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Dizrector’s Statement

First Step
in a Decade
of Change

In the last Annual Report, I referred to the 1970’s
as a transitional decade. Now the opening year of
the decade has passed. What is new? What do the
changes mean? Are we moving in the right direction
—even though our final destination isn’t in sight?

In science, which is so critical to the survival of
our society, some of the answers to these questions
are to be found in the activities of the National
Science Foundation during fiscal year 1971.

Most things, as a matter of fact, are still the same.
The Foundation’s central commitment to progress
in fundamental research remains unchanged. We
maintain a continuing concern for education in
science and those institutions involved in science
education. As in the past, the Foundation must
continue its leadership role in the Federal support
of science.

While holding fast to these well-established
themes, changing times and needs require that such
themes be carried out differently and with different
emphases. This may mean fiscal reductions in some
areas, increases in others. At the same time, new
initiatives and policies must also be instituted. Both
the adaptation of traditional NSF policies and the
creation of new policies have indeed changed the
status quo.

In our core program of research support (the fa-
miliar disciplinary project grant), every discipline
has received additional funding in fiscal year 1971
—though some of this increase merely compensated
for research support other agencies were forced to
drop. The social sciences, engineering, biological
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sciences, and oceanography received special empha-
sis in fiscal year 1971. These areas were selected for
empbhasis, in large part, because anticipated research
results are believed likely to provide options for
helping solve some of our urgent problems.

In selecting disciplines for special attention, we
are, in effect, engaging only in fine tuning. Funda-
mental science flourishes best, it seems to me, when
scientific inquiry is guided primarily by scientific
interest and opportunity. By adhering to this prin-
ciple, NSF’s support of superior research will help
maintain the nation’s position of scientific leader-
ship.

The most important NSF development in 1971,
continuing an effort started last year, was the es-
tablishment of a new Research Applications Di-
rectorate to provide a single management focus to
problem-oriented research. Although problem-ori-
ented research has been supported by the Founda-
tion for more than a decade, the new directorate
will concentrate additional resources upon specific
problems of national concern. Major programs of
the Research Applications Directorate are designed
to help scientists increase societal benefits from re-
search, exploit promising scientific and technologi-
cal opportunities, and provide a base to advance
national economic growth and productivity. This
new directorate—which comprises about 10 percent
of the fiscal year 1972 NSF budget—will support
work in four broad areas: environmental systems
and resources, social systems and human resources,
advanced technology applications, and exploratory
research and problem assessment. In addition, the
Research Applications Directorate is charged with
the strengthening of science resources available to
State and local governments, and with encouraging
State and local officials to exploit the potential for
applying science and technology.

I am keenly aware of the strong interactions be-
tween the programs of the Research Applications
Directorate and the interests and responsibilities of
other Federal agencies, as well as State governments
and private industry. Therefore, NSF efforts will be

carefully coordinated with these other parties, and
it is intended to complement and underpin the
existing capabilities of others through cooperative
effort.

While NSF efforts are directed both toward the
traditional forms of support for fundamental re-
search and in the direction of research applied to
national needs, certain problems are—and I sup-
pose always will be—the same. The increasing com-
plexity of scientific investigation, ever more sophis-
ticated equipment, and the growing community of
researchers all place heavier fiscal pressures on the
Foundation and force greater selectivity on our
part. I believe the programs undertaken with the
resources available represent a balanced and rea-
sonably comprehensive support of both fundamen-
tal research and problem-focused research.

We support efforts at NSF which, in addition to
being fundamental or problem-oriented in charac-
ter, are designated as National and Special Research
Programs for purposes of management. These are
major undertakings which relate to specific geo-
graphic areas or are of such broad scope or magni-
tude that special efforts in planning, management,
funding, and logistic support are essential. Some of
these programs have been under way for many
years—the U.S. Antarctic Research Program and,
more recently, the International Biological Pro-
gram. Fiscal year 1971 marked the beginning of
scientific activities for the International Decade of
Ocean Exploration (IDOE), for which NSF has
been designated lead agency for the United States.
The IDOE will apply the combined resources of
many nations to expand our knowledge of the
earth’s marine environment for mutual benefit.

During fiscal year 1971, plans for the Univer-
sity National Oceanographic Laboratory System
(UNOLS) were developed for improved manage-
ment of ship operations and oceanographic facilities
at academic institutions. The objective of UNOLS
is to use a systems approach to the sharing of
large oceanographic facilities by the academic
community.



Changes in the status quo are evidenced in more
than just new activities or increased support for
existing programs. As needs change, as worthy pro-
grams approach the practical fulfillment of their
original objectives, priority shifts are forced by lim-
ited resources. For this reason, while most NSF
programs received increased funding in 1971, sev-
eral were redirected or phased out. Fiscal reductions
have been most pronounced in NSF’s institutional
and educational support sectors. During fiscal year
1971, a decision was made to assign a higher pri-
ority to research support and, as a consequence, the
Science Development Program was suspended. The
Graduate Science Facilities Program ended the
previous year.

Important changes in program emphasis are
under way in NSF’s science education programs. As
in the case of institutional development, certain
long-term objectives have been largely achieved or
their priorities necessarily reduced. 1 would stress
that the changes, intended to make more efficient
use of our resources, were undertaken only after
our most intensive consideration. After taking into
account such factors as societal needs, program ef-
fectiveness, expected program duration, and the
minimum levels of support required to keep satis-
factory programs operating, we concluded that the
new order of emphasis should be curriculum de-
velopment, teacher improvement, and student sup-
port. In practice, this means:

e Curriculum development focused more directly
on social and environmental problems, particu-
larly those of a multidisciplinary nature;

® Local school systems helped to augment their
own capabilities for science education programs
by training science educators as specialists with-
in their own institutions;

® Broadened career alternatives made available in
science and engineering at both the graduate
and technologist levels. At the technologist level,
we are seeking to help fulfill the need for tech-
nologists who have received substantial college-
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level training in specific fields so they can aid
senior research and development personnel.

By concentrating more of our resources for sci-
ence education on these types of activities, we ex-
pect to sustain a high-quality science education pro-
gram which will affect 2 wide range of students and
teachers. To accomplish this goal, however, it was
necessary for us to make a significant reorientation
in the Foundation’s direct support for graduate edu-
cation. In fiscal year 1971, no new traineeships were
granted because the indicated need for special in-
centives in this area has considerably diminished.
The traditional program of NSF graduate fellow-
ships has been continued, however, but at a slightly
reduced scale.

Among the ongoing Foundation programs in sci-
ence education, we expect in the College Science
Improvement Program to provide specific oppor-
tunities for colleges and universities historically di-
rected toward the education of racial minority
groups. We are continuing support training for sci-
ence teachers and supervisory personnel, together
with coordinated State, local, and private efforts for
Statewide or regional approaches to improving
science education.

My comments cover only the highlights of events
during the past fiscal year that indicate how the
Foundation has reoriented and redirected its en-
ergies at the outset of the transitional decade. Dur-
ing the past year, we have made progress in re-
sponding to the needs of the whole of our society,
its environment, and the growth of the individuals
who make it up. Inso doing, we have had to make
many hard choices. Itis too soon to say that we have
delivered what we have promised. But we have be-
gun a period of growth which is dynamic. If it is to
continue, this growth must be based on a broader
and better informed American public. The in-
formed citizen of the future cannot be indifferent
to the impact of science on his life. At the same
time, the scientific ommunity must be more sensi-
tive to the spirit of the times. The scientist’s faith
in knowledge for the sake of understanding must
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increasingly include the concept of conscience,
which includes and is greater than the word ‘‘sci-
ence.” This we have begun in the past year.

I have resigned as Director of the National Sci-
ence Foundation, effective in February 1972, to be-
come Chancellor of the University of California,
San Diego. During my tenure as Director of the
National Science Foundation, I have tried to serve
the needs of the nation and the scientific commun-
ity. No man can accept such a task without a keen
sense of its importance, nor with any hope of suc-
cess without the help of dedicated and competent
colleagues. I am grateful to the National Science

Board for their counsel, and the staff of the National
Science Foundation for their effective and loyal sup-
port. They have my warmest thanks.

In my relations with the Congress and within the
Executive Branch, I have met an openmindedness,
sincerity, and cooperation which has made my term
memorable for me as an individual—and, I believe,
beneficial for science and the nation. In this last
Director’s Statement that I will make for the Foun-
dation, I express my gratitude and my hope that
the forward movement of the National Science
Foundation and science will continue to enrich
human life in the years ahead.



Research

Support

Actrvitzes

Support of fundamental research
in all fields of science is a2 major
function of the National Science
Foundation and is the primary re-
sponsibility of the Research Direc-
torate. Limited support for projects
of an applied nature is also provided
through the Research Directorate.
These responsibilities are carried
out mainly through grants to aca-
demic institutions where research
also contributes to education in the
sciences. Principal mechanisms for
research support are as follows:

e Grants to institutions in sup-
port of individual scientists or
small groups of scientists pur-
suing scientific investigations
deemed to have outstanding
potential for the development
of new scientific knowledge.

e Grants in support of the Inter-
national Biological Program
and the Global Atmospheric
Research Program. (These pro-
grams, administered by the Re-
search Directorate, are de-
scribed with other National
and International Programs on
pages 38-39 and 43-44.)

Supplementing scientific research
project grants through which most
of the Directorate’s funds are dis-
tributed, limited support is also pro-
vided to assist in:-

e The purchase of specialized re-
search equipment.

e Construction or acquisition of
specialized research facilities.

@ Defraying the costs of travel of
individual scientists to selected
scientific conferences.

e Support of dissertation research
in the social sciences and cer-
tain other sciences involving
extensive field work.

In addition, the Foundation sup-
ports five National Research Centers
for the conduct of research in astron-
omy and the atmospheric sciences.
Administration and funding of these
centers are discussed in the chapter
on National and International Pro-

grams. Scientific aspects of their ac-
tivities will be found in this chapter
under the appropriate discipline.

SCIENTIFIC RESEARCH SUPPORT

The Foundation awarded 4,329
grants for the support of individual
research projects in fiscal year 1971
amounting to $174.6 million. Com-
parable figures for fiscal year 1970
were 3,817 grants for a total of
$161.7 million. Table 1 gives the dis-
tribution, number, and amount of
grants according to field of science
for fiscal years 1969, 1970, and 1971.
Of all the actions taken by the Foun-
dation on research project proposals
in fiscal year 1971, 46 percent were
awards as com pared to 47 percent in
1970. Grants were awarded to 419
institutions, including 304 colleges
and universities, in all 50 States, the
District of Columbia, and Puerto
Rico. Ninety-four percent of the
funds went to academic institutions.
Of these, 214 received two or more
rescarch grants, and 124 received
$200,000 or more. The average dis-
tribution for approved cost items on
the 4,329 research grants made in
fiscal year 1971 is shown in table 2.

It is estimated that NSF support
of research that could properly be
classified as being applied totaled
approximately $42 million in 1971.
This was an increase of approxi-
mately $10 million over the previous
year. Applied research is supported
principally under the NSF program
of Research Applied to National
Needs, which represents a consoli-
dation of NSF’s major problem-
focused research efforts. These proj-
ects include Weather Modification,
Earthquake Engineering, Enzyme
Technology, and research efforts
previously supported in Interdisci-
plinary Research Relevant to Prob-
lems of Our Society. Some applied
research 1is also supported under the
Foundation’s Scientific Research
Project Support and National and
International Programs and at the
National Center for Atmospheric
Research.
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Table 1

Scientific Ressarch Projects
Fiscal Years 1969, 1970, and 1971

(Dollars in millions)

Fiscal year 1969 Fiscal year 1970

Fiscal year 1971

Number Amount Number Amount Number Amount
Astronomy:
Solar System Astronomy ... .. .57 .58 .45
Stars and Stellar Evolution .. 1.70 1.45 1.59
Stellar Systems and Motions . . 72 .77 .52
Galactic and Extragalactic
Astronomy . . . .. 2.48 1.26 3.17
Astronomical Instrumentation
and Development ........ 1.35 1.74 .69
Subtotal 125 6.82 108 5.80 135 6.42
Atmospheric Sciences:
Aeronomy 1.65 1.69 2.21
Meteorology . . . 4.30 3.95 4.58
Solar-Terrestrial 2.25 2.28 2.37
Subtotal ... ............ 116 8.20 118 7.92 143 9.16
Biology
Cellular Biology ... . 9.28 8.68 8.89
Ecology and Systemallc Blology 7.96 8.60 8.50
Molecular Biology ......... 9.88 9.76 10.73
Physiological Processes ..... 10.04 9.53 9.68
Psychobiology . ............ 4.02 4.30 5.56
Subtotal 1,173 41.18 1,072 40.87 1,369 43.36
Chemistry:
Chemical Analysis .......... 1.48 1.71 2.00
Chemical Dynamics ......... 4.16 3.58 3.56
Chemical Thermodynamics 1.56 1.86 2.39
Quantum Chemistry e 3.54 3.40 3.54
Structural Chemistry ... .. .. 3.22 2.80 3.11
Synthetic Chemistry . ....... 3.90 4,05 4.27
Subtotal 484 17.86 449 17.40 488 18.87
Earth Sciences:
Geology ... 1.31 1.42 1.52
Geochemistry 3.31 3.07 3.05
Geophysics 3.30 3.36 3.43
Subtotal 200 7.92 169 7.85 225 8.00
Engineering: +
Engineering Chemistry .. 2.73 2.82 2.92
Engineering Energetics ...... 2.94 2.86 2.70
Engineering Materials .. ... .. 3.23 3.29 3.88
Engineering Mechanics ... .. 6.39 6.55 5.57
Engineering Systems ....... 3.00 1
Special Engineering Programs . .98 1.17 .98
Electrical Science and
Analysis e 0 -0 - 1.3
Subtotal 491 19.27 463 16.70 425 17.40
Mathematics:
Algebra and Topology ... 4.39 4.49 4.42
Analysis, Foundations, and
Geometry e 4.37 4.34 4.69
Applied Mathematlcs and
Statistics .. e 3.94 3.83 3.82
Subtota! 462 12.70 489 12.66 535 12.93
Oceanography:2
Biological Oceanography ... .. .13 3.66 3.88
l;h)éslcal Oczan?graphy ...... 2.16 2.07 2.69
ubmarine Geology
and Geophysics ........ .. 2.55 31 3.35
Support, Ship Operatlons R 8.64 8 3
Subtotal ............... 280 16.48 218 8.91 235 9.92
Phisticx Molecul d
omic, Molecular, an
El PI'ST' Phlgs;fsl Physies . . 1% gg 1%';?4 1%';?
ementary Particle Physics . . . .
g"f':'é Pthyslcz Low Tom .. 8.01 6.46 9.26
olid State and Low umper
ature Physics ....... .. 4.61 4.42 4.60
Theoretical Physics ......... 3.73 3.3 3.79
National Magnet Laboratory . -0- -0 - .40
Subtotai 283 30.35 245 28.18 290 31.11




Table 1-——Continued

Scientific Research Projects
Fiscal Years 1969, 1970, and 1971

(Dollars in millions)

Fiscal year 1969

Fiscal year 1970

Fiscal year 1971

Number Amount Number Amount Number Amount
Social Sciences:

Anthropology .............. 3.42 3.48 3.50
Economics 4.29 4.35 4.83
Geography .. .............. .19 .48 .65
Sociology and Social Psychology 3.29 3.35 3.73
Political Science ........... 1.28 1.19 1.34

History and Philosophy
of Science . ............. .87 .83 .76
Special Projects ........... 1.90 1.74 2.58
Subtotal ............... 474 15.24 459 15.42 484 17.39
Total ................ 4,088 176.02 3,817 161.71 4,329 174 .56

1 Included in National and Special Research Programs for FY 1970 and 1971

2 [ncludes marine biology

3 Included in National and Speciai Research Programs for FY 1970 and 1971

4 Transfer of Program elements to Research Applied to National Needs (RANN) accounts for FY 1971 decrease

in funding.

Average Distribution of Funds by Type of Expenditure

Table 2
Scientific Research Projects

Fiscal Years 1969, 1970, and 1971

Fiscal Year 1969

Fiscal Year 1970

Fiscal Year 1971

Percent of Percent of Percent of
Amount total Amount total Amount total
Professional Personnel
Faculty ... ceiee.. 86,296 14.5 $ 6,758 15.4 $ 6,560 15.0
Research Associates 2,822 6.5 ,940 6.7 668 6.1
Research Assistants 6,687 15.4 6,275 14.3 5,510 12.6
Other Professional ......... 2,345 5.4 2,150 4.9 2,274 5.2
Total Professional Personnel . 18,150 41.8 18,123 41.3 17,012 38.9
Other Personnel ............ 3,039 7.0 3,467 7.9 3,499 8.0
Fringe Benefits ... ......... 1,433 3.3 1,492 34 1,618 3.7
Total Salaries and Wages .. 22,622 52.1 23,082 52.6 22,129 50.6
Permanent Equipment . 3,039 7.0 2,677 6.1 ,756 6.3
Expendable Equipment
and Supplies . ............. 3,300 7.6 3,028 6.9 3,149 7.2
Travel ..................... 1,216 2.8 1,273 29 1,356 3.1
Publication and Printing ...... 608 1.4 658 1.5 612 1.4
Computing Costs .. ........... 1,389 3.2 1,360 3.1 1,356 3.1
Other Costs 1,738 4.0 2 019 4.6 2,536 5.8
Total Direct Costs ........ 33,912 78.1 34,097 77.7 33,894 77.5
Indirect Costs . .............. 9,509 21.9 9,786 22.3 9,840 22.5
Total Average Grant $43,421 100.0 $43,883 100.0 $43,734 100.0
Table 3

Specialized Research Facilities and Equipment

Fiscal Years 1969, 1970, and 1971

(Dollars in miliions)

Fiscal Year 1969

Fiscal Year 1970

Fiscal Year 1971

Number Amount Number Amount Number Amount

Astronomy .. .. R 5 $0. 324 5 $0.190 3 $0.250
Atmosphol:'m Sciences ... ...... 8 4 .199 5 .290
Biological and Medical Sciences. . 34 880 11 918 2 .977
Chemistry .................. 57 1.700 63 1.697 58 1.700
Earth Sciences 0 0 3 .103 2 .115
glégmnring 2? lggg 28 .1600 30 .?96
Ph;:-'gm.p.h Yoo 25 1.300 12 2.499 5 1.500
Social Sciences 2 .438 1 .298 6 .272

Total . ............... 158 $7.216 127 $6.504 131 $5.800

1 Included in National and Special

Research Programs for FY 1970 and FY 1971

RESEARCH SUPPORT ACTIVITIES
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SPECIALIZED RESEARCH FACILITIES
AND EQUIPMENT

In fiscal year 1971, $5.8 million
was awarded to institutions to as-
sist in the purchase of specialized
facilities and equipment in biology,
astronomy, earth and atmospheric
sciences, physics, chemistry, engi-
neering, and the social sciences.
(Computing and oceanographic fa-
cilities are discussed in the follow-
ing chapter under National and In-
ternational Programs.) Distribution
of fundsover a 3-year period will be
found in table 3. The following ex-
amples illustrate the nature of this
support.

In fiscal year 1971, approximately
$1 million was made available to
fund a major expansion of the ex-
perimental area at the NSF-sup-
ported 10 GeV electron synchrotron
at Cornell University. The Cornell
electron synchrotron is the highest
energy long-duty-cycle electron ac-
celerator in the world, and the
many novel types of experiments
made possible by this accelerator
have led to very heavy demands on
the use of the experimental area by
scientists at Cornell and other uni-
versities. Other university physics
projects supported during the past
fiscal year include the accelerator
laboratories at Stanford University
and the Indiana University where
major equipment was provided in a
continuing buildup of experimental
facilities.

A grant to the University of Cali-
fornia at Berkeley assisted in the
purchase of a radio telescope with
high angular resolution to operate
at centimeter and millimeter wave-
lengths. The telescope will be a pre-
cise 20-foot antenna, mounted in
such a way that it can be used later
as part of an interferometer. The
telescope will operate from 2 to 16
millimeters and will be equipped
with a 128-channel spectrometer.
The problems studied with such an
instrument range from planetary to
galactic and extragalactic research.
The facility will be placed at the

Hat Creek Observatory in northern
California.

In support of social science re-
search, a grant of $181,000 to Has-
kins Laboratories in New York pro-
vided for the assembly of a hard-
ware-plus-software computer system
for on-line experimentation with
natural speech. The completed sys-
tem will permit scientists associated
with Haskins Laboratories and
nearby universities to conduct re-
search on important questions about
the perception and comprehension
of spoken language and language
learning. Practical applications are
envisaged to language teaching,
man-machine communication, ma-
chine control systems, and reading
aids for the blind.

The biotron at the University of
Wisconsin, constructed with the
help of Foundation grants, was ded-
icated in 1971, consummating an ex-
tensive development and construc-
tion period. The biotron permits the
maintenance of animals and plants
under controlled environmental
conditions, and provides for pro-
grammed changes in environmental
parameters. A similar laboratory,
also constructed with the help of
Foundation grants—but primarily
for plant studies—has been in opera-
tion in the Research Triangle of
North Carolina for a little over 2
years. Both the biotron in Wisconsin
and the phytotron in North Caro-
lina operate as regional facilitiesand
are intended to serve the increasing
need to validate ecological concepts
developed in the field by controlled
experiments in the laboratory.

MATHEMATICAL
AND PHYSICAL
SCIENCES

Because new knowledge in the
mathematical and physical sciences
—mathematics, physics, chemistry,
and astronomy—is so vital to the
continuing progress of science, the
Foundation has allocated more than
a third of its scientific research proj-

ect support to these disciplines. Al-
though the NSF has increased its
level of support so that its share of
university-based research in the
mathematical and physical sciences
has risen substantially, this has been
insufficient to offset the funding de-
crease from other Federal agencies
that have shifted some of their sup-
port towards research more closely
related to their statutory mission.

In the area of physics during fis-
cal year 1971, the NSF granted
290 awards totaling $31.1 million
as compared to 245 awards for
$28.1 million in the previous year.
This support can be considered
to fall into two major categories.
One category, elementary particle
and nuclear structure physics, in-
volves major facilities and requires
significantly higher support per sci-
entist each year than does the other
category, which includes such pro-
grams as atomic, molecular and plas-
ma physics, and solid state and low
temperature physics.

The elementary particle physics
program is affected not only by the
costs of facilities, but by their oper-
ational status as well. The new Na-
tional  Accelerator Laboratory
(NAL) at Batavia, Ill, built with
Atomic Energy Commission funds,
is becoming operational, and user
groups are now turning to the
Foundation to support the necessar-
ily larger-scale research projects to
be undertaken at NAL. There is
also an increased demand for the
use of the NSF-supported Cornell
Electron Synchrotron. The strong
demand for use of the Cornell ac-
celerator arises both from its
unique capability to provide high-
duty-cycle, high-energy electron
beams, and because of the phase-out
of other accelerators. In nuclear
physics, several new directions of re-
search are emerging. Among the
research topics of special interest
are the microstructure of the nu-
cleus, possible new super-heavy ele-
ments, and the range of new iso-
topes around stable elements of very
high mass.



Because of the high productivity
of solid state and low temperature
physics, research is being supported
on a wide front. In particular, there
is a continuing interest in the pros-
pect of wide technological use of
low temperature physics phenom-
ena such as superconductivity and
superfluidity.

From a scientific point of view,

physics is at a most promising point
in its history. Over the longer
range, it can be expected that new
and significant developments will
take place in studies of gravita-
tional radiation, ultra-high density
matter, cryogenics, and plasima phys-
ics.
The NSF has in the past been
providing about a quarter of the
annual Federal support of chem-
istry research projects at univer-
sities. As in the case of physics, the
increased mission orientation and
decreased funding by those agen-
cies other than NSF supporting
fundamental chemistry research has
increased the fraction of the scien-
tific research community looking to
NSF for support. During fiscal year
1971, 488 awards in the amount of
$18.8 million were provided for re-
search project support in chemistry.
This represents an increase of 39
awards and an increase of $1.4 mil-
lion over the preceding year.

Although chemistry has under-
gone development in experiment
and theory over many years, many
fundamental questions rermain. De-
spite substantial progress, we are
unable to predict, in general, which
atomic or molecular arrangement
will produce a desired property.
Also lacking is the ability to predict
the optimum sequence of reactions
to produce a desired molecule. A
third fundamental problem of
chemistry concerns the rate of
chemical reactions. Of major im-
portance to our understanding of
chemical reactions are the mechan-
isms by which catalysts influence
the rate of reaction without being
permanently changed themselves.

There are many new initiatives

in chemistry related to the funda-
mental problems of chemical struc
tures and reaction sequences and
rates alluded to above. Research is
also under way on important new
classes of substances such as liquid
crystals and room-temperature su-
perconductors. Subfields such as
surface chemistry and electrochem-
istry are becoming increasingly im-
portant. In electrochemistry, ion-
specific electrodes are receiving a
great deal of attention. Ten years
ago, electrodes which would re-
spond to a particular ion were vir-
tually unknown. Today, electrodes
are commercially available for at
least 20 ions, and some electrodes
have been developed which are sen-
sitive to organic molecules.

Instrumentation plays a central
role in chemical research regardless
of the problem area under investi-
gation. Adequate instrumentation
is a necessity for chemical research,
and despite university contributions
there remains a continuing need
and backlog to be met by NSF,
which is the only explicit Federal
source of funds for chemistry de.
partment instrumentation.

The Foundation is now the most
important supporter of ground-
based astronomy, furnishing about
70 percent of the total Federal sup-
port in this area when research
project support, facility and equip-
ment programs, and the four na-
tional astronomy centers are consid-
ered. During fiscal year 1971, 135
awards in the amount of $6.4 mil-
lion were awarded for scientific re-
search project support at universi-
ties. This was an increase of 27
awards and $.6 million over the pre-
vious year. Total obligations for all
astronomical observatories increased
$6.0 million to a total of $21.7 mil-
lion in fiscal year 1971.

Astronomical research is charac
terized by observation instead of
experimentation, and its subject
matter involves extremes of density,
temperature, space, and time which
are far greater than those dealt
with in the other physical sciences.
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Among the recent advances in this
discipline are the detection of ad-
ditional molecules in interstellar
space and high-resolution spectro-
scopic studies of a quasi-stellar ob-
ject receding at more than 80 per-
cent of the speed of light, which re-
veal fundamental new information
about the history of the universe.

There has been a rapid growth in
recent years in the mathematical
sciences due to the increased num-
bers of highly qualified mathema-
ticians, the expanding role of
mathematics in society at large, and
the remarkable changes in teaching
of elementary mathematics. The
power of recent research is evi-
denced by the solution of numerous
famous problems of mathematics
which had defied solution for many
years. Also, mathematical methods
are increasingly penetrating the
biological and social sciences. In
large measure, this has been made
possible by the computer, itself the
offspring of advanced mathematics,
the other physical sciences, and
their related technologies.

The NSF is now the largest sin-
gle source of funds for academic
basic research in mathematics and,
in fact, Foundation funding is
slightly more than half of the total
available from all sources.

The level of Foundation awards
has remained essentially constant
over the past 5 years (535 awards
in the amount of $12.9 million in
fiscal year 1971) so that its position
of major support is the result of de-
clines from other sources of sup-
port. Despite these factors, the
mathematical sciences in the United
States are now in a period of sci-
entific growth, utility, and appeal.

CHEMISTRY
Metastable S pecies

The transformation of energy
from one form to another that
usually accompanies chemical reac-
tions is often as important as the
change in the chemical nature of
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the materials involved. For in-
stance, the products of oxidizing
certain mixtures of hydrocarbons
are relatively unimportant—except
insofar as they may contribute to
pollution—compared to the fact
that the energy produced in the re-
action makes the internal combus-
tion engine possible. In the future,
much more complicated chemical
reactions, now known to occur in
shock waves, flames, and certain
types of electrical discharges, may
become important as they apply to
new techniques for the generation
of electrical power or totally new
forms of portable engines. In the
meantime, detailed knowledge
about energy transfer is relevant to
understanding and controlling the
rates and products of chemical reac-
tions.

As energy is put into a chemical
system, atoms and molecules tem-
porarily absorb energy which they
then generally lose by emitting light
or by colliding with other particles
—which is often the driving mech-
anism behind a chemical reaction.
However, there are certain of these
temporary levels of energy at which
such radiation is relatively unlikely.
An atom or molecule which stays
in such an energy state for any ap-
preciable length of time is called
metastable.

Metastable species are important
in reactions between gases because
they may remain in an excited
state long enough to make a num-
ber of collisions and therefore be
more likely to become involved in
a chemical reaction.

Studies of the properties of meta-
stable atoms and molecules, primar-
ily in electrical discharges, have
been hindered by the fact that this
is an extraordinarily complex en-
vironment. It is a mixture of dif-
ferent kinds of particles, in which a
number of different reactions may
be occurring simultaneously and
consecutively, and in which the en-
ergy distribution among the parti-
cles is subject to wide variation.

Earle Muschlitz, Jr. at the Uni-
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Beam of excited, metastable atoms, generated by bombarding gas with electrons of con-
trolled energy, reacts with atoms and molecules of low pressure gas in collision chamber.
The resulting ions and their energies can then be identified and analyzed.

versity of Florida has overcome
many of the difficulties of the elec-
trical discharge environment by us-
ing a molecular beam technique to
study energy transfer and reactions
involving metastable species. Dr.
Muschlitz produces a molecular
beam of helium, part of which he
excites to metastable states by bom-
barding it with electrons of con-
trolled energy. This impact pro-
duces two different metastable states
which differ only slightly in energy
but which have different magnetic
properties. By using a magnetic field
which is not uniform, Dr. Muschlitz
is able to deflect a selected state out
of the beam and determine how the
proportions of the two are deter-
mined by the energy of the electrons
producing them. He is then able to
pass the beam through a gas at low
pressure and, because he knows its
composition, determine the relative
likelihood of interactions of the two
metastable states with the molecules
of the gas.

In principle, this experiment is
relatively simple, yet it provides an-
swers to some rather subtle ques-
tions, some of long standing. Fur-

thermore, in some instances the re-
sults have been contrary to what had
been predicted theoretically and
have therefore provided a basis for
a revision of some thoroughly basic
theories about chemical reactions.

These studies both provide very
basic insights into the nature of a
class of chemical reactions and
move ever closer to possible practi-
cal preparative techniques.

Catalysts

Many important industrial-chem-
ical processes, especially those deal-
ing with refining crude petroleum
into fuel, lubricants, and other use-
ful chemicals, are made economic-
ally feasible by the use of catalytic
materials. A catalyst is a material
which “helps out’ in a chemical re-
action without itself being con-
sumed in the process. In the field of
petroleum chemistry, two general
forms of catalysts have been known.
The first and most commonly used
form is the solid or heterogeneous
catalyst, often comprised of tiny me-
tallic particles bound to clays and
other insoluble supports. The other



form, not as commonly used, con-
sists of soluble complexes of metals
belonging to what chemists call the
transition groups, which include
platinum, rhodium, and palladium.

The insoluble catalysts have been
the subject of intensive research dur-
ing the past 3 decades, but their ex-
act structures and the mechanisms
by which they work are still largely
unknown. On the other hand, the
more recently discovered soluble cat-
alysts have better understood mech-
anisms which chemists can alter mi-
nutely to do highly specific tasks and
minimize the production of unde-
sired byproducts.

Unfortunately, the use of the solu-
ble catalysts is accompanied by a
number of problems. In the first
place, they are not particularly dur-
able catalysts. Furthermore, indus-
try is hesitant to employ these ex-
pensive noble metals in solution be-
cause of the difficulties of recovering
the catalysts from the product in
which they are dissolved. Finally,
there are a number of important re-
actions which these soluble mater-
ials do not catalyze and which the
insoluble catalysts do.

The best aspects of both systems
have been combined in recent ex-
periments by James Collman at
Stanford University. Soluble com-
pounds consisting of several of the

Velocity of Particles

ORI

P pe——

transition metal atoms joined in a
cluster by metal-to-metal bonds have
been chemically fastened to porous,
insoluble plastic supports. When
Dr. Collman activates these clusters
by removing carbon monoxide
groups, he obtains an insoluble ma-
terial with the same catalytic speci-
ficity as the soluble transition metal
catalyst.

For example, a catalyst composed
of tetrameric (four-atom) rhodium
units will catalyze the hydrogena-
tion of benzene and other similar
compounds—converting them into
useful intermediates for chemical
synthesis—at room temperature and
atmospheric pressure, rather than
the high temperatures and pressures
hitherto required. His preliminary
experiments suggest that the rhod-
ium clusters remain intact and can
be recovered unchanged. The exact
nature of this new class of catalysts
is not yet fully resolved, but Dr.
Collman’s experiments show the
possibility of preparing specific well-
defined insoluble catalysts which
can be “tailored” like soluble cata-
lysts to perform desired reactions ef-
ficiently.

This system also offers an oppor-
tunity for chemists to study the de-
tailed mechanisms by which the
much used but poorly understood
insoluble catalysts perform their

—me- \/elOCity of wave in helical guide
=i Velocity of axial wave

Ions of heavy elements are introduced in front of slow-moving wave crest in axis of
double-helical wave guide. “Surfing” effect causes particles first to slip to rear of wave,
focusing them. Wave accelerates particles until they are again in front of wave crest, and
accelerator section terminates. Pitch of helix determines velocity of axial accelerating
wave—successive sections have lower pitches and faster axial waves.
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tasks. The disadvantages associated
with the use of soluble catalysts can
be circumvented without losing
many of their advantages by using
this new type of system.

PHY SICS
High Speed Particle Control

Most high energy particle acceler-
ators—linacs, cyclotrons, synchrocy-
cdotrons—operate successfully by ap-
plication of a “phase stability” prin-
cple, somewhat equivalent to “par-
ticle surfing.” The accelerated parti-
cles ride on the forward side of the
wave, mear the crest. If a particle
is moving too slowly, it slips
backwards towards the crest and is
speeded up; if it is moving too fast,
it moves down towards the trough
and slows down. The particles, like
the surfer, are forced back toward
their original position on the wave,
and the system is said to be stable.
The velocity of the wave, of course,
must be continuously increased to
match that of the accelerating par-
ticles.

When these phase stability condi-
tions apply, the particles unavoid-
ably are able toslide to and fro par-
allel to the wave crest. For a surfer,
this is of little importance, but in an
accelerator it means that the diam-
eter of the beam grows with time
and quickly would become too large
and diffuse to be useful if other lens-
like devices were not added to keep
the beam focused.

If the particles were forced to ride
on the rear of the wave crest, the
beam would automatically be fo-
cused. However, in this position, the
particles would fall out of phase
with the wave and not be acceler-
ated properly. If it were possible to
force the group of particles being
accelerated to periodically alternate
their position from the front to the
rear of the wave crest, both accelera-
tion and focusing could be achieved
without the need for additional
lenses.
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Thomas Tombrello at the Cali-
fornia Institute of Technology has
proposed a method for accomplish-
ing this automatic focusing and
phase stability at the same time. Dr.
Tombrello proposes that particles to
be accelerated should be introduced
into a section of the accelerator just
in front of a wave moving at a fixed
speed, slightly higher than that of
the particles. The group of particles
would “slip” with respect to the
crest until it was on the wave’s rear
side, thereby being stable with re-
spect to focusing. However, the mo-
tion of the wave would be causing
the particles to accelerate, and if the
relative velocity of wave and parti-
cles were correctly chosen, the par-
ticle velocity would equal and finally
exceed that of the wave. Thus, the
group of particles would automatic-
ally advance again to the forward
side of the wave. At this point, the
acceleration would be terminated so
that the particles would not move
further into the trough of the wave
and be slowed down. In this “sling-
shot” operation, the particle group
is focused and accelerated. Further
acceleration may be achieved by in-
troducing the particles into a series
of further “slingshot” sections with
correspondingly higher wave veloci-
ties.

This effect may be very useful in
the acceleration of very heavy ele-
ments like uranium for the produc-
tion of new transuranic elements.
The difficulty of usingalinear accel-
erator for this purpose has been that
the accelerating waves have been too
fast for those of the slow-moving
low-energy uranium ion—an effect
similar to stepping onto a too-fast
moving platferm.

At the same time, itis known that
a wave traveling along a helical con-
ductor, or wave guide, can produce a
field velocity along the axis of the
helix, or an axial velocity, equal to
about 2 percent of the speed of light.
It has recently been found that if a
second helix, wound the opposite
way, is placed concentrically with
the first, an axial wave velocity of

less than 1 percent of the speed of
light can be produced.

Combining the double-helical
wave guide and the “slingshot” ef-
fect would allow physicists to start
off with a “slowed-down’’ accelerat-
ing wave which is more nearly the
speed even of the low-energy heavy
uranium ions. A succession of accel-
erating sections of ever-faster waves
can then be used to achieve the de-
sired acceleration.

Equilibrium Processes
in Plasmas

One of the fundamental physical
facts of the universe is that a system
in which energy is unevenly distrib-
uted will eventually achieve thermo-
dynamic equilibrium (the even dis-
tribution of energy throughout the
system) . In nearly all physical sys-
tems, this thermodynamic equilibri-
um is reached by a process of simple
collisions between the particles of
the system which distribute the en-
ergy evenly. This process is well un-
derstood and quite predictable.

A plasma—a “gas” of ions and elec-
trons—however, is an exception. Col-
lisions between the ions and elec-
trons in a plasma are rare, and do
not explain the rate at which equil-
ibrium is reached: The equilibra-
tion time predicted from collision
theory may be hundreds of times
longer than that which is actually
observed. And the way in which this
energy is dissipated may be crucial
to controlling plasmas for themo-
nuclear fusion generation of elec-
trical power.

While the energy-equilibrating
processes that proceed in plasmas—
outside of collisions—are not under-
stood in general, theories have been
advanced to explain some specific
observations. For instance, it has
been proposed that one such process
may involve interactions between
the individual particles of a plasma
and the wave motions set up by the
oscillations of the particles as a
whole. Kenneth Gentle and his col-
leagues at the University of Texas at

Austin have confirmed the existence
of several such types of interactions,
and have shown that they may, in-
deed, lead a system of initial energy
unbalance to equilibrium.

Dr. Gentle's first experiment dem-
onstrated the existence of an effect
termed ‘“nonlinear Landau damp-
ing.” Many waves may propagate
through a plasma without apparent
absorption. A system in which such
waves were excited would not, be-
cause of the waves alone, relax to a
uniform equilibrium. Theoretically,
however, it was predicted that an
interaction between different waves
propagated through the plasma at
the same time would lead to a non-
linear interference between the
waves and the subsequent “damp-
ing” would result in wave energy
going into heating the particles. In
a set of experiments using pairs of
waves propagated through the plas-
ma simultaneously, Dr. Gentle and
his co-workers demonstrated that the
interaction was completely in accord
with theoretical predictions.

One of the simplest and most ba-
sic forms of instability in a plasma
arises from the injection of a beam
of electrons into a plasma which was
initially at equilibrium, thereby
modifying the distribution of the
electrons’ velocities. Dr. Gentle’s
group has been able to measure, in a
second experiment, the statistical
distribution of the energy of the
electrons injected into the beam, as
well as the phase velocities of the
waves in the plasma. These measure-
ments have shown that the process
by which the plasma arrives at a new
equilibrium is again quite different
from what a simple collision theory
predicts. The experiments clearly
indicate that the continuing injec-
tion of electrons into the plasma
supplies energy for the growth of
waves within the plasma. At the
same time, as the waves grow, they
begin to interact with the particles
and cause them to diffuse to a lower
velocity. This effect produces, both
mathematically and in the physical
system, a new equilibrium distribu-



Electron beam injected into stable plasma (A) adds an unstable “bump” to high-velocity
region of graph of electron velocity distribution (B) . Plasma waves with phase velocities
corresponding to electrons in the shaded portion grow, interact in turn with particles in
the plasma and push them into lower-energy regions, producing new equilibrium (C).

tion. In this second experiment, just
as in the first, Dr. Gentle and his co-
workers have learned that theoreti-
cal predictions match the behavior
of the real system in complete detail.

While the problem of energy dis-
tribution in the equilibrium-form-
ing process in plasmas is not yet
completely solved, it is fully under-
stood for some cases. The problem
is now open to careful experimental
investigation, since the theory has
been shown, so far at least, to live up
to expectations. Physicists reason-
ably expect that these processes will
be virtually completely understood
within a few years, thereby provid-
ing a stronger basis for the under-
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standing of plasma physics in gen-
eral.

ASTRONOMY

KitT PEAK NATIONAL OBSERVATORY

The Optical Edge

of the Universe

In 1969, Derek Wills and John G.
Bolton made precise position meas-
urements of a radio source known as
4C 05.34. Using the Parkes, Austra-
lia, 210-foot radio telescope, Drs.
Wills and Bolton tentatively identi-
fied this source as a quasistellar ob-
ject, or quasar. The radio position

RESEARCH SUPPORT ACTIVITIES I3

was subsequently confirmed as being
identical with that of a very faint
blue, star-like image, and identified
ashaving the largest red shift yet ob-
served. The red shift phenomenon
occurs when an object is receding
from the viewer, apparently stretch-
ing out the wavelength of the light
by which it is seen. This stretching-
out effect causes the light to appear
redder (hence, the name) and the
more rapid the recession, the redder
the light. Using the 84-inch reflector
at Kitt Peak, Dr. Wills and C. Roger
Lynds made image tube spectro-
grams to obtain preliminary meas-
ures of the amount of the red shift,
which indicated that it corresponds
to a relative velocity in excess of 80
percent of the speed of light. (See
NSF 20th Annual Report, p. 19.)

