer Seminar for Research Workers in
Statistics.—Fort Collins, Colo.; June
16-27, 1969; Director: J. S. Williams,
Colorado State University; Grantee:
Colorado State University.

Seminar on Comparison of Recent and
Ancient Deltaic Sediments.—Baton
Rouge, La.; April 1-5, 1969 ; Director:
S. M. Gagliano, Louisiana State Uni-
versity; Grantee: Louisiana State
University.

Institute in Dynamical Astronomy.—Cam-
bridge, Mass.; June 16—July 11, 1969;
Director: V. Szebehely, University of
Texas; Grantee: Massachusetts Insti-
tute of Technology.

Summer Institute of Glaciological and
Arctic Sciences—Juneau Icefield, Alas-
ka; July 13-Aug. 30, 1968; Director:
M. M. Miller, Michigan State Universi-
ty; Grantee: Michigan State University.

Support for U.S. participation in The
Tenth Latin American School of Phys-
ics—Mexico City, Mexico; July 1-27,
1968 ; Director: M. Moshinsky, Nation-
al Autonomous University of Mexico;

Grantee: National Autonomous Uni-
versity of Mexico.

Support for U.S. participation in the
Second Latin American Chemistry Sem-
inar.—Santiago, Chile; July 8-26,
1968; Director: J. D. Perkinson, Pan
American Union; Grantee: Pan Ameri-
can Union.

Institute in Systematics for Zoologists.—
Washington, D.C.; June 23-July 12,
1969; Director: P. Illg, University of
Washington; Grantee: Society of Sys-
tematic Zoology.

Field Training in Cultural Anthropol-
ogy.—Oaxaca City, Oaxaca, Mexico;
June 16-Aug. 22, 1969; Director: B.
D. Paul, Stanford University ; Grantee:
Stanford University.

Advanced Field Training in Archaeol-
ogy.—Fort Apache, Ariz.; June 13-
Aug. 7, 1969 ; Director: R. H. Thomp-

son, University of Arizona; Grantee:
University of Arizona.

Summer Workshop on Molecular Tech-
niques in Developmental Biology.—La
Jolla, Calif.; Aug. 3-31, 1968; Direc-
tor: H. Stern, University of California,
San Diego; Grante: University of Cali-
fornia, San Diego.

Advanced Graduate Seminar in Electrical
Engineering.—Boulder, Colo. ; June 16—
Aug. 22, 1969; Director: F. S. Barnes,
University of Colorado; Grantee: Uni-
versity of Colorado.

1969 Summer Institute for Theoretical
Physics.—Boulder, Colo. ; June 16-Aug.
22, 1969; Director: W. E. Brittin,
University of Colorado; Grantee: Uni-
versity of Colorado.

Summer Colloquium on Solar Magneto-
hydrodynamics.—Boulder, Colo.; June
16—Aug. 8, 1969; Director: P. A. Gil-
man, University of Colorado; Grantee:
University of Colorado.

Winter Institute in Quantum Chemistry,
Solid-State Physics and Quantum
Biology.—Gainesville, Fla.; Sanibel
Island, Fla.; Dec. 2, 1968-Jan. 18,
1969; Director: P. O. Lowdin, Univer-
sity of Florida; Grantee: University of
Florida.

Commaunication Sciences Seminar on
Transformational Grammar as a Model
of Language Users—Gainesville, Fla.;
Sept. 2-13, 1968; Director: R. J.
Scholes, University of Florida ; Grantee:
University of Florida.

Seminar on Computer-Aided Design in
Engineering Education.—Houston,
Tex.; June 9—-Aug. 1, 1969; Director:
G. F. Paskusz, University of Houston;
Grantee: University of Houston.

Seminars in Theoretical and Applied
Economics.—St. Louis, Mo. ; Lawrence,
Kans.; Boulder, Colo.; Ames, Iowa;
Oct. 18, 1968—May 6, 1969 ; Director:




J. P. Quirk, University of Kansas;
Grantee: University of Kansas.

Laser Raman Institute and Workshop.—
College Park, Md.; June 9-13, 1969;
Director: E. R. Lippincott, University
of Maryland; Grantee: University of
Maryland.

Advanced Science Seminar in Tropical
Botany.—Coral Gables, Fla.; June 16—
Aug. 2, 1969; Director: H. J. Teas,
University of Miami, Grantee: Univer-
sity of Miami.

Conference on Group Theory—Ann Ar-
bor, Mich. ; July 8-19, 1968; Director:
R. C. Lyndon, University of Michigan;
Grantee: University of Michigan.