During 1971, Dr. Lynds continued
his spectrographic studies of 4C
05.34 using new techniques with the
image tube (an electronic device
which multiplies the light received
from a very faint object). He ob-
tained observational material with
unprecedentedly high spectral reso-
lution and discrimination against
contaminating sky light, revealing
complex systems of absorption lines.
Measurements and analysis of 93 of
these lines have led astronomers to
conclude that the absorption lines
are caused by several gas clouds lo-
cated along the line of sight between
earth and the quasar. Because the
red shift values derived for the ab-
sorption lines are themselves high,
it is apparent that the gas clouds are
at great distances, although not re-
ceding as rapidly as the original
source. Furthermore, the absorption
line profiles are unresolved, and in-
dicate that the velocity dispersion
(variations in velocity around some
average value) along the line of
sight of the gas in these discrete
douds is relatively small, signifying
that there is little internal turbu-
lence.

Dr. Lynds and others at Kitt Peak
also studied the absorption line sys-
tems in a number of spectra of other
quasars having large red shifts. The
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1971

Quasi-stellar source with largest measured redshift. The object nearest the pointer is the

18th magnitude quasar 4C 05.34; all other images are of stars in the galactic foreground,
with the brighter ones showing trails from telescope motion for field orientation. (From

plate taken with 107-inch reflector of McDonald Observatory, University of Texas, Austin,

by Dr. D. Wills.)
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A 5A resolution image tube spectrogram of the most distant optical source 4C 05.34
taken by C. R. Lynds. The redshift measured from the position of the emission lines
(dark on this negative illustration) is Z — 2.877, which means the object may be reced-
ing at more than 80 percent of the velocity of light. (Photo KPNO)

general picture emerging is one of
very luminous distant objects, which
are at a relatively early stage of evo-
lution with respect to the age of the
universe, representing astate of mat-
ter and an association with gas that
is not characteristic of similar vol-

umes near our own galaxy. (The
quasars being studied are said to be
at an early stage of evolution be-
cause they are so far from earth that
the light now being received from
them left them when the universe
was a tenth of its present age.) As-

Wine

tronomers conclude that the pres-
ently observable fringe of the uni-
verse that these quasars represent
may be quite different from our own
more highly evolved astronomical
neighborhood.

Dr. Lynds and his co-workers cau-
tion that the data now on hand are
fragmentary, and that sweeping con-
clusions would be premature until
more evidence has been obtained. As
data on individual quasars accumu-
late, a number of statistical tests may
be applied that will assess the nature
of the distribution of both the physi-
cal properties and the position in
space of these objects.

Radio Emission from
Visible Stars

For many years, radio astronomers
have attempted to detectradio emis-
sion from objects familiar to optical
astronomy. Prior to 1970, they had
been successful—in a limited way—
with detecting radiation from the
sun, the moon, other planets in the
solar system, flare stars, hydrogen gas
clouds, remnants of supernovae,
quasars, and a few galaxies. During
the past year R. M. Hjellming and
Cameron Wade of the National
Radio  Astronomy  Observatory
(NRAO) have succeeded in conclu-
sively detecting radio emission from
three new classes of objects: a nor-
mal red supergiant star; a strong
X-ray emitting star; and a group of
ordinary novae.

Within a few days after the in-
stallation of a new receiver system
on the NRAO interferometer, Drs.
Hjellming and Wade detected ra-
diation at a wavelength of 11 centi-
meters from the red supergiant star
Antares. Although one or two
NRAO observers had suspected the
presence of radio emission from su-
pergiants previously, this was the
first positive evidence for detection,
opening up the field of stellar astro-
physics to radio astronomy.



Antares is visually the brightest
star in the constellation Scorpius.
With better receivers and larger tele-
scopes, it should be possible to meas-
ure radio waves from smaller and
fainter stars and ultimately to meas-
ure the temperatures of the individ-
ual stellar surfaces.

Drs. Hjellming and Wade also
used the dual wavelength receiver
on the interferometer, designed to
operate simultaneously at 3.7 and
11.1 centimeters, to provide the first
conclusive evidence of variable ra-
dio emission from the intense X-ray
star Scorpius X~1. They resolved the
radio source into three separate com-
ponents, one of which lies in the po-
sition of Scorpius X-1 and varies in
intensity by a factor of up to 50 over
a time period measured in hours.
NRAO observers are continuing to
monitor the radio emission from
Scorpius X~1, as well as observing its
optical and X-ray emission with op-
tical telescopes and the Uhuru X-
ray satellite. NRAO observers be-
lieve the data strongly suggest that
X-ray activity occurs first, followed a
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few days later by optical activity
and, after a few more days, by radio
variations. By thorough analysis of
data from all three sources, astron-
omers will be able to determine the
radius of the active region.

Because X-ray detectors still have
relatively poor resolution, it is often
difficult to “find” X-ray stars opti-
cally, particularly in crowded re-
gions of the sky. However, now that
astronomers know that these pecu-
liar variable sources can be detected
by radio emission as well, they can
measure their positions sufficiently
accurately to make positive optical
identification—which will help to
solve the enigma of the nature of
these X-ray sources.

Drs. Hjellming and Wade and
Victor Herrero used several of the
NRAO telescopes to study radio
emission from three ordinary novae
in the 3.5 millimeter to 11.1-centi-
meter region of the spectrum. All
three of these novae were observed
in 1967 (N. Delphini) and 1970 (N.
Serpentis and N. Scuti) and were, at
their brightest, visible to the naked

10.0
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Spectral data for Nova Delphini 1967 and Nova Serpentis 1970. Because of the rapid
radio brightening of Nova Serpentis 1970, each data point for this object is accom-
panied by the date of measurement. Dashed lines, spectral slope expected for an optically
thick thermal source with a uniform emission measure. (Photo NRAO)
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eye. Astronomers suspect that their
radio emission is probably of ther-
mal origin. It is optically “thick,” or
opaque, in the initial stages of the
explosion and becomes thin as the
nova expands with time. Optically,
N. Delphini was one of the slowest,
yet most spectacular novae on rec-
ord. It experienced at least six dis-
tinct shell ejections or explosions.
Correlations between the optical
and radio variations in novae will
provide clues that will lead to more
complete understanding of how
these star explosions occur.

UNIVERSITY RESEARCH

New Windows on a
Chemical Universe

Astronomers have been tremend-
ously stimulated in recent years by
both the extension of the observa-
tional spectrum available to them
and the development of a field
which might be called “astro-chem-
istry.”

University research in astronomy
has used the surface of the earth,
balloons, rockets, and even satellites
as platforms from which to collect
and study electromagnetic radiation
in the radio, infrared, ultraviolet,
X-ray, and gamma ray portions of
the spectrum. There are recent indi-
cations that the observable spectrum
has been extended to include the
measurement of gravitational radia-
tion as well (see NSF 19th Annual
Report, p. 18). It is now becoming
possible to correlate observations
made in different regions of the spec-
trum by entirely different groups.
For example, two recently discov-
ered galaxies, Maffei I and II, just
barely visible on the photographic
plates in the visual light portion of
the spectrum, show up more clearly
when photographed by infrared
light. These two galaxies are of spe-
cial interest because they are very
near our own galaxy by astronomi-
cal standards (approximately 6
million light-years away) . Although
these two galaxies are in our local
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group and are of respectable size,
they have eluded study until just
a few months ago, because they lie in
such a direction that their light must
pass through the greater thickness of
our own galaxy before it reaches us.
Our galaxy contains a great deal of
interstellar dust, whichscatters blue
light more than red. Consequently,
most of the light that “survives” to
reach the earth appears reddened,
much as the light from the setting
sun is reddened by dust in the
earth’s atmosphere. Infrared photo-
graphs had hinted previously that
these two galaxies were present.
These more recent plates have
proved conclusively that these gal-
axies are part of our local group.
Furthermore, measurements of these
galaxies in the infrared now show
that they are approximately normal
galaxies. Astronomers are now look-
ing toward further research in the
visible and radio wavelengths to pro-
vide more information; one of the
Maffei galaxies is a known radio
source.

In the last few years, the number
of different molecules proven to
exist in interstellar space in our gal-
axy has grown phenomenally. These
molecules have been detected by ra-
dio astronomy groups both at the
National Radio Astronomy Obser-
vatory and at various university in-
stallations. For the first timne, how-
ever, simple moleculeshave been de-
tected in galaxies outside our own.
L. N. Weliachew, a visiting astron-
omer at the California Institute of
Technology, has discovered such
molecules in at least two galaxies.

The question as to whether there
are even more complicated mole-
cules elsewhere in the universe may
be soon answered. There is no rea-
son, in principle, that organic and
other molecules in other galaxies
cannot be detected. This, of course,
raises questions bearing on the pos-
sibility of extraterrestrial and extra-
galactic life which can perhaps be
answered by the teclniques of radio
and other types of astronomy. The
discovery of these molecules has now

prompted much research in physics
and chemistry to find out what proc-
esses take place in interstellar space
that can produce and preserve these
molecules for long periods of time.

Eight new molecules were ob-
served between January and June of
1971—the most recent being methyl
alcohol, methyl cyanide, and silicon
oxide. There seems to be almost no
end to the types of molecules that
can be discovered. The identifica-
tion of the molecules themselves is
now a real part of the problem. As
soon as other scientists can find and
identify the lines of various mole-
cules accurately in the laboratory,
radio astronomers can search for the
spectra of these molecules in inter-
stellar space.

MATHEMATICS
Branch Points of
Minimal Surfaces

When a mathematician says,
“Among all one-dimensional config-
urations or paths, with the same
zero-dimensional boundary, the
straight line path has a unique min-
imal length,” he is doing something
more than finding an extremely

Surface tension stretches fluid soap film
across wire-frame boundary curve into a
“minimal surface.” Same boundary curve
may give rise to several different surfaces,
each behaving like a minimal surface.

complex way of saying, “The short-
¢st distance between two points is a
straight line.”

The advantage of the mathemati-
cian’s roundabout approach is that
it is phrased entirely in terms that
have counterparts in higher dimen-
sions. For instance, the basic two-di-
mensional configuration, a surface,
has a boundary which is a one-di-
mensional curve. (In each case, the
boundary has one less dimension
than the configuration it bounds.)

Just as there are many paths that
may join two points—and only one,
the straight one, is the shortest—
many surfaces may have the same
boundary curve. For instance, a rub-
ber ball is made up of two hemi-
spheres, each of which has a circle
for a boundary. The same circle may
be a boundary for a globular sur-
face like a fish bowl], a bottle, a shal-
low bowl, or adisc.

But not all boundaries are as sim-
ple as a circle, or surfaces as simple
as half a rubber ball. Mathemati-
cians have for some time been work-
ing on the next higher dimension of
the “shortest path” question and
asking, “Of all surfaces which have
the same boundary, which has the
smallest area?” (For the case where
the boundary is a circle, the disc has
the smallest area.)

Attempts to answer this question
go back at least to the experiments
of the Belgian physicist Plateau in
the 1840’s. This experiment in-
volved a version of the traditional
child’s toy used for blowing soap
bubbles. By bending a wire into the
shape of ‘a boundary curve, some-
times of very complicated shape, and
dipping the resulting {rame into a
soap solution, he found that the re-
sulting soap film would attain a cer-
tain equilibrium position. The sur-
face tension of the fluid film
stretches it tightly into what is
called a “minimal surface.” Strange-
ly enough, the same boundary curve
—or frame—may give rise to several
different surfaces, each of which be-
haves as though it were a minimal
surface.



In the early 1930, the first formal
mathematical proof was established,
showing that a large class of boun-
dary curves do indeed have minimal
surfaces associated with them. Since
there is an infinite number of pos-
sible boundary curves, it would be
impossible to examine every curve
and surface individually. The ac-
tual formulation of the minimal
surface problem involves a set of
complicated mathematical func-
tions.

Robert Osserman at Stanford
University has been trying to find
out whether there are minimal sur-
faces which possess a type of defi-
ciency called a “branch point.” A
branch point—a dificult phenome-
non to visualize—involves a series of
rays stretching out from a point
along which the surface intersects
itself, and in the vicinity of which
the surface understandably becomes
quite complex. It was not known
whether a minimal surface was nec-
essarily free of such points.

Dr. Osserman has recently shown
that this is indeed the case. His
proof consists of two basic steps.
First, he identifies mathematically
the nature of a surface in the neigh-
borhood of a branch point on a
minimal surface. In the formal
proof, he establishes that the surface
would have to pass through itself in
a well-defined number of self-inter-
sections. His second and more diffi-
cultstep involves aslight mathemat-
ical modification of the surface—
without changing the boundary—to
one with a smaller area. Since he
assumed at the outset that he was
working with a surface of minimum
area, a contradiction results: a sur-
face with such a point could not
have been minimal. Therefore, a
surface with a branch point cannot
also be a minimal surface, that is, a
minimal surface is free of such
points.

Dr. Osserman’s proof involved
some delicate geometric arguments
which he supported with careful
analysis. Since he resolved this ques-
tion in 1970, still another proof has

been discovered which reinforces
and extends his fundamental result.

BIOLOGICAL AND
MEDICAL SCIENCES

Foundation programs in the life
sciences are being challenged by the
unusual opportunities for the devel-
opment of new knowledge and
changes in the organization of re-
search activity. Through 1,369
awards totaling $43.4 million in fis-
cal year 1971, new information is be-
ing developed about the molecules
that make up biological systems and
the way in which they organize
themselves into functional systems,
giving rise to the tremendous range
of anatomical forms which have led
some observers to characterize biol-
ogy as the study of diversity. The
scope of problems which can now be
addressed in quantitative terms
rather than in an exploratory or
qualitative way has grown far be-
yond the Foundation’s capacity to
pursue all of these problems in a
vigorous way.

In addition to the challenge of
much more difficult choices in prior-
ities, there is the challenge of at-
tempting to respond effectively to
moves to organize research in sub-
stantial team efforts. The integrated
research programs of the Interna-
tional Biological Program (see p. 38
for discussion of research results) are
a prime example of the develop
ment of such collaborative research
teams now attempting to address
problems of a magnitude that could
not be undertaken by a few investi-
gators and supporting personnel.
Experience to date has demon-
strated that integrated team research
in biology is quite feasible when
proper attention is paid to the new
managerial problems presented by
this approach. It is our hope that it
will be possible to demonstrate both
a new capacity for dealing with com-
plex problems and the ability to
make progress more rapidly and eco-
nomically.
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The Foundation’s program of bio-
logical and medical sciences is so di-
verse that it is impossible to charac-
terize it briefly. The twin themes of
recognition and regulation, how-
ever, run through essentially the full
range of biological research.

At the molecular level, the fidelity
with which genetic information is
copied and passed on to new genera-
tions depends on chemical recogni-
tion which can be largely identified
with bonding between specific pairs
of molecules. Research supported by
NSF is adding to the evidence that
chemical ‘recognition” between
component molecules also deter-
mines the organization of viruses,
membranes, and other complex bio-
logical structures. _

The molecular basis of gene ex-
pression and its regulation continue
to attract substantial NSF support.
Precisely how are the plans, which
are stored in a finite number of DNA
molecules in a fertilized ovum, trans-
lated into the complex structures
found in an adult organism? If, as
now seems clear, the cells in different
parts of an individual may have
identical complements of this ge-
netic information, why do they dif-
fer so greatly in form and function?
One hypothesis developed to ex-
plain this was that there is a class of
regulator genes which has the func-
tion of making repressors, each of
which functions to prevent a struc-
tural gene from making its product.
After a decade of research, such a re-
pressor was isolated in purified
form, and it was shown (see 17th
NSF Annual Report, 1967, pp. 34~
35) to exert its regulatory action by
combining with the specific gene
which it controls (regulation
through chemical recognition) . Al-
though repressor genes and their
products have been demonstrated
only in bacterial and viral systems,
higher organisms probably operate
in a similar way. A major and as yet
relatively undeveloped line of re-
search will extend these same ap-
proaches to higher organisms and
provide a better basis for dealing
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with genetic diseases and abnormal-
ities of development.

Recognition and regulation are,
again, central themes in studies of
immunity. How do organisms or
cells recognize that bacteria, viruses,
or other foreign substances are dif-
ferent, and initiate a com plex of re-
sponses to dispose of them? What
goes wrong with the regulation of
this process when an organism be-
gins to treat cells of some of its tis-
sues as foreign, and an autoimmune
disease develops? Although much
progress has been made in under-
standing the molecular basis of the
antigen-antibody reaction—again,
chemical recognition of one mole-
cule by another—much remains to
be learned about the cellular basis
of immunity.

The whole range of behavioral
problems may be put in the same
framework of recognition of partic-
ular sensory stimuli ina discriminat-
ing way, and the steps by which these
sensory inputs are processed to regu-
late the behavior of an organism. In
what cases can the regulatory proc-
esses be modified by learning, and in
what cases are these processes fixed?
For example, research on depth per-
ception has shown that in some ani-
mal species this kind of visual dis-
crimination must be learned, while
in others it appears to be an innate
response. The study of the ability of
prior sensory experiences to modify
behavior and the mechanisms by
which this is accomplished is, of
course, the study of learning. Such
research is an area of increasing em-
phasis in the NSF life sciences pro-
gram.

The chemical regulation of be-
havior has become a particularly
lively area of research. Some studies
deal with the behavior of very prim-
itive organisms. One such case is the
behavior of the slime molds. At one
stage in its life, the mold consists of
individual, motile cells. At the prop-
er stage of development these indi-
vidual cells “swarm,” and as they
meet each other, fuse to form a mul-

ticellular organism. It has been clear
for some time that the motile cells
must be signalling each other with a
chemical attractant, and more recent
research has shown that this attrac-
tant is cyclic adenosine monophos-
phate (cyclic AMP) (see 19th NSF
Annual Report, pp. 37-38). This
was particularly exciting because cy-
clic AMP has been known to play a
role as a chemical messenger, or in-
tracellular hormone, in several im-
portant processes in higher organ-
isms, and more recently it has been
shown to play a role in regulation of
enzyme synthesis. These observa-
tions further emphasize the fact
that, though the way in which a va-
riety of options may be utilized gives
rise to an almost infinite diversity
of forms and specialized behavior,
these are, to a considerable extent,
variations upon common themes
which pervade all of biology.

The Genetic Origins of
Behavior

It has long been known that both
genetic and nongenetic factors affect
an individual’s behavior, but at-
tempts to separate the two are ex-
tremely difficult.

One particularly promising line
of investigation of the genetic influ-
ence on behavior is being taken by a
group at the California Institute of
Technology. The group is under the
direction of Seymour Benzer, a mo-
lecular biologist, who in the 1950’s
conceived a method for detailed
mapping of genes using a virus.

Dr. Benzer has taken an approach
to the study of behavior that is
based more or less on classical ge-
netics. He is trying to bridge the gap
between geneticists, who have al-
most completely ignored the nervous
system, and neurophysiologists, who
have virtually neglected genetics. He
chose to work with the fruit fly,
Drosophila melanogaster, whose ge-
netics was amply known from dec-
ades of study. His approach to in-
vestigating the genes and behavior is

to start with a pure strain and see
what changes in nervous system and
behavior result from changing the
genes one at a time.

Simple as it is compared to hu-
mans, Drosophila has a rich reper-
toire of behavior of genetic origin.
From among those, Dr. Benzer’s
group decided to begin its work in
a study of visual behavior. Normal
flies exhibit a consistent response to
light—they move towards it. At least
two mutants that did not move to-
wards light have been known for
many years. Dr. Benzer's group iso-
lated many more by adding a chem-
ical to the sugar-water fed to male
flies that greatly increases mutation
rates. Dr. Benzer’s group separates
the mutants from the “normals” by
an adaptation of the “countercur-
rent distribution’” procedure used in
biochemistry to separate molecules
from a mixture.

After the flies are identified by
their visual responses, they can be
studied in more detail. The eye can
actually be used as a photoelectric
cell by means of an electroretino-
gram, a standard measurement used
in diagnosing visual abnormalities
in humans. To study visual mutants,
the team puts electrodes on the eye
and in the body itself. They then
flash ashort-duration light at the eye
and measure the electrical response.
The response of a normal eye fol-
lows a standard pattern, correspond-
ing to the steps in the visual mes-
sage towards the brain. An abnor-
mal electrical response may give an
indication of where a defect occurs
in the visual sequence. The group
has so far identified seven different
genes that can undergo mutations
that show up in both the electro-
retinogram and some aspect of be-
havior. For several of those mutants,
they have also identified specific ana-
tomical abnormalities in the visual
system.

But a real question frequently
exists as to where in the body the
focus of the defect lies. If an eye of a
fly with some visual defect is re-



Development of a Mosaic Fly—Fertilized egg (A) is female (XX), but one of the X
chromosomes is unstable. In A, the unstable chromosome is lost during the first division
so that one daughter nucleus is female (Black, XX) and the other male (White, X).
The resulting male and female cells migrate during early stages of development (B, C),
and tissues descending from them are either male (white) or female (shaded) during
all successive stages of development (D, E) to produce the part-male, part-female adult
gynandromorph or mosaic fly. (Diagram courtesy of Seymour Benzer, California Institute

of Technology.)

placed with a normal eye, vision may
be restored. Of course, transplanting
an eye or a part of an eye in a fly is
not practical surgically. But it is
quite possible genetically.

The technique takes advantage of
a rare strain of fly whose offspring
are sometimes composites of male
and female—a gynandromorph or
mosaic fly. Such offspring can be
part normal-female and part mu-

tant-male—and the pattern is ran-
dom, providing a range of combina-
tions. It is easy to determine if a part
is normal or mutant, because the
male portions of the composite dis-
play masculine secondary sexual
characteristics, and the female por-
tions, female.

Dr. Benzer and Yoshiki Hotta on
his research team used this in study-
ing visual behavior. They tested 44
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different normal/vision-mutant mo-
saics and made electroretinograms
from both eyes in each, checking the
results against those of a normal fly.
In each case, if an eye was of the nor-
mal genotype, it behaved normally;
if it was mutant, even if the rest of
the head and body were normal, the
eye was defective. For this particular
mutant, the visual defect is clearly
autonomous in the eye or in very
closely associated tissues. While this
is not a surprising finding, it could
not be assumed without this kind of
proof. But the neurological sites of
other kinds of behavioral mutations
are less obvious, and the technique
will be an increasingly useful tool in
localizing the site of the defect, at
which point anatomical and physio-
logical methods can be used to study
itin greater detail.

While the male/female dividing
line can be easily perceived on the
outside of the fly’s body, it does not
necessarily follow the same pattern
inside the fly. Moreover, the male/
female internal tissues are essentially
the same. What is needed is some
way to distinguish between normal
and mutant tissues, particularly in
the brain.

The team started off by looking
for a gene on the X chromosome (the
chromosome that determines sex
and which undergoes an abnormal
division to make a gynandromorph)
that controls production of an en-
zyme that could be identified by
staining. They could then take a
section of brain, stain it, and the
male part would turn one color and
the female another.

They found an enzyme that exists
normally in the brain and a corre-
sponding mutant lacking it, but the
controlling gene was on the third
chromosome, not on the X. So they
had first to ““move” that gene to the
X chromosome by irradiating
chromosomes with X-rays and get-
ting the proper broken section on
the third chromosome to reattach to
the X—a possible, but very tedious
task.
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Another way to distinguish be-
tween normal and mutant parts of
the brain is to start with something
known to be in the brain and then
mutate the gene that controls it.
Members of the group decided to
look at an enzyme called acetylchol-
inesterase, in which the fly’s brain is
rich, and which is vitally linked to
normal brain function. A fly lacking
acetylcholinesterase would probably
never survive, but it might be pos-
sible to find a mutant in which the
enzyme would be temperature-sen-
sitive. Below a certain tem perature,
the fly would act normally; above
that temperature it would be mu-
tant and “drop dead.” The research-
ers would let the flies develop nor-
mally, then raise the room tempera-
ture: brain sections of those that
died would be stained for the en-
zyme to see where it was deficient,
and therefore what parts of the
brain were mutant. Surprisingly,
they found some mutant flies that
dropped dead regardless of tem-
perature.

T'o begin to find out why this hap-
pened, the team took a close look at
the brains of the “‘drop dead” flies,
and discovered them to be full of
holes, like Swiss cheese. Among those
with heads divided externally half
and half, 80 percent lived normally
and 20 percent died as if the entire
head was mutant. Drs. Hotta and
Benzer interpret that to mean that
there are two sites, one on each side
of the brain, and both must be mu-
tant for the defect to occur. If the
split is through the center, the one
normal site is able to supply what is
necessary to keep the brain intact.
Only if the internal dividing line
swings out around in such a way
that both centers are mutant will
the brain degenerate. This suggests
some kind of interaction between
the two sides of the brain, perhaps
some neuro-circulatory substance.
Now the group would like to find
out what that substance is, perhaps
by injecting extracts from the brains

In top micrograph, black grains of radioactively ‘‘tagged” thymidine—one of the con-
stituent parts of DNA—are scattered randomly throughout multinucleated cell tissue.
Below, after tissue has been exposed to damaging ultraviolet radiation, concentration
of grains in nuclei is evidence that damaged DNA has undergone repair. (Photo, Frank
Stockdale, Stanford University Medical Center)

of normal flies into the mutant flies
to see what substance protects the
“drop dead” mutant.

Dr. Benzer is cautious about draw-
ing too exact a parallel, but points
out that the behavior of his “drop-

dead” fruit flies is very similar to the
phenomena of Huntington’s chorea,
ahuman disease. In a way, his team’s
model system—-the fly-may give
some relevant answers in spite of its
distance from the human system.



Multinucleated Cell Tissue

How the body regulates or paces
the rate of cell division is one of the
most pervasive questions of biology.
On the mechanisms of cell division
rest all of the questions of how cells
differentiate to form different types
of tissue as an embryo develops into
an adult individual, and also how
normal replacement of cells some-
times goes awry to produce biologi-
cally defective cells including those
of cancer. A classical area for re-
search on the development of tissues
has been the long-known fact that
the multinucleated muscle cells of
higher vertebrates—including man—
arise from the fusion of many pri-
mordial cells, each with a single nu-
cleus. Detailed studies of these tis-
sues showed that the primitive, sin-
gle-nucleus muscle cells divide at
regular intervals, but once they
have united to form the fused mul-
tinucleated muscle cells, all nuclear
andcell divisionsareabruptlyhalted.

In 1970, Frank Stockdale at Stan-
ford University School of Medicine
showed that when the mononucle-
ated primitive cells fuse to form
muscle tissue, they lose all but 15
percent of their original amount of
an enzyme called DNA polymerase,
which is known to be one of the in-
gredients required for the replica-
tion of chromosomes and the ensu-
ing business of cell division.

This discovery raised a number of
new problems, including the impor-
tant one of whether cells lacking the
bulk of the enzymes necessary for
duplicating chromosomes can repair
accidental damage to them. The in-
tegrity of chromosomes is important
not only for duplication of the cell,
but also for the regulation of the
cell's activity during its lifetime.

Dr. Stockdale drew on the work
of others showing that when DNA
is artificially damaged (such as by
exposure to ultraviolet light) the
abnormal segment of the macromol-
ecule is snipped out and the result-
ing gap is filled in by a newly syn-
thesized stretch of the proper mate-

rial. Dr. Stockdale experimentally
exposed multinucleated muscle cells
—from a tissue culture of the pec
toral muscle of embryonic chicks-
to ultraviolet light. He then ‘‘fed”
the tissue culture with radioactively
labeled DNA-precursor material
When, after an appropriate period
of time, he separated the DNA from
the cells, he discovered that the ra
dioactively labeled material had
been incorporated in the DNA, and
that the DNA had therefore been
repaired.

The fact that these repairs were
indeed made leads Dr. Stockdale to
the conclusion that while muscle
cells cannot divide because they do
not have enough of the enzyme
needed to double DNA, they can
nevertheless synthesize short seg
ments of the material for repair
purposes.

Of course, these results do not con-
clusively show that the 15 percent re-
maining amount of the enzyme is re-
sponsible for the repair function. It
may indicate that there is a special
DNA synthesizing system in higher
vertebrates which is set into action
by damage to the chromosomes of a
specialized body cell. The data can
also be interpreted as suggesting the
existence of two different DN A-syn-
thesizing enzyme systems in wverte
brates.

Tropical Ecology

One of the great differences be-
tween the ecology of the temperate
zone—such as the United States—and
that of the tropics is that in the
former a given unit of ground is
dominated by a few plant species. In
the tropics, a similar area has many
species, each represented by onlya
few individuals. Temperate zone
agriculture—the familiar field of
grain—depends upon this phenome-
non. If a tropical food-crop agricul-
ture is ever to be attained, it will
have to take into account the nature
of the interactions between plant
and animal life that generate this
diversity of the naturally occurring
system.
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Daniel H. Janzen of the Univer-
sity of Chicago, working in Costa
Rica, suggests that this wide distri-
bution may result in part from
greater insect predation upon seeds
and seedlings near the parent plant.
His most recent studies are of a
canopy vine, Dioclea, which drapes
its flowered crown over the tops of
several adjacent trees. The thick
seed pods drop to the ground on ma-
turity and many are carried away
from under the parent tree by squir-
rels as a would-be source of food.
However, the seeds contain a toxic
amino acid, canavanine, which dis-
courages the animals from eating
them. These seeds produce the new
crop of vines, because most of the
seeds left behind are eaten by a spe-
ces of beetle able to cope with the
canavanine and which lives almost
exclusively on Dioclea seeds. The
few surviving seedlings are destroyed
by caterpillars that drop to the
ground from the parent vine, on
whose tender shoot tips the adult
moth primarily lives. Only those
seedlings that germinate far from an
established vine have a reasonable
chance of surviving. Inevitably, the
vines therefore become widely
spaced through the forest.

Larry L. Wolf of Syracuse Uni-
versity is studying the two distinct
patterns of distribution of several
species of a relative of the banana
tree, called Heliconia. In one spe-
cies, the individual trees are scat-
tered through the tropical forest like
Dioclea. Other species do not de-
pend on seed for reproduction at all
—possibly an evolutionary response
to heavy seed predation—but repro-
duce vegetatively and grow in large
clumps.

Each Heliconia flower lasts for less
than a day, and produces nectar only
from early morning until shortly
after noon. The two types of Heli-
conia therefore provide distinct pat-
terns of nectar distribution for the
various species of hummingbird that
feed from them.

Dr. Wolf has determined that the
long-tailed Hermit Hummingbird,
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The number of seeds of the tropical canopy vine, Dioclea, that fall to the ground per
unit area decreases sharply with increasing distance from the parent vine (light-colored
zone) . Predators on seeds and seedlings (caterpillars and weevils) are similarly dis-
tributed (dark-colored zone). "There is therefore an area, ringing the parent vine at a
distance, in which a seedling is most likely to survive (Hatched zone) . The possibility
of survival is influenced by topographic features such as rivers (A), which inhibit the
spread of both seeds and predators, and other adult vines of the same species (B) .

which feeds from the dispersed
Heliconia, differs in both its mating
behavior and its food-gathering
habits from those species that de-
pend on the clumped plants. Each
breeding male of the species feeding
from Heliconia clumps maintains a
flower-centered territory in which he
feeds and from which he drives all
other males of the same species. On
the other hand, the male Hermit
Hummingbird does not maintain a
flower-centered territory, but flies a
“trapline” over an extensive area,
collecting the nectar as it is pro-
duced by the ephemeral flowers.
During the breeding season, males
congregate in groups called “leks”
to call and display. The femnale Her-
mit is drawn to the group of males
which attract her attention as she
flies her own ““trapline.”

Dr. Wolf concludes that the breed-
ing system with flower-centered ter-
ritories is more primitive within the
hummingbird family. The evolu-
tion of “traplining” for nectar by
males and their formation of leks
have been determined by the dis-
persed nature of the specialized en-

ergy source that they exploit.

Drs. Wolf and Janzen’s studies
provide another step towards the un-
derstanding of these mechanisms
and, potentially, how they might ap-
ply to agriculture and man.

ENVIRONMENTAL
SCIENCES

Man’s surroundings—the earth
which he inhabits and the envelope
which surrounds it—are the concern
of the environmental sciences. The
scientists conducting atmospheric,
earth, and oceanographic science
research supported by NSF are pri-
marily based at universities, ocean-
ographic institutions, or at the Na-
tional Center for Atmospheric Re-
search at Boulder, Colo. In some
cases, environmental studies are
large-scale field operations, require
the use of ships, aircraft, satellites,
rockets, and other facilities, and in-
volve scientists from many disci-
plines and many nations. Because of
their complexity and the sheer phy-
sical size of many of the problems
which must be investigated, the

NSF has established several Na-
tional Research Programs to bring
to bear the diversity of talents
needed. (Details of these programs
are presented on pages 39 through
44.)

In the atmospheric sciences, 143
grants were made for §9.2 million,
an increase of 25 grants and $1.2
million over the previous year. Con-
tinuing emphasis is placed on prob-
lems of atmospheric chemistry and
the production, behavior, and fate
of atmospheric constituents, whether
occurring naturally or added inad-
vertently. Increased effort is being
focused on the interactions between
the lower and upper atmosphere
and between global-scale and medi-
um-scale weather. In part, these in-
vestigations—which require exten-
sive field measurements using radar
techniques and highly instrumented
aircraft—are concerned with the be-
havior of the atmosphere which
leads to severe storms.

Through a broad program of so-
lar-terrestrial research, involving
both theory and observations, sub-
stantial increases in knowledge have
been obtained concerning the outer
atmospheres of the sun and the
earth. In this connection, NSF co-
ordinated all U.S. research programs
for study of the total solar eclipse on
March 7, 1970. Those investigations
covered such diverse topics as stellar
occultations, spectrophotometry of
the distant solar corona, and iono-
spheric waves. The findings of these
investigations are under review and
study. Scientifically, the eclipse re-
search program was a great success,
and preliminary planning is under
way for an extraordinarily long-du-
ration eclipse predicted for Central
Africa on June 30, 1973.

In other studies of the ionosphere,
there is a rapidly growing recogni-
tion of the power of the incoherent-
scatter radar technique to provide a
great deal of valuable information
about the upper atmosphere. The
dominant scientific problem in the
outermost atmosphere is the magne-
tospheric substorm, which produces



brilliant auroras, radio blackouts,
and large fluxes of electrons. Be-
cause of its pervasive effects, it can
be expected to attract particular at-
tention in the future.

As compared to 1970, the earth
sciences program remained compar-
atively stable, awarding 225 grants
in the amount of $8.0 million dur-
ing fiscal year 1971. This level rep-
resents 30 to 40 percent of funds for
geological research going to the na-
tion’s universities. Because the Foun-
dation is the major supporter of geo-
logic research in academic institu-
tions, the effect of the change in the
pattern of support by other agencies
has been smaller in the earth sci-
ences than in some of the other dis-
ciplines. Other programs which
make important contributions to
our earth science understanding in-
clude the Ocean Sediment Coring
Program (page 42) and portions of
the International Decade of Ocean
Exploration (page 39).

The past decade has witnessed
remarkable advances in the science
of geology. Most significantly, the
concept of seafloor spreading and
plate tectonics provides, for the first
time, a theoretical framework for
viewing major tectonic processes on
a global basis. With this unifying
concept it is possible to explain a
wide range of diverse observations
on earthquakes, volcanism, faulting,
mountain building, and the basic
processes that shape the surface of
our planet. As isoften the case when
a new theory of wide scope emerges,
further research is required to test
the main line of the theory more
fully and to extend it so as to inte-
grate it with other observations. Al-
though seafloor spreading and plate
tectonics has been most successful in
dealing with the oceanic areas, its
pertinence to continental deforma-
tion is not clearly demonstrated in
all cases.

Oceanographic research project
support is related to and coordi-
nated with the Ocean Sediment Cor-
ing Program, the International Dec-
ade of Ocean Exploration, and the

Arctic and Antarctic Research Pro-
grams. The oceanography research
project support concentrates on
studies of organisms living in the
ocean, the origin and structure of
ocean basins, energy interactions be-
tween the sea and the land and the
atmosphere, and above all, the phys-
ical processes that keep the global
sea in motion. In pursuit of these
objectives, grants for $9.9 million
were awarded in fiscal year 1971~
which is $1.0 million more than the
support of the year before.

From these kinds of studies it is
hoped, among other things, to learn
more about the dynamic processes
controlling the deep circulation and
turnover of ocean waters, sediment
concentration, replenishment of sur-
face nutrients, and energy ex
changes. Concern with dynamic
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functioning of ocean systems is also
reflected in marine ecological stud-
ies. A great deal of emphasis is also
being placed on the effect of higher
nutrient concentrations, insecticides,
and trace metals on marine bacteria
and microorganisms. With this in-
crease in our understanding of the
oceans and the objects and phenom-
ena associated with them, it is antici-
pated that the United States can
move forward in its efforts to de-
velop and use the vast resources of
the sea.

ATMOSPHERIC SCIENCES

NATIONAL CENTER FOR
ATMOSPHERIC RESEARCH
Stratospheric Aerosols

Although manmust take responsi-
bility for much of the polluting sub-
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stances in the air today, he is ap-
parently not responsible for some
abnormal constituents being found
in the lower stratosphere. After sev-
eral years’ study, scientists at NCAR
have found that the major aerosols
(suspensions of very fine particles)
in the lower stratosphere, sulfates,
probably derive mostly from vol-
canic fumes. Sulfate particles have
been collected directly from the
fumes of several volcanoes, and the
proportion of different sulfur iso-
topes in volcanic sulfur compounds
is similar to that of stratospheric sul-
fate. Aerosol samples collected by
high-flying aircraft in 1966, 1969,
and early 1970 show that sulfate lev-
els in a layer in the lower strato-
sphere were almost 10 times as great
as were measured in 1961.

Late in 1970, however, the concen-
trations in the lowest levels of the
stratosphere decreased almost to the
1961 level. Other kinds of measure-
ments made at NCAR and Lowell
Observatory confirm this decline in

stratospheric aerosolsin late 1970. It
seems probable that the violent

eruption of the Agung Volcano in
Indonesia in 1963 brought about
marked changes in the concentra-
tion of particles, and that subse-
quent volcanic activity in Alaska
and elsewhere maintained the high
levels. The concentrations measured
most recently may represent a return
toward a “normal” aerosol concen-
tration.

Another stratospheric aerosol,
nitric acid vapor, was first identified
by optical studies of the twilight
spectrum. Analyses of NCAR'’s sam-
ples reveal concentrations in the
lower stratosphere, confirming the
optical observations. Although no
source has been identified for the
nitric acid vapor, preliminary data
on its geographical distribution
show that it, too, probably does not
derive from manmade pollution; it
is found in almost equal concentra-
tion in the heavily industrialized
Northern Hemisphere and the rela-
tively unpopulated Southern Hemi-
sphere.

Compounds of chlorine and of
bromine were also found among the

aerosols collected, with the average
chlorine-to-bromine ratio (by mass)
about 20 to 1. Since the correspond-
ing ratio in sea salt is about 300 to 1
and that in crustal rocks and soil is
about 70 to 1, stratospheric chlorine
and bromine probably do not origi-
nate from either sea salt or conti-
nental dust. They may, however,
come from manmade pollutants
(especially automobile exhausts) or
from volcanic fumes.

Solar Wind

Interplanetary space, far from the
complete void it was once thought to
be, is filled with ionized gas known
as the solar wind. This wind, which
consists mainly of protons and elec-
trons emitted from the sun, is the re-
sult of continuous expansion of the
solar corona. When scientists at
NCAR'’s High Altitude Observatory
used satellite observations to study
variations in the speed of the solar
wind—which ranges from 250 to 850
kilometers per second—they found
that, unlike most other solar phe-
nomena, the solar wind speed is
nearly independent of the 1l-year
cycle of solar activity. The yearly
average speed is close to 400 kilom-
eters per second whether the year is
near solar minimum or solar maxi-
mum activity. These findings sug-
gest that solar activity in general,
and increases in the density and
temperature of the corona in par-
ticular, do not grossly affect the over-
all rate of emission of material.

Although the yearly average is
nearly constant, the solar wind speed
can vary considerably from one day
to the next. Rotation of the sun pro-
vides one source of variation at the
earth, even when solar conditions
are steady; the general evolution of
the solar atmosphere provides an-
other source. The NCAR studies
have shown that the solar wind emis-
sion from the sun typically remains
about the same over some 35° in
solar longitude. Because the sun ro-
tates at an average rate of 13.3° per
earth day, the solar wind speed ob-



served at the earth’s orbit is reason-
ably steady for about 2.6 days. The
studies also suggest that the speed of
the wind emanating from a particu-
lar solar region usually changes sig-
nificantly within 4 earth days, so spe-
cific speed patterns are usually not
observed when that portion of the
sun eventually rotates back into
view. When the patterns do recur on
successive rotations, they are more
likely to include lower speeds (less
than 400 kilometers per second) than
higher, implying that the regions of
quiet coronal expansion can persist
considerably longer than other re-
gions.

UNIVERSITY RESEARCH

Modifications of
the Atmosphere

Several projects aimed at discover-
ing the causative factors of inadvert-
ent weather modification—the neces-
sary first steps towards solving the
associated social, economic, and eco-
logical problems—have moved into
the field experiment stage in the St.
Louis urban area. Scientists from the
University of Illinois are examining
summer precipitation and related
severe weather events there, and
they will evaluate rainfall and radar
data to determine the magnitude of
urban-related precipitation changes
under different weather situations.
A group from the University of Chi-
cago will study the same urban area
by measuringand studying the inter-
nal structure of clouds and precipi-
tation regions upwind versus down-
wind of St. Louis. Data on cloud
condensation nuclei, cloud particle
spectra, cloud water content, precip-
itation particle spectra, ice crystal
nuclei, ice crystal content, meteoro-
logical state parameters, solar radia-
tion, and surface albedo will be ob-
tained from an instrumented air-
plane. These will be compared with
ground-based radar measurements
of the location and intensity of pre-
cipitation regions in an effort to pin
down cause-and-effect relationships
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An effect of urban activities on weather phenomena is visible at this major power plant
along the Mississippi River near St. Louis, vhere cumulus have been frequently ob-
served growing out of the plant’s effluent. (Photo Illinois State Water Survey)

between the pollutants from the city
and any differences between upwind
and downwind weather. Field o pera-
tions will be carried out im the
months of February, July, and Auw
gust over an initial 2-year period
that began in 1971.

Inadvertent modification of the
atmosphere in and around St. Louis
may be contrasted to the deliberate
but short-lived and harmless modifi
cation of the ionosphere above
Arecibo, Puerto Rico. There, the
ionosphere (the region of the at-
mosphere above about 70 kilometers
which contains free ions) is heated
by a high-power radio pulse. The
heated region is then probed by
sending a radar pulse into the re
gion of interest and measuring in-
tensity and spectral shape of the
weak return as a function of time
(the technique of incoherent radar
backscatter). NSF grantees have
made substantial contributions to
the development of this technique.

Substantial heating of the iono
sphere by absorption of high-fre
quency radio waves was first
achieved by a Department of Com-
merce group in Boulder, Colo.; the
heating was then repeated at Axecibo

where the existing incoherent scatter
radar system could be used as a diag-
nostic tool to measure changes in
electron and ion temperature, ion
drift rates and ion composition, as
well as electron density associated
with the heating. The radar meas-
urements indicated that ionospheric
plasma waves at the plasma fre-
quency were increased by two orders
of magnitude during the heating,
and that while the change in ion
tem perature was small, the maxi-
mum increase in electron tempera-
ture was from 1,100° to 1,400°, or
almost 30 percent. It was concluded
that the heating of the electron gas
was not due to electron collisions
with ions and uncharged particles as
originally expected, but that a two-
stage process was involved. First, the
radio-frequency wave produced am-
plification of plasma waves in the
medium, then the amplified waves
interacted with the ambient elec-
trons to transfer energy to them.
This heating experiment demon-
strates the utility of the incoherent
backscatter technique as a powerful
tool for measuring a large number of
ionospheric parameters over an €x-
tended region of space.
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On October 22, 1970, at Arecibo Observatory, high-frequency radio waves transmitted
from the ground and absorbed in the ionosphere produced the increases in electron tem-
perature shown by the contours. The maximum rise of 300° K. represents a 30 percent
increase in temperature. Maximum absorption (and, hence, maximum heating) occurred
vertically above Arecibo at a height of 300 kilometers, where the input was strongest.
Because heat is conducted rapidly in the direction of the earth’s magnetic field, the tem-
perature remains essentially constant along the field down to about 270 kilometers. Below
that altitude, rapid cooling takes place as a result of increasing density of the neutral

atmosphere.

EARTH SCIENCES
Earthquake Studzes

The importance of the earth sci-
ences to man was brought out dra-
matically during the past year with
the occurrence of California’s San
Fernando earthquake on February
9, 1971. This earthquake, with a
Richter magnitude of 6.6—a modest
event by seismological standards—
was nonetheless a great disaster,

with nearly a billion dollars in dam-
age. The loss of 64 lives, the sixth
highest in the United States’ earth-
quake history, could easily have
been multiplied many times because
80,000 people were threatened by
the near-failure of the Van Norman
Dam.

This earthquake has extreme im-
portance for seismology and for
earthquake engineering because it
occurred in an area that was com-
paratively instrumented with accel-

erographs, strain meters, tiltmeters,
and other geophysical instruments.
It provided unusual opportunities
for obtaining information of im-
mense practical as well as scientific
value. For example, the greatest
ground acceleration ever recorded
was reported from the epicentral re-
gion, with some high-frequency vi-
brations exceeding that of gravity.
Ground accelerations that great
were unknown from previous Cali-
fornia earthquake records, and the
knowledge that such extreme accel-
eration can occur is forcing major
reevaluations of earthquake hazards
and engineering design.

Geophysicists at the California In-
stitute of Technology’s Seismologi-
cal Laboratory, which operates the
main seismograph network in south-
ern California, responded quickly to
this earthquake. Not only were they
able to pinpoint the epicenter im-
mediately because data from some of
the key stations were telemetered to
the Laboratory in Pasadena, but
also within 3 hours of the main
shocks they had mobilized portable
geophysical equi pment and installed
it in critical field locations. Caltech
geologists were also in the field with-
in 8 hours of the earthquake to as-
sist in obtaining critical aftershock
and other data needed for complete
geological and geophysical analysis
of this earthquake event. The imme-
diate attention of Caltech staff and
students to the San Fernando earth-
quake resulted in the collection of
significant data and publication of
reports by April 1971, covering the
seismological environment, prelim-
inary seismological and geological
studies, main shock and aftershocks,
patterns of faulting, precise loca-
tions of aftershocks, orientation of
the fault planes, and strains and tilts
of the earth.

An unusual aspect of the earth-
quake was the extent and complex-
ity of surface faulting which shat-
tered the area, inflicting abnormal
amounts of damage to buildings,
highways, power lines, and other



The badly damaged Lower Van Norman Dam shortly after the San Fernando earth-
quake of February 9, 1971. (Los Angeles Water and Power Department photo by Max
Gould)
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This February 9, 1971, accelerograph record from the abutment of Pacoima Dam shows
the greatest earthquake strong motion (1.04 g) ever recorded. Evidence of such large
acceleration from a moderate earthquake has important implications for protection
against future earthquake hazards.

trend or strike of the fault as much
as 64 inches, and compression of
land area across faults as much as 42
inches. Stations as far as 250 miles

structures built in the path of the
faults. In some places the vertical
offset on faults was as much as 35
inches, horizontal offset along the
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away showed small permanent dila-
tional strain effects in the earth’s
crust. Apparently, the concentrated
shortening of the earth’s surface
along faults in the area of maximum
damage was counter-balanced by mi-
nor stretching over vast areas away
from the fault zone. It is of interest
that the earthquake occurred very
close to the time of maximum tidal
com pressional strains, suggesting a
possible triggering mechanism for
this event.

OCEANOGRAPHY
Seismic Anisotropy

For more than two decades, ma-
rine seismologists have been study-
ing the structure of the crust and
mantle underlying the ocean basins
by observing how shock waves are
modified as they pass through. A sig-
nificant part of the information ob-
tained has involved the determina-
tion of the velocity at which com-
pressional waves travel through the
rock material forming the outermost
part of the earth’s mantle. As these
data accumulated, it became appar-
ent that there were substantial vari-
ations in the magnitude of this man-
tle velocity from place to place. For
many years, these variations were at-
tributed to presumed differences in
rock materials from one area to an-
other because there seemed no other
reasonable explanation,

In the mid-1960’s, with the intro-
duction of the concept of seafloor
spreading, it was pointed out by the
late Harry Hess of Princeton that a
significant part of the variability in
mantle velocitiesmight be explained
if the rock material in the upper
mantle were anisotropic (having dif-
ferent physical properties in differ-
ent directions) in a regular sense
over widespread regions of the ocean
basins. Dr. Hess also suggested that
this anisotropy might be directly re-
lated to large convective cells in the
mantle, which many earth scientists
believe to be the driving mechanism
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Anisotropy measurements from one Pacific Ocean region near Central America show

the seismic wave velocity variations as functions of compass direction.
variations recorded to date are near Hawaii—a high of 8.45

and a north-south low of 7.85 km/ sec.)

for seafloor spreading, and which
could reasonably provide a wide-
spread mechanism for the flow-in-
duced alignment of anisotropic crys-
tal grains such as olivine. This crys-
tal alignment would in turn produce
an observed whole-rock anisotropy.

Since this hypothesis was sug-
gested, Russell Raitt and George
Shor and their associates at the
Scripps Institution of Oceanography
have been developing and testing
the necessary techniques for acquir-
ing and analyzing seismic anisotropy
data with the required accuracy.
These developments have evolved to
the point where adequate anisotro-
Py measurements can be made using
one ship and sonobuoys rather than
the two ships required before, and
where data analyses, though time
consuming, have become standard-
ized.

(The greatest
km/sec nearly east-west

The usual form in which these
anisotropy measurements are pre-
sented is a graph showing how seis-
mic wave velocities vary with the di-
rection (or azimuth) at which the
measurements were made. To date,
anisotropy studies have been car-
ried out at several locations between
the west coasts of North and Central
America and the Hawaiian Islands,
in the northwest Pacific Ocean be-
tween the Aleutians and Japan, and
most recently in selected areas of the
Indian Ocean. In all of these studies,
the anisotropy observations are con-
sistent with the hypothesis that the
maximum velocity is in the direc-
tion of seafloor spreading. The mag-
nitude of the anisotropy observed
has been variable.

The potential significance of an
anisotropic mantle is considerable.
It holds the promise of providing in-

dependent and quite valuable infor-
mation and constraints on the direc-
tions of seafloor spreading and the
mechanism by which crustal plates
are moved about. In addition, quan-
titative information on mantle anis-
otropy and its variability would con-
tribute substantially to the accurate
prediction of the rock densities used
in gravimetric analysis of structural
models of the earth’s crust and up-
per mantle.

Natural Variability of
Coastal Resources

Commercial fisheries, which are
important regional industries as well
as large producers of food for hu-
man and animal consumption, are
particularly vulnerable to the varia-
bility of coastal ecosystems. The
amounts and distributions of species
of sea life differ from year to year.
The California coastal zone is a
good example of this problem, since
many of the organisms that live
there are characterized by annual
and longer-period fluctuations.

The magnitudes of these varia-
tions are not well understood, and
the causes are even less clear. It is
tempting to correlate these pertur-
bationsin the ecosystem with the ac-
tivities of man along the coasts, but
John Isaacs at the Scripps Institu-
tion of Oceanography has found evi-
dence that significant amounts of
the variability may be caused by cli-
matic conditions.

There are several locations known
along the world’s coastlines in which
sediments are deposited under rare
conditions leading to the virtual ab-
sence of oxygen in the bottom wa-
ters. The effect is to preclude bur-
rowing and bottom animals from
disturbing the fresh sediments, and
also to inhibit the decomposition of
any organic remains. One of these
unusual offshore basins is at Santa
Barbara, and there Dr. Isaacs has
been studying the remains of organ-
isms preserved in the annually lay-
ered sediments for evidence of past
abundances. He found that the
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lamount of sardine scales in the sedi-
'ments correlated with historical data
jon sardine landings, and by study-
ling specially “quick frozen” core
samples (to protect unconsolidated
‘near-surface layers) and by analyz-
ing deeper, hence older, portions of
the cores, he has been able to esti-
mate probable sardine abundances
in the past. Sardines, he finds, were
extremely abundant during the
11860’s and 1890's, and each peak was
| followed by a drastic reduction.
Moreover, these peaks occurred dur-
| ing periods of high rainfall, which is
| recorded in annual growth. rings of
' trees of the immediate area. It now

443-979 O - 12 -3

linducing the flow-alignment of anisotropic crystal grains in the mantle.

seems likely that changes in sardine
abundance reflect climatic fluctua-
tions and that the precipitous de-
cline of the California sardine fish-
ery in the 1930’s may have been part
of a natural population fluctuation.

Dr. Isaacs’ currently supported re-
search is designed to elucidate fluc-
tuations in other organisms off Cali-
fornia and to evaluate fluctuations
of commercially important species
in other areas. The techniques de-
veloped for studying the layered
sediments and correlating them with
various climatic measures in addi-
tion to rainfall should be useful in
the study of other regions—such as

irection) of the upper mantle were made at 16 oce-
are in the directions of the spreading of the seafloor
ant convective cells within the earth, which may be

Peru, India, or southern Africa—
that contain important fisheries. De-
termination of the natural fluctua-
tions of the fish may lead to greatly
improved scientific management of
these ocean resources.

ENGINEERING

During fiscal year 1971, the NSF
awarded 425 grants, totaling $17.4
million for engineering research.
This represents a level of effort simi-
lar to that of the preceding year, and
accounts for about 15 percent of the
direct Federal support for engineer-
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ing research at academmic institu-
tions.

In addition to awarding grants
for basic research in all areas of en-
gineering, the Foundation contin-
ued its trend of recent years and
broadened the scope of its research
activities. About 30 percent of the
funds for engineering were devoted
to areas where engineering research-
ers and their students can have an
impact on problems of great techni-
cal or social relevance. Some of these
areas of programmatic innvestigation,
such as enzyme engineering and
earthquake engineering, were trans-
ferred during the year to the new Di-
rectorate of Research Applications
(see page 57), while others, such as
materials research, biomedical engi-
neering, communications engineer-
ing, construction methods (espe-
cially tall buildings), wind engineer-
ing, and hydrology, remain as areas
of special and enlarged emphasis in
the Engineering Division.

A significant factor inn our econ-
omy and world trade is the national
capability for the development of
new materials and innovative meth-
ods of material processing. In recent
years, dominance in materials proc-
essing has been severely eroded by
technological advances by foreign
competitors. Of particular impor-
tance is machining of superalloys
using superhard materials—an area
which requires much research in the
development of new macterials and
improved understanding of existing
materials. For some uses it has been
found that the durability of tung-
sten carbide tools can be improved
drastically by coating the surface
with a 0.0002-inch layer of titanium
carbide. It can be expected that
coated tools will be used more and
more in the future, but their full po-
tential could be better ex ploited if it
was known why a minute coating
makes tools more effective.

Biomedical engineering attempts
to contribute to the solution of
health problems through the inter-
play of engineering with biology and
medicine. It concerns itself with

such problems as the effects of elec-
tromagnetic and ultrasonic energy
on biological tissues or the develop-
ment of improved or new biomater-
ials which are compatible with body
tissues or fluids.

During fiscal year 1971, the Foun-
dation used about 10 percent of its
engineering funds to continue to
provide special opportunities for
young graduate engineers. This Re-
search Initiation Grant Program is
included in all engineering program
activities.

Just as science has made exciting
progress in gaining new understand-
ing of the structure and operation of
the technical and social world dur-
ing the past 20 years, so has engineer-
ing advanced in anticipating and
meeting the demands for more and
cheaper energy, longer lived and
more reliable materials, more effec-
tive communication, and more suit-
able and efficient techniques and
machines for providing the things
that an expanding population re-
quires.

Measurements in Reactors

A nuclear reactor, more than any
other powerful machine, is one
whose internal activity must be
known from moment to moment.
However, the problems are differ-
ent from checking the oil pressure
or rate of fuel flow into a diesel
engine or the rate of water flow
through a hydroelectric turbine. A
nuclear reactor operates silently and
behind heavy shielding. Its direct
output, heat, is actually a secondary
product of the nuclear fission proc-
ess taking place in its radioactive
core. Measuring the heat produced,
or the electrical current produced by
the heat, is a secondary measure
which actually amounts to a reading
of what happened earlier in the nu-
clear reaction. It is important for re-
actor safety engineers and operating
personnel to know from moment to
moment exactly how the nuclear re-
action—the production of thermal

neutrons as a result of atomic fission
—is proceeding.

Robert Albrecht and George Hess
at the University of Washington
have developed a new instrument,
known as a “reactivity meter,” which
improves on instrumentation pres-
ently in use by providing both more
rapid and more accurate measure-
ments of the neutron population
within a reactor. It also has appli-
cations to a larger class of reactors
than previous instruments.

The new instrument is an out-
growth of research performed by Dr.
Albrecht in collaboration with W.
Seifritz of the German Nuclear Re-
search Center in Karlsruhe, Ger-
many in 1967-68. Dr. Seifritz devel-
oped some of the original theory and
made early measurements with a
more limited design of the reactivity
meter. The new meter is a complex
electronic “on-line” instrument us-
ing a digital computer.

The instrument can determine
certain information from the neu-
tron activity of any nuclear reactor.
A detector provides an output signal
which fluctuates depending on the
number of neutrons within its sensi-
tive region. The number and veloc-
ity of these neutrons provide infor-
mation from which the computer
can calculate the instantaneous re-
activity (ie, neutron population),
the statistical standard deviation (a
measure of the accuracy of the meas-
urement), and other values. In ef-
fect, the computer and the detector
count variations of the neutron pop-
ulation within the reactor and ap-
ply standard statistical concepts to
these variations.

Dr. Albrecht’s new and more ad-
vanced instrument was developed at
the University of Washington, and
has been tested on a number of ex-
perimental reactors.

An even more advanced version
of the new meter has been tested in
the University of Washington nu-
clear reactor by a group of engineer-
ing graduate students in the nuclear
engineering department as part of
their laboratory experience. These
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The “center burst defect” has been shown to be caused by the conditions under which
metal is worked, or “deformed,” rather than a pre-existing defect in the material. (Photo

by Dr. Betzalel Avitzur, Lehigh University)

tests form the basis of the construc-
tion of an instrument that will be
permanently installed for the UW
nuclear reactor, as well as for meters
to be made part of the instrumenta-
tion of other nuclear reactors
throughout the country.

The instrument is being patented,
with title to the invention vested in
the U.S. Government, and rights are
being transferred by the National
Science Foundation to the Atomic
Energy Commission.

Metal Processing

The conversion of an ingot of cast
metal into useful intermediate pro-
ducts such as sheet, plate, bar, and
wire involves a capital investment
by American industry of tens of bil-
lions of dollars and operating ex-
penses of several billion dollars an-
nually. Despite the large investment
and cost involved, the behavior of
metals and alloys during the rolling
and drawing processes is not well
enough understood to permit im-
proving either the process or the
product in other than an empirical
way. The engineering science tradi-
tionally involved has been limited to
the design of equipment capable of
the required dimensional change.
No consideration of the behavior of
the material itself was attempted.
Thus, to a large extent, the develop-

ment of most industrial metallurgi-
cal processes has been by the costly
method of trial and error.

However, as knowledge of the be-
havior of materials and techniques
for the analysis of plastic deforma-
tion processes have deepened, a more
systematic approach has become pos-
sible. Betzalel Avitzur of Lehigh
University has been working for
some years developing a more rigor-
ous analysis of some of the primary
metal fabrication processes. In this
analysis, Dr. Avitzur has been corre-
lating known facts of the behavior
of metals with the mechanical engi-
neering processes being used. Dr.
Avitzur's investigation has been pri-
marily one of matching a theoretical
analysis of the axisymmetric flow of
materials (the plastic flow of a ma-
terial which is symmetrical with re-
spect to the direction in which it is
moving) with experimental verifi-
cation. The treatment resulting
from Dr. Avitzur’s investigation per-
mits, for the first time, the reliable
measurement and prediction of such
variables in industrial processing as
the forces required, the maximum
possible reduction in size per proc
essing step, optimum design of dies,
flow patterns and strain rates, and
the causes for some of the defects
encountered in practice.

A specific achievement of Dr.
Avitzur's analysis has been the de-
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termination of the cause for the
“center burst defect,” traditionally
thought to be a problem associated
with the material in question. Dr.
Avitzur’s theoretical analysis first
suggested, and his experimental
work confirmed, that this defect oc-
curs because of the conditions un-
der which metal is worked, or “de-
formed,” rather than to any specific,
preexisting defect in the material it-
self. As a result, a criterion has been
developed for the process which es-
sentially eliminates the probability
of the center burst occurring in the
standard extrusion process. The use
of this criterion has resulted in ma-
jor improvements in both the qual-
ity of the product and in the eco-
nomics of cold-extruded steel.

Dr. Avitzur’s analysis is also being
currently applied in the aluminum
industry, a major user of extrusion
technology; in the optimization of
tungsten wire drawing techniques in
the electronic industry; and in vari-
ous special metal forming processes
being developed by the Air Force.

Dr. Avitzur's work is fundamen-
tally significant in its contribution
to our understanding of the behav-
ior of materials under conditions of
axisymmetric flow. Such conditions
are and will continue to be of major
importance in many metal fabrica-
tion processes. The application of
this new knowledge offers an oppor-
tunity of improving these processes,
an opportunity which is being rap-
idly recognized by the metal extru-
sion industry.

Holographic Image Sharpening

The electron microscope has
brought man’s ability to see the very
small almost to the point where he
can photograph the details of large
molecules—but not quite. Unfortu-
nately, virtually all optical systems,
from the largest astronomical tele-
scope to the most powerful electron
microscope, are barred from reach-
ing their theoretical limits of reso-
lution (the smallest detail they can
pick up) by motion, imperfect fo-
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cus, atmospheric turbulence, or in-
strumental defects.

This limit on resolution means
that the smallest object thiat a biolo-
gist, using an electron microscope,
can visualize is approximnately the
size of the amount of space taken up
by two atoms. In order to visualize
useful structural details of biologi-
cal molecules, it would be necessary
to improve this resolution by a fac-
tor of two. (This doesnot mean that
an electron microscope with a reso-
lution on the order of 2 Angstroms
would be able to photograph an
atom. The “‘diameter” of an atom
measures a space which is effectively
empty, just as the effective volume
of the solar system is primarily
empty space.)

George Stroke at the State Univer-
sity of New York at Stony Brook rea-
soned that the electron beam that
originally produces the imperfectly
resolved image in the electron micro-
scope contains all of the informa-
tion about the object that is theoret-
ically possible. Further, he reasoned

2.5 /o\ngstroms

Electron microphotograph of fd filamentous virus shows highest degree of resolution—
detail to 5 Angstrom units. Following image enhancement by holographic techniques,
resolution is improved by factor of two to show detail of 2.5 Angstroms. (Micrograph
by A. V. Crewe, University of Chicago. Enhancement photo by G. Stroke, State University
of New York at Stony Brook)

the way the information in the im-
perfect image is blurred by the sys-
tem can be predicted mathematic-
ally. If this were true, it would be
possible to “decode” the blurring by
reversing the mathematics.

Accordingly, Dr. Stroke used the
mathematics that describe the im-
age-forming mechanism and the
principles of holography (laser-pro-
duced three-dimensional ‘“lensless”
photography) to produce an optical
filter which is essentially an analog
of the reverse mathematical process.
The “key” to decoding the blurring
of an entire photograph is contained
in the defective image of a single
point. In the case of the electron
microscope, a point is imaged in the
form of an almost uniform circular
“patch,” rather than like a sharp
point. The holographic “filter,” if
carefully manipulated, can reverse
the mathematical function which
describes the blurred photo, thereby
shifting the image back to its un-
blurred state.

The most recent and dramatic ex-

ample of the ability of Dr. Stroke’s
system to clarify electron micro-
graphs is shown in the illustration.
The photographs show a portion of
the structure of the fd filamentous
bacterial virus, a bacteriophage that
infects the common intestinal bac-
terium E. coli. The original photo-
graph wasobtained by Albert Crewe
at the University of Chicago, using a
specially designed transmission scan-
ning electron microscope with a res-
olution of 5 Angstrom units. Dr.
Crewe’s photograph, treated by Dr.
Stroke’s image sharpening, achieves
a resolution of 2.5 Angstroms.

This degree of detail provides bi-
ologists with a hitherto unobtain-
able ability to see the details of the
molecules of life in a fairly direct
and simple way. Beyond this, the
ability to improve resolution will
have applications wherever man’s
instruments attempt to enlarge the
scope of his eyes.

SOCIAL SCIENCES

Research in the social sciences re-
ceived increased impetus by NSF
during fiscalyear 1971. This research
covers a wide range of disciplines in-
volving methodological, theoretical,
and problem-focused work. All of it
is designed to further scientific
knowledge of human beings in their
interaction with one another, and
their customs, institutions, and or-
ganizations.

At present, the NSF provides
about one-fifth of the total Federal
support of social science research. In
some fields, such as econometrics
and anthropology, the NSF is the
principal source of support. A num-
ber of factors are currently operat-
ing to increase both total Federal
support for social science research
and the NSF portion.

Solutions for pressing social prob-
lems require more complete and ac-
curate knowledge of human behav-
ior and of institutions. Fortunately,
productive new research techniques
in social sciences are increasingly



able to help in forming workable re-
sponses to current problems.

As a result of these converging
trends, the broadened scope of NSF
authority, and increasing awareness
of the NSF’s social science commit-
ment, requests to the Foundation
for support of social science have in-
creased markedly in the past fiscal
year. In fiscal year 1971 the NSF re-
ceived 1,281 proposals as compared
to 1,087 proposals in fiscal year 1970.
A total of 484 grants, in the amount
of $17.4 million, was awarded.

With this funding, a wide variety
of research in the social sciences was
undertaken. One important area of
emphasis was the improvement of
mathematical methods applicable to
social science problems. For exam-
ple, studies have been and are being
funded to investigate the inverse re-
lationship noted between the rate of
change in wages, or prices, and un-
employment. Economists are trying
to improve their understanding of
the trade-off between inflation and
unemployment so that Government
policies can be fashioned to obtain a
more favorable long-term relation-
ship, or even decrease unemploy-
ment and inflation at the same time.

Improved evaluation of experi-
mental programs is a significant as-
pect of methodological advances. In
the case of the Head Start Program,
the Office of Economic Op portunity
had supported a large-scale evalua-
tion study by Westinghouse and
Ohio State University. Later studies
supported by NSF indicate that this
evaluation inadvertently used meth-
ods containing biases in the direc-
tion of making Head Start look use-
less or even harmful. The Westing-
house-Ohio State University evalua-
tion was most influential in determ-
ining the character of Head Start,
thus demonstrating the im portance
of developing a better methodology
for evaluations in innovative social
programs.

Another area which is receiving
special attention is fundamental re-
search in ‘“social indicators.” These
indicators are data series that allow

comparisons of socially important
conditions and identification of
long-term trends. Although the un-
derlying work has been a part of so-
cial science concerns for several
years, there is new emphasis on the
identification of critical series. A
landmark volume on social indica-
tors has been published by the
American Academy of Political and
Social Science in its series known as
The Annals. More than half the
studies featured in this volume
credit NSF with support of research.
These studies were also the proto
type for many larger-scale, more sys-
tematic investigations currently
planned. It is expected that this re-
search will rely in part on special
computer-readable printouts from
resource data centers which can be
useful both in connection with the
collection of social indicator data
and for other research purposes as
well.

With NSF support, social scien-
tists are also studying such diverse
problems as the reaction to indus
trialization of contemporary groups
in different parts of the world, fac
tors affecting the balance of pay-
ments in international trade, crime,
and how real estate values are af-
fected in changing neighborhoods.

The results of these and other in-
vestigations in the social sciences are

RESEARCH SUPPORT ACTIVITIES 33

expected to be useful in many ways,
but two cautions need to be stated.
First, social behavior is extremely
complex, and spectacular break-
throughs for the solution of critical
social problems are unlikely. In-
stead, it is more reasonable to expect
asteady, incremental growth in tech-
niques and methodology. This
growth, even when impressive
achievements occur, leads to the sec-
ond caution. The contribution of
the social scientist is to provide in-
dividuals and political groups with
new options and help them to know
the probable consequences of choos-
ing any of these options. Science can
raise the level of general knowledge
in our society and make social proc-
esses and interactions more under-
standable, but it does not, of course,
eliminate the need for personal
choice and group decision-making.

T he Persistence of Poverty

The way poor people’s incomes
respond to changes in the general
economy is of critical importance in
formulating programs to deal with
problems of poverty. John McCall
of the University of California at
Los Angeles is trying to measure this
income mobility with the use of eco-
nomic models of the incidence, per-
sistence, and control of poverty—
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with special emphasis on those who
stay poor and those whose incomes
rise above a particular income level.
In theory, the length of time in pov-
erty or non-poverty should have an
important influence on the proba-
bility of moving to poverty or non-
poverty during the subsequent pe-
riod. Dr. McCall is using a data
file (the Social Security Continuous
Work History Sample) that consists
of information on race, age, sex, lo-
cation, industrial affiliation, and
estimated annual earnings for nearly
one million anonymous individuals
for the years 1957-66.

Several important, though still
tentative, conclusions may be drawn
from his preliminary results. The
first is that a significant proportion
of individuals remained in poverty
throughout a 4-year period of sub-
stantial growth, even using the low-
est of the three poverty lines con-
sidered (i.e., $1,500instead of $3,000
or $4,500) . This tends to substanti-
ate the “backwash thesis” which
states that certain subgroups in pov-
erty are so isolated from society that
they are unaffected by economic
growth. If so, sustained economic
growth may not be sufficient for the
elimination of low earnings, and
other policies, perhaps investments
in human capital, such as health and
training programs or income main-
tenance, may be needed.

The probability of remaining in a
low-earnings category all 10 years,
given low earnings in 1957, was sig-
nificantly larger for non-whit= males
than for white males. This was true
for all age groups and all three pov-
erty levels. For a $3,000 poverty line,
the probability of a non-white male
between the ages of 25 and 34 re-
maining in poverty for the entire 4-
year economic growth period was
0.20; for a. white male in the same
age group it was 0.05. It would ap-
pear that to raise the mnon-white
male’s economic level will require
much more intensive programs than
generally stimulating the growth of
the whole economy. However, Dr.
McCall’s evidence does indicate that

in a buoyant economy, among those
who can move across the poverty
line, non-whites make greater gains
than whites.

Stayer proportions (Dr. McCall’s
term for individuals who remain
in their starting income cate-
gory) proved to be very similar for
non-white males and white females,
while non-white females had the
highest stayer proportions. For ex-
ample, with a $3,000 poverty line,
the probability of a non-white fe-
male between the ages of 25 and 34
remaining in poverty for the 4-year
growth period was 0.27; for corre-
sponding white females it was 0.16.

The most obvious explanation for
the inferior economic performance
of females is job market discrimina-
tion. In addition, because of their
role in our society, many of the skills
developed by females either are not
or cannot be converted into their in-
come equivalents. Also, since female
participation in the labor force is
less stable than that of males, em-
ployers are less willing to invest in
femnale human capital, which fur-
ther lowers their productivity and
wages relative to males. All the dif-
ferences Dr. McCall observed be-
tween white and non-white females
were much less than the correspond-
differences for males.

The Use of Violence

One out of every five American
men questioned in a nationwide sur-
vey said he believed some degree of
violence was necessary to produce
needed social change in this coun-
try. An even larger proportion,
nearly one third, were willing to tol-
erate substantial police force, in-
cluding shooting to Kkill, to control
student or black uprising.

The questionnaires were admin-
istered in 1969 by a research team
headed by Monica Blumenthal from
the University of Michigan. The
sample of 1,374 was selected to rep-
resent all men in the United States
between the ages of 16 and 54 and to

represent all races, regions, eco-
nomic classes, and social statuses.

The ressarch was particularly
concerned with two types of vio-
lence: that used for social control
(force or shooting by police) and
that involved in social change (such
as that occurring in ghetto disturb-
ances or during protests) . The study
began by aking the men to name
the things going on within the coun-
try that worried them. Some 65 per-
cent cited activities of violence,
usually civildisturbances and politi-
cal protests. Only 25 percent men-
tioned traditional forms of crime.
Although most agreed that violence
has its roots in social problems,
many looked to punitive legislation
and bolstered police forces as means
of prevention. For example, 61 per-
cent said that in ghetto riots, police
should snoot but not to kill, while
30 percent felt that police should
shoot to kil at least sometimes.
When asked whether it was justified
to kill another person, 89 percent
answered that it was permissible in
self-defense, 93 percent said it was
right in defense of one’s family, and
58 percent said it was right in de-
fense of one’s own house. This, the
researchers felt, was consistent with
the traditional male role in America.

If a person considered a certain
act to be violent, the study finds that
he was likely to condone substantial
police force to control it. However,
he did not consider the use of force
by police to constitute violence in
these cases. For example, while 85
percent thought looting to be vio-
lent, only 35 percent considered the
police shooting of looters to be vio-
lent.

Dr. Blumenthal compared those
men who favored strong police ac-
tion in cases of civil disturbances
with the smaller grouping who be-
lieved at least some violence was
necessary to bring about improve-
ment in society in a reasonable time.
Those who favored violence for so-
cial control tended to be older, less
well educated, and white. More im-
portant factors differentiating the



two categories were found to be at-
titudes toward the persons exercis-
ing the violence. Those who rate
students or blacks as untrustworthy
tend to condone police violence,
while those who see the police as
untrustworthy tend to condone vio-
lence on the part of blacks and stu-
dents.

These results, based on a study of
men only, are the first to come out
of a series of studies that will also
explore the attitudes of women.

High School Athletics and
Social Mobility

One of the arguments often ad-
vanced on behalf of extracurricular
athletic programs is that they en-
courage upward social mobility. Un-
fortunately, much of the discussion
hinges on anecdotal information.
Now, Richard Rehberg of the State
University of New York-Bingham-
ton is systematically studying the so-
cial mobility of successful athletes
over time as compared to nonath-
letes. The data consist of question-
naire responses of 1,208 10th-grade
boys from wvarious school systems in
the southern region of New York
State.

Although athletic participation
might facilitate upward mobility in
different ways, the researchers chose
to study a mechanism that is very
important at the high school level—
the relationship between sports and
the enhancement of educational at-
tainment. Better grades, graduation
from high school, and attendance in
college served as indicators of this
process.

Dr. Rehberg found that high
school senior athletes had higher ex-
pectations for attending college than
comparable nonathletes. T'his raised
the question of what intervened be-
tween athletic participation and
that college expectation. Further in-
vestigation suggested that the visi-
bility of athletes increases the atten-
tion they receive from school per-

sonnel, especially in regard to career
counseling and encouragement.
School staffs are likely to give more
status to the athlete. This might lead
to higher expectations for current
and future achievement and greate
encouragement in areas other than
sports, such as in academics and at-
tending college.

Realizing that a certain amount of
such expectation and encourage
ment occurs in the home and is re
lated to a family’s socioeconomic
status, the researchers investigated
the relationship between athletic
performance and educational aspi-
rations within each economic class.
For each class, the athletes showed
higher aspirations than the mnon
athletes, but the differences were
greatest among boys from low status-
income homes who received little
parental encouragement, and who
had accumulated low grades.

Dr. Rehberg concludes that the
apparent gains from participating in
athletics are greatest among those
students less disposed by other fac
tors toward educational attainment,
Apparently, success in sports affects
expectations and behavior of teach-
ers and school officials, which may
be particularly significant for the ca-
reers and life chances of student ath-
letes in the lower socioeconomic
levels.

This study illustrates an impor-
tant part of research in the social
sciences, a part that can be called the
evaluation of conventional wisdom.
The fact that findings of an individ-
ual research project may seermn ob-
vious—as perhaps they do in this
case of upward mobility for athletes
—masks the fact that conventional
wisdom commonly accommodates
individually reasonable but conflict-
ing conclusions from the same prem-
ises. Social science refines what we
know, identifies the significant
mechanisms that control social proc-
esses, and develops a more rigorous
causal pattern that goes beyond com-
mon lore.
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Nuational and
Interncztional
ngmms

Programs administered by the Di-
rectorate for National and Interna-
tional Programs cover a diversity of
activities in support of science and
science education. Some, the Na-
tional and Special Research Pro-
grams, are major research efforts
which relate to specific geographic
areas or are of such a broad scope or
magnitude that intensive efforts in
planning, management, funding,
and logistic support are essential to
ensure maximum effectiveness and
efficiency in program performance.
Many of these programs involve ex-
tensive international cooperation in
the planning for and the conduct of
the research, as well as coordination
and cooperation with other U.S. gov-
ernmental agencies.

Other National and International
Programs incorporate an interna-
tional component or involve sup-
port of scientists from several insti-
tutions collaborating in research or
sharing facilities. In some cases—in
addition to a programmatic support
function—organizational elements
of the directorate fill a coordinating
role with respect to related activities
throughout the Foundation.

Following is a list of major pro-
gram activities administered by the
directorate* and discussed in greater
detail in subsequent pages.

NATIONAL AND SPECIAL RESEARCH
PROGRANS

International Biological Pro-
gram** (IBP). U.S. participation in
IBP has taken the form of integrated
research projects involving many in-
vestigators which include intensive
studies of ecosystems in six distinct
life zones or biomes. Intensive study
of the grasslands biome is in full op-
eration, and expanded field research
in the desert biome is well under

*In October 1970, the National Sea Grant Pro-
gram, originally assigned by statute to the Foun-
dation, was transferred to the newly activated
National Oceanic and Atmospheric Administra-
tion of the Department of Commerce.

**Although administered by the Research Direc-
torate, IBP is included in this list because of its
identification as one of the Foundation’s National
and Special Research Programs.

way. In addition to the biome stud-
ies, IBP includes a wide range of
other environmental research such
as biological control of insect pests
and human adaptability to harsh cli-
mates.

International Decade of Ocean
Exploration (IDOE). Fiscal year
1971 marked initial implementation
of IDOE as a framework for research
activity and data collection that will
contribute eventually to preserva-
tion of the ocean environment, im-
provement of environmental fore-
casting, and establishment of a
sound basis for seabed assessment.

Ocean Sediment Coring Program.
The principal component activity of
the Ocean Sediment Coring Pro-
gram is the Deep Sea Drilling Proj-
ect, which utilizes the drilling ship
Glomar Challenger to acquire sam-
ples from the sedimentary layers of
the deep-ocean basins for research in
marine geology and related geologi-
cal and geophysical sciences. Each 2-
month cruise—planned by advisory
groups of geologists and geophysi-
cists—includes a scientific party of
10 or more scientists selected from
U.S. and foreign institutions.

Oceanographic Facilities and Sup-
port. During fiscal year 1971, the
staff and functions of the Oceano-
graphic Facilities Program in the
Research Directorate were trans-
ferred to the National and Interna-
tional Programs Directorate and in-
tegrated into a new Office for Ocean-
ographic Facilities and Support. Be-
sides continuing the support of 32
oceanographic ships operated by 18
academic institutions, the office was
responsible for a grant for conver-
sion of the 208-foot Navy ship R/V
Gilliss, to be operated by the Uni-
versity of Miami. The new office is
developing a systems approach to
shared use of large oceanographic
research facilities by the academic
community.

U.S. Antarctic Research Program.
The Foundation has been active in
support of research in Antarctica
since 1957. In fiscal year 1971, the
President charged the Foundation,
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Leaving the harbor at Jacksonville, Fla., the renovated R/V Gilliss glides down to sea
on a shakedown cruise to Bermuda. (Photo University of Miami)

effective in fiscal year 1972, with re-
sponsibility for planning and fund-
ing the total U.S. antarctic effort,
including the logistic operations
conducted by the Department of De-
fence. June 1971 marked the 10th
anniversary of the Antarctic Treaty
as scientists from 12 signatory na-
tions continued to pursue a number
of joint projects.

Arctic Research Program. The
Foundation has been designated
lead agency for the extension of sci-
entific research in the Arctic and co-
ordinates the arctic research efforts
of all Federal agencies through the
Interagency Arctic Research Coordi-
nating Committee. Large-scale proj-
ects under development emphasize
environmental problems and in-
clude elements of international co-
operation.

Global Atmospheric  Research
Program* (GARP). The Global At-
mospheric Research Program is an
international cooperative research
effort aimed at increasing our under-
standing of the general circulation
of the atmosphere and providing a

* Although administered by the Research Direc-
torate, GARP is included in this list because of its
identification as one of the Foundation’s National
and Special Research Programs.

mathematical and physical basis for
long-range prediction, for determi-
nation of the feasibility of large-
scale climatic modification, and for
assessment of the consequences to
global environmental quality of
man’s pollution of the atmosphere.
Several GARP-related programs
have been under way at the Nation-
al Center for Atmospheric Research
during the past several years, includ-
ing development of a General Circu-
lation Model of the Global Atmo-
sphere. This mathematical model, a
realistic representation of the earth’s
atmosphere, is now being used with
real meteorological data to test its
reliability as a tool for large-scale
weather prediction.

Five National Research Centers
funded by the Foundation were
established to meet national needs
for facilities, equipment, and opera-
tional support for research in astron-
omy and the atmospheric sciences.
Each center is operated under con-
tract by a single university or a uni-
versity consortium which provides
technical and administrative staff
(see Appendix F). Both resident sci-

-
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entists and visitors using the ad-
vanced equipment and facilities
contribute to the preeminence of

the centers as research establish-
ments.
COMPUTING ACTIVITIES IN

EDUCATION AND RESEARCH

Administered by the Office of
Computing Activities (OCA), the
programs of Computing Activities in
Education and Research are the fo-
cal point for Foundation support of
activities designed to meet growing
national computer requirements
and to develop applications of com-
puter technology for the classroom
and laboratory. OCA also coordi-
nates computer-related activities of
other programmatic elements of the
Foundation.

SCIENCE INFORMATION SERVICE

The program of Science Informa-
tion Service provides assistance to
scientists and engineers by increas-
ing the accessibility of information
and assuring the adaptability of in-
formation services to the changing
needs of the user community. Acti-
vities supported include develop-
ment of information systems, sup-
port of selected publications and
translations, and research on the sci-
ence information process.

INTERNATIONAL COOPERATIV}

SCIENTIFIC ACTIVITIES

In addition to the international
aspects of many other Foundation
programs, direct support for cooper-
ative and collaborative projects is
provided through the program of
International Cooperative Scientif-
ic Activities. The cognizant program
office—Office of International Pro-
grams—along with the Office of Sci-
ence Information Service (see above)
administers the Foundation appro-
priation of excess foreign currencies
(Public Law 480 funds).
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Table 4

National and Special Research Programs Awards
Fiscal Years 1969, 1970, and 1971

(Dollars in millions)

Fiscal Year 1969

Fiscal Year 1970 Fiscal Year 1971

Number  Amount Number Amount Number Amount

Arctic Research Program .......... . .......... 0 0 0 0 32 $ 2.00
Ocean Sediment Coring Program ... . .......... 5 $2.43 25 $ 6.55 8 7.13
Global Atmosrheric Research Program . . .. 9 .54 19 1.49 31 1.90
Research Apr ied to National Needs . . . .. 2.431 140 12.012 213 33.962
International Biological Program ... . . . - 1.22 24 4.00 37 7.50
Antarctic Research Program ... . .......... 145 6.86 128 7.41 121 7.76
Oceanographic Facilities and Support . . ... .. ... 0 0 31 7.60 21 8.57
International Decade for Ocean Exploration .. ... . 0 0 0 44 15.00
Total ... ... ... .. 199 $13.48 367 $39.06 513 $83.82

1 FY 1969 includes Weather Modification Program only.

2 FY 1970 and FY 1971 include Weather Modification, Earthquake Engineering, and Interdisciplinary Research
Relevant to Problems of Our Society. See pages 59—63 for details.