Field Training for Anthropoligists.—
Western U.S.; June 16-Aug. 22, 1969;
Director: W. L. d’Azevedo, University
of Nevada; Grantee: University of
Nevada. :

Advanced Science Seminar on Intertidal
Zone Sedimentation.—Parrsboro, Nova
Scotia, Canada; July 6-Aug. 11, 1968;
Director: G.deV. Klein, University of
Pennsylvania; Grantee: University of
Pennsylvania.

Field Training in Cultural Anthropol-
ogy.—Tlaxcala, Puebla, Mexico; June
15-Aug. 22, 1969; Director: D. Landy,
University of Pittsburgh; Grantee:
University of Pittsburgh.

Symposium on the Foundations of Rela-
tivistic and Classical Thermodynam-
ics.—Pittsburgh, Pa.; Apr. 7-8, 1969;
Director: E. B. Stuart, University of
Pittsburgh; Grantee: University of
Pittsburgh.

Electron Microscopy for Molecular Bio-
logists.—Oak Ridge, Tenn.; Sept. 29—
Oct. 19, 1968; Director: L. G. Caro,
Oak Ridge National Laboratory;
Grantee: University of Tennessee.

Symposium on the Evolution of Higher
Basidiomycetes.—Knoxville, Tenn.;
Aug. 5-15, 1968; Director: R. H. Pet-
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ersen, University of  Tennessee;
Grantee: University of Tennessee.

Advanced School for Statistical Mechan-
ics and Thermodynamics.—Lake Tra-
vis, Tex.; Mar. 17-28, 1969 ; Director:
R. S. Schechter, University of Texas;
Grantee : University of Texas.

Seminar in Theroretical Physics—Madi-
son, Wis.; Apr. 1-May 10, 1969; Di-
rector: V. G. Barger, University of Wis-
consin; Grantee:  University of
Wisconsin.

1969 Summer Institute in Behavioral Sci-
ence and Law.—Madison, Wis.; June
23-Aug. 16, 1969; Director: S. A.
Scheingold, University of Wisconsin;
Grantee: University of Wisconsin.

Advanced Seminar in Statistics.—Blacks-
burg, Va.; June 12-July 23, 1969; Di-
rector: B. Harsbarger, Virginia Poly-
technic Institute; Grantee: Virginia
Polytechnic Institute. ;

Graduate Student Field Training Pro-
gram in Anthropology.—Ixmiquilpan,
Mexico; June 20-Aug. 21, 1969; Di-
rector: H. R. Bernard, Washington
State University ; Grantee: Washington
State University.

Summer Programs in Geophysical Fluid
Dynamics—Woods Hole, Mass.; June
23-Aug. 29, 1969; Director: M. V.
Malkus, Woods Hole Oceanographic
Institute; Grantee: Woods Hole Ocean-
ographic Institution.

Postdoctoral Research Training Program
in Oceanography.—Woods Hole, Mass. ;
Sept. 1, 1968—Aug. 31, 1969 ; Director:
A. E. Maxwell, Woods Hole Ocean-
ographic Institution; Grantee: Woods
Hole Oceanographic Institution.

Postdoctoral Research Training Program
in Biological Oceanography.—Woods
Hole, Mass.; Sept. 1, 1968—-Aug. 31,
1969; Director: J. H. Ryther, Woods
Hole Oceanographic Institution; Gran-
tee: Woods Hole Oceanographic Insti-
tution.
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Publications of the National
Science Foundation Fiscal Year

1969

1

- T TS

10

11

12

13

14

15
16

17

18.

GRADUATE STUDENT SUPPORT AND
ManrPOWER RESOURCES IN GRAD-
UATE SciEnce Epucation (NSF
68-13).

REviEws oF DATA oN Science Re-
sources, No. 14, “Scientific and
Technical Personnel in the Federal
Government, 1966 (NSF 68-16).
ORGANIZATIONAL DEVELOPMENT OF
THE NATIONAL SCIENCE FOUNDATION
(NSF 68-17).

HumaN DIMENSIONS OF THE AT-
mosPHERE (NSF 68-18).
ENGINEERING RESEARCH INITIATION
GranTs (NSF 68-19).

RESEARCH AND DEVELOPMENT IN
INDUSTRY, 1966 (NSF 68-20).
9tH ANNUAL WEATHER MODIFICA-
TION REPORT (NSF 68-21).
ScrenTIFIC ACTIVITIES AT UNIVERSI-
TIES AND CoLLEGEs, 1964 (NSF
68-22).

ScienTIFiIc  INFORMATION NoTEs,
June—July 1968, Vol. 10, No. 3 (NSF
68-23).