NATIONAL AND
SPECIAL RESEARCH
PROGRAM S

INTERNATIONAL
BIOLOGICAL PROGRAM

The International Biological Pro-
gram (IBP) in the United States,
for which NSF has lead agency re-
sponsibility within the Federal Gov-
ernment and which is administered
by the Research Directorate, is pri-
marily directed towards understand-
ing ecosystems. Studies of man in re-
lation to his environment and of
how he adapts to it are specifically
included in this research. The ulti-
mate objective of the program is to
be able to predict the consequences
of man-induced or natural perturba-
tions of ecological systems and there-
by to improve our capability for ra-
tional management of the ecosys-
tems upon which man depends for
food, fiber, water, and the amenities
of life.

Ecosystems are complex, and their
components are intimately interre-
lated in ways that are still largely
unknown. Perturbations in remote
and seemingly unimportant parts of
a system can trigger a chain of cause-
effect relations which multiply to
produce profound consequences
throughout the system. On the other
hand, ecosystems often display extra-

ordinary stability in the face of en-
vironmental stress. Because of their
complexity, the most logical route to
understanding the functioning of
ecosystems is an integrated research
program involving many scientists
in which all aspects of the system are
treated simultaneously.

Integrated ecosystem studies of
this sort are now in progress in the
grasslands region, the deserts and
coniferous forests of the western
United States, the eastern deciduous
forest region, the arctic tundra, and
the upwelling regions in the marine
environment. These research pro-
grams rely heavily on a systems anal-
ysis approach and the use of com-
puter modeling. The new and essen-
tial aspect of the U.S. approach to
the IBPis that as many as possible of
the processes taking place in ecosys-
tems are simultaneously evaluated
in such a way that they can be linked
into asingle computer model which
simulates the behavior of the entire
system.

No operational computer model
of a whole ecosystem, usable for test-
ing hypotheses or making predic-
tions, yet exists, although substan-
tial progress toward this goal has
been achieved in the past year. Two
preliminary computer models of the
grassland ecosystem have been de-
veloped. When they are operated,
their output results indicate appreci-
able inadequacies in the present

state of the models. However, their
development and implementation
has focused the researchers’ atten-
tion on those mechanisms of the
grassland to which the system as a
whole is especially sensitive. The les-
sons learned in the development of
these initial models will be applied
during the coming year to provide
more directly useful and realistic
output. A high degree of linkage
and communication among the vari-
ous IBP studies prevents duplica-
tion of effort in model development
and in other research, and facilitates
exchange of concepts.

Other aspects of the U.S. IBP pro-
gram are at various stages of devel-
opment. Field research on isolated
tribes of South American Indians
has led to development of models of
human genetic response and of gene
flow within primitive populations.
This information will be of signifi-
cant value in providing a norm
against which genetic changes in
more urbanized populations can be
assessed. Research is underway on
human physiological responses to
cold and high altitudes and to global
nutritional variation. Studies of bio-
social adaptations and responses to
major migration trends were initi-
ated during the past year. All these
studies of human adaptability to the
stresses of the physical environment
are closely linked to similar research
being conducted by scientists from
other nations participating in IBP.
Sharing of the data and the emerg-
ing concepts promotes research ef-
ficiency, and makes the progress of
American research directly available
to scientists elsewhere at an early
date.

Research began during the past
year on significant aspects of the ori-
gin and structure of ecosystems. This
research is intended to delve into the
processes by which organisms of di-
verse genetic composition organize
themselves when confronted by sim-
ilar climates. Parallel studies are be-
ing made of shrub communities in
very similar Mediterranean-type cli-
mates in California and in Chile,
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Lysimeter is large core of several tons of prairie soil and sod which can be weighed ac-
curately to measure uptake and loss of water. In place, the core is not separated from
surrounding plant life. (Photo Colorado State University)

IBP research technician observes motor-driven probe (running diagonally from upper
left to lower right) , and records all the plants that it touches in its journey to the ground.
Resulting data, which reveal utilization of sunlight, are used in computer model of
grasslands.

and in desert communities of equal-
ly similar climate in Argentina and
Arizona. Scientists from both the
Latin countriesand from the United
States are working collaboratively at
all the sites, with each country’s re-
search funded from its own national
sources. Although it is too early for
this program yet to have achieved
appreciable results, it has already
emerged as a model of international
cooperation in basic research on eco-

logical processes. Research of this
type could ultimately have signifi-
cant implications for rational use of
land and water resources.

INTERNATIONAL
DECADE OF
OCEAN EXPLORATION

Fiscal year 1971, the first year of
the International Decade of Ocean

-
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Exploration (IDOE), was devoted
to establishing the guiding philos-
ophy for the program, generating
research plans, and setting into mo-
tion efforts to meet the long-term
goals.

As a first step toward the goal of
preserving the ocean environment,
investigations were begun to deter-
mine the present concentrations
(baselines) of pollutants in the
North Atlantic, the northeastern
Pacific, the Gulf of Mexico, and the
Caribbean Sea. In each oceanic area
the several participating laborator-
ies are giving close attention to the
exchange of samples and standardi-
zation of techniques and measure-
ments to ensure comparability of
results. Samples of biological materi-
als, sediments, and water from areas
adjacent to and remote from pollu-
tion sources are being analyzed for
concentrations of pesticides, herbi-
cides, heavy metals, and petroleum
chemicals.

Special scientific workshops in-
volving U.S. and foreign oceanog-
raphers will identify present knowl-
edge, crucial scientific problems,
and a set of priorities for a long-
term research program on pollution
in each of five major problem areas:
sources and input rates of pollu-
tants; dispersal by physical motions;
transfer among chemical, biological,
and geological phases; effects on or-
ganisms; and the ultimate fate of
pollutants in the oceans. Envisioned
benefits from these programs include
establishment of safe rates of waste
disposal into the oceans, techniques
for monitoring the degree of oceanic
pollution by man, identification of
situations exceeding pollution tol-
erance levels, protection of living
marine resources from deleterious
manmade materials, and protection
of man from toxic marine products.

A long-term research program to
improve environmental forecasting
has been formulated. It will empha-
size studies in ocean-atmosphere
coupling mechanisms in the North
Pacific; the role of large-scale dy-
namic processes in ocean circulation
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and global climate; the physical,
chemical, and biological dynamics
of upwelling processes; and the for-
mation and circulation of water
masses in the depths of the oceans.
The program is expected to con-
tribute to the improvement of ex-
tended weather forecasts, with at-
tendant benefits to farming, con-
struction, transportatiomn, water re-
source management, and recreation;

more accurate fisheries prediction;
improved understanding of the
oceans as a food source and as a heat
sink for industrial activities; and en-
hanced ability to calculate water re-
newal rates in the deep ocean as they
affect disposal of waste, dispersal of
nutrients and pollutants, and im-
proved global circulation forecast-
ing models.

The environmental forecasting

program was begun in 1971 with a
study of medium-scale geostrophic
eddies in the North Atlantic and
their rolein the general ocean circu-
lation. This Mid-Ocean Dynamics
Experiment, involving nine institu-
tions—eight U.S. and one foreign—
requires amelding of theory, numer-
ical modeling, and field experi-
ments. The schedule calls for 18
months of hardware development

\ DEPOSITED-
TECTONIC DAMS

The continental shelves are formed by a variety of processes throughout geologic time, including erosion by waves and ice, and depo-
sition of sediments often behind “dams” caused by ancient coral reefs, protrusion of salt domes, and crustal folding. The general-
ized map shows the distribution of the types of shelves which are being studied as part of IDOE’s program of seabed assessment to
improve our understanding of the processes responsible for the occurrence of natural resources beneath the sea.



and testing, a 6month field pro-
gram, and a year of data analysis
and interpretation.

The program for expanding sea-
bed assessment activities emphasizes
studies of the geophysical and geo-
logical structure of the major un-
surveyed, wide continental shelves;
correlation of onshore and offshore
geology through the use of fine-grain
surveys in selected areas; and geo-
physical, geological, and geochemi-
cal studies of mid-ocean rift valleys
and deep-ocean trenches. It is ex-
pected that these studies will pro-
vide regional data for the assessment
of seabed areas involved in future
law-of-the-sea discussions, the deter-
mination of economic potentials of
mineral deposits, and the evaluation
of ocean trenches as possible sites
for waste disposal.

One seabed assessment project ini-
tiated in the past year is a geophysi-
cal survey of the entire continental
margin of the west coast of Africa.
The project involves investigators
from the Woods Hole Oceano-
graphic Institution, the University
of Rhode Island, and the University
of Capetown (South Africa), and
participants from France, the Fed-
eral Republic of Germany, the
US.S.R., and countries along the
African coast. The 4-year survey will
require a year forhardware develop-
ment, 2 years of ield work, and a
final year of data analysis and in-
terpretation.

The datamanagement and instru-
ment development aspects of the
IDOE program are receiving special
emphasis. On behalf of IDOE, the
Environmental Data Service and the
National Oceanographic Instrumen-
tation Center of the National
Oceanic and Atmospheric Adminis-
tration are working directly with the
institutions and agencies responsible
for conducting the scientific re-
search. In addition, it is expected
that the major IDOE programs will
involve development of many new
sensors and measurement tech-
niques.

Cooperative arrangements are be-
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ing pursued with institutions and
scientists of other nations. The
broader scale involvement of foreign
governments is being developed

through the Intergovernmental
Oceanographic Commission of
UNESCO.

The $15 million allocated to the
IDOE program in fiscal year 1971
was distributed approximately as
follows: 15 percent to studies of en-
vironmental quality, 50 percent to
environmental forecasting, and 35
percent to seabed assessment. Dur-
ing this initial period, Government
agencies are performing 40 percent
of the research, and 60 percent is be-
ing carried out by academic and
nonprofit institutions and industry.

POLAR PROGRAMS

Year-round research wunder the
U.S. Antarctic Research Program
continued at two coastal and two in-
land stations and aboard the ships
R/V Hero and U.S.N.S. Eltanin.
During the increased activity of the
austral summer of 1970-71, nearly
150 scientists and technicians pur-
sued field investigations with the
logistic support of the U.S. Naval
Support Force, Antarctica, and ice-
breaker support by the U.S. Coast
Guard. Research spanned many dis-
ciplines, with major participation by
biologists, earth scientists, oceanog-
raphers, and atmospheric scientists.

One of these investigations was
conducted by atmospheric physicists
from the University of Maryland
and Stanford University. Data col-
lected earlier in Antarctica sug-
gested that energy transfer takes
place between atomic particles and
electromagnetic waves in the plas-
mapause (the outer boundary of a
densely ionized layer around the
earth), much as is observed in cy-
clotrons. On January 2, 1971, this
cyclotron resonance was confirmed
by simultaneous air and ground
measurements at Siple Station,
which at 76°S. 84°W. is ideally lo-
cated for observing magnetospheric

phenomena. Using instrumented
balloons, the scientists detected
bremsstrahlung (the electromagnet-
ic radiation produced by the sudden
retardation of charged particles in
an intense electric field) that showed
remarkable correlation with X-ray
bursts and very low frequency waves
known as risers. This coincidence oc-
curred several hundred times in a 1-
hour period.

Following up on these investiga-
tions, the scientists intend to use an
antenna array at Siple in February
1972 to create artificially stimulated
risers in the ionosphere. If these ex-
periments are successful, it would be
the first known positive control of
precipitation of trapped energetic
electrons in the upper atmosphere.
A potential application of the tech-
nique would be to modify the reflec-
tive properties of the ionosphere to
improve radio communication ca-
pability along magnetic field lines.

In the new Arctic Research Pro-
gram, a group at the University of
Washington is preparing for the
Arctic Ice Dynamics Joint Experi-
ment. This program will be con-
ducted in the Arctic Basin over sev-
eral years by university and govern-
ment scientists from both the United
States and Canada, and will be
funded by both nations. Measure-
ments will be made at a grid of sta-
tions on sea ice to determine its in-
fluence on global atmospheric and
oceanic circulation and to improve
ice forecasting techniques.

A study of the tundra ecosystem,
coordinated by scientists from the
University of Alaska and the U.S.
Army Cold Regions Research and
Engineering Laboratory, began in
the summer of 1970. In 1971, scien-
tists from 43 institutions were en-
gaged in projects supported by Fed-
eral agencies and industry. One
group, comparing natural and dis-
turbed tundra areas, is attempting
to establish the sensitivity of the eco-
system to various types of stress and
determine the potential mechanisms
for aiding recovery of damaged
areas.
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Array of instrumentation for the Arctic Ice Dynamics joint Experiment.

United States and Danish scien-
tists have joined forces to obtain
depth profiles of the Greenland ice
cap and to core the ice for informa-
tion on major climatic cycles in the
Arctic. Development of a special cor-
ing rig is well advanced in the
United States, and Danish scientists
are preparing the radiosounding ap-
paratus to be flown for the study.

OCEAN SEDIMENT
CORING PROGRAM

The Ocean Sediment Coring Pro-
gram continued to conduct explora-
tion of the floors of the deep-ocean
basins by drilling and coring of un-

derlying sedimentary layers and, to
a limited extent, the igneous rock
beneath. The operations are con-
ducted from the drilling ship Glo-
mar Challenger. In 1971 cores were
taken at 65 sites on two crossings
of the North Atlantic, in the Med-
iterranean and Caribbean Seas, and
in the eastern North Pacific Ocean.
The maximum penetration reached
was 3,900 feet into the ocean floor,
with a 100-foot penetration into
basaltic rock beneath the sediment
layer. In the Caribbean, for the first
time a hole being drilled was suc-
cessfully reentered, allowing a worn
bit to be changed, and drilling re-
sumed in 13,000 feet of water.
Earlier results of the program pro-

duced evidence substantiating the
ideas of continental drift, seafloor
spreading, and the general youthful-
ness of the oceanic basins. During
the past year, crustal motions that
were formerly expressed only as the
movement of one sector of the
earth’s crust relative to another sec-
tor have been related to the rota-
tional axis of the earth. In addition,
these studies are leading to a better
understanding of the large-scale mo-
tions of the crust of the earth with
respect to the history and signifi-
cance of deep-sea trenches, of the in-
teraction between continents and
ocean basins, of the origin of earth-
quake zones, and of the structure
and composition of the oceanic



crust. Remarkable vertical motions
of the oceanic floor have been de-
tected.

The results of the program also
include advances in the chemical
history of the oceans, the history of
ocean current systems and gross
oceanic circulation, paleoclimatol-
ogy, the origin of sediments and
their changes after deposition, or-
ganic evolution and productivity,
and changes in the continental por-
tion of the earth.

Of immediate and practical sig-
nificance is the continued broad
evaluation of seafloor resource po-
tentials and the acquisition of ex-
perience and technology for the ef-
fective explorationof the deep-ocean
beds. In addition, understanding of
the globe has been enhanced by the
opportunity to interpret miles of
geophysical surveys through direct
correlation with physical samples.

The drilling and coring opera-
tions were conducted by Global Ma-
rine, Inc., under a subcontract with
Scripps Institution of Oceanography.
National and international scien-
tific guidance to Scripps is coordi-
nated through the Joint Oceano-

INATIONAL

graphic Institutions for Deep Earth
Sampling (JOIDES). This consor-
tium of five academic groups advises
on drilling itineraries, site selection,
initial core descriptions, and other
aspects of the operations. Almost 200
scientists, including representatives
from more than a dozen foreign na-
tions, have served aboard the Glo-
mar Challenger to conduct onsite
analyses of samples fresh from the
borehole.

During the 1971 fiscal year, NSF
published volumes IV, V, and VIof
Initial Reports of the Deep Sea
Drilling Project. Volume VII, a
1,750-page, two-part document, was
prepared for printing, with distribu-
tion scheduled for August 1971.

GLOBAL ATMOSPHERIC
RESEARCH PROGRAM

NSF’s participation in the Global
Atmospheric Research  Program
(GARP), under the Research Di-
rectorate, supports university re-
search aimed at a better understand-
ing of global atmospheric dymnamics
and numerical simulation studiesre-

Port side view of the DSDP vessel Glomar Challenger. The vessel weighs 10,400 tons, is
400 feet long, and the million-pound hook-load capacity drilling derrick stands 194 feet
above the waterline. The automatic pipe racker, just forward of the derrick, holds 24,000
feet of 5-inch drill pipe. (Photo Scripps Institution of Oceanography)
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lated to global meteorological ob-
servations. Emphasis within GARP,
nationally and internationally, in
1971 was concentrated on the plan-
ning and design of the GARP Atlan-
tic Tropical Experiment (GATE)
to be conducted in the summer of
1974. Using an array of ships, air-
craft, and other observational plat-
forms, including satellites, scientists
expect to determine how the energy
within the tropics plays an impor-
tant role in global circulations. An
international management structure
has been established, and at least
eight nations are expected to partic-
ipate in GATE. Plans for U.S. par-
ticipation have been issued by the
U.S. GARP Committee of the Na-
tional Academy of Sciences.

Experiments such as GATE and
the Barbados Oceanographic and
Meteorological Experiment
(BOMEX) of 1969 provide opportu-
nities for research leading to better
understanding of the physical proc-
esses of the atmosphere and, eventu-
ally, for improving the numerical
prediction models. BOMEX re-
search on air-sea interaction showed
that the tropical ocean reflects 3 per-
cent of the radiation received from
the atmosphere and has resulted in
better values for the rates of trans-
port of heat and moisture in the
tropical ocean area. The research
also revealed that there are great
variations in day/night ocean sur-
face temperatures, that wave-like
formations exist at all ocean depths,
and that great quantities of dust
originating in the Sahara Desert are
present over the South Atlantic
BOMEX area. Additionally, the
data from BOMEX have been used
in numerical model studies of air-
sea interaction and of the general
circulation of the atmosphere, in a
quantified description of solar en-
ergy distibution, and in the predic-
tion of atmospheric currents.

The National Center for Atmo-
spheric Research has been given re-
sponsibility for the coordination of
all Observing Systems Simulation
Ex periments. Using global circula-
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One of the findings of the Barbados Oceanographic and Meteorological Experiment was
that dust over parts of the southwestern Atlantic had originated in the Sahara Desert.
This photo, taken on August 11, 1970, shows a great mass of westward-moving dust as a
gray area off the coast of Africa (upper right). (Photo NASA ATS-3, produced and
gridded by NOAA)

tion models, NCAR along with the
National Oceanic and Atmospheric
Administration and the National
Aeronautics and Space A-dministra-
tion is testing various configurations
of observing systems to determine
which combinations of coraventional
and satellite sensors will bbe most ef-
ficient for global observing net-
works.

The University Corporation for
Atmospheric Research  (UCAR),
which operates NCAR, has formed
a UCAR GARP Council to facilitate
communications with wniversities
for GARP plans and problems.
NCAR'’s work on GARP is being co-
ordinated by an NCAR G ARP Task
Group, which is identifying impor-
tant problems and supplying staff
support for the UCAR working

groups and helping university scien-
tists plan for proposed GARP re-
search projects.

NATIONAL
RESEARCH CENTERS

NATIONAL ASTRONOMY
AND IONOSPHERE
CENTER

The National Astronomy and
Ionosphere Center (NAIC) is op-
erated by Cornell University, Ithaca,
N.Y., under contract to the National
Science Foundation. Observing fa-
cilities are in Puerto Rico, at a site
12 miles south of the city of Arecibo.
The principal instrument is a spher-

ical antenna of 1,000-foot diameter
—the world’s largest radio telescope.

This spherical reflector is a2 major
research instrument that functions
both actively as a radar telescope
and passively as a radio telescope.
The capabilities of the instrument
derive from its unique design, which
includes a large fixed reflector,
movable line feeds that correct for
spherical aberrations, and high-per-
formance transmitters, receivers,
and computers.

A major project to upgrade the
surface of the reflector was author-
ized in fiscal year 1971. This upgrad-
ing will provide the primary modi-
fication necessary to permit use of
the reflector to wavelengths as low
as 10 cm. Construction is scheduled
to commence in fiscal year 1972 and
will take 2 to 3 years to complete. A
detailed engineering study is also
under way to modify the feed sup-
port structure and install an S-band
radar system.

A design study for a new high-
power 430-MHz (million cycles per
second) line feed was completed,
with fabrication and installation of
the feed planned for fiscal year 1972.
The high gain of the main beam
and the reduced side lobe level will
permit more detailed observations
of extended radio sources. In addi-
tion, accurate radio polarization
measurements can be undertaken.

The transfer of a 100-channel au-
tocorrelator from the Haystack Ob-
servatory in Massachusetts to Areci-
bo was accomplished and modifica-
tions are in progress. This device
will enable the observatory to un-
dertake more extensive spectral-line
observations. The large reflector
will then be used to study clouds of
neutral hydrogen and the distribu-
tion of molecules in space.

As part of the ionospheric re-
search program at NAIC, radio
waves are transmitted into the iono-
sphere and the reflected signals an-
alyzed to determine the electron
densities and temperatures in the
reflecting region. Particularly suc
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Table 5

National Research Centers
Fiscal Years 1969, 1970, and 1971

Fiscal year 1969

Fiscal year 1970

Fiscal year 1971

. Research Research Research
Capital operations Capital operations Capital operations
obligations  and support Total obligations and support Total obligations and support Total
services services services
Cerro Tololo Inter-American Observatory  $3,449,000  $1,101,000 $4,550,000 $365,000 $1,535,000 $1,900,000 $ 313,000 $ 1,967,000 § 2,280,000
Kitt Peak National Observatory ..... ... 1,137,700 4,561,810 5,699,510 46,000 6,419,000 6,465,000 127,000 7,092,600 7,219,600
National Radio Astronomy Observatory . . 483,212 6,795,002 7,278,214 675,000 5,180,000 5,855,000 -0- 6,897,400 6,897,400
National Astronomy and lonosphere
Center ...........cooooooieoo .- P LR U - 5 N 150,000 1,400,000 1,550,000 3,755,000 2,343,600 6,098,600
National Center for Atmospheric
Research s 425,000 10,611,737 11,036,737 212,840 11,228,960 11,441,800 484,280 14,194,626 14,678,906
Total ....ooiriiiiii..... $5494,912 $23,069,549 $28,564,461 $1,448,840 $25,762,960 $27,211,800 $4,679,280 $32,495,226 $37,174,506

This view of the Arecibo installation shows two of the three towers supporting the feed
support structure 435 feet above the spherical mesh reflector. (Photo Cornell University)

The Robert R. McMath Solar Telescope at Kitt Peak National Observatory, Arizona.
(Photo KPNO)
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cessful have been the heating exper-
iments where a 100 kilowatt trans-
mitter operating at 40 MHz is used
to locally heat the ionosphere.
These experiments have yielded val-
uable information on physical proc-
esses and motions in the upper at-
mosphere.

KITT PEAK NATIONAL
OBSERVATORY

Kitt Peak National Observatory
(KPNO) is operated under contract
to the Foundation by the Associa-
tion of Universities for Research in
Astronomy, Inc, a nonprofit con-
sortium of nine U.S. universities.
The observatory provides support
facilities for astaff of 320 at its head-
quarters in Tucson, Ariz. Of these,
98 are scientists who carry out basic
research in stellar and solar astron-
omy and in the planetary sciences.

Observing facilities, located atop
Kitt Peak, 45 miles west of Tucson,
include six stellar telescopes with
apertures of 84, 50, 36 (two), and 16
(two) inches. The telescopes were
used in fiscal year 1971 by 100 visit-
ing astronomers and 51 graduate
students from U.S. and foreign in-
stitutions. The two largest tele-
scopes were assigned to visitors 65
percent of the available viewing
time.

The Robert R. McMath Solar
Telescope—the world’s largest—is
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also located on Kitt Peak. It was
used by 33 visiting scientists from
U.S. and foreign institutions in
fiscal year 1971, accounting for 60
percent of the scheduled observing
time. In addition, one scientist and
16 astronauts used the telescope as
part of a NASA training program.

The building and rotating dome
for the new 150-inch stellar tele-
scope on Kitt Peak were completed,
and installation of the telescope
mounting was started. The primary
mirror is nearly finished after 22
years of grinding, polishing, and
testing. The 158-inch-diameter mir-
ror surface is accurate within a few
millionths of an inch.

Public visitors to Kitt Peak dur-
ing the year numbered over 52,300,
with representation from all 50
States and five foreign countries.

Journey into Light, an informa-
tional film portraying the Kitt Peak
facilities, functions, and programs,
was produced by KPNO, and has
been loaned to more than 100 or-
ganizations during the year.

Cerro Tololo InterAmerican Ob-
servatory (CTIO), operated under
contract to the Foundation by the
Association of Universities for Re-
search in Astronomy, Inc., is located
in Chile, with headquarters in the
city of La Serena. Observing facili-
ties are at Cerro Tololo, a superb
site in the Chilean Andes 40 miles
to the southeast of La Serena. The
facilities include five stellar tele-
scopes with apertures of 60, 36, 24,
16 (two) inches and a Schmidt-type
instrument with a 24-inch aperture.
These telescopes provide unique op-
portunities for American astrono-
mers to study celestial objects visible
only from the Southerm Hemi-
sphere. Excellent observing condi-
tions prevail at both infrared and
visible wavelengths.

During fiscal year 1971, 66 astron-

omers from 35 institutions made ob-
servations at CTIO. Visitors from
the United States, including gradu-
ate students, were assigned 62 per-
cent of the available observing time.
Another 13 percent of the telescope
time was divided nearly equally
among astronomers from Argentina,
Canada, Chile, and West Germany.
The remaining time was used by
the CTIO staff.

During the year, the coudé spec-
trograph of the 60-inch-diameter
telescope became operational. This
large spectrograph provides the
means for accurate determination
of many stellar parameters, includ-
ing chemical composition, element
abundances, and radial velocities.
The telescope and pre-spectrograph
optics are now being used in con-
junction with a very high dispersion
spectrometer for detailed topo-
graphic mapping of Mars during the
current opposition. Improvements
in image-tube techniques and com-
puter-controlled data acquisition
systems have increased telescope ef-
ficiency markedly.

Major construction work was con-
cluded on a building to house the
new 150-inch-diameter telescope.
Two wings of a projected four-wing
dormitory to house technicians were

finished and occupied. In La Serena,
an office addition to the headquar-
ters building was completed. Also,
an IBM 1130 computer was in-
stalled, enabling CTIO staff and
visitors to reduce portions of their
observational data while in Chile.

NATIONAL CENTER FOR
ATMOSPHERIC

RESEARCH

The National Center for Atmos-
pheric Research (NCAR) is oper-
ated under a Foundation contract
by the University Corporation for
Atmospheric Research, a nonprofit
consortium of 30 United States and
one Canadian universities. NCAR
facilities consist of the Mesa Labo-
ratory and the High Altitude Obser-
vatory at Boulder, Colo.; the Na-
tional Scientific Balloon Facility at
Palestine, Tex.; and the Research
Aviation Facility at the Jefferson
County Airport near Boulder. A
principal mission of NCAR is to
support the work of university sci-
entists by operating facilities for
joint use and by providing leader-
ship for large atmospheric research
experiments. In calendar year 1970,
NCAR served 150 visiting scientists.

Airborne photo of observatory site at Cerro Tololo illustrates majestic isolation of the
Andean environment. (Photo KPNO)
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A 22-meter GHOST balloon is inflated in preparation for launching. The small tow
balloon will provide supplementary lift for the first few thousand feet. (Photo NCAR)

During fiscal year1971, the NCAR
staff of 570 included about 100 sci-
entists at the doctoral level repre-
senting meteorology, physics, chem-
istry, mathematics, and other physi-
cal sciences. NCAR's programs place
special emphasis on problems re-
quiring interdisciplinary research.

In recent years, NCAR has played
a significant role in organizing and
managing cooperative efforts by sci-
entists from universities, Federal
laboratories, and other organiza-
tions conducting field studies that
are beyond the scientific, technical,
and logistical capabilities of a single
institution. For example, the Na-
tional Hail Research Experiment,

which began preliminary operations
under NCAR management in north-
eastern Colorado in the summer of
1971, unites atmospheric and social
scientists and technicians from five
universities, three Federal depart-
ments, and one State agency.

A major step toward increasing
NCAR'’s capability in solving large,
complex problems in fields such as
atmospheric dynamics was the acqui-
sition, in June 1971, of a Control
Data Corporation 7600 computer
system.

In February, the Research Avia-
tion Facility dedicated its new
hangar and operations base at the
Jefferson County Airport. This
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24,000-square-foot facility includes
laboratories and shops as well as
hangar space for NCAR’s four re-
search aircraft. A significant ad-
vance in facilities for atmospheric
research was the sophisticated in-
strumentation developed and in-
stalled in the deHavilland Buffalo
for dynamic studies of the atmos-
phere.

NATIONAL RADIO
ASTRONOMY
OBSERVATORY

The National Radio Astronomy
Observatory (NRAO) is operated
under contract to the Foundation
by Associated Universities, Inc., a
nonprofit consortium of nine U.S.
universities. Observatory headquar-
ters, located at Charlottesville, Va.,
provides support facilities, includ-
ing a research library and computer,
for a staff of 248. Thirty-seven sci-
entists conduct basic research in ra-
dio astronomy using data gathered
by radio telescopes located at Green
Bank, W. Va., and Tucson, Ariz.

The major telescopes located at
Green Bank include a 300-foot-di-
ameter meridian transit instrument,
a 140-foot-diameter fully steerable
telescope, and an interferometer in-
corporating three 85-foot-diameter
dishes and a portable 42-foot-diam-
eter antenna for remote operations.
The Tucson facility, located on Kitt
Peak, includes a 36-foot millimeter-
wave antenna. During the year, 140
visitors were allocated 67 percent of
the available observing time on the
telescopes.

Observing capacity at NRAO was
enhanced by the development and
installation on the Green Bank
three-antenna interferometer system
of a 1,420-MHz receiver system, de-
signed to operate in conjunction
with a new 384-channel autocorrela-
tion receiver. Also, a new tunable
receiver with a frequency range of
5 to 10 GHz (billion cycles per sec-
ond) was constructed for the Green
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NCAR technicians set up coherent cloud physics radar near Grover, Colo., for use in
the National Hail Research Experiment. Radar is used to probe the growth, structure,

and motions of thunderstorms.

Bank 140-foot-diameter telescope
for spectral-line studies. An addi-
tional receiver, operating in the 22
to 24 GHz range, was constructed
for use on both the 140-foot tele-
scope and the 36-foot telescope at
Tucson.

At Tucson, the 36-foot telescope
was placed in 24-hour operation for
the first time. A new spectralline
receiver in the 67 to 101-GHz range
and a computer processor also be-
came operational. A capability for

(Photo NCAR)

circular polarization observations at
31.4 GHz and 85 GHz was added
during the year.

A new aluminum surface was in-
stalled on the 300-foot telescope,
more than tripling the frequency
coverage of the antenna. After the
resurfacing, a four-channel, 2,700-
MHz receiver was designed and in-
stalled for radio-source survey work.
The variable-speed declination drive
was computerized and modifications
made near the focus to permit lim-

ited tracking of radio sources during
meridional transit.

NRAO is collaborating with the
following scientific research groups
in the design, development and con-
struction of terminal equipment for
the very long baseline (VLB) inter-
ferometry of radio sources:

—Federal agencies

e Department of Defense (Naval
Research Laboratory)

e Department of Commerce (Na-
tional Oceanic and Atmospher-
ic Administration)

e® National Aeronautics and
Space Administration (Jet Pro-
pulsion Laboratory)

—U.S. universities
e Cornell
® Harvard

® Massachusetts Institute of
Technology

—Foreign research institutions

e Chalmers Institute of Tech-
nology (Sweden)

® Max Planck Institute (West
Germany)

This collaboration has brought
together the best in technical exper-
tise from the radio astronomy com-
munity. These terminals, four of
which are complete, incorporate spe-
cial VLB signal processors to facili-
tate the first stage of data reduc-
tions.

COMPUTINC
ACTIVITIES IN
EDUCATION AND
RESEARCH

[ING

The objective of the Foundation’s
program of Computing Activities in
Education and Research is to pro-
vide the nation with a base of com-
puter science knowledge which will
make possibleinnovativeapproaches
for the use of computers in educa-
tion and research. In addition, Gov-
ernment, industry, academic insti-



NATIONAL AND INTERNATIONAL

The 140-foot telescope at NRAO is the largest equatorially mounted radio telescope in
the world. Seven years were required for design and construction of this high-precision
instrument intended for use at shorter wavelengths. (Photo NRAO)

tutions, and other users will be able
to evaluate better the capabilities
and limitations of computers and
to use their potential more effec-
tively.

In fiscal year 1971, the Office of
Computing Activities was reorgan-
ized into three new sections to re-
flect the changing nature of nation-
al requirements. The Computer
Science and Engineering Section
sponsors research in fundamental
computer science, the Computer In-
novation in Education Section helps
bring the power of the computer to
bear on the problems of education,
while the Computer Applications in
Research Section fosters the devel-
opment of advanced computer tech-
niques to increase science research
capability.

COMPUTER SCIENCE
AND ENGINEERING

The Foundation is supporting
basic research in computer science
and engineering to increase the fun-
damental knowledge available for
continued progress in dealing with

complex computational problems.
During fiscal year 1971, attention
was focused on three programs:
Theoretical Computer Science, Soft-
ware and Programming Systems, and
Computer Systems Design.
Operating systems are computer
programs which schedule and con-
trol a computer’s activities, and their
design is an area of special concern.
Owing to their growing complexity
through the decade of the 1960’s, it
has become increasingly difficult to
design and implement such systems
and virtually impossible to predict
their performance using present
knowledge and techniques. Research
is being supported in computer sci-
ence and engineering directed
toward the discovery of principles
that will enable the development of
more manageable operating systems.
The principles for the design of
more complex computer systems, the
understanding of the effective
means of implementing such sys-
tems, and the analysis of the limita-
tions of complex systems need fur-
ther development. During fiscal year
1971, these principles were investi-
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gated by researchers at many insti-
tutions, including the University of
California (Los Angeles), the Uni-
versity of Texas, New York Uni-
versity, the University of Colorado,
the State University of New York
at Stony Brook, and the University
of Washington. For example, at
Stony Brook, Arthur J. Bernstein is
studying the optimal scheduling of
tasks for the different components
comprising a computing system to
minimize competition among com-
puting jobs during simultaneous use
of a single unit.

Another area of concern is that
of system reliability. As the number
of elements in computers and com-
puter networks increases, the chance
of individual failure resulting in
breakdown increases. One principle
of good design is to maximize the
ability to detect and recover from
error; another is to confine or local-
ize the effects of each error. Edward
J.McCluskey at Stanford University
is studying one aspect of this prob-
lem—the effects of errors on net-
works of logical elements.

Automatic validation of input
data assumes increased importance
when data are received from auto-
matic sensors or other sources with-
out human scrutiny. This problem
is being studied at Purdue Univer-
sity, Case Western Reserve Univer-
sity, and the University of California
at Santa Cruz.

COMPUTER
INNOVATION
IN EDUCATION

In order to make effective use of
the computer in education, there
must be flexible hardware and soft-
ware systems, a meaningful curricu-
lum base, and related computer
application programs which can be
distributed through shared facili-
ties. In fiscal year 1971, approxi-
mately $6 million was awarded to
academic and nonprofit organiza-
tions towards the attainment of
these goals.

Among the more dramatic prod-
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ucts in the area of computer tech-
nology and systems is the home ter-
minal developed by the MITRE
Corporation. It consists of a slightly
modified but otherwise standard
home television receiver and video
tape recorder together with some
supplementary electronics. This
combination is capable of furnish-
ing 600 television sets simultaneous-
ly with individual and personalized
picture sequences over a single co-
axial cable and may help mnake eco-
nomically feasible the home deliv-
ery of individualized instruction.

During fiscal year 1971, 23 grants
were awarded for computer-oriented
curriculum development at college
and secondary school levels. The
areas included engineering, mathe-
matics, biology, chemistry, statistics,
social sciences, and ecology.

The unit cost of computing con-
tinues to decrease as new equipment
configurations, such as networks and
minicomputers, offeragreater range
of instructional alternatives. Re-
search was carried out to determine
how these developments might be
used to increase instructional effec-
tiveness.

The advent of lower cost pictorial
displays spurred renewed interest in
these devices for instructional pur-
poses. The University of Oregon
undertook a study of the use of
graphics as an instructional aid in
teaching physical sciences. Other ex-
periments with instructionnal graph-
ics are under way at the University
of Michigan.

One of the most urgent needs in
the instructional use of computers
is the development of high quality
instructional materials that can be
adapted to several differenn t systems.
In this area, the Iowa Regional
Computer Center is working with
seven member institutions of a re-
gional network to develop curricula
in mathematics and biology. Dart-
mouth College will provide com-
puter and staff support for six to 12
invited faculty members to develop
course materials for use in teaching
the environmental sciences.

COMPUTING ACTIVITIES IN EDUCATION AND RESEARCH
AWARDS BY PROGRAM CATEGORIES
FISCAL YEAR 197

Computer Innovation in Education Section.....___. $6.0M

- Computer Science and Engineering Section....__. $45M

I:I Computer Applications in Research Section...____ $45M

TOTAL VALUE

= $15.0 MILLION

Computer Technology
and Systems
$16 M

Computer
Oriented
Curricular
Activities
$1.8 M

Regional \
Cooperative
Computing
Activities
$2.4M

Techniques
and Systems
$1.3 M

A second conference on “Comput-
ers in Undergraduate Curricula”
was held at Dartmouth College in
June of 1971 with NSF support.
Partial support was also provided to
the Illinois Institute of Technology
and the Commission on College
Physics to host a conference on
“Computers in Undergraduate Sci-
ence Education: Physics and Mathe-
matics” in August of 1970. The
growing attendance at these confer-
ences and the marked increase in
the quality of papers submitted are

Computer

Systems Design

$9M

Theoretical
Computer Science
$1.3 M

Software and

Programming

Systems
$1.9M

Institutional
Computing
Services
$1.6 M

Special Research
Resources
$1.6M

just two of the many indicators of
a rapidly growing awareness of com-
puter-based instruction.

The Foundation has been provid-
ing support for the establishment of
educational computing networks
through its Regional Cooperative
Computing Activities Program since
1968. Typically, each network is or-
ganized around a major university
which provides computer resources
and assistance to a number of nearby
institutions. The information and
guidance offered enable participat-



ing faculties to discover discipline-
oriented innovative techniques in
computer usage and to develop com-
puter applications which enhance
the quality, depth, and breadth of
their students’ education. The re-
gional activities also serve as a test
bed for the computerized curricular
products as well as for transfer and
dissemination of new techniques.
In fiscal year 1971, 61 grants for
regional activities, totaling approxi-
mately $2.4 million, included sup-
port for four major universities and
59 participating colleges in five
States. Four new regional activities
in New Jersey, Colorado, Washing-
ton, and California were added to
the 18 established between 1968 and
1970. The wide variety of coopera-
tive approaches is currently being
analyzed, and the data will be pre-
sented in a forthcoming report.

COMPUTER
APPLICATIONS IN
RESEARCH

The potential of computers in re-
search has increased markedly with
recent advances in technology. It is
now possible for researchers to
achieve a high degree of interaction
with the computer via a variety of
remotely located terminals. In many
instances a computer is an integral
part of a complex laboratory setting.
The Found ation started specific pro-
grams in fiscal year 1971 to advance
science research capability through
the development of sophisticated
computer-based techniques and sys-
tems. Three projects are described
which illustrate this new activity:

e Researchers in the life sciences
and computer science at the Cali-
fornia Institute of Technology are
developing a computing system for
direct interaction between the re-
searcher and the experiment. The
computer permits the researcher to
evaluate and redirect his experi-
ment while the experiment is in
process. The researcher can apply

NATIONAL

AND INTERNATIONAL PROGRAMS 51

A home computer terminal, utilizing conventional television technology and rapidly
growing cable television systems, might allow computer-assisted instruction (CAI) and
other graphic computational, data retrieval, and commercial computer services to be
made available to mass populations at relatively low cost. (Photo MITRE Corp.)

strategies that range between the
methodology of formal modeling
and the current procedures for data
acquisition and analysis. This sys-
tem concept has already been ap-
plied in intensive study of the com-
plete nervous system of insects, most
notably the housefly, Musca domes-
tica. The system has enabled the de-
tection and study of 108 distinct
classes of interneurons representing
a population of 300,000 interneu-
rons, or about one-third of the in-
terneurons of the fly. Before the sys-
tem was developed, only a very few
interneurons could be studied.
Foundation support will permit fur-
ther development of this advanced
computational system applicable to
a wide range of interdisciplinary re-
search activities.

e Amajor research center in com-
putational technology for economics
and management science has been
established by the National Bureau
of Economic Research in collabora-
tion with leading scientists at aca-
demic institutions. Attention is
being given to the development of
more comprehensive analytical ap-
proaches to cope with modeling of

interdependencies, nonlinearities,
and other complications which arise
when different economicgroups and
institutions adjust to changes in
their external circumstances and
policy environments. Particular em-
phasis is placed on distribution of
the new techniques to the research
community. The center is designed
to attract leading researchers in
these fields and in computer science
from universities and colleges, Gov-
ernment, nonprofit institutions, in-
dustry, and commerce.

e The Architecture Machine
group at the Massachusetts Institute
of Technology has developed a com-
puter system capable of recognizing
rough handwritten drawings, e.g.,
architectural sketches, to a consider-
able psychological depth. The com-
puter monitors a sketch drawn on
an electronic tablet with a light pen,
and infers information about not
only the shapes and locations of
lines and corners, parallelism, per-
pendicularity, coplanarism, etc., but
also the degree of certainty or inter-
est felt by the artist in each section
as might be suggested, for instance,
by the rate at which the section was
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Scientist at California Institute of Technology in action at the console of a highly interactive com puter-based system created to further
research in insect vision. (Photo California Institute of Technology)

drawn. Projects such as this one pro-
vide the basis for more direct per-
son/computer communication in the
future, not only for architectural ap-
plications but for many other areas
as well.

Al ? SH

Scientific research relies upon the
information generated by prior in-

vestigations and yields results which,
when disseminated within the scien-
tific community, form the basis for
continuing research and applica-
tions. In pursuing its legislative
mandate to provide for information
services “leading to a more etfective
dissemination of scientific informa-
tion,” the Office of Science Informa-
tion Service in fiscal year 1971 made
78 awards totaling approximately
$11 million and negotiated nine con-
tracts for an additional $1 million
in equivalent excess foreign curren-
cies.

ND IMPROVEMEN']

Like research 1itself, investment in
the improvement of the science com-
munication system is cumulative in
its effect. NSF assists professional
societies in their development of in-
formation systems for their particu-
lar scientific disciplines, and it also
assists universities in the develop-
ment of information systems for the
university community. The major
focus in system development has
been on the application of computer
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Abstracts published in Chemical Abstracts and Physics Abstracts, doubling every 8.1

years except in wartime. (Photo ACS)

technology to information process-
ing in order to reduce processing
costs and to provide a wvariety of
computer-produced services tailored
to individual needs. The conversion
to computerized systems hastens the
time when the major information
systems can be connected electron-
ically through the use of standard
telecommunication equipment.

Discipline-Oriented S cience
Information Activities

The discipline-oriented informa-
tion systems funded by NSF are in
various stages of development, with
the American Chemical Society’s
Chemical Information System the
most advanced. The Foundation ex-

pects that the demand for informa-
tion from these systems will be suffi-
cient to ensure that they can be op-
erated without Federal support once
they become fully operational.

The Chemical Abstracts Service
(CAS) completed the conversion of
its indexes to computer-based pro-
duction this year and continued
development of its computer-con-
trolled composition and publishing
operations. There are now 10 organ-
izations in the United States as well
as groups in Canada, the Nether-
lands, Sweden, the United Kingdom,
and West Germany that are licensed
to provide public services from the
CAS machine-readable files. In re-
sponse to requests from potential
customer groups, CAS initiated a

series of user seminars for orienta-
tion in the use of its new computer-
ized data bases.

The American Institute of Physics
(AIP) continued development of its
computerized information system.
Achievements during the year in-
clude: (1) a monthly series of mag-
netic tapes, each containing biblio-
graphic recordsof articles published
in AIP journals; (2) an announce-
ment journal and (3) specialized bib-
liographies in selected subfields of
physics.

The American Psychological As-
sociation developed and is testing a
computer-readable magnetic tape
edition of Psychological Abstracts
which can be searched on a wide
variety of computer equipment.

University-Centered
Information Systems

Research libraries on university
campuses have traditionally served
the major information requirements
of the academic community. In sup-
port of these libraries, computerized
science information systems are
being developed at six universities
to exploit the machine-readable data
bases produced by the professional
societies. This past year marked the
beginning of cooperative projects on
a number of campuses to pool com-
puter capabilities and share infor-
mation system resources. A remote
terminal at the University of Pitts-
burgh will provide access to data
bases that can be searched more ef-
fectively and economically at the
University of Georgia. Lehigh Uni-
versity has initiated plans to extend
its system to serve a consortium of
universities in the Delaware Valley
region.

The University of Pittsburgh is
expanding its chemical information
system into a multidisciplinary cam-
pus-based information service. The
Ohio State University began devel-
opment of a computerized general
science information system closely
coordinated with its existing library
facilities. A final grant was awarded
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for development of the Treaty In-
formation System at the University
of Washington. The University of
Arizona received a grant to study the
feasibility of an Arid Lands Infor-
mation Network involving the ma-
jor arid lands research institutes in
the United States.

INFORMATION SERVICES
AND PUBLICATIONS

The Foundation’s program for
support of information services and
publications is designed to help vari-
ous scientific and engineering dis-
cipline organizations maintain in-
formation systems and services at an
operational level sufficient to meet
the essential needs of scientists and
engineers.

Thirty projects received support
for the operation or production of
a variety of science information sys-
tems, services, and publications.
Forty percent of the total obligation
of about $3.5 million was for the
support of the Science Information
Exchange, which will be supported
in the future by the Smithsonian
Institution.

Major empbhasis was directed to
the existing communication system
for science and engineering, which
will continue to be central in the
emerging national network of sci-
ence information systems. Support
was provided to activities in the
fields of biology, psychology, physics,
geology, engineering, and atmos-
pheric sciences.

Support for primary publications
was limited to one journal and two
monographs, one of which recorded
the geological history of the Alaska
earthquake of 1964. A significant
project of data compilation in the
field of nuclear physics was under-
taken with NSF support.

SCIENCE INFORMATION
RESEARCH

Support for science information
research during fiscal year 1971 was

DISTRIBUTION OF FUNDS AWARDED BY
THE OFFICE OF INTERNATIONAL PROGRAMS
IN FISCAL YEAR 1971

e International Council of
Scientific Unions

e Selected NAS/NRC Activities

e Other International
Scientific Programs

\

Participation
in International
Scientific
Activities
(13%)

reoriented to cover a broad spec-
trum of research efforts ranging
from basic through applied studies
and pilot demonstrations in such
problem areas as information for-
matting, data manipulation, library
innovation, networking studies, sys-
tem evaluation measures, user stud-
ies, and user education techniques.

SPECIAL FOREIGN
CURRENCY PROGRAM
FOR SCIENTIFIC AND
TECHONOLOGICAL
INFORMATION

Science information activities sup-
portedunder the Agricultural Trade

Development and Assistance Act

of 1954 (Public Law 480) in-
volve the use of foreign currency
credits in countries where such cred-
its are in excess of normal U.S. gov-
ernmental requirements. Contracts
with nine foreign organizations re-
sulted in the translation and repub-
lication in English of approximately
70,000 pages of primary journals,
patents, and monographs from Rus-
sian, East Furopean, Japanese, and
other languages, as well as prepara-
tion of abstracts, compilation of an-
notated bibliographies, and prep-
aration of guides to foreign scien-
tific institutions and information
services.



INTERNATIONAL
SCIENCE
ACTIVITIES

International scientific activities
of the Foundation are designed to
foster the interchange of informa-
tion between U.S. and foreign scien-
tists, to produce new scientific
knowledge, and to enrich the na-
tional scientific effort with foreign
ideas and approaches, with concur-
rent advancement of U.S. foreign
policy interests.

As much as 10 to 15 percent of the
funds obligated by the National Sci-

Year Initiated
1961

Name of Program

United States-Japan
Cooperative Science
Program

India-United States 1967
Exchange of Scientists

Program

United States-Italy 1967
Cooperative Program

in Science

United States- 1968
Australia Agreement
for Scientific and

Technical Cooperation

United States- 1969
Republic of China
Cooperative Science

Program

Agreement of Friend- 1970
ship and Cooperation
between the United

States and Spain

United States-France 1970

Exchange of Scientists
Program

Program of Exchange 1970
between the United

States and Romania
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ence Foundation in fiscal year 1971
may be identified with projects
having international implications.
Among the more apparent are the
Global Atmospheric Research Pro-
gram, the International Decade of
Ocean Exploration, and the Inter-
national Biological Program. L.ess
obvious are Foundation-supported
research grants that include funds
to enable the principal investigator
to visit a laboratory in a foreign
country, awards to foreign scientists
to attend Foundation-funded sum-
mer institutes, and grants to Ameri-
can scientists for travel to interna-
tional scientific meetings.

Activity Summary, FY 1971

Fifteen awards were made for joint research
in mathematics, biochemistry, biology, me-
teorology, physics, and geophysics; 18 joint
seminars were held. Support was provided
for the continuation of the United States-
Japan Science Film Project. An Eminent
Visiting Scientists Program was initiated.
Funds obligated: $212,890

Eight Indian scientists visited the United
States for familiarization with research cen-
ters and activities; seven U.S. scientists tra-
veled to India to lecture and consult.
Funds obligated: $22,565

One award was made for a seminar in
mathematics held in Udine, Italy.
Funds obligated: $8,500

One joint seminar on “Recent Advances in
Photosynthesis” was held in Canberra.
Funds obligated: $4,000

Five U.S. scientists traveled to Taiwan to
teach and conduct research in engineering,
mathematics, biochemistry, and palynology.
Funds obligated: $79,200

Activities were limited to program develop-
ment.
No funds obligated.

Grants were made to 11 French scientists
for study in the United States. Awards were
received by 12 U.S. scientists for study in
France.

Funds obligated: $113,647

One joint research project on atomic and
plasma physics was supported; 17 Roma-
nian scientists visited the United States for
familiarization with U.S. technology and
research activities; and five American sci-
entists went to Romania for research and
study.

Funds obligated: $90,000

The above activities are discussed
elsewhere in appropriate sections of
this report. Programs described on
the following pages are those admin-
istered directly by the Office of In-
ternational Programs.

INTERNATIONAL
COOPERATIVE
SCIENTIFIC ACTIVITIES

During fiscal year 1971, the Foun-
dation served as executive agency
for bilateral research and exchange
programs with Australia, the Re-
public of China, France, India, Italy,
Japan, Romania, and Spain. The
cooperative programs with France,
India, and Romania involve ex-
changes of scientists between the
United States and those countries;
the other bilateral programs include
support for the US. portion of joint
research projects, seminars, and sci-
entist visits. The Foundation as-
sumed responsibility for the United
States-France Exchange of Scientists
Program on July 20, 1970, and ac-
cepted executive agency responsi:
bility for the science and technology
aspects of the United States-Spain
Agreement of Friendship and Coop-
eration on December 14. The table
lists the eight current bilateral pro-
grams, the year initiated, and a sum-
mary of activitiesin fiscal year 1971.

The Foundation supports the Na-
tional Academy of Sciences Ex-
change Program with the Acade-
mies of Science of the U.S.8.R. and
East European countries. During
fiscal year 1971, 27 U.S. scientists
visited the U.SSR. and 25 Soviet
scientists visited the United States
under this program.

Fifty U.S. scientists also visited re-
search institutes of the East Euro-
pean Academies of Science during
fiscal year 1971: Czechoslovakia, 12;
Poland, 17; Romania, 15; and Yu-
goslavia, 6. Twentyseven East Eu-
ropean scientists visited the United
States for an average stay of 4
months each.
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The Foundation provided funds
to the National Academy of Sciences
(NAS) for staff and other assistance
to U.S. representation in 30 inter-
national organizations. T hese funds
support meetings of the US. na-
tional committees for various inter-
national scientific unions, program
reviews and meetings held by the
Advisory Committee on Interna-
tional Organizations and Programs,
and U.S. dues to the International
Council of Scientific Unions (ICSU)
and its 16 affiliated unions.

Other Foundation support to the
National Academy of Sciences en-
abled U.S. scientists to participate in
discussions of a proposed center for
the study of problems of advanced
societies. Several meetings among
British, French, Italian, Soviet,
United States, and West German of-
ficials have resulted in the drafting
of a charter, the formation of a site-
location committee, and an official
name for the center: the Interna-
tional Institute for Applied Systems
Analysis.

Partial support was provided for
the NAS Committee for Internation-
al Environmental Programs (IEPC).
The IEPC has prepared position
papers for U.S. participation in the
1971 Economic Commission for Eu-
rope Conference in Prague, the
UNESCO Man and Biosphere Pro-
gram, and the United Nations Con-
ference on the Human Environment
to be held in Stockholm in 1972.
The IEPC also serves as the adher-
ing committee to the ICSU Scien-
tific Committee on Problems of the
Environment, establishes communi-
cation with nongovernmental na-
tional organizations in other coun-
tries, and acts as a national infor-
mation center on international en-
vironmental activities.

An American scientist conducts a short course in gas chromatography at the University
of Punjab, India. (Photo American Chemical Society)

TATED ACTIVITIEQ
LATED ACTIVITIES

The first project to be approved
(in April 1971) was support for a
Regional Conference on Planning
and Design of Tall Buildings in
Bled, Yugoslavia. In May, another
18 research projects were approved:
14 in Yugoslavia, two in Egypt, one
in Poland, and one multicountry
project involving research in Tuni-
sia, Morocco, and Egypt. Twenty-
one international travel grants were
awarded for program development
and consultation in special foreign
currency countries. These activities
are supported under the Agricul-
tural Trade Development and As-
sistance Act of 1954 (Public Law
480).

This program, started in 1966, is
supported entirely by funds trans-
ferred to NSF by the Agency for
International Development. The
objective of the program is to im-
prove scientific and technical edu-
cation in biology, chemistry, mathe-
matics, and physics at the high
school and college levels, technology
at the junior college level, and en-
gineering at the college level. Dur-
ing fiscal year 1971, 63 consultants
for curriculum development and in-
stitutional development activities
were supported under this program.
Other activities included a bina-
tional conference on education and
research and the presentation of six
American Chemical Society short
courses.



Research
Applications

RESEARCH APPLIED TO
NATIONAL NEEDS

In fiscal year 1971, the NSF or-
ganized the bulk of its problem-fo-
cused research into a single set of
program activities administered by
a new Research Applications Direc-
torate. Existing programs in Earth-
quake Engineering, Weather Modi-
fication, and Interdisciplinary
Research Relevant to Problems of
Our Society (IRRPOS) form the nu-
cleus of the program of Research
Appliedto National Needs (RANN).
Also administered by the Research
Applications Directorate is the Of-
fice of Intergovernmental Science
Programs, now entering its third
year.

The Foundation has supported
problem-oriented research for more
than a decade. Programs such as
Earthquake Engineering, Weather
Modification and others have yield-
ed considerable experience in the

successful management of these ef-
forts. The Foundation is now ap-
plying and building on this experi-
ence with a significant part of its
resources to encourage research tar-
geted on objectives and foreseeable
benefits. Through these programs
the Foundation seeks to mobilize a
portion of the nation’s scientific
talent and technological capability
for resolving important problems of
national concern.

RANN is organized into four ma-
jor program areas. The Division of
Environmental Systems and Re-
sources administers programs in the
areas of regional environmental sys-
tems, environmental aspects of trace
contaminants, and weather modifi-
cation. The Division of Social Sys-
tems and Human Resources admin-
isters programs in the areas of mu-
nicipal operations and services, so-
cial data and community structure,
and methodologies for evaluating
social programs. The Division of

Table 6
Research Applications Obligations
Fiscal Year 1971
(Millions of dollars)
Number of  Funds
swards  obligated
Research Applied to National Needs . . .......................... . cciivnininns 213 $34.0
Division of Social Systems and Human Resources T
Municipal Systems Operations and Services .. ... ... ............... ... ... 7 1.6
Social Data and Community Structure . . . ... ............ ... .. ... .. 7 54
EvaluatlonMothodologmforSoculProzrlrns.....‘........................‘ 1 A
SUDtOtl . e e e s 15 7.1
Division of Environmental Symms lnd Resources
Weather Modification ... ... e 22 34
Trace Contaminants . 7 15
RozlonalEnvnronmontalSystoms...,,..................................,.. 19 43
SUBBORl . . ... e e e e 48 9.2
Division of Advanced Technology Applications
Disaster and Hazerd Research . . . 36 3.6
Techno|ozyﬂndsand09poriunmn........‘.4...‘...,........A.....,.... 52 53
Urban Technology . 8 J
Energy Resources, Research and Anslysis . . . . .. .. ... ... 26 5.1
SUDtOME . . e e 122 147
Office of Exploratory Research and Problem Aucssmcnt
Probiem ﬂnihonandmmmcn 18 14
Exploratory Research . .. 12 1.8
SUDBOEE . ... e e e e 28 3.0
Intergovernmental Science Programs . .............. ... ... .eeiiiiaeianaiies 28 8
e
R 7 I OO 241 343
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Tributary of the Gallatin River, which may be affected by a recreational development
to be known as Big Sky. Scientists at Montana State University are performing baseline
measurements to measure the degree of impact on the environment. (Photo Montana

State University/Max Hunke)

Advanced Technology Applications
administers programs in the areas
of energy resources research and
analysis, urban technology, earth-
quake engineering, fire research, ex-
cavation technology, enzyme tech-
nology, industrial processing, and
instrumentation technology. The
Office of Exploratory Research and
Problem Assessment provides sup-
port for efforts to define and analyze
emerging problem areas and promis-
ing research strategies, to assemble
and synthesize relevant existing
knowledge underlying such problem
areas, and to initiate reseaxrch efforts
in new areas which might be the
subject of concentrated research ef-
forts. Problem assessment and tech-
nology assessment functions are cen-
tered in this office. The Office of
Intergovernmental Science Pro-
grams focuses on the development
of improved programs and institu-
tions for making science and tech-
nology available for use by States
and local governments in solving

problems, including the utilization
of results from both RANN and
other NSF programs that have im-
portant applications to those prob-
lems.

ENVIRONMENTAL
SYSTEMS AND
RESOURCES

The major goals of RANN pro-
grams on the environment include
an improved understanding of en-
vironmental systems for more effec-
tive efforts to prevent environment-
al degradation, wise development of
national resources, and accommoda-
tion of man’s activities to environ-
mental constraints.

The studies currently supported
generally fall into three categories:
comprehensive investigations of re-
gional environmental systems, anal-
yses of environmental aspects of
trace contaminants, and weather
modification research.

Regional Environmental
Change in Southwestern
M ontana

An interdisciplinary team of in-
vestigators has been organized at
Montana State University to exam-
ine the nature and magnitude of the
environmental, social, and economic
consequences of a large-scale, diverse
recreational development in south-
western Montana, known as Big Sky.
They have gathered baseline data
on many variables likely to be in-
fluenced and are now beginning to
monitor changes. Their results will
include such things as changes in
water quality due to the introduc-
tion of sewage systems and the
changes in community service re-
quirements due to rapidly expand-
ing population. These results are in-
tended to provide a basis for con-
ducting environmental impact stud-
ies for similar developments in other
parts of the country and for land
planning efforts on the periphery
of Big Sky. Preliminary data from
an exploratory study have already
proven useful to a number of agen-
cies and organizations such as the
U.S. Forest Service and local plan-
ning groups.

Methyl Mercury, A Trace
Contaminant

Thomas W. Clarkson at the Uni-
versity of Rochester is concentrating
on the biomedical dangers of methyl
mercury and related compounds, an
environmental problem that re-
ceived widespread public attention
during 1971. Known as a poison
since ancient times, mercury has
been released, with minimal cau-
tion, chiefly into aquatic environ-
ments. Despite the growth in num-
bers of industrial sources and the
quantity of mercury processed, the
widespread belief that such wastes
were very dense and very insoluble
had led to what now turns out to
be a false sense of security. It is now
recognized that some aquatic micro-
organisms can convert previously in-



soluble deposits of mercury to high-
ly soluble, diffusible and toxic merc-
ury compounds.

As a result, (1) mercury contam-
ination is much more widespread
than expected; (2) its concentrations
are higher than expected; (3) it is
being concentrated still further in
the food chains; (4) the toxicity of
methyl mercury is many times great-
er than inorganic mercury itself; and
(5) the problem may be irreversible,
since few data exist to develop a
useful technology to neutralize the
mercury already released.

The work at Rochester, a series
of coordinated interdisciplinary
studies, is concerned with the dy-
namics of mercury flow through
man, including its chemical trans-
formations and the effects it pro-
duces. Specific experiments will
evaluate conversions of inorganic
mercury -to the more toxic methyl
mercury in microorganisms, the se-
lective action of mercury on the
microecology of the intestine, the
essential parameters that determine
absorption, distribution, and excre-
tion of methyl mercury from the
body and its effects on the central
nervous system, on the fetus and on
the genetic apparatus. Means of re-
ducing absorption and of increasing
excretion of mercury will be exam-
ined as potential therapeutic and
preventive measures. The Food and
Drug Administration is cooperating
with the National Science Founda-
tion in support of this effort both
scientifically and financially.

The National H ail
Research Experiment

A major portion of the weather
modification program in fiscal year
1971 was directed toward strength-
ening the effort on the National
Hail Research Experiment which is
being conducted in northeastern
Colorado under the management of
the National Center for Atmospher-
ic Research.

A field headquarters has now
been established in Grover, Colo.,
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Hail causes hundreds of millions of dollars worth of damage to crops and property every
year in the United States. This field of corn near Julesburg, Colo., destroyed by a hail-
storm in June 1970, illustrates the sort of destruction that hail can inflict on farmers

of the Great Plains. (Photo NCAR)

and airborne and ground elements
of the field observing network were
calibrated and tested in the field
in preparation for the first full field
operation in the summer of 1972.
The objective of the experiment is
to develop an understanding of the
mechanisms of severe storms which
generate damaging-sized hailstones,
and then to devise modification
techniques which will suppress their
formation. A “protected area” of
600 square miles has been extensive-
ly instrumented to observe the ef-
fects of silver iodide seeding upon
hail formation. During the trial
phase in 1971, no aircraft-launched
rocket seeding devices were de-
ployed due to the need to complete
further FAA qualification tests.
However, pyrotechnic seeding de-
vices were carried by small aircraft
into critical updraft areas of the
storms and ignited. A dual wave-
length hail detection radar has been
constructed jointly by the University
of Chicago and the University of
Illinois and is now being tested in
the vicinity of Urbana, Ill., before

being installed in northeastern Col-
orado. The radar is expected to be
capable of differentiating between
the echo received from a liquid
water droplet oran ice particle in a
cloud. The National Hail Research
Experiment will involve the cooper-
ation of seven universities in addi-
tion to the participation of five Fed-
eral agencies and the Colorado Air
National Guard.

SOCIAL SYSTEMS AND
HUMAN RESOURCES

The effort to develop an im-
proved understanding of social sys-
tems and social data is intended to
increase our ability to deal with
problems which affect the quality of
our society. The research programs
on municipal systems, evaluation
methodology, and social data and
community structure pursue the ob-
jective of providing information
and analysis of concrete and realistic
policy alternatives available to State,
local, and Federal officials.
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Studies of the Municipal System
of New York

One of the problems of the indi-
vidual in a municipal system who
must make policy decisions is the
availability of up-todate informa-
tion. The Urban Science and Engi-
neering Program of the State Uni-
versity of New York at Stony Brook
has a program in which members of
its faculty have been working closely
with agencies of the New York City
government. For instance, they have
assisted a city agency in developing
cost-effective means of scheduling
sanitation crew work loads efficient-
ly and to provide crews for peak
collection periods while also giving
workers the maximum number of
3-day weekends and equitable work
assignments.

Carbon Monoxide in S't. Louts

A quite different form of infor-
mation to serve decision-makers is
being provided in the §t. L.ouis area.
Drawing on the diverse disciplines
of sociology, mathematics, hematol-
ogy, geography, systems engineering,
and urban and regional planning,
investigators from Southern Illinois
University and the medical schools
of St. Louis and Washington Uni-
versities are collaborating in an ef-
fort to develop a carbon monoxide
diffusion model to be used in trans-
portation planning. The project also
involves the cooperation of the St.
Louis chapter of the Red Cross, the
St. Louis County Health Depart-
ment, the Illinois Environmental
Protection Agency, and the Depart-
ment of Public Safety in the collec-
tion and provision of data. In addi-
tion, members of a black comnmunity
group, Black Survival, will partici-
pate in providing information to
inner-city residents about the pur-
poses and results of the project. Ma-
jor aims are to determine the rela-
tionships between carboxyhemoglo-
bin in individuals and various per-
sonal, environmental, and vehicular
traffic factors, and to develop a pre-

dictive model of expected carboxy-
hemoglobin levels under changing
environmental conditions for use in
national and local transportation
planning.

The Social Science Research
Council and Evaluation
Methodology

The need for new methods to
come to grips with the rapid pace
of social change has led to another
set of research activities. One of the
more pervasive problems of social
programs is the development of sat-
isfactory methods for evaluating
their effectiveness. The Social Sci-
ence Research Council, with the
encouragement of the President’s
Science Advisor and the President’s
Science Advisory Committee, is con-
tinuing its work on the methodology
of social experimentation. The
council will concentrate on the
scientific, managerial, and institu-
tional aspects of carrying out and
evaluating experimental studies. of
social innovations. A core group of
senior social scientists with special
competence in methodology was as-
sembled by the council for an ini-
tial workshop during the summer of
1971 and, during the summer of
1972, will submit a report for pub-
lication.

Acquisition of New Data on
Social Behavior

New methods are also being de-
veloped to help study the impact on
man of the environment he builds
around him. An interdisciplinary
group of architects, planners, and
social scientists at Princeton Uni-
versity is studying the effects of
buildings and communities on per-
sonal behavior, effectiveness, and
satisfaction. This project’s goal is to
define new criteria, concepts, and
methods for assessing environmental
effects on behavior. Research sites
will include both a working and a
living habitat and communities con-
sisting of buildings designed by in-

dividual architects as well as by com-
munity planners and real estate de-
velopers. The researchers expect to
develop methods of analyzing and
measuring the user’s perception of
spatial environment, his reactions to
it, and the satisfactions he draws
from it.

Consideration of both the need
for more rigorous methods and the
need for more complete information
on the quality of life in the nation
has led to a broad 3-year grant to
the University of Michigan. There
the Institute for Social Research
(ISR) is measuring and assessing
changes in the socioeconomic status,
living conditions, and attitudes of
the population of the United States.
The institute is collecting new data
as well as preparing historical data
to identify long-term changes. More-
over, with strengthened technical
and statistical resources, ISR is im-
proving the quality of the social data
they are making available.

Social phenomena are complex,
but research can contribute to ana-
lyzing and eventually understanding
the interaction of the many factors.
A team of engineers, physicists, and
social scientists at Brown University
received an exploratory award for
research on which to base an em-
pirical test of an urban dynamics
model developed by Jay Forrester.
They intend to apply the model to
the Providence area, to supply more
detailed data than used in Dr. For-
rester’s initial model, and to demon-
strate to policy-makers and decision-
makers how the model may be used
for dealing with real problems.

ADVANCED
TECHNOLOGY
APPLICATIONS

This category of RANN projects
involves the application of advanced
scientific and engineering knowl-
edge to major social, economic, and
environmental problems. The ob-
jectives of the program are to foster
the development, augmentation, and



application of technologies that will
aid in the solution of such problems.

Work currently supported in-
cludes elements of programs previ-
ously under way elsewhere in the
Foundation on research related to
fire, energy studies, and earthquake
engineering.

Fire Research

An important factor in determin-
ing the relative safety of various ma-
terials is to test the damage they
will do to human skin under fire
conditions. So many variables are in-
volved that what is needed is a sys-
tem that will allow actual experi-
mentation using an analog of hu-
man skin. A group at MIT, under
the direction of Glenn Williams,
has developed just such a simulant
of skin for use in measuring the
flammability characteristics and
burn potential of fabrics. The simu-
lant also serves as a tool to check
the reliability of theoretical analy-
ses which are being developed. The
MIT project and another grant, for
ignition studies, at Georgia Institute
of Technology are part of a cooper-
ative effort with the National Bu-
reau of Standards which is directed
at the problems associated with es-
tablishing standards for fabric flam-
mability. Three trade associations
have provided funds for comple-
mentary research in two mnonaca-
demic institutions—Factory Mutual
Research Corporation and Gillette
Research Institute.

Earthquake Engineering

The San Fernando earthquake of
February 9, 1971, caused damage of
nearly a billion dollars to buildings
and facilities in the San Fernando
Valleyand in the Los Angeles metro-
politan area. Because of the number
of modern structures damaged and
because of the unusually complete
acceleration measurements ob-
tained, this earthquake is of very
great engineering significance and
presents unparalleled opportunities
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This structure at the University of California, Berkeley, is being used to subject full-
or half-scale structures or structural components to the types of motions that actually
occur during earthquakes. (Photo University of California, Berkeley)

for research in all aspects of earth-
quake engineering.

In the past several years, new
mathematical tools utilizing large-
scale computing equipment have
been developed to analyze the ef-
fects of earthquakes on engineered
structures. To verify these analytic
tools, laboratory tests of model and
full-scale structures, shaking tests of
actual buildings, and studies of
strong-motion responses of struc-
tures subjected to actual earth-
quakes have been undertaken. In
addition, the magnitudes, frequen-
cies, orientations, and durations of
the forces resulting from earth-
quakes must be better known: There
is much information that cannot be
reconstructed by simply examining
the damage. The San Fernando
earthquake yielded 272 strong-mo-
tion records; the instruments were
mounted on dams, rocks, soils of sev-
eral different characteristics, build-
ing basements, and upper stories.
These records are a vital link in the
efforts of engineers to develop im-
proved methods of design and anal-
ysis.

As a first step in recovering as
much information as possible from
this event, Caltech is processing and
disseminating copies of the strong-
motion records to researchers and

engineers in the field. The second
step is a series of detailed studies of
engineering consequences by six uni-
versities (Purdue, Caltech, UCLA,
Berkeley, MIT, and Illinois). This
collaborative program includes the
following basic topics: (1) damage
documentation studies—a systematic
seismic risk analysis of the perform-
ance of modern buildings; (2) struc-
tural response to earthquake load-
ing—an analytical and experimental
investigation of critical damage ob-
served in certain buildings as a re-
sult of this earthquake; and (3) soil-
foundation response to earthquake
motion—the correlation of known
soil motions and structural response.

Prior to the San Fernando earth-
quake, the National Information
Service for Earthquake Engineering
(NISEE) was established by concur-
rent grants to the California Insti-
tute of Technology and the Uni-
versity of California, Berkeley. This
isa program to collect, organize, and
disseminate information. Basic col-
lections are being strengthened and
made more accessible to structural
engineers, research workers, and
building department officials. Cata-
logs of such material will be issued,
and facilities are being established
for the rapid reproduction of ref-
erence materials so that they can be
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supplied at nominal charge. Caltech
will concentrate on collecting and
evaluating data about earthquake
strong motions and on developing
instruments to measure them, while
Berkeley will be headquarters for
computer methods for structural
analysis, dynamic tests of soils and
structures, and an abstract service
for foreign and domestic literature.

Energy Problemns

The activities of the energy re-
sources program fall into two gen-
eral classifications: (1) surveys and
analyses of energy resources and re-
search; and (2) support of specific
research and development projects
that will have direct impact on the
energy problems of the nation.

The first classification includes
analysis of energy systems and tech-
nology to determine their impact on
the environment, inventories of en-
ergy research, and identification of
significant elements of energy eco-
nomics and policy. One such project
undertaken by the National Acad-
emy of Engineering seeks to develop
a mechanism for supporting the
formulation of national energy
policies.

The second classification includes
research projects on land use, power
plant siting and power transmission,
solar energy, and thermal energy
storage. For instance, one of the
great problems for electric power
generating systems is the variability
of demand for its product and the
inability to stockpile it. One of the
most obvious aspects of the problem
is the summertime “brownout” pro-
duced by too-heavy demands on the
system by late-afternoon use of air
conditioners. Manfred Altman’s
group at the University of Pennsyl-
vania has presented a technique,
using salt hydrates that can “store
coolness,” that may help alleviate
the brownout problem. Thessalt hy-
drates, or thermal energy storage
material, can be cooled at night,
when demand for power is low, and
its coolness given up during the heat

of late afternoon when demand is
high, thereby helping to iron out the
peaks in power demand. The Alt-
man group has come up with a pro-
totype air conditioner which not
only evens out power demand, but
—even though it must run 24 hours
a day—uses 15 percent less power
overall to produce the same amount
of cooling.

At the California Institute of
Technology, the Environmental
Quality Laboratory, under the direc-
tion of Lester Lees, is mounting a
concerted and sustained attack on
critical environmental problems af-
fecting modern society. Among their
studies are investigations of power
utilization and power-plant siting
in relation to power needs, econom-
ics, and environmental deteriora-
tion. EQL’s power-plant siting
study will investigate the possibili-
ties of dispersing waste heat by re-
mote siting of power plants, or by
offshore, under-ocean, or under-
ground siting. Their engineering
and economic study will be inter-
preted in the light of alternate pro-
jections of the increase and distribu-
tion of human populations in the
affected area. Correlated studies by
scientists will estimate how differ-
ent populations would be affected
under varying assumptions of en-
ergy distribution.

EXPLORATORY
RESEARCH AND
PROBLEM ASSESSMENT

A critical concern for the overall
RANN program is the identifica-
tion of emerging national problems
on which research is most needed
and to which research can be effec-
tively applied.

The purpose of exploratory re-
search and problem assessment is to
examine the total context of societal
problems and to identify the re-
search opportunities which are criti-
cal for dealing with them. Research
on improved assessment and evalua-
tion methodologies is encouraged,

as is the development of effective or-
ganizations and procedures for prob-
lem-oriented interdisciplinary re-
search. Innovative institutional
groupings and joint arrangements
between universities and both non-
profit and commercial firms are
of particular interest in this latter
regard.

Exploratory Research

The Center for Policy Research in
New York is examining both the
technical features and social “rules”
for use of cable television as a mass
participatory technology system
which would allow citizens to inter-
act with public officials and with
each other. An integrated social sci-
ence-engineering team is undertak-
ing a number of tasks, such as test-
ing the effect of alternative uses of
the system in reducing public apa-
thy, alienation, and polarization,
and on expanding opportunities for
expressing new ideas and minority
views. The Center is also investigat-
ing the development and testing of
random switching, instant polling,
and use of telephone exchanges com-
pared to CATV networks and other
technological innovations, and com-
paring of audio-only with audio-
visual systems.

Development Sciences, Inc, of
East Sandwich, Mass, is exploring
alternative pollution abatement
techniques by locating recycling
plants to convert pollutants into re-
sources in an existing consumer-pro-
ducer network. It is also looking for
opportunities to substitute one proc-
ess for another to reduce pollution
or to enhance reuse potential. It
will attempt to identify partners for
a shared waste disposal system and
a dumping strategy that would
either return wastes to a natural eco-
system or isolate them harmlessly.
Alternatives for Government policy
or industrial applications are being
identified through computer scan-
ning of a matrix of industries and
chemical processes.

The International Research and



Development Corporation of Wash-
ington, D.C,, has developed a theo-
retical model to describe the flows
of physical materials and energy
throughout the U.S. economy and
to and from the environment, tak-
ing into account the actual physical
and chemical transformations which
occur. It is expected that this ana-
lytical approach can aid various
Government agencies in fulfilling
the requirements of the National
Environmental Policy Act of 1969,
and to assist the Bureau of the Cen-
sus in structuring the 1972 Census
of Manufacturers.

Problem Assessment

An interdisciplinary team at the
University of Oklahoma is perform-
ing a technology assessment of off-
shore oil operations. Projections of
the technologies inherent in these
operations will be made for 10 to
15 years into the future, and assess-
ments will concern a wide range of
consequences—from legal-political
to physicalbiological. The results
will point out and analyze alterna-
tives available to implement policies
for offshore oil facility management.
The results will also be couched in
the context of future national en-
ergy needs. Barring unforeseen de-
velopments, oil availability will play
a large part in satisfying those needs
over the next few decades. Past
spillages and leakages illustrate the
risks and costs inherent in the trans-

rtation of oil and in operation of
offshore oil facilities. The analysis
being undertaken should contribute
to needed national and internation-
al perspectives on this problem.

Hittman Associates, Inc., of Co-
lumbia, Md.,is conducting an “Eval-
uation of the Ecological, Resources
and Socioeconomic Impacts of Ad-
vanced Automotive Propulsion Sys-
tems.” The objective is to define and
evaluate the major ramifications of
the transition from present internal
combustion engine technology and
practices to any of the potential al-
ternatives. Transitional effects on
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materials resources, environmental
ecology, energy resource balance,
and the socioeconomy will be
stressed. A systems analysis approach
will enable evaluation of component
and total effects of the transitions
and comparison with present system
baselines. Optimization trends will
be identified and assessed as will the
policy implications for pertinent
areas of the public sector.

INTERGOVERN-
MENTAL
SCIENCE PROGRAMS

The Intergovernmental Science
Programs assist State and local gov-
ernments in strengthening their ca-
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pabilities to foster and support the
development and use of scientific
methods and technologies, and to
discover and exploit ways of enhanc-
ing the application of scientific
methods and technologies by these
levels of govemnment as they deal
with their critical needs.

The Office of Intergovernmental
Science Programs administers its
functions in close coordination with
the intergovernmental activities of
the Federal Council for Science and
Technology (FCST), and provides
both the chairmanship and the ex-
ecutive secretariat to the FCST’s
Committee on Intergovernmental
Science Relations. Close coordina-
tion is also maintained with the Na-
tional Govemors’ Council on Sci-
ence and Technology and with the
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Science and Technology Commit-
tees of the National Governors’
Conference and the National Legis-
lative Conference.

Seven conferences were conducted
during the fiscal year on subjects re-
lating to national, regional, State,
and local concerns in the area of
science and government. One, spon-
sored by the Urban Institute, re-
sulted in a well-received publication
on technology in the urban setting
entitled The Struggle to Bring
Technology to the Cities. The first
survey of local government science
and technology activities was carried
out under the auspices of the Inter-
national City Management Associa-
tion. Three science and technology
newsletters designed to enhance un-
derstanding of developments in sci-
ence and technology began publica-
tion in fiscal year 1971.

Technology forecasting is being
supported through a grant to the
Department of Planning and Eco-
nomic Development of the State of
Hawaii. Technology transfer in ur-
ban settings is being studied by Abt
Associates through the analysis of
alternative models, and at the Uni-
versity of North Dakota in a pro-
gram designed to explore the utili-
zation by State and local govern-
ments of graduate-level and other
research. Technology assessment
techniques at the State level are
being explored by the National
Academy of Public Administration

and the Western Interstate Nuclear
Board, which will recommend opti-
mum decision-making procedures
in western State governments on in-
dustrial Plowshare proposals. Stud-
ies were also initiated concerning
how scientific and technological ac-
tivities might be integrated into
existing systems of public services.

The Citizens Conference on State
Legislatures is planning a national
demonstration project for the pro-
fessional staffing of selected legisla-
tive committees and a demonstra-
tion grant was awarded to the
Operations Research Center at the
Massachusetts Institute of Technol-
ogy for the investigation at the State
level of new procedures designed to
result in an effective citizen feed-
back and citizen involvement system.

A major area of emphasis was
technology transfer and reconver-
sion as they relate to aerospace and
defense-based activities and prob-
lems. Projects in this area involve
such activities as the demonstration
and evaluation of the potentials for
placing scientists and engineers in
local government positions through
pilot projects in selected cities and
counties in California, Alabama, and
Missouri; the demonstration of the
possibilities for technology develop-
ment available through a State gov-
ernment-based technology ex-
change; and a study of the role that
colleges of engineering should play
in their regional environments.



Sczence
Education

Support

The last several years have seen
increasing stress in two areas of par-
ticular importance in science edu-
cation: the strong tensions in the in-
terface between science and society,
and the mounting demands on edu-
cational institutions to serve more
effectively an increasingly varied
clientele with diverse goals and abil-
ities. The resulting problems of
scientific manpower supply and de-
mand, public understanding of sci-
ence and technology and their im-
plications, and rising costs of science
education with no apparent rise in
productivity are crucial to the Foun-
dation’s education activities.

In fiscal year 1971, these problems
led to a range of responses through-
out the Foundation’s education and
resource study activities. In general,
focus has shifted from almost ex-
clusive concentration on students
likely to major in science and con-
tinue to a traditional advanced re-
search degree to the following con-
cerns:

e making professional science ed-
ucation more responsive to cur-
rent needs;

e fostering scientific literacy gen-
erally;

e making science education more
effective.

In graduate education, the first
steps have been taken in what is
likely to be a major reorientation
of the Foundation’s direct support
of education in the sciences at that
level. For the past several years, the
principal mechanisms for such sup-
port have been: fellowships (awards
to individuals selected by NSF in
national competitions); traineeships
(awards to graduate students se-
lected by universities successfully
competing for NSF grants); and
grants for the support of field train-
ing or training in advanced, highly
specialized areas—training not gen-
erally available in graduate curric-
ula. On a comparative basis, only
relatively modest emphasis has been
given to the support of projects
aimed at improving the educational

system itself, e.g., the development
of new graduate programs designed
to give science and engineering stu-
dents alternatives to the traditional
advanced degrees. ‘

In fiscal year 1971, however, no
new traineeships were granted.
There were several reasons for this
decision. First, it was judged that
the supply of conventionally trained
graduates with advanced degrees in
many fields was in approximate bal-
ance with immediate demand, and
the need for special incentives to en-
courage individuals to undertake
graduate training looking to re-
search careers in those fields appears
to have diminished. Second, other
programs and new Foundation ini-
tiatives in education were consid-
ered to be of higher fiscal priority
at this time. A review of the man-
power and program priority bal-
ance will be maintained. However,
NSF continued its traditional pro-
gram of graduate fellowships, but
at a reduced scale, emphasizing fur-
ther the concept of excellence on
which the program is based. The
vehicle for support of innovative
projects to improve the graduate-
level instructional process itself is
the Advanced Science Education
Program. Funds are provided for
the development of experimental
courses, new curricula (e.g., alterna-
tive advanced degree programs to
broaden career options), and train-
ing aimed at specific areas of need,
such as the environmental field.

The problems of interactions
among science, technology, and so-
ciety are receiving much attention
in undergraduate instruction. Stu-
dent response has stimulated the de-
velopment of interdisciplinary
course sequences to clarify and de-
fine some of these problems and
work toward successful solutions. A
second area of emphasis is the
strengthening of additional choices
in higher education other than the
departmental 4-year science major,
e.g., instruction for prospective tech-
nicians and technologists, special
programs for future teachers of sci-
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ence, and upgrading of science in-
struction in the first 2 years of post-
secondary education. Along with
improvement in content, changes
are also being introduced in the
mode of instruction. Audio-tutorial
techniques for transmitting infor-
mation allow the student to work
at his own pace, with the instructor
available for individual help and
tutoring. Even greater choice and
responsibility are given to students
in the new program of support for
Student-Originated Studies, in which
the students themselves determine
for a portion of their education what
they will study and how theey will go
about studying it.