ReLEAsED TexTBOOKS, FiLms, AND
OtuEr TEACHING MATERIALS (NSF
68-24).

ScienTiFIc  INFOrRMATION NoTEs,
August-September 1968, Vol. 10,
No. 4 (NSF 68-25).
NaTiONAL  ScIENCE
(NSF 68-26).
FeDERAL FUNDs ForR REsEArRCH, DE-
VELOPMENT, AND OTHER SCIENTIFIC
ActiviTies, Vor. XVII (NSF
68-27).

To IMmPROVE SECONDARY ScHOOL
ScIENCE AND MATHEMATICS TEACH-
iNe (NSF 68-28).

DEPARTMENTAL SCIENCE DEVELOP-
MENT Procram (NSF 68-29).
EMPLOYMENT OF SCIENTISTS AND
ENGINEERS IN THE UNITED STATES
(NSF 68-30).

SuPPORT AND RESEARCH PARTICIPA-

FounpaTiOoN

" TION OF YOUNG AND SENIOR AcCA-

pEmIc STarr (NSF 68-31).
U.S.-JapAN COOPERATIVE SCIENCE
ProcraM (NSF 68-32).

19.

20.

21,

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

CurRrRENT REseArcH AND DEVEL-
OPMENT IN SCIENTIFIC DOCUMENTA-
TION, No. 15 (NSF 68-33).
ScienTiFiIc INFORMATION NOTES,
October-December 1968, Vol. 10,
Nos. 5 and 6 (NSF 68-34).

18TH ANNUAL RepPOrT, 1968, Na-
TIONAL SciENcE Founpartion (NSF
69-1).

GRANTS AND AwArDs, 1968, Na-
TIONAL SciENCE FounpaTtion (NSF
69-2).

Junior CoLLEGE TEACHERS OF
Science, ENGINEERING, AND TECH-
NoLocy, 1967 (NSF 69-3).
ReviEws orF DATA oN Science Re-
sources, No. 15, “Baccalaureate
Sources of Science and Engineering
Manpower” (NSF 69-4).

ReviEws oF DATA oN Science Re-
sources, No. 16, ‘“Salaries and
Selected Characteristics of TU.S.
Scientists, 1968” (NSF 69-5).
NaTioNAL ScieNce FouNnDATION
DaTtasook (NSF 69-6).

FEDERAL SuPPORT To UNIVERSITIES
AND CoLLeGEs, FiscaL YEeAr 1967
(NSF 69-7).

CURRENT REsEArRCH AND DEVELOP-
MENT IN ScIENTIFIC DOCUMENTA-
TIOoN, No. 15 (NSF 69-8).
PUBLICATIONS OF THE NATIONAL
Science Founpation, February
1969 (NSF 69-9).

ScienTIsTs, ENGINEERS, AND PHYSI-
CIANS FROM ABROAD, FiscAL YEARsS
1966 Anp 1967 (NSF 69-10).
ANNOUNCEMENT OF INSTITUTIONAL
GRANTS FOR SciEnce, 1969 (NSF
69-11).

ReviEws oF DATA oN Science Re-
sources, No. 17, “Research and
Development in Industry, 1967”
(NSF 69-12).

NAaTIONAL ScieNce FouNDATION
Gume 1o PrograMs (NSF 69-13).
R. & D. AcriviTies or LocAaL Gov-
ERNMENTS, FiscaL YEARs 1966 AnD
1967 (NSF 69-14).

GRANTS FOR EDUCATION IN SCIENCE
(NSF 69-19).

SupPLEMENT TO CoURsSE AND CUR-
RICULUM IMPROVEMENT PROJECTS
(NSF 69-21).




Glossary

The following list is appended for
the convenience of the nonscientist
reader. The explanations are not
intended as exhaustive definitions,
but merely as an aid to better
understanding.

algorithm. A step-by-step procedure
or method for manipulating
data according to predetermined
“rules,” frequently involving repet-
initive operations, in order to arrive
at a desired answer.

alpha particle. A subatomic particle
consisting of two protons and two
neutrons bound tightly together.
It is identical with the nucleus of
helium and is ejected with high
velocity from the nucleus when it
collides with some radioactive
nuclei.

biostratigraphy. The separation and
differentiation of rock units on the
basis of assemblages of fossils
which they contain,

butene. An “unsaturated” compound
consisting of four carbon atoms and
eight hydrogen atoms; C,Hg. In
this compound, two of the four
carbon atoms are doubly bonded
to each other as indicated.