Pre-college programs continue to
stress curriculum reform and actual
implementation of improved
courses and teaching approaches in
the schools.. Curriculum develop-
ment goals at this level include gen-
eral education in sdence for the
nonscientist with emphasis on indi-
vidual multi- or interdisciplinary
problem-oriented courses, and possi-
ble approaches to problems of both
horizontal and vertical integration
of science education, that is, across
fields of science and mathematics
and across grade levels. Some com-
pletely new approaches are also
being explored through a few proj-
ects developing science components
for new kinds of schools and school
organizations, and patterns for out-
side-the-classroom instruction. The
teacher training programs comprise
a range of activities varying from
courses for individual teachers
through the training of leadership
personnel to support of comprehen-
sive region-wide plans for the up-
grading of a particular aspect of sci-
ence education. Summer and in-serv-
ice institutes instruct individual
teachers in new curriculum materi-
als; academic year institutes and re-
source personnel workshops develop
master teachers and supervisors able
to institute reform programs; and
cooperative collegeschool science
projects and comprehensive grants
make possible systematic approaches

Table 7
Education in Science
Fiscal Year 1971
(Dollars in thousands)
Number of Dollsr
proposais amount Number of Funds
received requested awards obligated

Graduate Education in Science:

Followships .. ..............ccvviiinrirennn. 12,322 $ 80,392 2,497 $15,322

Traineeships .. ........... ... ... ... 315 106,412 315 19,777

Advanced science educstion program . ............ 179 10,455 79 3,124
Undergraduate Education in Sclence:

College teacher program ...................... 458 10,459 339 4,905

Science curriculum improvement ............... 168 28,743 118 9,583

College sciesnce improvement program ........... 147 21,862 66 5,500

Undergraduate student program ................ 1,559 20,245 502 5,502
Pre-College Education in Science:

Institutes  ............. ... ..., 1,196 52,081 561 25,873

Comprehensive and systems approach ............ 6 2,465 6 1,466

Cooperative college school science program ....... 439 18,508 158 4,899

Course content improvement ................... 120 15,102 74 6,061

Summer sclence tralning . ..................... 370 6,054 126 1,839
Planning and Policy Studies ..................... 47 4,472 38 3,219

to the problems of improving sci-
ence education in the schools. Thus,
the programs at this level form an
interrelated network serving to im-
prove the quality of instructional
tools and the capability of the in-
structors expected to use these tools.

The Foundation’s program of sci-
ence resources and policy studies is
designed to help provide the frame-
work for the formulation of science
policy and effective management of
the scientific enterprise. Science re-
sources studies provide a more
thorough understanding of the pres-
ent and long-range issues affected by
the status of the nation’s basic re-
sources for science and technology—
scientific and technical manpower,
science education, scientific institu-
tions, the funding of research and
development, and the economic im-
pact of research and development.
Science policy studies address the
identification and analysis of key
science policy issues such as the sta-
tus of science in general and of its
numerous disciplines, methodolo-
gies and criteria for the allocation
of resources, and the dynamics of the
research process and its manage-
ment.

Special projects worked on during
this past year related to a number of
current issues: unemployment of

scientists and engineers; the impact
of changes in the rate of Federal
funding on academic institutions; a
state-of-the-art review of the rela-
tionship of research and develop-
ment to economic growth and pro-
ductivity; additional work designed
to pinpoint the relationship between
key scientific events and subsequent
technological innovation; and de-
tailed projections of future science
and engineering doctorate supply
and utilization. Studies of various
funding, manpower, and policy is-
sues continue to provide the basis
for evaluating the current state of
the scientific enterprise.

Table 7 reflects NSF support for
educational activities and resource
studies in fiscal year 1971.

GRADUATE
EDUCATION IN
SCIENCE

While the encouragement of in-
novative patterns in graduate sci-
ence education became an explicit
major NSF goal during the past
year, the largest proportion of funds
continues to be invested in the de-
velopment of scientific talent
through support of individuals,




Table 8
NSF Fellowship and Traineeship Programs
Fiscal Year 1971
O
req nvol n
Program institutions spplications offered smount
Graduate trainesships .................... 18,564 (227)r ........... , 1 044,
Summer tninooship? for graduate teaching ¢ 3,458 224) s8 5
assistants  ..................... 0. 9,110 (215 ........... 926 (208)2 1,041,180
Graduate fellowships ...............cco000 toiiinnnns 9,315 1,972 9,418,220
Postdoctoral fellowships .................. ........... 1,546 185 , y
Senior postdoctoral fellowships ............ ........... 395 54 689,000
Science faculty follomshlr: ........................... 982 214 3,000,000
Senior foreign scientist fellowships ... . ..... ........... 84 72 914,39
Total .............ccciivviee-... 27,674 12,322 6,881 $34,407,382

1 Number of institutions involved.

principally through the fellowship
and traineeship programs. Fellow-
ships for U.S. citizens have been
available not only to graduate stu-
dents seeking advanced degrees but
also to both young and senior post-
doctorals, and experienced faculty
members whose teaching responsi-
bilities are primarily at the under-
graduate level. In addition, fellow-
ships have enabled a number of dis-
tinguished senior foreign scientists
to spend up to a year in residence at
U.S. universities, where they con-
tribute to the strengthening of the
graduate programs of these institu-
tions. A summary of the 6,881 fellow-
ship and traineeship awards made in
1971 is given in table 8.

Another 2,200 individuals—gradu-
ate students, postdoctorals, univer-
sity faculty, and research scientists
—attended NSF-supported Advanced
Training Projects designed to in-
crease the participants’ qualifica-
tions in research and teaching. Con-
vened for periods of from 1 week to
an academic year, the projects con-
sist of conferences, formal courses
and field training programs, and
cover a wide range of science disci-
plines. Examples of projects sup-
ported this year illustrate typical
kinds of activities:

@ Social scientists at the Uni-
versity of Colorado explored
population growth, inheritance
of behavior patterns, and re-
lated problems in a summer

training project in the inter-
disciplinary area of population
biology and the social sciences.

e Glaciologists studied the
Juneau ice field in Alaska ina
summer project dealing with
arctic sciences and mountain
environments.

e Biologists at the Oak Ruidge
National Laboratory, Tenn,
analyzed the effects of radiation
on mammals.

TRAINEESHIPS

Initiated in 1964 in engineering
only and expanded 2 years later to
cover all fields of science, the grad-
uate traineeship program peaked in
1968 with a total of 5,656 awards, in-
cluding 2,211 for beginning gradu-
ate students. Its purpose was two-
fold: to avert a possible shortage of
scientific manpower and to attain a
wider institutional distribution of
student support. The problems that
the traineeship program was de
signed to address appear at present
sufficiently well in hand so that a
general program to encourage tradi-
tional graduate study in the sciences
is no longer deemed of prime im por-
tance. Hence, except for summer-
only awards, no new traineeships
were granted this year, and none are
planned for fiscal year 1972. The
8,458 graduate traineeships awarded
this year covered only commitments
from prior years; such commitments
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will number 1,808 in 1972, and 982
in 1978. The Foundation plans to
follow carefully current and pro-
jected trends in manpower supply
and demand in general and for spe-
cific and new fields, as well as the ef-
fects of changing support patterns
on institutions, so as to institute me-
diating measures when necessary.

GRADUATE FELLOWSHIPS

Although the program of general
graduate traineeships is being
phased out, NSF plans to continue
its program of graduate fellowships,
but on a reduced scale and on a
restructured basis.

Through this year, 2-year fellow-
ships were offered to new applicants,
with the optionto apply for renewal
of the fellowships. Beginning in
1972, new awards will be offered for
periods of 8 years (subject to the
availability of funds) only to indi-
viduals who will be beginning grad-
uate students or who have had only
a minimum amount of graduate
training. The second and third year
of the fellowship will be approved
by the Foundation on certification
by the institution of the student’s
satisfactory progress toward an ad-
vanced science degree. Awardees will
be required to begin their fellow-
ship activity not later than the fall
term following the receipt of the
award, but will be permitted to use
the remaining 2 years of support
within the following 4 years. This
will enable them to engage in other
approved activities that contribute
to their training. Increases in the ba-
sic fellowship stipend and in the
cost-of-education allowance to the
university are also planned.

The number of graduate fellow-
ships awarded in fiscal year 1971
(1,820 awards) reflects about a 25
percent reduction in the level at
which this program has been sup-
ported during each of the past 5
years. This was necessary as part of
a transitional measure toward a re-
duced total program in fiscal year
1972. Beginning then, about 500
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new awards will be made each year,
with an estimated total of 1,500
graduate fellows being supported at
any given time,

NSF has awarded graduate fellow-
ships, without interruption, since
1952. The program is designed for
the support of individuals with the
greatest potential for assuring the
nation’s continued well-being in the
sciences. It is the only Federal pro-
gram available over the broad spec-
trum of the sciences in which the
fellows are selected solely on the ba-
sis of ability in a national competi-
tion. The reduction in the number
of awards and the planned changes
in tenure arrangements and finan-
cial terms are designed to further
emphasize quality over numbers.

ADVANCED SCIENCE
EDUCATION PROGRAM

In addition to its responsibilities
for the Advanced Training Projects
described above, the Foundation’s
Advanced Science Education Pro-
gram (ASEP) supports a wide range
of quality-based projects to improve
the graduatelevel instructional
process itself, such as development
of experimental courses, new curric-
ula, training aids, and conferences
on problems of graduate science
education. The Foundation hopes
to increase emphasis on this type of
support, while reducing programs of
primary benefit to individuals. In
fiscal year 1971, ASEP awarded 36
grants at a funding level of $1.4
million.

Alternative Degree  Programs.
Support of the development of alter-
native kinds of degree programs,
which was initiated in fiscal year
1970 with a grant to the SESAME
(Search for Excellencein Science and
Mathematics Education) program
at the University of California at
Berkeley, continued this year with
three awards. One was made to the
University of California at Los An-
geles for planning a new program in
environmental science and engineer-
ing. This new program is expected

With NSF support, the Committee on In-
stitutional Cooperation, representing 11
universities in the midwest, sponsors a Bio-
meteorology Graduate Training Program to
develop proficiency in the use of expensive
and sophisticated research tools necessary
for ecological studies. Top: Student com-
pares the energy balances of meadow ver-
sus forest. Center: Group prepares for
measurements of light, temperature, and
oxygen profiles in Lake Itasca, Wisc. Be-
low: The turtle is instrumented with ther-
mocouples on a light cable to permit the
student to follow thermal regime and cal-
culate its heat balance. (Photos University
of Wisconsin)

to lead to a doctorate in 5 years, one
of which will be devoted to inter-
disciplinary problem-solving courses.
At the completion of his course
work, the student will spend 2 years
in applied research at an outside in-
stitution—Government, industry, or
nonprofit  corporation — during

which time he will work on practical
problems under the supervision of
an expert who has agreed with the
university to join the student’s doc-
toral committee. After satisfactory
com pletion of 2 years of applied re-
search and the submission of suit-
able reports, it is anticipated that
the student will be awarded the de-
gree of Doctor of Environmental
Science and Engineering.

Another award went to the Uni-
versity of Montana for the develop-
ment of a new mathematics Ph.D.
option. This new option will com-
plement the present program for
training research specialists. It is de-
signed to produce competently
trained and properly oriented math-
ematics teacher-scholars to staff un-
dergraduate colleges and work with
other scientists on socially important
interdisciplinary projects.

The third award in this category
was made, in conjunction with a
complementary award from the Na-
tional Institute of Mental Health,
to Northwestern University to ini-
tiate a pioneering program to pro-
duce scholars trained in both law
and the social sciences. Upon suc-
cessful completion of this 5-year pro-
gram, students will receive both a
Ph.D. and a J.D. The first summer
for each student will be devoted to
special team-research training em-
phasizing legal issues, while the sec-
ond summer will emphasize social
science content and methodology.

T oward Training Environmental
Problem-Solvers. There are several
Federal agencies which can provide
for the assessment of national en-
vironmental problems and/or fur-
nish research support directed
toward their solution. There are,
however, relatively few agency pro-
grams oriented toward the training
of individuals who will be compe-
tent to serve as future university
teachers and/or researchers, or as
practitioners or technologists in the
environmental field. This has been
one of the thrusts of ASEP in the
past several years. Some potential
researchers and university teachers



can be trained via the research as-
sistant method, as has been done in
the past. However, there are almost
no programs demgned to produce
PlUDPCL!-lVC PldLlluUllClS auu lcbll'
nologists in the field, and this type
of personnel currently is in short
supply. The need to train both fu-
ture teachers and practitioners for
this area of national concern and in-
creasing activity led to nine awards.

Six grants were made in fiscal year
1971 for training in methods of con-
trol of pest populations. Five of
these involve an interuniversity doc-
toral training program in an innova-
tive cooperative project whereby all
of the students have access to the ex-
pertise of the staff and to the equip-
ment and facilities of five centers
distinguished for their work on pest
population control. The centers are
the University of California, Berke-
ley; the University of California,
Riverside; Oregon State University;
Cornell University; and North Car-
olina State University.

Three of the projects are con-
cerned with the advanced education
who will be pre-

of prnr‘h hrmprc
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pared to act as 11a1son between State
or Federal Government personnel,
agricultural and industrial pro-
ducers, and research scientists in
universities. Their future jobs will
likely involve serving as advisers on
the best procedures for solving im-
mediate environmental problems.
The particular problems stressed in
the projects are acid-mine drainage
and disposal of sewage effluent
(Pennsylvania State University), ma-
rine pollution (Rutgers), and inte-
grated methods of insect pest con-
trol (North Carolina State Univer-
sity). These are novel types of grad-
uate degrees in applied ecology; it is
expected that the students enrolled
will not go on to research doctorates
but will terminate at the master’s
level and then enter on their career
jobs in environmental science. For
this master’s level program, there
also exists a cooperative arrange-
ment among the schools for the ex-
change of students and staff.

Student-Originated Projects. One
pilot grant was made during fiscal
year 1970 in the category of Interdis-
ciplinary Student-Originated Re-
search Training (ISORT) projects.
Even though this activity was not
widely publicized, 12 proposals were
received from graduate students for
consideration during fiscal year
1971, three of which resulted in
grants. Seven students sponsored by
the University of Oregon are carry-
ing out a seismological, geological,
and ecological study of the Galap-
agos Archipelago. A grant to the
Claremont University Center was
for an investigation of the skill-
transfer ability of aerospace profes-
sionals to other fields which will be
made by two students whose com-
bined backgrounds include training
in industrial psychology, human re-
lations, organization theory, eco-
nomics, and statistics. The third
project is concerned with a study of
voluntary birth planning involving
2,000 female subjects between the
ages of 18 and 25 in Ingham County,
Mich. The birth planning study is
being carried out under the direc
tion of two graduate students (one
in multidisciplinary social science
and one in ecological psychology)
and 10 student assistants drawn
from the Schools of Human Ecology,
Nursing, and Medical Science at
Michigan State University.

In funding ISORT projects, the
Foundation seeks to provide stu-
dents with a novel type of training
which, if successful, could have a sig-
nificant impact on tradition-bound
graduate curricula. Support for
these projects is also a partial re-
sponse to the growing desire of grad-
uate students to exercise greater in-
dependence and stronger initiative
in their training.

EXPERIMENTAL PROJECTS

Examples of one-of-a-kind activi-
ties include support for training
graduate students in the preparation
of science courses for nonscientists;

an institute for academic law librar-
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ians on the social, behavioral, and
natural sciences which is designed to
help assimilate the literature from
these sciences into the curricula of
law SCI!OOIS, and an cxperlmental
project for reeducation of mid-ca-
reer unemployed scientists and en-
gineers. This last project is designed
to test novel approaches in retrain-
ing, conversion, and appropriate
utilization of the major resource rep-
resented by the pool of unemployed
scientists and engineers.

UNDERGRADUATE

TIMTTIOATTONT TR
BELJUGALLIUIN 1IN

SCIENCE

At the college and university level
the interactions between science and
society are giving rise to marked
changes in what is taught, to whom
it is taught, and how the teaching
takes place. These reactions are in
part responsible for the Founda-
tion’s decision to expand the target
audience of its education efforts to
reach that large group of students
whose principal interests lie outside
of science, and to bring to science
students a new awareness of what
nonscientists consider important.
Coupled with this is an expansion
into an area of postsecondary edu-
cation designed to provide to tech-
nicians and technologists the kind
of scientific understanding and skills
needed to operate the complex tech-
nologies of modern society.

In addition, new devices are af-
fecting the way in which the sci-
ences as well as other subjects are
taught, making possible increased
use of a variety of new instructional
modes such as self-paced instruction.
Thus, in scence education the
Foundation is supporting experi-
ments ranging from sophisticated
machine-based instructional systems
to those in which the student plays
a major role in determining the
method and the pace of the instruc-
tion.
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CHANGES AND
IMPROVEMENT IN CONTENT

Three projects concerned with
providing meaningful instruction
on problems of science and society
are receiving Foundation support:
(1) the Project on Science, Technol-
ogy, and Society, at Cornell Univer-
sity; (2) the development of an In-
terdisciplinary Curriculurm in En-
vironmental Studies, at Dartmouth
College; and (3) the Project to
Build Educational Bridges Between
Science and the Humanities, at the
Rensselaer Polytechnic  Institute
(supported jointly with the Na-
tional Endowment for the Arts and
Humanities) . In these programs,
courses at the introductory level are
focused on the entire undergraduate
population, not just the science and
engineering majors. The content is
broad and exploratory, em phasizing
the strategies by which ex plicit and
manageable problems within com-
plex societal settings are identified,
and the intellectual resources neces-
sary to attack them are marshaled.
Typical course topics are social im-
plications of engineering, biology
and society, earth as an ecosystem,
human dimensions of environmen-
tal problems, resources and man.

Upper division courses rely on the
skills and information acquired
through studies in the classical dis-
ciplines, and take advantage of di-
verse backgrounds in a series of
problem-oriented worksho ps. For in-
stance, the Cornell seminar on Tech-
nology Assessment will bring to-
gether upperclass and graduate stu-
dents of engineering, the physical
sciences, sociology, and law. Rens-
selaer’s project will include an em-
phasis on the long-range viability of
man’s society, and will engage stu-
dents from the humanities and from
engineering and science in an anal-
ysis of concepts of social and eco-
nomic progress.

The same themes of science-
technology-society and interdiscipli-
nary studies run through many of
the summer institutes for college

teachers. At the Catholic University
of America, R. ]J. Seeger’s group is
dealing with interdisciplinary ap-
proaches to the solution. of contem-
porary problems, especially those
arising in the life, environmental,
and social sciences. At Colorado
State University, ]. Forbes McClel-
lan presents an approach to botany,
zoology, ecology, and geology which
integrates these fields through study
of their interrelationships occurring
in the natural state.

Related to this trend is the meld-
ing of mathematics and computers
with the social sciences, again re-
flected in the orientation of a num-
ber of summer institutes dealing
with such topics as Quantitative
Methods in Sociology (Loyola Uni-
versity, Chicago), Mathematical
Psychology (University of Michi-
gan), and Mathematical Applica-
tions in Political Science (Virginia
Polytechnic  Institute) . Current
trends in the social sciences are also
influencing the subject matter of
summer institutes, as illustrated by
projects in Mass Political Communi-
cation (Ohio University), Urban
Economics (Stanford University),
and Linguistics, Logic, and Philoso-
phy (University of Connecticut) .

Summer activities informing col-
lege teachers of recent developments
in such areas as Digital Computers
in Chemical Instrumentation (Pur-
due University), Ocean Engineering
(University of Rhode Island), Pri-
mate Behavior (University of Cali-
fornia at Davis), and Models of Ur-
ban Spatial Structure and Ecology
(Ohio State University) help assure
that the content of courses and cur-
ricula will be kept up to date.

About 2 years ago, the Founda-
tion began laying the groundwork
for a program to develop an addi-
tional option in higher education,
namely, the training of technicians
and technologists. Projects to pro-
duce needed course materials are
under way in electronics, chemistry,
biology, and physics. The projects
in biology and physics are the most
recent. Both will produce an array

of instructional modules from which
the instructor can select those best
adapted to his needs. The projects
are national in scope, and involve
widespread testing of the materials
before a final version is prepared.
The biology project plans some 100
modules; the physics project, 20
modules produced at four different
cooperating institutions.

An experimental grant of $77,000
designed to test the feasibility of in-
stitutional support for technician
education was made to Charles
County Community College, La
Plata, Md. This college has insti-
tuted a pioneering curriculum to
train technicians in the complex
physical, chemical, and biological
factors of estuary environments.
Twenty-five students will enter the
program in the fall of 1971. At the
end of 2 years of successful work,
they become eligible to receive the
Associate of Arts degree in estuarine
resource technology.

The technician education pro-
gram is further bolstered by sum-
mer institutes at Rochester Institute
of Technology and at Wentworth
Institute which provide special
training for 55 persons who teach
electrical or mechanical technology.

With the announcement of the
Technician Education Development
Program, the im plementation of im-
provements in specific institutions
has begun. Institutions with tech-
nician training programs have re-
sponded quickly, and the Founda-
tion expects to make this program
fully operational during the coming
year.

CHANGES AND IMPROVEMENTS IN
MobDESs OF INSTRUCTION

Self-Paced Instruction. Increas-
ingly, the trend toward self-paced
instruction is influencing science ed-
ucation in colleges and universities.
Students vary tremendously in their
maturity, degree of interest in aca-
demic work, preparation for college-
level study, and motivation. Self-
paced instruction appears perhaps



the most practical means for accom-
modating to differences among stu-
dents. Rapid advancements in in-
structional technology have given
added impetus. Instructors are likely
to adopt, and students will quickly
accept, tools which promise to re-
move from the classroom and put
under the control of individual stu-
dents the requisite amount of drill
on factual material. Thus, self-paced
instruction also helps reduce tedium
for both the teacher and the student.

Self-paced instruction takes a va-
riety of forms. Among the best
known is the audio-tutorial scheme
which is spreading widely from its
center of development in the Divi-
sion of Biology at Purdue Univer-
sity. Created initially by S. N.
Postlethwait as an aid in teaching
plant science, the approach has been
adapted to courses in a variety of dis-
ciplines throughout the country and
uses a wide array of techniques for
transmitting information. The bulk
of the instruction occurs in a semi-
private setting with a resource per-
son always available, and involves
self-testing and advancement to the
next unit when the student has mas-
tered each preceding one. The in-
structor is freed to a large extent
from routine chores of teaching and
is available for the kind of personal
interaction with students associated
with the tutorial mode of instruc-
ion.

With support from the Founda
tion, Dr. Postlethwait is now en-
gaged in packaging for use by other
institutions a broad program of in-
struction in biology. Each package
or “minicourse” contains all the ba-
sic instructional materials needed by
a teacher in presenting a given topic,
and so arranged as to encourage in-
dividual modification to meet the re-
quirements of a specific teaching sit-
uation.

Another variation is the so-called
Keller method, utilized by Ben
Green of the Education Research
Center at MIT, which involves self-
pacing on the semester scale rather
than a weekly schedule as used by

Dr. Postlethwait. The Keller meth-
od depends more heavily on written
materials and does not make use of
the regular group meetings which
characterize the Postlethwait proce-
dure.

Student-Originated Studies. Rec
ognizing the role of the student in
determining what he will study, the
Foundation has initiated a program
of support for student-originated
studies to:

e encourage college students to
express in productive ways
their concern for the quality of
the environment;

e provide support for groups of
college and university students
who can demonstrate their
readiness to assume increased
responsibility for their own ed-
ucational development.

Students, both undergraduate and
graduate, in groups generally of five
to 15 persons, submit proposals de-
scribing the scientific or technologi-
cal studies they wish to carry out and
the costs involved. Key features of
the projects are that they should be
student-originated, student-planned,
and student-directed interdiscipli-
nary studies dealing with a problem
or set of associated problems related
to the environment—physical, bio-
logical, or social. The host institu-
tion, in each case, is a 4-year college
or university, and a faculty member
is designated project advisor, but the
students and the student project di-
rector carry full responsibility for
the work. The projects occupy the
student participants full time for a
period of 10 to 12 weeks.

In fiscal year 1971, 560 student
groups submitted proposals, withall
States except Arkansas and Montana
represented. Undergraduate  stu-
dents were invited to serve as panel
reviewers with full voting rights, a
first in NSF procedures for proposal
evaluation. Each panel also included
four scientists or engineers, general-
ly faculty members, one each repre-
senting the biological sciences, physi-
cal sciences, social sciences, and en-
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gineering. The $1.5 million allo-
cated was enough to fund a total of
103 proposals from 97 institutions in
47 States and the District of Colum-
bia, providingsupport for 1,102 par-
ticipants. Even so, there were 185
meritorious proposals requesting
$2.67 million for the support of
1,892 participants for which funds
were not available. In an unprece-
dented move, the Director of the
Foundation issued Letters of Honor-
able Mention to these 185 student
groups, with copies to State gover-
nors and institutional heads. Several
honorable mention recipients have
successfully used this testimonial to
piece together enough local support
to go forward with at least parts of
their planned projects.

Bringing Institutes to Teachers.
For a number of years, the Founda-
tion has supported summer insti-
tutes and short courses to give col-
lege teachers an opportunity to
study recent trends in various disci-
plines with leading scientists. Typi-
cally, the faculty members were
brought to a major campus where
the institute or short course was be-
ing held. Last year the Foundation
began experimenting with a differ-
ent format in which leading scien-
tists spend 2 days at each of a num-
ber of different centers within easy
commuting distance of a substantial
number of colleges. The scientist in-
troduces his subject using whatever
techniques of presentation he favors,
and leaves with the teachers (his stu-
dents) an array of reading assign-
ments and homework pending his
second visit several weeks later. At
the second meeting, questions are
discussed in the light of what has
been learned, and loose ends are
pulled together.

Experience with the trial projects
suggests that this scheme is highly
cost-effective. Travel and subsistence
for participants are greatly reduced,
the participants have an opportu-
nity to study and reflect on the ma-
terial at their leisure, and the plan
ensures multiple exposure rather
than the concentrated one-shot ses-
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sions of conventional short courses.
These new-style short courses are be- TIES—US

ing expanded during academic year . .
1971-72. Through a grant of Studio—Classroom and Learning Center Network

$.586,000 to the American As§0c1a- CUMRIO  GadTuby
tion for the Advancement of Science, ﬂ
12 field centers have been estab- 4

lished, organized into three ““cir- AUSTIN COLLEGE

cuits” of four centers each. Eleven (]
courses have been arranged on such
subjects as human genetics and so-
cietal problems, air pollution, and X
computer techniques for natural
and social science faculties. More
than 2,700 college teachers are ex-
pected to participate in these '
courses.
Instructional Technology. The
computer continues to play a pre-
dominant role in technological sup-
port of instruction but, while pow-
“erful,itis not alone in this field. The
instructional film still has its place.

TAGER CONTROL CENTER
(Switching and
Broadcasting Station)

For example, cultural anthropolo-

gists are interested in a recently com- o

pleted film on primitive tool'making O DALéI(\)?.LBEg';TIST [ ]

in which the unique expertise of an-  tgxas WESLEYAN BISHOP

thropologist Donald Crabtree in COLLEGE N COLLEGE

flintknapping was recorded by a A== STUDIO CLASSROOM /=

team at Idaho State University. i @) — O
The advent of relatively inexpen- St 4 sTuoy u - O CLASSROOM  CARRELS

sive and easy-to-use video equipment o ] (o o o)

is bringing new competition to film » ] CARRELS

for use in instruction. Video tape is TTTT] @)
especially useful to those who gveish AUDIO-VIDEO LIBRARY
to prepare informal, on-thespot il- . _—
lustrations of laboratory methods,
procedures, or special phenomena.
The ready playback and erasure
capability enables both instructors
and students to record, evaluate, and
rework materials with minimum de-

lay and expense. There are prob- Table 9
lems to be solved, such as incompati- COSIP Section C Fiscal Year 1971
bility of various makes of video Cooperative Projects for 2-Year Colleges
equipment, the high cost of color AWARDS BY DISCIPLINE
video, and development of a more Parcont
i - f Number of
ge mleral unders.tapdn.lg of the poten Discipline Number Amount Totoal $ De:art:nre:ts
tial and the limitations of the me-

i i i i BIOIORY .......... ..o 6  $254,000 17 60
o, Y_et v1deo.1s kg o VETY  Chamisty 11 6 s317,900 21 96
strong bid for an important place in  Engineering 1. 101111l 3 192,600 13 22

. Environmental Sciences . 0 0 0 0
education. Mathematics .......... 2 %gg.ggg ﬁ gg

An exceptionally advanced system gﬁ’c'is:?Sciégiéoé' BUSDOCISEES RPN 4 224100 15 103
in instructional technology is oper-  (NRERIRIAY - ooooe o T e i %
ated by the North Texas Association

32 $1,49,300 494

for Graduate Education and Re-
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First antenna of the Five Colleges Radio Astronomy Observatory. The wire mesh surface
is supported by cables and 26 utility poles. The central feed structure is supported by
three 70-foot poles and is steerable in both azimuth and elevation. (Photo NSF)

Students raise a 70-foot pole for the feed support structure of the fourth antenna for the
Five Colleges Radio Astronomy Observatory. The first antenna, completed and in opera-
tion, can be seen at left. (Photo NSF)

search (T'AGER) . The Dallas Bap-
tist College has been added to the
group of institutions making up the
Tager Institute for Environmental
Studies in Undergraduate Science
(TIES-US) , thereby bringing to the
group a learning center with over

800 individualized audio and wvideo
carrels located in a unique library-
conference faculty office building.
The grant provides for a marriage
between the traditional academic
expertise at the previously sup-
ported institutions (Bishop College,
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Texas Wesleyan College, and Austin
College) and the advanced method-
ology of Dallas Baptist. Not only is
the electronic classroom extended to
the new institution, but each of the
other participating institutions is
now connected to the 20 video and
100 audio channel ‘“electronic li-
brary’’ at Dallas Baptist. The proj-
ect offers the prospect of marked
economy in professional staff time
through the use of advanced me-
chanical and electronic tools cou-
pled with carefully designed cur-
ricula.

Cooperative Activities. Through
its program of Cooperative Projects
for 2-year Colleges, the Foundation
seeks to enliven and strengthen sci-
ence instruction and to help smooth
the transition into advanced educa-
tion for the student who begins his
higher education at a 2-year institu-
tion. This program has now had an
effect, in one or more subject-matter
areas, in slightly over half of all 2-
year colleges in the nation. In fiscal
year 1971, it reached into nearly 500
departments in nine disciplinary
areas. Table 9 shows awards by dis-
cipline for fiscal year 1971.

One project, supported prior to
fiscal year 1971, deserves comment
because it is now nearing comple-
tion. With the cooperation of such
funding groups as the Research Cor-
poration, Sloan Foundation and
others, a group of five New England
colleges (Hampshire, Amherst, Uni-
versity of Massachusetts, Smith, and
Mt. Holyoke) has developed a
high-quality radio telescope facility
for use by undergraduates partici-
pating in the “Five Colleges Astron-
omy Project.” The accompanying
photograph of the nearly completed
telescope serves to emphasize that
this is a facility which most predom-
inantly undergraduate institutions
could mnot realistically support,
either financially or academically.
By pooling resources, however, an
economical and very high-quality
program can be made available to
undergraduate students.
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PRE-COLLEGE
EDUCATION IN
SCIENCE

With the exception of the Student
Science Training Program aimed
directly at high school students,
Foundation programs at the pre-col-
lege level emphasize the develop-
ment of improved instructional ma-
terials and patterns, together with a
coordinated effort to assist instruc-
tors and school systems to put result-
ing reforms into practice. The in-
terrelationship between programs is
represented schematically in the ac-
companying figure. There is no
sharp boundary between the layers,
nor between activities in a given
layer. The base layer provides new
tools of instruction and in-depth
studies of new curricula. The insti-
tutes also develop leadership capa-
bilities for implementation activi-
ties. The second layer introduces
implementation in schools through
the Cooperative College-School Sci-
ence (CCSS) projects, as well as in-
service institutes, which may be fo-
cused on implementation or teacher
education, or both. An implementa-

One purpose of the Student Science Train-
ing Program is to bring outstanding stu-
dents into contact with research scientists.
In this picture, students and instructor
participate in the study of aquatic biology
at Rattlesnake Creek, Mont. (Photo Uni-
versity of Montana)

tion project may involve institutes,
a Resource Personnel Workshop, a
CCSS project, regional agencies or

institutions, or various combina-
tions of these. Both comprehensive
and systems grants are new activities
designed to extend the impact of lo-
cal implementation. Table 10 sum-
marizes the extent of Foundation
efforts for in-service education of
teachers.

CASE HISTORIES

An example of the variety of in-
teractions just described is the Inter-
mediate Science Curriculum Study,
a 8-year sequence developed at Flor-
ida State University with joint sup-
port of the Office of Education and
the National Science Foundation.
The seventh-grade materials have
been published in a commercial edi-
tion and used this past year by ap-
proximately 100,000 students in 47
States. The content is organized

around the twin themes of energy,
its forms and characteristics, and
measurement and operational def-
nition. Organizing themes for the
eighth grade are matter and its com-
position, and model building. The
ninth-grade course is designed to
synthesize and extend the investiga-
tive experience and knowledge
gained up to that point and to ap-
ply them to problems of practical
and scientific significance.

The Foundation has supported
the development of the eighth- and
ninth-grade materials, and the dis-
semination of information, teacher
training, and other implementation.
Nine Resource Personnel Work-
shops have been supported in the
past 4 years, extending leadership
training to 308 individuals. Twenty-
one projects supported in the past 3
years through the Cooperative Col-
lege-School Science Program have
provided a total of 468 training op-

Table 10

Pre-College Education in Science
Teacher Education Activities

Fiscal Year 1970

Fiscal Year 1971

No. of No. of $ Amt. No. of  No. of $ Amt.

Program Grants Partic. Granted Grants  Partic. Granted
Summer Institutes ................ 464 19,500 $23,300,000 459 19,618 $23,300,000

In-Service Institutes ............... 348 24,021 5,214,917 222 11,780 970,
Academic Year Institutes ... ... ... ... 64 1,530 8,421,014 28 444 1,296,188
Comprehensive and Systems Approach .. ....  ...... RETATTR e 6 1,444 1,561,291
Cooperative College-School Science . ... 136 6,309 1,760,000 158 2,684 4,729,900
Resource Personnel Workshops ... ... .. 53 2,078 4,654,421 43 1,726 1,690,000
Totals ... ..o 1065 53,438  $43,350,352 916 37,696  $33,547,991




portunities. Nine Summer Institutes
conducted in 1970 and 1971 have
trained 355 teachers, and 11 In-Serv-
ice Institutes in 1969, 1970, and 1971
have included 415 participants.
Another illustration is provided
by the combination of projects initi-
ated by a science supervisor in the
school system of San Antonio, Tex.,
as aresult of attendance at a summer
conference on new science courses

developed "with NSF support.
Through consultation with Founda-
tion staff and the University of
Texas, San Antonio school officials
mapped out a general strategy for
implementing the changes they de-
sired, with NSF support to be used
only where local funding was un-
available or insufficient. Among the
existing resources pooled  were
NDEA funds (Office of Education)

The Intermediate Science Curriculum Study is a 8-year sequence developed for students
in the 7th, 8th, and 9th grades. The content is organized around the themes of energy,
its forms and characteristics; matter and composition, and model building. (Photos

Florida State University)
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for science equipment, new course
materials already available, and
teachers who had attended NSF
Summer and In-Service Institutes in
biology, chemistry, and earth sci-
ences. Very helpful relationships
were established with local colleges
~Trinity University, Incarnate
Word College, and University of
Texas. These resources were organ-
ized into several CCSS projects, be-
ginning with the senior high schools.
Results were:

@ Biology-adaptation of BSCS*
to all language groups in the
schools, particularly Mexican-
Americans.

® Chemistry — adoption of
CHEMS** in the local area
and Statewide adoption for
Texas.

® Physics—spreading of PSSC***,
increased professionalization of
physics teachers.

The junior high school shows sim-
ilar results, with CCSS projects or-
ganized around teachers who had al-
ready received good background
through institutes and who were
now accepted as leaders. Thus,
grades 8 and 9 have NSF-supported
science courses as the standard cur-
riculum. Now a massive attempt for
the elementary schools is being
mounted for dissemination of Sci-
ence—A Process Approach entirely
with school system resources, to-
gether with an experimental joint
effort with the University of Texas
to develop integrated elementary
mathematics-science based on the
same curriculum but taught in each
school by specially trained teacher
specialists. In this last project, a Re-
source Personnel Workshop at the
University of Texas and a Coopera-
tive College-School Science project

* BSCS — Biological Sciences Curriculum

Study
**CHEMS — Chemical Education Mate-
rial Study
*#*PSSC — Physical Science Study Commit-
tee

These are major NSF-supported cur-
riculum reform groups having developed
multimedia courses in the three disciplines.
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are closely linked, with participants
in the former providing leadership
and training for the inner-ity ele-
mentary school teachers involved in
the latter.

Similar patterns can be found on
a somewhat lesser scale elsewhere,
for example, in Memphis, San
Diego, Northern Louisiana, Phila-
delphia, the Denver-Boulder area,
and Portland, Oreg.

INSTITUTE PROGRA™MS

In the appropriation act for fiscal
year 1971, a large proportion of
funds for in-service education of
teachers was earmarked for support
of summer institutes for secondary
school teachers. As a consequence of
this, Academic Year Institutes (AYI)
had to be limited to projects provid-
ing leadership and supervisory train-
ing. Such projects could have a “na-
tional orientation”’—drawing partic-
ipants for leadership training from
the country as a whole—or a “re-
gional orientation” focused on a
service area around the host institu-

tion. Of those in the first category,
the AYI at the University of Wis-
consin is a good example. Ten sci-
ence teachers and 10 mathematics
teachers who have strong academic
and teaching records, hold master’s
degrees in science or mathematics,
and are interested in supervisory
training are selected nationally for
a full calendar year of advanced
work at the University of Wisconsin.
During this time, each participant
spends a semester of supervisory in-
ternship in a selected school system,
which may be in one of the larger
city systems in Wisconsin or be in
association with one of the Coopera-
tive Educational Service Agency
(CESA) districts in that State. The
other semester and the related sum-
mer are spent in academic work rel-
evant to supervision, but concentrat-
ing on the participant’s specific dis-
cipline. The cooperating school sys-
tems contribute substantially to the
project.

The AYI at the University of
North Carolina is representative of

SAN ANTONIO SCIENCE CURRICULUM IMPROVEMENT
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the second or regionally oriented
type. This project involves an inter-
related mix of three categories of
participants from North Carolina:
experienced teachers, intern teach-
ers, and undergraduates who are
preparing to become teachers.
Twelve intern teachers, after spend-
ing a summer and a semester in resi-
dence, will be formed into six teams,
each of which will replace an experi-
enced teacher who will then return
to the campus for a full semester of
study. During the preceding sum-
mer, the six experienced teachers
will have been on campus for one of
the summer sessions, interacting
with the intern teachers who will re-
place them. During the following
summer, the experienced teachers
will again be in residence on campus
for further work in the program.
Concurrent with this activity, and
beginning in their sophomore year,
six undergraduates preparing for
teaching careers will be involved in
progressively more responsible posi-
tions as paraprofessionals, working
with the interns and the experienced
teachers in the cooperating schools.
As a consequence of this experience,
their awareness of the practicalities
of teaching as a career and their ded-
ication to the profession should be
enhanced.

A wide variety of opportunities
for part-time or short-term, full-time
study for secondary school teachers
without stipend support is included
in the In-Service Institutes Program.
These activities are characterized by
a specific local orientation and a low
relative cost. By encouraging the use
of off-campus sites which often
makes it more convenient for the
teachers to attend, In-Service Insti-
tutes have the potential of reaching
a larger fraction of the teachers than
other teacher education activities.
Every effort is made to encourage in-
novative activities and broaden the
scope of the program, particularly in
such areas as the social sciences and
technical education. For example,
the institute at Queens College, New
York, will introduce 40 teachers in



greater New York to sociology and
Sociological Resources for the Social
Studies materials and teach them to
conduct inservice training among
their associates in area schools. This
use of the “multiplier effect” will be
an important component of any ef-
fort to reach a substantial fraction
of the total teacher population.

Projects in the Summer Institute
program range through all the scien-
tific disciplines, with emphases on
leadership training through sequen-
tial institutes and on use of new cur-
riculum materials. Approximately
one-fourth of the institutes for the
summer of 1971 were based on new
curriculum materials  developed
through Foundation grants, and an-
other fourth had components in-
volving these materials to a lesser de-
gree. An innovation introduced in
the Summer Institute program is ex-
emplified by five projects in which
groups of participants from a partic-
ular school attend the institute to
develop and adapt course material
for use in their own classes when
they return to school. One such proj-
ect enrolled 20 participants in teams
of two to five teachers from a single
school. Admission to the institute
was based on the merits of proposals
from the teacher groups for the sum-
mer’s work, with the period of par-
ticipation varying from 6 to 10
weeks. The staff of the Education
Research Center at MIT provided
support, guidance, and facilities for
the participants in the institute.

NEW PATTERNS IN
TEACHER EDUCATION

The two top layers of the figure
on p. 74 represent new ways to organ-
ize teacher education, both initiated
in fiscal year 1971. Activities include
both pre-service and in-service teach-
er education components and place
strong emphasis on interaction with
schools in the region of the host in-
stitution to help meet their needs.
Five Comprehensive Grants were
awarded in fiscal year 1971 to the
University of Mississippi, University
of Notre Dame, San Jose State Col-

443-979 0-72 - 6

lege, the University of South Da-
kota, and the University of Wyom-
ing.

The Comprehensive Project at the
University of Wyoming is a good ex-
ample of this new program. The
University of Wyoming has been
continuously engaged in teacher ed-
ucation activities since 1954. These
activities have increased the univer-
sity’s interest in the education of sec-
ondary school teachers of science
and developed a close working rela-
tionship between the university and
the high schools of the State.
Through the Comprehensive Proj-
ect, a system of “portal schools” will
be developed throughout the State
to serve as centers where teachers
will be trained in the use of newly
developed curricula and materials.
Conducting these in-service pro-
grams will be teachers who will have
been trained in summer and aca-
demic year programs at the univer-
sity. The “portal schools” will also
provide prospective science teachers
with the opportunity to work under
the guidance of a master teacher. An
associated intern program for post-
baccalaureate certificated teachers
will permit both the interns and the
experienced teachers whom they will
in part replace to acquire appropri-
ate advanced training. Also part of
the program are a distinguished pro-
fessional chair in science education,
extension of activities to neighbor-
ing States, and a science teaching
center to serve as library, research
center, and coordinator of project
activities.

The systems approach, repre-
sented at the top of the tetrahedron
on page 74, attempts to focus the
now more or less independent edu-
cational efforts of Federal, State, and
local government, and of private
agencies on regional science educa-
tion needs. In this context, a system
is defined as an integrated group of
interacting agencies, designed to
carry out a predetermined function.
The agencies in question may in-
clude institutions involved in the
education of science teachers; a State
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department of education, other
State and Federal agencies; cooper-
ating school districts; private foun-
dations, and industrial and business
organizations. The function to be
performed is to be expressed in
terms of objectives and related to the
overall plans for science education
in the region.

The first experimental grant for
this approach was awarded in fiscal
year 1971 for the Del Mod System, a -
State-wide coordinated project in
Delaware planned cooperatively by
the University of Delaware, Dela-
ware State College, Delaware Tech-
nical and Community College, the
Delaware State Department of Pub-
lic Instruction, the school systems of
Delaware, the DuPont Company
and the National Science Founda-
tion. It is organized around two con-
cepts: Science Resource Centers and
Science Education Field Agents. The
four Science Resource Centers will
serve as focus for various aspects of
in-service and pre-service teacher
education, as sources of materials,
and as bases of operation for Science
Education Field Agents. The Sci-
ence. Education Field Agents will
provide liaison between the institu-
tions of higher education and the
school systems in roles somewhat
similar to County Agricultural
Agents, having major responsibility
for in-service education and for im-
plementation in the schools. Around
these key concepts will be built a
comprehensive mix of activities for
in-service and pre-service teacher
education, including the develop-
ment of curricular materials in ma-
rine science and population studies,
with related curricular changes and
new teaching strategies in the class-
rooms of the schools in the State.
The implementation phase has been
planned in close consultation with
the 26 school systems in Delaware
whose cooperative involvement will
increase as the project develops. At-
tention will also be devoted to tech-
nical education, initially through
the development of a science educa-
tion technician program at Dela-
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ware Technical and Community
College. In the first phase of the
project, the major thrust will be sci-
ence in the middle schools, with ex-
pansion to include the role of math-
ematics in science (2 pilot mathema-
tics project is included in the first
year), and eventually science and
mathematics, kindergarten through
12th grade. A continuing and sub-
stantive program of testing and eval-
uation, starting with the collection
of baseline data and designed to
measure changes in both achieve-
ment and attitude, will be an in-
tegral part of the project.

An example of experiments devel-
oping new approaches to science ed-
ucation is a project at Hahnemann
Medical College in Philadelphia.
Fifty high-ability high sch.ool seniors
devoted full time during the 1970-
71 academic year to an organized
curriculum of research participation
and independent study in the bio-
medical sciences under the guidance
of research scientists of Hahnemann.
To fulfill 12th-grade requirements,
they also attended seminars and lec-
tures in English and history; time
was allotted as well for an elective
subject and a physical education
course. By arrangement with the
State Department of Public Instruc-
tion and local school systems in-
volved, the students graduated with
their respective high schools in June
1971. A number of colleges and uni-
versities have agreed to admit these
students to their sophomore class
upon completion of the Hahne-
mann program and thus eliminate
the freshman year of college study.
Further experimentation of this
kind is planned to develop increas-
ing flexibility in pre-college science
education.

SCIENCE RESOURCES
AND
POLICY STUDIES-

Sciences resources and policy stud-
ies are conducted by the Foundation
through periodic surveys and spe-

cial analytical studies undertaken to
meet the needs of the Foundation
and other Federal groups. These
study activities are also of service to
State and local government bodies,
the nonprofit sector, industry, and
the general science community.
Staff studies and analyses are sup-
plemented with a program of grants
and contracts conducted mainly
with universities, other nonprofit or-
ganizations, and other Government
agencies. In fiscal year 1971, the
Foundation published 31 resources
and policy reports, while another 19
were the product of NSF-financed
grants and contracts. Following are
highlights of some of the more sig-
nificant science resources and policy
study activities of the past year.

SciENCE R ESOURCES STUDIES

Manpower

Employment-Unemployment of
Scientists and Engineers. In the
spring of 1971, more than 3 percent
of the engineer work force and as
many as 45,000-65,000 scientists and
engineers were estimated as unem-
ployed. Scientists and engineers rep-
resent a relatively small portion of
the total labor force of more than
85 million, yet the loss of their pro-
fessional contributions to the na-
tion’s welfare is a serious matter.
Since they do represent a small
group, special surveys and studies
are necessary to secure accurate data
on the extent of unemployment and
the characteristics of the unem-
ployed.

The Foundation provided sup-
port to the National Research Coun-
cil for the second year to conduct a
survey of academic departmental
chairmen on the employment status
of 1969 and 1970 Ph.D. graduates in
science and engineering. Over this
period, the proportion unemployed
and seeking employment increased
from 0.5 percent of the 1969 gradu-
ates to 1.1 percent of the 1970 group,
and the proportion considered un-
deremployed rose from 0.7 to 1.2

percent. Also in fiscal year 1971,
with financial support shared with
the Departments of Defense and La-
bor, NSF undertook special surveys
of the employment status of scien-
tists and engineers. Information on
scientists was obtained through a
survey of more than 300,000 scien-
tists who had previously responded
to the 1970 National Register of Sci-
entific and Technical Personnel. Of
all scientists responding to the sur-
vey as of spring 1971, 2.6 percent
were unemployed compared to 1.5
percent in spring 1970; the rate for
doctorates was 1.4 percent in 1971
compared to 0.9 percent a year earl-
ier, while the rates for nondoctorates
were 8.5 and 2.9 percent respec-
tively. A similar survey of engineers
was in process at the end of the year.

Science and Engineering Doctor-
ate Utilization. During the past
year, in the report Supply and Utili-
zation of Science and Engineering
Doctorates, 1969 and 1980, the
Foundation updated its previous
analysis of the future supply and
utilization of science and engineer-
ing doctorates.

The new projections show that as
many as 315,000-336,000 doctorate
scientists and engineers may be
available by 1980, compared to
270,000-297,000 available positions.
This represents a greater likelihood
of a future oversupply than the pre-
vious NSF projections developed 2
years earlier. Furthermore, wide dif-
ferences in the various broad areas
of science were indicated, with some
serious potential imbalances sig-
nalled for engineering and the so-
cial sciences.

The study also points to some
probable changes in the pattern of
utilization over the next decade. Al-
though about two-thirds of all sci-
ence and engineering doctorates in
1969 were engaged in teaching and
research in graduate schools or em-
ployed in nonacademic R&D posi-
tions, only one-half of the new doc-
torates entering employment in the
1970's are expected to be in such po-
sitions. The other half are projected



to be teachers of undergraduates or
in non-R&D positions outside the
academic world.*

National Register of Scientific
and Technical Personnel. The 1970
canvass of scientists will be the final
one of a series dating back to 1954
because the maintenance of a list of
scientists for purposes of locating in-
dividuals with specific characteris-
tics is no longer essential, and the
use of samples instead of full cover-
age promises relatively small sav-
ings. Resources will be available in
fiscal year 1972 to explore and de-
velop alternative methods for secur-
ing required information on scien-
tists and engineers.

Research, Development, and
Academic Science
Expenditures

Federal R&D Funding by Budget
Function. A new Foundation report,
An Analysis of Federal R&D Fund-
ing by Budget Function, 1960-72,
compares Federal R&D expendi-
tures in the period 1960-72 for 12
budget functions (i.e., health, de-
fense, etc)) with total Federal out-
lays for each function, analyzes
trends and developments, and de-
scribes current R&D programs.

Federal expenditures for research
and development have experienced
a reduction in priority since the
mid-1960’s when compared with to-
tal Federal expenditures. From 1960
to 1965, the share of total Federal
outlays representing R&D expendi-
tures rose from 8.5 to 12.4 percent.
As the total Federal budget has in-
creased, the proportion allocated to
research and development decreased
each year to an estimated 7.4 percent
share in 1972, the lowest in the en-
tire 1960-72 period.

National defense, space research
and technology, and health have
"1t should be emphasized that analyses
such as this one are projections and not
predictions. These projections are derived
from statistical models based on past trends
and on an awareness of current happenings.

Actual events may well turn out to be dif-
ferent from some of the projections.

SUPPLY AND UTILIZATION OF
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SCIENCE AND ENGINEERING DOCTORATES,
BY BROAD AREA OF SCIENCE, 1969 and 1980
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Source: National Science Foundation
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represented the chief areas of Fed-
eral R&D funding throughout the
1960-72 period. In 1972, these func
tions are expected to make up 86
percent of the estimated total R&D
expenditures of $15.7 billion.
Federal Support of Higher Edu-
cation. The Foundation is the im-
plementing agency for the Commit-
tee on Academic Science and Engi-
neering of the Federal Council for
Science and Technology and is re
sponsible for collection and analy-
sis of data on Federal funding of ac-
ademic activities. Federal agencies
reported to the Foundation that
their obligations to universities and
colleges for both science and nonsci-
ence activities totalled $3.2 billion
in 1970. This was nearly 7 percent
below the 1969 funding level, the
lowest level of Federal support since
1966, and the first decrease, in actual
dollars, in direct Federal funding
since 1963, the first year for which
these data are available. In Federal
Support to Universities and Colleges
and Selected Nonprofit Institutions,

. :
Fiscal Year 1970, the National Sci-
ence Foundation reported that the
greatest impact of this reduction oc-
curred in academic science support
which decreased some 8 percent
from the previous year’s amount
compared to a 3 percent reduction
in the funding of nonscience activ-
ities. Federal funds obligated for ac-
ademic research and development,
including R&D plant funds, de-
clined nearly 4 percent.

The results of two other surveys
showed that expenditures of funds
for academic science—both research
and education—from all sources in-
creased by 7 percent and 8.5 percent
in the school years 1969 and 1970,
respectively, but failed to keep pace
with increases in college enrollments
and costs. The academic institutions
in these two surveys provided finan-
cial information in terms of expen-
ditures while Federal agencies, in
the study of Federal Support to Uni-
versities and Colleges and Selected
Non-profit Institutions, Fiscal Year
1970, reported in terms of obliga-
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tions. ' In terms of constant dol-
lars, the effective increase in expen-
ditures over the 2 years from 1968
to 1970 was substantially less—about
5 percent. During the same period,
college enrollments rose by 13 per-
cent. The net result of increased
costs, enrollments, and changed
fundingwas found tobe a decline in
the effective support of academic sci-
ence of between 5 and 10 percent
from 1968 to 1970.

Large universities and private in-
stitutions as separate classes were
hardest hit, each reporting an in-
crease of only 4 percent in total ex-
penditures for the school year 1970,
a rise which did not cover average
increases in costs. Academic offi-
cials reported impairment of gradu-
ate programs and research, curtail-
ment of facilities and equipment
support, adverse career and employ-
ment prospects, administrative dif-
ficulties, and lowered mnorale of
students and faculty. New and de-
veloping institutions frequently re-
ported problems in meeting planned
goals as a result of changes in Fed-
eral funding.

Economic Impact of Research and
Development. The interest in the
relationship of research and devel-
opment to economic growth and
productivity was a major influence
in the Foundation’s commissioning
of four distinguished economists to
prepare papers on the topic. A re-
sulting “Colloquium on the Rela-
tionship between Research and De-
velopment and Economic Growth/
Productivity” was held to review
these papers and to discuss the sub-
ject in general, with some 70 repre-
sentatives of Government, univer-
sities, and other institutions partici-
pating. The major conclusions
reached were: (1) available evidence
indicates that research and develop-
ment is an important contributor
to economic growth and productiv-
ity; (2) differences concerning pres-
ent research findings seem to affect
the degree of confidence in the esti-
mates rather than the direction and
rough magnitude of the economic

return; and (3) the United States is
probably underinvesting in civilian
sector research and development
from a purely economic growth/
productivity point of view, though
little can be said as to where parti-
cular R&D investments should be
made. Publication of the papers and
proceedings is planned for fiscal
year 1972.

ScieNck PoLricy STUDIES

Activities of

COSPUP-COPEP

The Foundation has continued
to provide support to the Commit-
tee on Science and Public Policy
(COSPUP) of the National Acade-
my of Sciences for guidance on pri-
orities in scientific research. In De-
cember 1970, the Academy pub-
lished The Life Sciences covering
recent progress and application to
human affairs, the world of biologi-
cal research, and requirements for
the future. Additional surveys of
technical priorities in the disciplines
of physics and in astronomy are well
along. The most recent COSPUP
survey, undertaken by the Academy
with support from the Foundation
and the Advanced Research Projects
Agency (ARPA), concerns Materials
Science and Engineering.

A parallel Committee on Public
Engineering Policy (COPEP) of the
National Academy of Engineering
has continued to receive support.
During fiscal year 1971, two COPEP
reports were published, Federal Sup-
port of Applied Research and Priori-
ties in Applied Research, which
were integral to the planning and
initiation of the Foundation’s new
program of Research Applied to Na-
tional Needs (RANN).

Retrospective Analysis of Key
Scientific Events

Also during fiscal year 1971, a fol-
low-up to the 1969 report Technol-
ogy in Retrospect and Critical
Events in Science (TRACES) was
initiated. The first TRACES study

traced the key R&D events which led
to five technological innovations
with major economic and sociologi-
cal impacts. The new study will
build on the cases and materials de-
veloped in the original study and
will expand the number of case his-
tories with five new ones concentrat-
ing on innovations with major socie-
tal benefits. The study will concen-
trate on the principal interface be-
tween basic knowledge and applica-
tion and will try to identify major
factors which accelerated the appli-
cation phase.

UNIVERSITY SCIENCE PLANNING
AND PoLicy

The University Science Planning
and Policy Program is designed to
develop capabilities for research and
teaching in the area of science plan-
ning and policy, and to support re-
search on national science policy
issues.

Institutions currently receiving
grants under this program include:
Harvard University, Massachusetts
Institute of Technology, State Uni-
versity of New York at Albany, Cor-
nell University, Rockefeller Univer-
sity, Stanford University, Indiana
University, and the Universities of
California (Berkeley), Illinois, Vir-
ginia, and Washington.

These grants help to support
teaching, research, and special sem-
inars on such science policy prob-
lems as the support and use of sci-
ence and technology; the use of
science in international affairs; sci-
entific and technical manpower; en-
vironmental management; nuclear
energy; the law and international
affairs; the effects of new educa-
tional technology; legal and moral
implications of modern biology and
medicine; the effects of technology
on economic growth and telecom-
munications policy.

Under current grants, Harvard
University is developing a series of
case studies to demonstrate the ap-
plication of analytical techniques to
public policy problems; Stanford



University is analyzing the technical
and policy alternatives involved in
cable television; the University of
Washington is studying the problem
of the Social Management of Tech-
nology; Rockefeller University is
sponsoring a series of seminars on
science policy problems; and Cor-
nell University is studying and
teaching such subjects as Biology
and Society, Social Implications of
Technology, and Technology
Assessment,

PUBLIC
UNDERSTANDING OF
SCIENCE

The Public Understanding of Sci-
ence Program, in conjunction with
other science education and infor-
mation programs of NSF, through
support of projects by nongovern-
mental organizations, seeks to en-
hance citizen knowledge and under-
standing of both the potentials and
the limitations in the use of science
and technology. This involves not
only communicating the “facts” of
science but an understanding of the
relationships of science to the uni-
verse we live in and the use of sci-
ence and technology in meeting cur-
rent and emerging societal prob-
lems. In fiscal year 1971, the Foun-
dation made 11 awards amounting
to $436,279 for public understand-
ing of science projects. These in-

cluded general support of public un-
derstanding of science activities; the
design and production of films il-
lustrating the nature and applica-
tion of science, science exhibits in
museums and public buildings; spe-
cialized seminars for science writers;
and mobile science “laboratories”
designed to demonstrate science in
locations where people live and
work. This year was a formative one
for the program which is now ad-
ministered by the Office of Govern-
ment and Public Programs. New
program guidelines were developed
and issued to encourage the scien-
tific community to become involved
in and take responsibility for com-
municating the results and impact
of scientific research to the general
public.

In order to stimulate interest in
science on the part of young people
and to disseminate information on
science to a broad audience, a gen-
eral-support grant was made to Sci-
ence Service, Inc. Other projects
supported during fiscal year 1971
included an award to the Maryland
Academy of Science for a public
lecture series by scientists on the
subject of science and its contribu-
tion to the quality of life. The
Academy schedules engagements
with civic and professional groups,
chambers of commerce, PTA’s, edu-
cational groups, and other public
audiences throughout Maryland.

A public exhibits program on sci-
ence was supported through the

SCIENCE EDUCATION SUPPORT §I

New York State Science and Tech-
nology Foundation. Unlike more
traditional “fixed-base” science ex-
hibits in museums, these large but
portable exhibits are designed for
use at a number of sites through-
out the New York City metropolitan
area, chosen because of their suita-
bility for reaching an unusual cross
section of the public. The subjects
chosen for each exhibit are common
aspects of everyday experience with
two specific characteristics—the sub-
jects are of concern to most indi-
viduals in their daily lives and have
an underlying structural basis in
science or technology.

T'wo projects were supported in
conjunction with other Foundation
program offices to bring exhibits on
science to both rural schools and
communities and to neighborhoods
and large schools in the inner city.
The first project supports the Oak
Ridge Associated Universities in the
development of a prototype travel-
ing lecture-demonstration program.
One-day visits to 40 selected high
schools in Tennessee and Alabama
are planned in the first phase of the
program. The other project under
the direction of the Federal City
College in Washington, D.C,, in-
volves the use of a mobile science
laboratory, manned by FCC faculty
and students, to help instruct Dis-
trict of Columbia high school stu-
dents and residents on the relevance
of science to problems of an urban
comimunity.



Institutional
Programs

In fiscal year 1971, the Founda-
tion’s institutional programs pro-
vided substantially larger support
for social science departments, made
supplementary grants to nine uni-
versities to permit them to complete
the final stages of their comprehen-
sive plans for quality improvement,
and awarded the 10th annual series
of Institutional Grants for Science
to 659 colleges and universities. The
Science Development Program also
received and evaluated a variety of
proposals for the development of in-
terdisciplinary and problem-ori-
ented research capabilities. The sus-
pension of the program in February
resulted in the transfer of several of
these proposals to the program of
Research Applied to National Needs
where, after some modification, they
received support through that new
Foundation activity.

During the 7 years since the estab-
lishment of the Science Develop-
ment Program, the Foundation has
awarded $222 million to 102 univer-
sities to assist them in improving the
quality of their research and educa-
tional activities in science. Most of
these grants still have from 1 to 3
years to run.

One other major institutional
program, Graduate Science Facili-
ties, was suspended at the beginning
of fiscal year 1971. During the 11
years of its activity, the Graduate
Science Facilities Program provided
$186 million to 179 institutions of
higher education for the renovation
and construction of academic facil-
ities for scientific research and re-
search training.

The Foundation’s obligations un-
der the institutional programs dis-
cussed below are shown in table 11.

INSTITUTIONAL
GRANTS FOR
SCIENCE

Institutional Grants for Science
provide general support for science
in a large number of colleges and
universities. Unlike other NSF

awards, which are based on individ-
ual or institutional proposals to per-
form specific kinds of research or ed-
ucational activities, institutional
grants permit college and university
officials to allocate Federal science
funds at their own discretion. Local
determination of the use of the
grants, so long as the funds are spent
only for direct costs of science,
makes the program a highly valued
one among university and college
administrators.

Since the program began in fiscal
year 1961, over 900 colleges and uni-
versities have received institutional
grants, and many of these institu-
tions have received grants every
year. For all 10 years, the grants to-
tal $108.4 million. In fiscal year 1971,
659 institutions—the largest number
to participate in any single year—
received grants amounting to $14.5
million. Each of the 50 States, the-
District of Columbia, Puerto Rico,
and the Virgin Islands had one or
more institutions receiving grants
in fiscal year 1971. Although the
grants ranged from $1,000 to
$142,756, the average grant was only
about $22,000, about $14,000 less
than the average 5 years before. The
program budget has remained at ap-
proximately the same level since fis-
cal year 1966 despite a substantial
increase in the number of institu-
tions eligible to receive the grants.

Eligibility for an institutional
grant depends on the receipt of Fed-
eral awards for scientific research.
For several years, only NSF grants
served to establish eligibility, but in
fiscal 1970 the Foundation put into
effect a suggestion made by the Fed-
eral Council for Science and Tech-
nology that the grants be based on
the research awards of other Federal
science agencies as well as those of
NSF. Although many institutions
benefited by participation in the
program for the first time because of
the shift to a broader Federal base,
many regular participants received
smaller grants than before.

In fiscal 1971, as in the year be-
fore, each institution’s award was
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Table 11
Obligations For Fiscal Years 1968, 1969, 1970, and 1971
(Millions of dollars)
Fiscal year 1968 Fiscal year 1969 Fiscal year 1970 Fiscal year 1971

Number Number Number Number

Program of Awards  Amount  of Awards  Amount of Awards Amount  of Awards  Amount
nivers| ence Development . ............................. . g 4 .

Departmental Science Development .. ...................... ... 22 ’%gg lg szg.é 13 ‘{82 12 Slg}
Institutional Grants for Science . ... ............................. 497 14.2 O © 634 14.5 659 14.5
Graduate Science Facilities ..................................... 50 17.8 14 6.& 15 3.7 ® ®
Total .. 578 73.6 38 371.7 676 44.7 682 34.4

* A change in the timing of awards from June 1969 to fall 1969 resulted in no obligations in fiscal year 1969.
2 The Graduate Science Facilities Program was suspended in fiscal year 1971.

determined by applying a graduated
arithmetical formula to the institu-
tion’s “base” amount—that is, the
total amount of Federal support for
scientific research (not including
support from the U.S. Public Health
Service) in fiscal year 1969. (Public
Health Service research awards are
excluded from the base to prevent
any overlap with a similar program
of formula grants conducted by the
National Institutes of Health.) The
departments and agencies whose
research awards entered into the
computation of institutional grants
were: Departments of Agriculture;
Commerce; Health, Education, and
Welfare (excluding PHS) ; Housing
and Urban Development; Interior;
and Labor; Agency for Interna-
tional Development; Atomic Energy
Commission; National Aeronautics
and Space Administration; National
Science Foundation; and Office of
Economic Opportunity.

Although the formula used in cal-
culating the grants provided 100
percent of the first $10,000 of an in-
stitution’s base, in the next step the
percentage was reduced to 2.25, and
the universities receiving the largest
amounts of Federal research funds
derived only 0.05 percent of the base
amounts above $20 million. The
sharply tapered formula results in
institutional and geographic distri-
bution of institutional grant funds
which differs somewhat from the dis-
tribution of the research funds on
which the grants are based. Al-
though undergraduate institutions

receive only a small percentage of
institutional grant funds, their share
would be much less without the 100
percent feature of the formula.

Of the 659 institutions receiving
grants during the year, well over
two-thirds offered graduate degrees
—37 percent offering the doctorate
degree in one or more fields and an
additional 35 percent offering the
master’s; the remaining 28 percent
awarded no degrees higher than the
bachelor’s. Three-fourths of the in-

stitutional grant funds were award-
ed to the doctoral-level institutions,
about one-sixth to the master’s
grantors, and less than one-tenth to
the entirely undergraduate colleges.
The accompanying figure shows, for
all years of the program, the number
and percentage of each of these three
groups of institutions and each
group's share of the total amount of
institutional grant dollars.

Table 12 shows how the recipients
of institutional grants have used the

INSTITUTIONAL GRANT AWARDS
FOR FISCAL YEARS 1961-1971
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funds since the beginning of the pro-
gram through fiscal year 1970. Half
of the funds have been spent for sci-
entific equipment and supplies. Un-
dergraduate colleges, as a group, in
most years report that their equip-
ment expenditures constitute about
two-thirds of the total. After equip-
ment, the largest allocations are for
personnel costs, and faculty salaries
account for about half of the total ex-
penditures in this category. The fac-
ulty salary payments are usually for
the support of summer research ac-
tivities, and particularly for younger
faculty members. The renovation of
laboratories and the construction of
greenhouses and other relatively in-
expensive science facilities account
for about one-tenth of the expendi-
tures. In aggregate, the institutions

allocate about one-third of the funds
to the physical sciences and about
one-fifth to the life sciences. In re-
cent years there has been a gradual
rise in the percentage of funds ex-
pended for the social sciences and
psychology; universities are more
apt to report a large share of their
allocations to the social sciences
than are undergraduate colleges,
whose need for laboratory equip-
ment tends to have a much higher
priority.

College and university officials,
reporting on their uses of institu-
tional grants, emphasize the high
rate of return and effectiveness of
the funds. The funds are immedi-
ately available; they allow institu-
tions to buy essential equipment be-
fore price rises and to take advan-

University Science
Development Grants

tmental (and Spe
ce Development Grants

cial)

tage of other opportunities for sav-
ings. Frequently the grants permit
institutions to provide continuing
support of research projects during
temporary lapses in outside funding,
and they enable institutional of-
ficials to make commitments during
delays in State and Federal appro-
priations proceedings. Besides sus-
taining important ongoing activi-
ties, the funds give administrators
leverage to put new ideas into effect
and to encourage interdepartmental
programs and cooperative under-
takings with other institutions.

SCIENCE
DEVELOPMENT

Foundation programs for the im-
provement of science in doctoral-



INSTITUTIONAL PROGRAMS &85

Table 12
Uses of Institutional Grant Funds
Fiscal Years 1962-70
(Millions of dollars)
Percent t
Amount of total Amount of total
A. Type of use: spent! oxpenditures B. Fieid of science: spentt
Equipment and supplies .. ............. $41.1 50.1 Physical sciences .................... $28.5 U8
General ..................... ..., 37.8 46.1 MOMY  ...oor e eenanneran e 1. 1.5
Libraries ...................c.cns, 3.3 4.0 Chemistry .............c.ccovennnn 14.6 17.8
eS8 ... e iiiiseaees 115 14.0
Facilities ..............c.cviviienns 13.3 16.2 L e 1. 1
General .................. ... ... 9.1 11.1 '
Computers .. llLII 42 51 Mathematical sclences ... ............. 4.2 5.1
Personnel ...... N 23.6 28.9 Environmental sclences . .............. 8.7 8.2
Faculty salaries ................... 11.1 13.5 Atmospheric science .. .............. -8 1.0
Craduste ssdistants 1110 4.7 5.7 Earth sciences .................... 4.8 5.6
Other student stipends 2.3 2.8 Oceanography ..................... 1.3 1.6
\_I(isl't'inig_ locturerls e é% %!’7: _—
echnicians’ salaries . . Engineering ........................ 10.4 12.7
Other ...........oiiimvniennnnn 2.1 2.7 Life wi.n:“ ..................... 17.6 21.5
Psychology ..................coiuuns 3.3 4.0
Travel ... e 2.0 24 Social sclences ..................... 5.2 8.3
Al other ....................c..... 2.0 2.4 All other (inter- & muitidisciplinary) .. .. 6.1 7.4
Total ... 82.0 100.0 Total ............ccciiiiinnn. 82.0 100.0

1 From awards made fiscal years 1961-69. Total amount of awards, $93.9 miltion; total expenditures fiscal years 1962-70, $82.0 million.

level universities were reoriented in
fiscal year 1971. The revised Science
Development Program represented
a restructuring of the earlier Univer-
sity Science Development and De-
partmental Science Development
programs into a form that would not
only further the original objectives,
but would also help build research
and educational competence which
could contribute to the solution of
national problems,

Four categories of science develop-
ment proposals were invited under
the restructured program:

1. To strengthen departments or
groups of departments in the
natural sciences, mathematics,
and engineering. (Essentially
this category provided for the
continuation of single-depart-
ment awards like those made
under the Departmental Sci-
ence Development Program or
multidepartment supplemen-
tary awards to institutions
which had earlier received 3-
year grants under the Univer-
sity Science Development Pro-

gram,)

To strengthen the social sci-
ences, computing sciences, and

other areas that have been in-
adequately funded or whose
rapid improvement is a na-
tional need.

. To help academic institutions
develop research and training
activities that combine tradi-
tional scientific and engineer-
ing disciplines in ways to create
new interdisciplinary  ap-
proaches to the attack on sci-
entific problems and the solu-
tion of social problems.

. To develop centers and insti-
tutes that are directly aimed at
problem-solving activities in
the national interest.

Nearly all of the grants actually
awarded through the Science Devel-
opment Program were of the first
two types. Early in 1971, a decision
was made to suspend the Science De-
velopment Program, and about half
of the fiscal year’s allocation of de-
velopment funds was reprogrammed
to other areas of the Foundation. No
new proposals were accepted there-
after by the Science Development
Program. A number of the category
8 and category 4 proposals, submit-
ted to the program earlier by aca-
demic and other kinds of institu-

tions, had already been evaluated,
and some of these had been recom-
mended for funding. The problem-
orientation of several of these pro-
posals made them suitable for con-
sideration by the newly organized
program of Research Applied to Na-
tional Needs and, after appropriate
modifications to fit the research em-
phasis of RANN, they received
Foundation support.

In fiscal year 1971, the Founda-
tion awarded a total of $20 million
for support of 28 science develop-
ment projects. Nine of these awards,
amounting to $11.2 million, were
university science development sup-
plemental awards to support the
final 2 years of broad 5-year improve-
ment plans; the initial grants to
these nine universities totaled $39.5
million. The institutions qualifying
for the supplemental awards, by rea-
son of significant progress toward
their long-term goals, were North
Carolina State University at Raleigh,
Rutgers University, Tulane Univer-
sity, and the Universities of Iowa,
Maryland, North Carolina at Chap-
el Hill, Notre Dame, Texas at Aus-
tin, and Washington. About one-
third of the supplemental funds will
be used for improvement of the life
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sciences, one-fourth for physical sci-
ences, and nearly one-sixth for the
social sciences. Mathematics and
computing sciences, environmental
sciences, and engineering account
for the remainder of the allocations.
Over 60 percent of the funds will be
used for personnel costs and 36 per-
cent for equipment and supplies.

The other 14 science development
grants, largely of the de partmental
type, totaled $8.8 million. By far the
largest part of these 3-year grants
will be used for improvement of so-
cial science departments. Six grants,
totaling $4.7 million, were awarded
for departmental development in
anthropology (Southern Methodist
Unibversity); economics (T exas A&M
University and University of Cali-
fornia, San Diego); psychology

(Claremont Graduate School and
University of Massachusetts); and
sociology (Washington State Uni-
versity) . In addition, a grant of §1.5
million was made for the develop-
ment of the Institute of Social Sci-
ence at Yale University. An award
of $848,000 for the Institute of Fun-
damental Studies at the Whniversity
of Rochester will be used for the de-
velopment of interdisciplinary capa-
bilities for the study of several kinds
of urban, economic, and environ-
mental problems and for research
on the quantitative aspects of social
indicators which measure changes in
society. The remaining six depart-
mental grants will support improve-
ments in biology (State UWniversity
of New York at Albany) ; chemistry
(Emory University and University
of Utah); electrical engineering
(Texas Tech University arad Univer-
sity of California, Santa Barbara) ;
and geology (University of Mon-
tana). Three-fourths of the funds in
all 14 grants will be used for per-
sonnel costs, and nearly all of the re-
mainder for equipment and sup-
plies.

Since the first science development
grants were announced in fiscal
1965, the Foundation has awarded
through these programs a total of
$222 million to 102 institutions.

About 260 departments or areas of
science—approximately 8 percent of
the more than 3,000 university sci-
ence departments engaged in Ph.D.
training—have received support
through the science development
programs; the universities have also
contributed large amounts of non-
Federal funds to the improvement
of the departments. As the accom-
panying map shows, the programs
have furthered one of the Founda-
tion’s original aims when it started
the experiment of investing Federal
funds in the improvement of uni-
versities—to stimulate the building
of university science education and
research of the highest quality in all
parts of the nation. Through assist-
ing universities to carry out their
plans for quality improvement, the
Foundation believes that it has
helped to further the goal of equal
educational opportunity for all cit-
izens and to foster the kinds of eco-
nomic, social, and cultural benefits
that accrue to communities and re-
gions from excellent universities.

Some of the development grants
have now terminated, but at the end
of fiscal year 1971, more than 100
were still in progress. Attention is
now being directed to the important
task of studying the impact of the
science development grants. There
are several indications that the
grants have been instrumental in
bringing about substantial improve-
ment in the grantee institutions—for
example, in ability to recruit out-
standing faculty members, to attract
better graduate students, and to par-
ticipate in Federal research support
programs. Thus far, however, most
of this evidence comes from institu-
tions receiving university science de-
velopment grants rather than from
those receiving awards through the
departmental program, which was
started later.

The Science Development Pro-
gram, undertaken by the Founda-
tion in 1964 after several years of
study and planning, has been one
of the most exciting experiments in
Government-university relations

during the past decade. From the
outset, the Foundation’s paramount
objective was to improve the qual-
ity of research and instruction in
science departments already con-
ducting doctoral programs of rec-
ognized merit. The intention was
to ensure that qualified students
who chose scientific careers would
have opportunities to pursue that
choice and receive firstrate training,
and not solely in one of the score of
geographically clustered institutions
that had already achieved recogni-
tion as “centers of excellence.” The
science development grants were
awarded in every instance for im-
provement of departments that were
already engaged in Ph.D. training
and that were considered to have
suitable strength upon which to
build further. No new graduate de-
partments were created. Only about
one in 12 of the 3,000-plus depart-
ments offering doctoral training in
science benefited directly from uni-
versity or departmental science de-
velopment grants, though the
Foundation believes that the im-
provements in quality in the sup-
ported departments have stimulated
improvements in related areas as
well. Grants have been awarded to
102 universities, but in most institu-
tions only a single science depart-
ment out of all of those in the nat-
ural sciences, the social sciences, and
engineering has received NSF devel-
opment funds.

The choice of institutions and de-
partments for science development
grants has been rigorously selective.
Because of this selectivity it is all the
more important that this experi-
mental Federal program, designed to
select good quality and to help uni-
versities improve it significantly, be
subjected to close study. A careful
evaluation of the experiment—both
as it affected the 102 universities di-
rectly involved, and the rest of
higher education as well—should
furnish invaluable information for
future planning of Federal pro-
grams in science and higher educa-
tion.
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National Science Board, NSF
Staff, Advisory Commsittees
and Panels

National Science Board

Terms Expire May 10, 1972

CuArLes F. JonEs, Vice Chairman of the
Board, Humble Oil & Refining Co., Hous-
ton, Tex.

THoMaAs F. Jongs, Jr., President, University
of South Carolina, Columbia, S8.C.

RoBERT S. MORRISON, Professor of Science
and Society, Program on Science, Tech-
nology, and Society, Cornell University,
Ithaca, N.Y.

E. R. PIORE, Vice President and Chief Scien-
tist, International Business Machines
Corp., Armonk, N.Y.

Josep M. REeyNoLps, Boyd Professor of
Physics and Vice President for Imstruc-
tion and Research, Louisiana State Uni-
versity, Baton Rouge, La.

ATHELSTAN F. SpiLnHAus, Fellow, Woodrow
Wilson International Center for Scholars,
Smithsonian Institution, Washington,
D.C.

H. GUYFORD STEVER, President, Carnegie-
Mellon University, Pittsburgh, Pa.

RicHARD H. SULLIVAN, Assistant to the Presi-
dent, Carnegie Corporation of New York,
New York, N.Y.

Terms Expire May 10, 1974

R. H. BiNG, Rudolph E. Langer Professor
of Mathematics, University of Wisconsin,
Madison, Wis.

HARVEY BRrooks, Gordon McKay Professor
of Applied Physics and Dean of Engineer-
ing and Applied Physics, Harvard Uni-
versity, Cambridge, Mass.

WiLiaM A. FowLer, Institute Professor of
Physics, California Institute of Technol-
ogy, Pasadena, Calif.

NORMAN HACKERMAN, President, William
Marsh Rice University, Houston, "Tex.
PuILiP HANDLER, President, National Acad-

emy of Sciences, Washington, D.C.

JAMFs G. MarcH, David Jacks Professor of
Higher Education, Political Science, and
Sociology, School of Education, Stanford
University, Stanford, Calif.

GroverR E. MURRAY, President, Texas Tech
University, Lubbock, Tex.

FrepERICK E. SMITH, Professor of Advanced
Environmental Studies in Resources and
Ecology, Graduate School of Design, Har-
vard University, Cambridge, Mass.

Terms Expire May 10, 1976

*H. E. CARTER (Chairman, National Sci-
ence Board), Vice Chancellor for Aca-
demic Affairs, University of Illinois,
Champaign, 111

ROBERT A. CHARPIE, President, Cabot Corp,,
Boston, Mass.

Lroyp M. Cooxke, Director of Urban Affairs,
Union Carbide Corp., New York, N.Y.

sRosmmr H. Dicke, Cyrus Fogg Brackett
Professor of Physics, Department of
Physics, Princeton University, Prince-
ton, N.J.

DAvVD M. GATEs, Professor of Botany and
Director, Biological Station, Department
of Botany, University of Michigan, Ann
Arbor, Mich.

*Rocer W. HEyNs (Vice Chairman, Na-
tional Science Board) , Professor of Psy-
chology and Education, Department of
Psychology, University of Michigan, Ann
Arbor, Mich.

FRANK Press, Chairman, Department of
Earth and Planetary Sciences, Massachu-
setts Institute of Technology, Cambridge,
Mass. -

*F. P. THIEME, President, University of
Colorado, Boulder, Colo.

Member Ex Officio
*W. D. McELroy, Director, National Sci-
ence Foundation, Washington, D.C.
(Chairman, Executive Committee)
. » *

VERNICE ANDERSON, Executive Secretary, Na-
tional Science Board, National Science
Foundation, Washington, D.C.

National Science Foundation
Staff

Director, William D. McElroy

Deputy Director, Raymond L. Bispling-
hoft

Special Assistant, David E. Ryer

Special Assistant, Lawton M. Hartman III

Special Assistant, William V. Consolazio

Special Assistant, Theodore D. Drury

Special Assistant, Douglas L. Brooks

Research

Assistant Director, Edward C. Creutz

Deputy Assistant Director, Edward P.
Todd

Executive Assistant to the Deputy, Jerome
H. Fregeau

Senior Staff Associate, Eugene L. Hess

Senior Staff Associate (Planning), Wayne
R. Gruner

Senior Staff Associate, Enoch L. Dillon

Special Assistant, Leonard F. Gardner

Division of Environmental
Sciences
Division Director, A. P. Crary

ATMOSPHERIC SCIENCES SECTION

Head, Fred D. White
AERONOMY PROGRAM
Program Director, Richard 1. Schoen

sMember, Executive Committee.
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METEOROLOGY PROGRAM

Acting Program Director, H. Frank Eden

SOLAR TERRESTRIAL RESEARCEX PROGRAM

Program Director, Neil M. Brice

INTERDEPARTMENTAL COMMITTEE FOR AT-
MOSPHERIC SCIENCES

Executive Secretary, Shermann 'W. Betts

NATIONAL CENTER FOR ATMOSPHERIC RE-
SEARCH

Scientific Coordinator, Glenn E. Stout

EARTH SCIENCES SECTION

Head, William E. Benson

GEOCHEMISTRY PROGRAM

Program Director, Alvin Van Valkenburg
GEOLOGY PROGRAM

Program Director, Richard G. Ray
GEOPHYSICS PROGRAM

Program Director, David B. Slemmons

OCEANOGRAPHY SECTION

Head, P. Kilho Park

PHYSICAL OCEANOGRAPHY PROGRAM

Program Director, W. Bruce McAlister

BI10LOGICAL OCEANOGRAPHY PROGRAM

Program Director, Dirk Frankenberg

SUBMARINE GEOLOGY AND GEOPHYSICS PRO-
GRAM

Program Director, Robert E. Wall

Division of Biological and
Medical Sciences

Division Director, Harve J. CGarlson
Deputy Division Director, John W. Mehl
Planning Officer, William J. Riemer

CELLULAR BioLocy SECTION
Head, Herman W. Lewis
DEVELOPMENTAL B1oLocY PROGRAM
Program Director, Richard W'. Siegel
GENETIC BIOLOGY PROGRAM
Acting Program Director,
Lewis

Herman W.

ECOLOGY AND SYSTEMATIC BIOL.OGY SECTION

Head, Walter H. Hodge

ECOSYSTEM ANALYSIS PROGRAM

Program Director, Charles F. Cooper

GENERAL EcOLOGY PROGRAM

Program Director, John L. Brooks

SYSTEMATIC BIOLOGY PROGRAM

Acting Program Director,
Sievers

William E.

MOLECULAR BI0OLOGY SECTION
Head, Sigmund R. Suskind
BIOCHEMISTRY PROGRAM
Acting Program Director, Sigmund R.
Suskind
BIOPHYSICS PROGRAM
Program Director, Eloise E. Clark

PHYSIOLOGICAL PROCESSES SECTION
Head, David B. Tyler
REGULATORY BroLoGY PRrOGRAM
Acting Program Director, David B. Tyler

METABOLIC BIOLOGY PROGRAM
Program Director, Elijah B. Romanoff
PSYCHOBIOLOGY PROGRAM

Program Director, Henry S. Odbert
NEUROBIOLOGY PROGRAM

Program Director, James E. Brown

Division of Engineering

Division Director, John M. Ide
ENGINEERING CHEMISTRY PROGRAM
Program Director (Vacant)
ENGINEERING ENERGETICS PROGRAM
Acting Program Director, Royal E. Ros-
tenbach
ENGINEERING MATERIALS PROGRAM
Program Director, Israel Warshaw
ENGINEERING MECHANICS PROGRAM
Program Director, Michael P. Gaus
ENGINEERING SYSTEMS PROGRAM
Program Director, Gilbert B. Devey
SPECIAL PROGRAMS
Program Director, Morris S. Ojalvo

Division of Social Sciences

Division Director, Howard H. Hines

Special Assistant, Bertha W. Rubinstein

ANTHROPOLOGY PROGRAM

Program Director, John B. Cornell

EcoNoMics PROGRAM

Program Director, James H. Blackman

GEOGRAPHY PROGRAM

Acting Program Director,
Hines

SocioLocy PROGRAM

Program Director, John C. Scott

SocIAL PSYCHOLOGY PROGRAM

Program Director, Roland W. Radloff

HisTORY AND PHILOSOPHY OF SCIENCE PRo-
GRAM

Acting Program Director, Dudley Shapere

POLITICAL SCIENCE PROGRAM

Program Director (Vacant)

SpPEcCIAL PROJECTS PROGRAM

Program Director, Murray Aborn

Howard H.