HHHH
P
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cardiopulmonary bypass. A medical
procedure undertaken during sur-
gery when, for various reasons, it
is necessary temporarily to oxy-
genate blood by mechanical means,
bypassing the patient’s own heart
and lungs.

Cassegrain focus. An alternate posi-
tion of the focus in an astronomical
telescope (either optical or radio)
in which the light (or radio) waves
following reflection from the pri-
mary (concave) mirror are re-
flected a second time back toward
the primary mirror.

chert. A form of silica found in sedi-
mentary rocks usually as nodules or
irregular lumps. It is very fine
grained and exhibits a variety of
colors.

chromosphere. The lowest part of the
atmosphere of the sun, just above
the photosphere. It is thousands of
miles thick and is composed chiefly
of hydrogen gas.

coherent vibrations. Vibrations in
which all waves are in phase and
of the same wavelength.

cryogenic. Of or relating to the pro-
duction of very low temperatures.

deoxyribonucleic acid (DNA). The
nucleic acid which normally stores
the hereditary information of an
organism. A nucleic acid is a
macromolecule consisting of nu-
cleotides linked in a chain.

deuterium. A heavy isotope of hydro-
gen. It is like hydrogen except its
mass is very nearly twice the mass
of hydrogen,

deuteron. The nucleus of deuterium
or heavy hydrogen. It consists of
a neutron and a proton bound to-
gether with a binding energy of 2.2
million electron volts.

dropsonde. A radio-bearing instru-
ment which is dropped by para-
chute from an aircraft for the
purpose of obtaining soundings
(temperature and humidity) of
the atmosphere below.

electron. A subatomic particle of
negative charge and of small mass.
It can be pictured as orbiting the
nucleus of an atom, Chemical reac-
tions involve the interactions of
electrons.

flux. The rate of transfer of particles
or energy through a given surface.

gel electrophoresis. A technique of
separating molecules by placing
them in a bath with electrodes at
each end, towards which different
molecules will migrate at charac-
teristic rates. If the bath includes
a gel, the molecules will be immo-
bilized at specific positions so that
each kind may be isolated for
further study.

genetic locus. Position of a gene in
the heredity material.

gnotobiotic. Describes experimental
animals which are free of germs,
having been raised from birth in a
totally germ-free environment.
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graupel. Small, white, opaque ice
pellets.

hemolyze. To cause, by chemical or
mechanical means, the release of
hemoglobin from red blood cells.

hydrolyze. To undergo a chemical
process in which the elements of
water are added to the original
compound.

hygroscopic. That characteristic of a
mineral or chemical compound
which causes it to absorb readily
large quantities of water.

in situ. Signifying that a measurement
or observation is taken of a phe-
nomenon in its original location, or
as it naturally occurs, rather than
in the more artificial conditions of
laboratory measurement.

interferometer. In radio astronomy,
an antenna system arranged to
make use of the natural inter-
erfence of radio waves related to
their direction of arrival at the
system, thereby increasing the ap-
parent resolving power of the
antenna.

interstitial water. The water between
the grains of a sedimentary deposit.

leukopenia. A physiological condition
in which the number of leukocytes,
the infection-fighting white cells of
the blood, is abnormally low.

macromolecule. A very large mol-
ecule usually made up of smaller
molecules linked together. Exam-
ples are proteins, nucleic acids, and
artificial polymers.

magnetopause. The boundary be-
tween the earth’s magnetic field
and the interplanetary magnetic
field.

magnetosphere. The region surround-
ing the earth which totally en-
closes the magnetic field of the
earth.

molecular fluorescence. Radiation
emitted from a certain excited
quantum state of a molecule
(called a singlet state). The ex-
cited singlet state loses energy in
the form of radiation and decays
to the lowest lying stable singlet
state of the molecule.

montmorillonite. A group of closely
related fine-grained clay minerals,
one characteristic of which is a
high propensity to absorb water.

neutron. A neutral particle with mass
equal to that of 1,838 electrons.
Although stable when bound in
nuclei, free neutrons are short-
lived, decaying into smaller sub-
atomic particles.

nucleotide. A biochemical molecule
consisting of a nitrogen-containing
base, a 5-carbon sugar, and a phos-
phate group.

nucleus. In chemistry and physics,
the core of an atom, composed of
protons and neutrons surrounded
by a cloud of electrons. In biology,
the nucleus is a body within a liv-
ing cell which contains the heredity
material.

oxidized states. Those states of a sub-
stance resulting from the loss of an
electron. For example, the ferrous
ion (Fe*) is oxidized to the
ferric ion (Fe***). Fe**—>Fe*++)
electron.

oximetry. Any of several methods for
the measurement of the proportion
of hemoglobin in blood which is in
the oxygenated form.

paleomagnetism. The alignment of
magnetic elements in sedimentary
and other rocks, reflecting the di-
rection of the earth’s magnetic
field at the time of their deposition.

palygorskite. A group of clay minerals
(hydrous magnesium aluminum
silicates) characterized by a dis-
tinctive rod-like shape.

pheromone. Chemical substances
secreted by living organisms, re-
lease of which is used as a means
of communication among members
of a group.

photochemistry. A branch of chem-
istry emphasizing the transient
events and permanent effects pro-
duced when a molecule or atom
interacts with electromagnetic radi-
ation, chiefly near the visible and
the ultraviolet regions of the
spectrum.

photoelectron. An electron released
from an atom or molecule by the
action of light.

photosphere. The visible surface of
the sun on which sunspots and
other physical markings appear. It
is the limit of the distance into the
sun that can be seen.

plasma. A gaseous medium composed
of ions, electrons as well as neutral
atoms and molecules in such pro-
portions that the whole gas is
electrically neutral. Unlike an ordi-
nary gas, it is a good electrical con-
ductor and is affected by magnetic
fields.

plasmapause. A transition region of
the magnetosphere which separates
the relatively dense plasma of ter-
restrial origin from the tenuous
plasma of solar origin. It is located
at about 1,600 miles from the
earth’s surface.

plasmasheet. A dynamic region of
plasma accumulation between the
plasmapause and the nighttime ex-
tension of the earth’s magnetic
field. The energetic particles which
cause the aurora are believed to
originate in this region of the
magnetosphere.

polymer. A molecule formed by link-
ing up a number of simpler mo-
lecular units. The repeated units
are called monomers.

polypeptide. A macromolecule con-
sisting of, usually, fewer than 100
amino acids linked together in a
single chain. Amino acids are the
building blocks for proteins,

potential energy. Energy due to the
position of one body (atom or
molecule) with respect to another
or with respect to the relative parts
of the same body.

proton. A positively charged, stable
nuclear particle with mass equal
to that of 1,836 electrons. It is
identical with the nucleus of the
lightest and most abundant isotope
of hydrogen.

quantum states. The discrete energy
levels at which a given atom or
molecule can exist. The energy




gaps between these states are deter-
mined by characteristic spectral
lines or bands.

reduced states. Those states of a sub-
stance resulting from the addition
of an electron. For example, the
ferric ion (Fe***) is reduced to the
ferrous ion (Fe**). Fe***+ elec-
tron—>Fe**,

species. In biology, a category of
classification including organisms
potentially capable of interbreed-
ing. In physics and chemistry, par-
ticular atomic or molecular entities.

stratosphere. The lower part of the
outer region of the atmosphere,
lying immediately above the tropo-
sphere. It extends to a height of 35
to 40 miles above the earth’s
surface.

synoptic. Pertaining to data obtained
simultaneously over a wide area for
the purpose of presenting a com-
prehensive and nearly instanta-
neous picture of a large-scale
phenomenon.

taxonomy. The theoretical study of
classification of plants and animals
according to their presumed nat-
ural relationships.

terrigenous clay. A clay derived from
land by erosion processes.

thermoconductivity. The property of
a substance by which heat is trans-
ferred from molecule to molecule.

thermal asymmetry. A temperature
distribution (and the resulting heat
transfer) which is not of balanced
proportions about a point, line or
plane, ie., has no symmetry.

thermal neutron. A neutron of rela-
tively low kinetic energy, as op-
posed to a “fast neutron” with high
kinetic energy.

tropopause. The boundary between
the troposphere and stratosphere.

troposphere. The lowest layer of the
atmosphere, containing about
three-quarters of the total mass of
the atmosphere. It varies in height
from 4 to 10 miles, depending on
the season.
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turbidite deposits. Underwater de-
posits laid down by flows of muddy
water,

undecane. A “saturated” compound
consisting of 11 carbon atoms and
24 hydrogen atoms,

CH;(CH,),CH,.

unsaturated. The availability or po-
tential for bond formation in a
chemical compound. Multiple
bonds in compounds are frequently
centers for addition reactions such
as:

Il-I H
H;C—CH:—(I}=CH2+Brr--vHxC—-C—J)— CH;
H H Br Br

The butene on the left is “unsatu-
rated.” However, following addi-
tion it is described as “saturated.”

vegetative. The growth state of a liv-
ing cell, as opposed to the dormant
state,
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