Division of Mathematical and
Physical Sciences

Division Director, William E. Wright
Executive Assistant, Andrew W. Swago

ASTRONOMY SECTION

Head, Robert Fleischer

NATIONAL ASTRONOMY OBSERVATORIES

Acting Scientific Coordinator, James P.
Wright

SOLAR SYSTEM ASTRONOMY PROGRAM

Program Director, Harold H. Lane

ASTRONOMICAL INSTRUMENTATION AND DE-
VELOPMENT PROGRAM

Acting Program Director, Robert Fleis-
cher

STARS AND STELLAR EVOLUTION PROGRAM

Program Director, Raymond E. White

STELLAR SYSTEMS AND MOTIONS PROGRAM

Program Director, Harold H. Lane

GALACTIC AND EXTRAGALACTIC ASTRONOMY
PROGRAM

Program Director, James P. Wright

CHEMISTRY SECTION

Head, M. Kent Wilson

CHEMICAL DYNAMICS PROGRAM

Program Director, Donald A. Speer

CHEMICAL INSTRUMENTATION AND ANAL-
YSIS PROGRAM

Program Director, Richard S. Nicholson

CHEMICAL THERMODYNAMICS PROGRAM

Program Director, Thomas W. DeWitt

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 PROGRAM

Associate Program Director,
Thaler

CLASSICAL ANALYSIS AND GEOMETRY PRoO-
GRAM

Associate Program Director, John V. Ryff

MODERN ANALYSIS AND PROBABILITY PRoO-
GRAM

Program Director, William G. Rosen

TOPOLOGY AND FOUNDATIONS PROGRAM

Program Director, Ralph M. Krause

APPLIED MATHEMATICS AND STATISTICS PRO-
GRAM

Program Director, Barnett R. Agins

SPECIAL PROJECTS PROGRAM

Acting Program Director, William H. Pell

Alvin 1.

PHYSICS SECTION

Head, Paul F. Donovan

Staff Associate, Paul P. Craig

ATOMIC, MOLECULAR, AND PLASMA PHYSICS
PROGRAM

Program Director, Rolf M. Sinclair

ELEMENTARY PARTICLE PHYSICS PROGRAM

Program Director, J. Howard McMillen

NUCLEAR PHYSICS PROGRAM

Program Director, William S. Rodney

SoLip STATE AND Low TEMPERATURE PHYS-
ICS PROGRAM

Program Director, Howard W. Etzel

THEORETICAL PHYSICS PROGRAM

Program Director, Harold 8. Zapolsky

INTERMEDIATE AND HiGH ENERGY PROGRAM

Program Director, Marcel Bardon

Research Applications

Assistant Director, Alfred J. Eggers, Jr.

Deputy Assistant Director for Science and
Technology, Joel A. Snow

Deputy Assistant Director for Program
Management, Leon M. Schwartz



Office of Exploratory Research
and Problem Assessment
Head (Vacant)

Drvision of Environmental
Systems and Resources

Deputy Division Director, Philip John-
son

WEATHER MODIFICATION PROGRAM

Program Director, Peter H. W yckoff

Division of Social Systems and
Human Resources

Division Director (Vacant)

Division of Advarced
Technology Applications

Deputy Division Director, Lewis P. May-
field

Office of Intergovernmental
Service Programs

Head, M. Frank Hersman

Management Support Staff

Head (Vacant)

Education

Assistant Director, Lloyd G. Humphreys

Acting Deputy Assistant Director, Keith
R. Kelson

Acting Executive Assistant, Lyle W. Phil-
lips

Special Assistant, Albert T. Young

Special Assistant, Senta A. Raizen

Division of Graduate Education
m Science

Division Director, Howard D. Kramer

Deputy Division Director, Francis G.
O’Brien

ADVANCED SCIENCE EDUCATION PROGRAM

Acting Program Director, Francis G.
O’Brien

Associate Program Director, Alice With-
oW

GRADUATE FELLOWSHIPS AND TRAINEESHIPS
PROGRAM

Program Director, Douglas S. Chapin

FAcULTY AND POSTDOCTORAL FELLOWSHIPS
PROGRAM

Program Director, M. Hall Taylor

SENIOR FELLOWSHIPS PROGRAM

Program Director, Marjory Benedict

PROGRAM MANAGEMENT UNIT
Head, Douglas S. Chapin

Division of Undergraduate
Education in Science

Acting Division Director, Alfred F. Borg

Professional Associate (Program Coovding-
tor), Lafe R. Edmunds

PRE-SERVICE TEACHER EDUCATION PROGRAM

Program Director, Donald C. McGuire

COLLEGE TEACHER PROGRAM

Program Director, Reinhard L. Korgen

UNDERGRADUATE INSTRUCTIONAL PROGRAMS

Program Director, Alexander J. Barton

COLLEGE SCIENCE CURRICULUM IMPROVE-
MENT PROGRAM

Acting Program Director, Leo Baggerly

COLLEGE SCIENCE IMPROVEMENT PROGRAM

Program Director, James C. Kellett, Jr.

Division of Pre-College
Education in Science ...

Division Director, Charles A. Whitmer
Staff Assistant, Phyllis L. Johnson
Professional Assistant, Lowell Kraegel
SUMMER STUDY PROGRAM
Program Director, William E. Morrell
ACADEMIC YEAR STUDY PROGRAM
Program Director, Michael M. Frodyma
PRE-COLLEGE COURSE CONTENT IMPROVE-
MENT PROGRAM
Program Director, Laurence O. Binder
STUDENT AND COOPERATIVE PROGRAM
Program Director, Walter Gillespie

Division of Science Resonrces

Division Director, Charles E. Falk
Deputy Director, Thomas J. Mills
Special Assistant, Vera Klingsberg

Office of Economic and

Manpower Studies

Head, Thomas J. Mills
SPECIAL ANALYTICAL STAFF
Head (Vacant)

EpiTORIAL AND INQUIRIES UNIT
Editor, Lionel C. Bischoff

STASTICAL SURVEYS AND REPORTS SECTION

Head, Kenneth Sanow

GOVERNMENT STUDIES GROUP

Study Director, Benjamin L. Olsen

UNIVERSITIES AND NONPROFIT INSTITUTIONS
Stupies GROUP

Study Director, Joseph H. Schuster

INDUSTRY STUDIES GROUP

Study Director, Thomas J. Hogan

ANALYTICAL STUDIES GROUP

Study Director, William L. Stewart

APPENDICES &9

SPONSORED SURVEYS AND STUDIES SECTION

Head, Robert W. Cain

SCIENTIFIC M ANPOWER STUDIES GROUP
Study Director, Norman Seltzer
SciENcE EpUCATION STUDIES GROUP
Study Director, Justin C. Lewis
NATIONAL REGISTER GROUP

Study Director, Milton Levine

Institutional Programs

Assistant Director, Louis Levin
Executive Assistant, J. Merton England
Special Assistant, Mildred Allen

Division of Institutional
Resources
Deputy Division Director, Joshua M. Leise

SCIENCE IMPROVEMENT SECTION

Special Assistant, Denzel Smith

Staff Associate, Frederic Leonard

Staff Associate, Paul G. Cheatham

Special Assistant, Joseph Carrabino

INSTITUTIONAL GRANTS FOR SCIENCE Pro-
GRAM

Program Director, Patricia E. Nicely

National and International
Programs

Assistant Director, Thomas B. Owen

Deputy Assistant Director, T. O. Jones

Executive Assistant, Bodo Bartocha

Executive Assistant to the Deputy, Richard
J. Green

Special Assistant, G. R. Toney

Special Assistant, Christof Schubert

Office for the International
Decade of Ocean Exploration

Head, Feenan D. Jennings

Deputy Head, Worth D. Nowlin
Special Assistant, John R. Twiss, Jr.
Special Assistant, Robert F. Devereux

Office of Oceanographic
Facilities and Support

Head, Mary Johrde
Deputy Head, Harold Spuhler

Office of Polar Programs

Acting Head, Philip M. Smith

Arctic Intevagency Coordinator,
Lewis

POLAR INFORMATION SERVICE PROGRAM

Director, Kurt G. Sandved

POLAR SCIENCE PROGRAM

Chief Scientist, Louis O. Quam

Program Manager, Biological Sciences,
George A. Llano

Price
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Program Manager, Atmospheric Sciences,
Ray R. Heer, Jr.

Program Manager, Earth Sciences, Mort
D. Turner

F1ELD OPERATIONS PROGRAM

Program Manager, Kendall N. Moulton

NSF Representative, New Zealand, Richard
L. Penney

NSF Representative, Antarctica, D. Chris-
topher Shepherd

Office of Computing Activities
Head, John R. Pasta

COMPUTER SCIENCE AND ENGINEERING
SECTION

Head, Kent Curtis

THEORETICAL COMPUTER SCIENCE PROGRAM

Acting Program Director, Kent Curtis

SOFTWARE AND PROGRAMMING SYSTEMS PRO-
GRAM

Program Director, Thomas A.. Keenan

COMPUTER SYSTEMS DESIGN PROGRAM

Program Director, John R. L.ehmann

CoMPUTER INNOVATION IN JEDUCATION
SECTION

Head, Arthur S. Melmed

CoMPUTER TECHNOLOGY AND SYSTEMS PRO-
GRAM

Acting Program Director, Arthur S. Mel-
med

COMPUTER-ORIENTED CURRICULAR ACTIVI-
TIES PROGRAM

Program Director, Andrew R.. Molnar

REGIONAL COOPERATIVE COMPUTING ACTIVI-
TIES PROGRAM

Program Director, Lawrence H. Oliver

COMPUTER APPLICATIONS IN RESEARCH
SECTION
Head, D. Don Aufenkamp
SPECIAL RESEARCH RESOURCES TPROGRAM
Program Director, Peter Lykos
TECHNIQUES AND SYSTEMs PROGRAM
Program Director, Erik D. McWilliams

Office of Internatzional
Programs
Acting Head, Ernest R. Sohns

COOPERATIVE SCIENCE ACTIVITIES

UNITED STATES-INDIA PROGRAM

Program Director, Gordon Hiebert

UNITED STATES-JAPAN PROGRAM  AND UNITED
STATES-REPUBLIC OF CHINA FPROGRAM

Program Director, J. E. 0'Connell

UNITED STATES-AUSTRALIA PROGRAM AND
UNITED STATES-ITALY PROGRAM

Staff Associate, R. R. Ronkin

UNITED STATES-ROMANIA PROGRAM, UNITED
STATES-FRANCE PROGRAM, AND UNITED
SraTES-U.S.S.R./EAST EUROPEAN PrO-
GRAM

Professional Associate, Robert Hull
Professional Associate, Richard R. Ries

SCIENTIFIC LIAISON
Professional Associates: Duncan Clement,
Robert Hull, Warren Thompson
NSF/NEw DELHI
Head, Max Hellman
NSF/Tokyo
Head, Henry Birnbaum

Office of National Centers and
Facilities Operations

Head, Daniel Hunt, ]Jr.

OCEAN SEDIMENT CORING PROJECT

Project Officer, Joe D. Sides

ASTRONOMY CENTERS

Project Officers: Gerald Anderson, Ronald
R. LaCount

NATIONAL CENTER FOR ATMOSPHERIC RE-
SEARCH

Project Officer, Giorgio Tesi

ARCHITECTURAL AND ENGINEERING SERVICES

Supervisory Architect, Harold Horowitz

Office of Science Information
Service

Head, Melvin S. Day
Deputy Head, Henry J. Dubester

RESEARCH AND TUNIVERSITY INFORMATION
SYSTEMS PROGRAM

Program Director, Edward C. Weiss

SPECIAL FOREIGN CURRENCY PROGRAM

Program Director, Eugene Pronko

INFORMATION SERVICES PROGRAM

Program Director, Gordon B. Ward

INFORMATION SYSTEMS PROGRAM

Program Director, Harold E. Bamford, Jr.

Offce of the General Counsel

General Counsel, William J. Hoff

Deputy General Counsel, Charles F. Brown

Deputy General Counsel (Special Projects),
Charles Maechling, Jr.

O ffice of Government and
Public Programs

Director, Clarence C. Ohlke

Deputy for Government Liaison, Theo-
dore W. Wirths

Deputy for Public Programs, Edward R.
Trapnell

Institution Relations Officer, George E.
Arnstein

Special Assistant, Alfred Rosenthal

Congressional Liaison O ffice
Head, John B. Talmadge

Public Affairs Office

Acting Head, Alfred Rosenthal

Public Understanding of
Science Office
Head, Albert H. Rosenthal

Publications Resource Office

Head, Jack Kratchman

Administration

Assistant Director, Bernard Sisco
Deputy Assistant Director, T. E. Jenkins
Administrative Manager, F. C. Sheppard
Special Assistant, Calvin C. Jones

Administrative Services Office

Administrative Services Officer, Howard

Tihila
Deputy, John T. Harrigan

Aundit Office

Audit Officer, Robert B. Boyden

Data Management Systems
Office

Data Management Systems Officer, E. W.
Barrett
Deputy, R. W. H. Lee

Financial Management Office

Financial Management Officer, Kenneth
B. Foster
Deputy, Howard R. Copperman

Grants and Contracts Office

Grants and Contracts Officer, Wilbur W.
Bolton

Grants Administrator, Gaylord L. Ellis

Contracts Administrator, Robert D. New-
ton

Special Assistant, Harry Hyman

Health Service
Director, James W. Long, M.D.

Management Analysis Office

Management Analysis Officer, Fred Mura-
kami



Management Information
System Project

Management Information System Project
Officer, George Pilarinos
Assistant Project Officer, Harold Sye

Ofhce of Budget, Pro gramming
and Planning Analysis

Head, Arley T. Bever

Head, Budget Office, Walton Hudson

Head, Programming Office, Syl McNinch

Head, Planning and Policy Analysis Office,
(Vacant)

Head, Evaluation Staff, Harry ]J. Picca-
riello

Personnel Office

Personnel Officer, Robert T. Preston

Program Review Office

Program Review Officer, Lewis P. Jones

Aduvisory Committees
and Panels

Apvisory COMMITTEE FOR BIOLOGICAL AND
MEDICAL SCIENCES

Robert S. Bandurski

Department of Botany and Plant Pathology
Michigan State University

East Lansing, Mich.

Nelson G. Hairston
Director, Museum of Zoology
University of Michigan

Ann Arbor, Mich.

David W. Krogmann
Department of Biochemistry
Purdue University
Lafayette, Ind.

Vernon B. Mountcastle
Department of Physiology
Johns Hopkins University
Baltimore, Md.

Lawrence R. Pomeroy
Department of Zoology
University of Georgia
Athens, Ga.

John W. Saunders (Chairman)
Department of Biological Sciences
State University of New York
Albany, N.Y.

George Sayers

Department of Physiology

Case Western Reserve University
Cleveland, Ohio

Richard L. Solomon
Department of Psychology
University of Pennsylvania
Philadelphia, Pa.

Sterling Wortman, Jr.
Director, Agricultural Sciences
Rockefeller Foundation

New York, N.Y.

Norton D. Zinder
Rockefeller University
New York, N.Y.

ApvIsORY COMMITTEE FOR COMPUTING
ACTIVITIES

Gordon W. Blackwell
President

Furman University
Greenville, S.C.

Sidney Fernbach (Chairman)
Head, Computation Division
Lawrence Radiation Laboratory
Livermore, Calif.

Wayne Holtzman

Hogg Foundation for Mental Health
University of Texas

Austin, Tex.

Thurston E. Manning
President

University of Bridgeport
Bridgeport, Conn.

Dwaine Marvick

Professor of Political Science
University of California, Los Angeles
Los Angeles, Calif.

M. V. Mathews
Bell Telephone Laboratories, Inc.
Murray Hill, N.J.

F. A. Matsen
Department of Chemistry
University of Texas
Austin, Tex.

Nicholas C. Metropolis

Los Alamos Scientific Laboratory
University of California

Los Alamos, N. Mex.

Louis T. Rader

Department of Electrical Engineering
University of Virginia

Charlottesville, Va.

J. T. Schwartz

Courant Institute of Mathematical Sciences
New York University

New York, N.Y.

Laurence H. Tribe
Assistant Professor of Law
Harvard University
Cambridge, Mass.

APPENDICES 9]

ADviSORY COMMITTEE FOR ENGINEERING

Lynn §. Beedle

Director, Fritz Engineering Laboratory
Lehigh University

Bethlehem, Pa.

Donald A. Dahlstrom
EIMCO Corp.
Salt Lake City, Utah

Daniel C. Dxrucker (Chairman)
Dean, College of Engineering
University of Illinois

Urbana, I1l.

Harry C. Gatos
Massachusetts Institute of Technology
Cambridge, Mass.

Arthur E. Humphrey

Department of Chemical Engineering
University of Pennsylvania
Philadelphia, Pa.

William K. Linvill

Department of Engineering
Economic Systems

Stanford University

Palo Alto, Calif.

Rustum Roy

Director, Materials Research Laboratory
Pennsylvania State University
Univemity Park, Pa.

Robert E. Uhrig
Dean of Engineering
University of Florida
Gainesville, Fla.

M. E. Van Valkenburg

Department of Electrical Engineering
Princeton University

Princeton, N.]J.

Max L. Williams, Jr.

Dean, College of Engineering
University of Utah

Salt Lake City, Utah

Apvisory COMMITIEE FOR ENVIRONMENTAL
SCIENCES

Clarence R. Allen (Vice Chairman)
Division of Geological Sciences
California Institute of Technology
Pasadena, Calif.

John R. Borchert
Department of Geography
University of Minnesota
Minneapolis, Minn.

Glenn R. Hilst (Chairman)

Aeronautical Research Association
of Princeton, Inc.

Princeton, N.J.
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Richard H. Jahns

Dean, School of Earth Sciences
Stanford University

Stanford, Calif.

Allen V. Kneese
Resources for the Future
Washington, D.C.

Paul B. MacCready, Jr.
Pasadena, Calif.

Car]l Oppenheimer

Director, Marine Science Institute
University of Texas

Port Aransas, Tex.

Robert O. Reid

Professor of Oceanography
and Meteorology

Texas A&M University

College Station, Tex.

ADVISORY COMMITTEE FOR INSTITUTIONAL

RELATIONS

Howard R. Bowen
Chancellor

Claremont University Center
Claremont, Calif.

John E. Cantlon

Provost, Academic Affairs
Michigan State University
East Lansing, Mich,

Clifford Grobstein

Dean, School of Medicine
University of California, San Diego
San Diego, Calif.

Fred H. Harrington
Ford Foundation
New York, N.Y.

Lyle H. Lanier

Executive Vice President and Provost
University of Illinois

Urbana, 111.

Franklin A. Long (Vice Chairman)
Cornell University
Ithaca, N.Y.

Richard W. Lyman
President

Stanford University
Stanford, Calif,

Terry Sanford
President

Duke University
Durham, N.C.

Edgar F. Shannon (Chairman)
President

University of Virginia
Charlottesville, Va,

George L. Simpson, Jr.
Chancellor

University System of Georgia
Atlanta, Ga.

Robert L. Sproull
President

University of Rochester
Rochester, N.Y.

Sharvy G. Umbeck
President

Knox College
Galesburg, I11.

O. Meredith Wilson

Director, Center for Advanced Study
in the Behavioral Sciences

Stanford, Calif.

ADViSORY COMMITTEE FOR MATHEMATICAL

AND PHYSICAL SCIENCES

Gerald M. Clemence
Yale University Observatory
New Haven, Conn.

Paul J. Flory
Department of Chemistry
Stanford University
Stanford, Calif.

Irving Kaplansky
Department of Mathematics
University of Chicago
Chicago, I11.

Lucien LeCam

Department of Statistics
University of California, Berkeley
Berkeley, Calif.

Leon M. Lederman
Department of Physics
Columbia University
New York, N.Y.

Robert B. Leighton

Bridge Laboratory of Physics
California Institute of Technology
Pasadena, Calif.

Howard Reiss (Vice Chairman)
Department of Chemistry

University of California, Los Angeles
Los Angeles, Calif.

William P. Slichter
Bell Telephone Laboratories, Inc.
Murray Hill, N.J.

George H. Vineyard (Chairman)
Brookhaven National Laboratory
Upton, Long Island, N.Y.

ApvisoRY COMMITTEE FOR PLANNING

Yale Brozen

Graduate School of Business
University of Chicago
Chicago, I11.

Paul M. Doty (Chairman)
Department of Chemistry
Harvard University
Cambridge, Mass.

Herbert S. Gutowsky
Department of Chemistry
University of Illinois
Urbana, I11.

Milton Harris
American Chemical Society
Washington, D.C.

Emmanuel G. Mesthene (Vice Chairman)
Program on Technology and Society

Harvard University
Cambridge, Mass.

Richard R. Nelson
Department of Economics
Yale University

New Haven, Conn,

David S. Potter

Delco Electronics Division
of General Motors

Milwaukee, Wis.

George T. Reynolds
Department of Physics
Princeton University
Princeton, N.J.

Robert L. Sproull
President

University of Rochester
Rochester, N.Y.

M. H. Trytten
National Academy of Sciences
Washington, D.C.

Alvin M. Weinberg

Director, Oak Ridge National Laboratory

Oak Ridge, Tenn.
Aaron B. Wildavsky

Dean, Graduate School of Public Affairs

University of California, Berkeley
Berkeley, Calif.

ApvisorRy COMMITTEE FOR RESEARCH

APPLICATIONS

Raymond Bard

Vice President

Medical College of Georgia
Augusta, Ga.

Raymond Bauer

Professor of Social Psychology
Harvard University
Cambridge, Mass.

Raymond Bowers
Professor of Physics
Cornell University
Ithaca, N.Y.



«>harles Hamilton
i*rofessor of Political Science
i olumbia University

~New York, N.Y.

“vthur Naftalin
i*rofessor of Public Affairs
./niversity of Minnesota
*{inneapolis, Minn.

Harvey S. Perloft
Dean, School of Architecture
and Urban Planning
University of California, Los Angeles
Los Angeles, Calif.

Eugene Callender

Executive Director

New York Urban Coalition, Inc.
New York, N.Y.

‘rerard A. Rohlich

Professor of Sanitary Engineering
‘University of Wisconsin

Madison, Wis.

tloward Taubenfeld

Professor of Law

Southern Methodist University
Dallas, Tex.

ohn Truxal
<rofessor of Engineering
Brooklyn Polytechnic Institute
Brooklyn, N.Y.

Gilbert White
Professor of Geography
University of Colorado
Boulder, Colo.

James S. Bethel

Dean, College of Forestry
University of Washington
Seattle, Wash

AbvISORY COMMITTEE FOR SCIENCE
EDUCATION

George H. Baird

President and Executive Director
Educational Research Council
Cleveland, Ohio

H. Russell Beatty
President
Wentworth Institute
Boston, Mass.

Rita R. Colwell
Department of Biology
Georgetown University
Washington, D.C.

N. B. Hannay

Bell Telephone Laboratories, Inc.
Murray Hill, N.J.

P T, T, 3

Allan A. Kuusisto

President

Hobart and William Smith Colleges
Geneva, N.Y.

M.R. Lohmann

Dean, College of Engineering
Oklahoma State University
Stillwater, Okla.

J- Ross Macdonald

Vice President

Texas Instruments, Inc.
Dallas, Tex.

J. Stanley Marshall
President

Florida State University
Tallahassee, Fla.

James W. Mayo
Department of Physics
Morehouse College
Atlanta, Ga.

James F. Nickerson (Chairman)
President

Mankato State College

Mankato, Minn.

Donald W. Stotler
Portland Public Schools
Portland, Oreg.

Allen F. Strehler (Vice Chairman)
Dean of Graduate Studies
Carnegie-Mellon University
Pittsburgh, Pa.

ApvisORY COMMITTEE FOR SOCIAL SCIENCES

Roger C. Buck
Department of History

and Philosophy of Science
Indiana University
Bloomington, Ind.

Philip E. Converse
Survey Research Center
University of Michigan
Ann Arbor, Mich.

Albert H. Hastorf

Dean, School of Humanities and Science
Stanford University

Palo Alto, Calif.

David G. Hays

Linguistics Program

State University of New York at Buffalo
Buffalo, N.Y.

Avram Kisselgoft
Allied Chemical Corp.
New York, N.Y.

Marion E. Marts

Dean of Summer Quarter
University of Washington
Seattle, Wash.

APPENDICES 93

Laura Nader

Department of Anthropology
University of California, Berkeley
Berkeley, Calif.

Albert E. Rees
Department of Economics
Princeton University
Princeton, N.J.

James F. Short

Director, Social Research Center
Washington State University
Pullman, Wash.

Anthony F. C. Wallace
Department of Anthropology
University of Pennsylvania
Philadelphia, Pa.

Robert B. Yegge
Dean, College of Law
University of Denver
Denver, Colo.

SCIENCE INFORMATION COUNCIL

Carey Croneis
Chancellor
Rice University
Houston, Tex.

Martin M. Cummings
Director

National Library of Medicine
Bethesda, Md.

Victor J. Danilov
Industrial Research, Inc.
Beverly Shores, Ind.

Bowen C. Dees
President

The Franklin Institute
Philadelphia, Pa.

Melvin §. Day

Head, Office of Science
Information Service

National Science Foundation

Washington, D.C.

Amitai W. Etzioni
Department of Sociology
Columbia University
New York, N.Y.

Herman H. Fussler
University of Chicago Library
University of Chicago
Chicago, Ill.

Robert E. Gordon (Chairman)
Associate Dean

College of Science

University of Notre Dame
Notre Dame, Ind.
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Clifford Grobstein

Vice Chancellor for Health Sciences and
Dean of the School of Medicine

University of California, San Diego

La Jolla, Calif.

'W. Conyers Herring
Bell Telephone Laboratories, Inc.
Murray Hill, N.]J.

Donald J. Hillman

Director, Center for Information Science
Lehigh University

Bethlehem, Pa.

William F. Miller

Academic Vice President and Provost
Stanford University

Stanford, Calif.

L. Quincy Mumford
The Librarian of Congress
Washington, D.C.

John W. Murdock
Department of Economics and

Information Research
Battelle Memorial Institute
Columbus, Ohio

John Sherrod

Director

National Agricultural Library
U.S. Department of Agriculture
Beltsville, Md.

Irene B. Tacuber

Office of Population Research
Princeton University
Princeton, N.J.

Leo Weins

President

The H. W. Wilson Co.
Bronx, N.Y.

F. Karl Willenbrock

National Bureau of Standards
U.S. Department of Commerce
‘Washington, D.C.

ADVISORY PANEL FOR ANTARCTIC PROGRAMS

Laurence M. Gould (Chzirman)
Professor of Geology

College of Mines

University of Arizona

Tucson, Ariz.

Paul C. Daniels
Lakeville, Conn.

Laurence Irving
Institute of Arctic Biology
University of Alaska
College, Alaska

Heinz H. Lettau
Department of Meteorology
University of Wisconsin
Madison, Wis.

Ernst Stuhlinger

George C. Marshall Space Flight Center

National Aeronautics and Space
Administration

Huntsville, Ala.

ADVISORY PANEL FOR ANTHROPOLOGY

Harold C. Conklin
Department of Anthropology
Yale University

New Haven, Conn.

Morton H. Fried
Department of Anthropology
Columbia University

New York, N.Y.

Dr. F. Clark Howell

Department of Anthropology
University of California, Berkeley
Berkeley, Calif.

Stuart Struever

Department of Anthropology
Northwestern University
Evanston, I11.

Douglas R. White
Department of Anthropology
University of Pittsburgh
Pittsburgh, Pa.

Richard B. Woodbury
Department of Anthropology
University of Massachusetts
Ambherst, Mass.

ADVISORY PANEL FOR ASTRONOMY

John E. Gaustad

Astronomy Department
University of California, Berkeley
Berkeley, Calif.

Frank J. Kerr

Department of Physics & Astronomy
University of Maryland

College Park, Md.

Robert P, Kraft

Lick Observatory

University of California, Santa Cruz
Santa Cruz, Calif.

Charles R. O'Dell (Chairman)
Yerkes Observatory
Williams Bay, Wis.

Jeremiah P. Ostriker
Princeton University Observatory
Princeton, N.J.

George W. Preston
Hale Observatory
Pasadena, Calif.

Arne Slettebak
Perkins Observatory
Delaware, Ohio

Alexander G.Smith
Department of Physics
University of Florida
Gainesville, Fla.

Harlan J. Smith
Department of Astronomy
University of Texas
Austin, Tex.

ADVISORY PANEL FOR ATMOSPHERIC SCIENCES

Kinsey A. Anderson

Space Sciences Laboratory
University of California, Berkeley
Berkeley, Calif.

Thomas Neil Davis
Geophysical Institute
University of Alaska
College, Alaska

Thomas M. Donahue
Department of Physics
University of Pittsburgh
Pittsburgh, Pa.

Edward S. Epstein
Department of Meteorology

and Oceanography
University of Michigan
Ann Arbor, Mich.

John Vaughan Evans

Lincoln Laboratory

Massachusetts Institute of Technology
Cambridge, Mass.

Lewis O. Grant

Department of Atmospheric Sciences
Colorado State University

Fort Collins, Colo.

James E. Jiusto

Associate Professor of Atmospheric Sciences
State University of New York at Albany
Albany, N.Y.

Richard J.Reed

Department of Atmospheric Sciences
University of Washington

Seattle, Wash.

W. R. Derrick Sewell
Department of Geography
University of Victoria
Victoria, British Columbia
Canada

ADVISORY PANEL FOR BIOCHEMISTRY

A. Eisenstark

Division of Biology
Kansas State University
Manbhattan, Kans.



Raymond F. Gesteland
Cold Spring Harbor Laboratory
Cold Spring Harbor, N.Y.

Luigi C. Gorini
Department of Bacteriology
Harvard Medical School
Boston, Mass.

William B. Jakoby
National Institutes of Health
Bethesda, Md.

Elvin A. Kabat

Department of Microbiology
Columbia University

New York, N.Y.

Albert S. Mildvan

Division of Biochemistry
Institute for Cancer Research
Philadelphia, Pa.

ADVISORY PANEL FOR BIOLOGICAL
OCEANOGRAPHY

Rita R. Colwell
Department of Biology
Georgetown University
Washington, D.C.

Richard W. Eppley

Institute of Marine Resources
University of California, San Diego
La Jolla, Calif.

Malvern Gilmartin
Hopkins Marine Station
Stanford University
Pacific Grove, Calif.

John W. Kanwisher
Woods Hole Oceanographic Institution
Woods Hole, Mass.

William G. Pearcy
Department of Oceanography
Oregon State University
Corvallis, Oreg.

ADVISORY PANEL FOR BIOPHYSICS

Frederick L. Crane

Department of Biological Sciences
Purdue University

Lafayette, Ind.

Peter F. Curran
Department of Physiology
Yale University

New Haven, Conn.

David R. Davies
National Institutes of Health
Bethesda, Md.

Brian J. McCarthy
Department of Biochemistry
University of Washington
Seattle, Wash.

Carl L. Schildkraut

Department of Cell Biology

Albert Einstein College of Medicine
Yeshiva University

New York, N.Y.

Thomas E. Thompson
Department of Biochemistry
University of Virginia
Charlottesville, Va.

ADVISORY PANEL FOR CHEMISTRY

Ralph N. Adams
Department of Chemistry
University of Kansas
Lawrence, Kans.

Ronald Breslow
Department of Chemistry
Columbia University
New York, N.Y.

Theodore L. Brown
Department of Chemistry
University of Illinois
Urbana, I11.

James P. Collman
Department of Chemistry
Stanford University
Stanford, Calif.

John M. Deutch

Department of Chemistry
Massachusetts Institute of Technology
Cambridge, Mass.

Robert S. Hansen
Department of Chemistry
Towa State University
Ames, Iowa

Richard L. Hinman
Union Carbide Corp.
Tarrytown, N.Y.

Roald Hoffmann
Department of Chemistry
Cornell University
Ithaca, N.Y.

Ronald E. Kagarise
U.S. Naval Research Laboratory
Washington, D.C.

William R. Krigbaum
Department of Chemistry
Duke University
Durham, N.C.

Larry L. Miller
Department of Chemistry
Colorado State University
Fort Collins, Colo.
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ADVISORY PANEL FOR COMPUTER
APPLICATIONS IN RESEARCH

Richard Andree
Department of Mathematics
University of Oklahoma
Norman, Okla.

Wilfrid . Dixon (Chairman)
Department of Biomathematics
Univenity of California, Los Angeles
Los Angeles, Calif.

Willian S. Dorn
Department of Mathematics
University of Denver
Denver, Colo.

Earle C. Fowler
Department of Physics
Purdue University
Lafayette, Ind.

EdwinKuh

Department of Economics
Massachusetts Institute of Technology
Cambridge, Mass.

Benjamin Mittman

Director, Vogelback Computer Center
Northwestern University

Evanston, I11.

Sally Y. Sedelow

Computer Science and Linguistics
University of Kansas

Lawrence, Kans.

ADVISORY PANEL FOR COMPUTER
INNOVATION IN EDUCATION

C. Victor Bunderson
Director, CAI Laboratory
University of Texas
Austin, Tex.

C. R.Carpenter
Department of Psychology
University of Georgia
Athens, Ga.

David Engler
McGnraw-Hill Book Co.
New York, N.Y.

Bert Green, Jr. (Chairman)
Department of Psychology
Johns Hopkins University
Baltimore, Md.

Thomas F. Green

Educational Policy Research Center
Syracuse University Research Corp.
Syracuse, N.Y.

Thomas E. Kurtz

Director, Kiewit Computation Center
Dartmouth College

Hanover, N.H.



Allen Newell
Carnegie-Mellon University
Pittsburgh, Pa.

Robert D, Tschirgi
Unibversity of California, San Diego
La Jolla, Calif.

Gerard P. Weeg
Director, Computer Center
University of Iowa

YT mnwarn Yrwaren

AUWwWA \Jll-y, Uwa

AbpvIsory PANEL For COMPUTER SCIENCE

AND ENCINEERING

AANULINLLRZISSS

Algirdas Avizienis
Department of Engineering
Ianprntv of California, Los A___ eles

Los Angeles, Calif.

C. Gordon Bell

Computer Science Department
Carnegie-Mellon University
Pittsburgh, Pa.

Peter J. Denning

Department of Electrical Engineering
Princeton University

Princeton, N.J.

Lloyd D. Fosdick

Department of Computer Science
University of Colorado

Boulder, Colo.

Bernard A. Galler
Computing Center
University of Michigan
Ann Arbor, Mich.

John E. Hopcroft

Department of Computer Science
Cornell University

Ithaca, N.Y.

Donald E. Knuth

Computer Science Department
Stanford University

Stanford, Calif.

Marvin L. Minsky
Massachusetts Institute of Technology
Cambridge, Mass.

James E. Thornton
Vice President
Control Data Corp.
Minneapolis, Minn.

ADVISORY PANEL FOR DEVEL.OPMENTAL
BroLoGy

Howard Holtzer
Department of Anatomy
University of Pennsylvania
Philadelphia, Pa.

Russell L. Jones

Department of Botany

University of California, Berkeley
Berkeley, Calif.

Fotis C. Kafatos

T he Biological Laboratories
Harvard University
Cambridge, Mass.

Leonard Ornstein
T vantAar Hall Dasanvsh T o
AFZLECLLUL, 11 INUDTAlLUll .a

Mount Sinai Hospital
New York, N.Y,

Richard A Rifkind
Department of Human Genetics
and Development

Columbia University
New York. NY.

LIx;

Robert H. Rownd

Laboratory of Molecular Biology
University of Wisconsin
Madison, Wis.

Joseph E. Varner

MSU/AEC Plant Research Laboratory
Michigan State University

East Lansing, Mich.

William B. Wood

Division of Biology

California Institute of Technology
Pasadena, Calif.

ADVISORY PANEL FOR EARTH SCIENCES

Sydney P. Clark, Jr.
Department of Geophysics
Yale University

New Haven, Conn.

Robert W. Decker
Department of Geology
Dartmouth College
Hanover, N.H.

Hans P. Eugster
Department of Geology
Johns Hopkins University
Baltimore, Md.

Robert N. Ginsburg
School of Marine and

Atmospheric Sciences
University of Miami
Miami, Fla.

Stanley R. Hart

Department of Terrestrial Magnetism
‘Carnegie Institution of Washington
Washington, D.C.

Charles E. Helsley
Division of Geosciences
University of Texas
Dallas, Tex.

Carl Kisslinger

Department of Earth and Atmospheric
Sciences

St. Louis University

St. Louis, Mo.

Dallas L. Peck
U.S. Geological Survey
Washington, D.C.

David M. Raup

Nanartmant nf Nanlacy
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University of Rochester
Rochester, N.Y.

George H. Sutton

Hawaii Institute of Geophysics
University of Hawaii
Honolulu, Hawaii

Apvisory PANEL For ECOLOGY

Lincoln P. Brower
Department of Biology
Ambherst College
Ambherst, Mass.

George H. Lauff

Director, Kellogg Biological Station
Michigan State University

Hickory Corners, Mich.

Paul S. Martin
Geochronology Laboratories
University of Arizona
Tucson, Ariz.

Harold A. Mooney

Department of Biological Sciences
Stanford University

Palo Alto, Calif.

Kenneth Norris
Oceanic Institute
Oahu, Hawaii

Luigi Provasoli
Osborn Memorial Laboratories
YVala Yon 2wrnandse

1d43iCT UlllVClSll)’
New Haven, Conn.

David E. Reichle

Ecological Sciences Division
Oak Ridge National Laboratory
Oak Ridge, Tenn.

Gerald J. Paulik

College of Fisheries
University of Washington
Scattle, Wash.

Edwin L. Schmidt

Department of Microbiology

University of Minnesota Medical School
Minneapolis, Minn.

Earl L. Stone

Department of Agronomy
Cornell University
Ithaca, N.Y.



ADVISORY PANEL FOR ECONOMICS

Martin S. Feldstein
Department of Economics
Harvard University
Cambridge, Mass,

Robert E. Hall

Department of Economics
Massachusetts Institute of T echnology
Cambridge, Mass.

Robert H. Haveman
Department of Economics
University of Wisconsin
Madison, Wis.

Ronald W. Jones
Department of Economics
University of Rochester
Rochester, N.Y.

Daniel L. McFadden

Department of Economics
University of California, Berkeley
Berkeley, Calif.

Vernon L. Smith
Department of Economics
University of Massachusetts
Ambherst, Mass.

ADVISORY PANEL FOR GENETIC BIOLOGY

David Baltimore

Department of Biology

Massachusetts Institute of Technology
Cambridge, Mass.

Cedric I. Davern

Professor of Biology

University of California, Santa Cruz
Santa Cruz, Calif.

Gerald Fink

Division of Biological Sciences
Cornell University

Ithaca, N.Y.

Burke H. Judd
Department of Zoology
University of Texas
Austin, Tex.

Armin Dale Kaiser
Department of Biochemistry
Stanford University
Stanford, Calif.

Richard C. Lewontin
Department of Zoology
University of Chicago
Chicago, Illinois

Oliver E. Nelson
Laboratory of Genetics
University of Wisconsin
Madison, Wis.

Margery Wayne Shaw
Section of Medical Genetics
University of Texas
Houston, Tex.

ADVISORY PANEL FOR HISTORY AND
PHILOSOPHY OF SCIENCE

Asger H. Aaboe

Department of History of Science
and Medicine

Yale University

New Haven, Conn.

Roderick Chisholm
Department of Philosophy
Brown University
Providence, R.L

David L. Hull
Department of Philosophy
University of Wisconsin
Milwaukee, Wis.

Henry E. Kyburg
Department of Philosophy

‘University of Rochester

Rochester, N.Y.

Michael Scriven

Department of Philosophy
University of California, Berkeley
Berkeley, Calif.

Roger H. Stuewer

Minnesota Center for Philosophy
of Science

University of Minnesota

Minneapolis, Minn.

ADVISORY PANEL FOR MATHEMATICAL
SCIENCES

Murray Gerstenhaber (Chairman)
Department of Mathematics
University of Pennsylvania
Philadelphia, Pa.

Robert C. James

Department of Mathematics

Claremont Graduate School and
University Center

Claremont, Calif.

William J. LeVeque
Department of Mathematics
Claremont Graduate School and

University Center
Claremont, Calif.

Gerald J. Lieberman
Department of Statistics and

Operations Research
Stanford University
Stanford, Calif.
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Richard §. Palais
Department of Mathematics
Brandeis Univensity

W altham, Mass.

Henry 0. Pollak
Bell Telephone Laboratories, Inc.
Murray Hill, N.J,

Abraham Robinson
Department of Mathematics
Yale University

New Haven, Conn.

Hans F. Weinberger
Department of Mathematics
Unmniversity of Arizona
Tucson, Ariz.

JamesH. Wells
Department of Mathematics
University of Kentucky
Lexington, Ky.

ADVISORY PANEL FOR METABOLIC BIOLOGY

Robert W. Bernlohr
Department of Microbiology
Univenity of Minnesota
Minneapolis, Minn.

Rachmiel Levine
City of Hope Medical Center
Duarte, Calif.

Richard L. Malvin
Department of Physiology
Unmniversity of Michigan
Ann Arbor, Mich.

Alwin Nason

M cCollum-Pratt Institute
Johns Hopkins University
Baltimore, Md.

Anthony San Pietro
Department of Botany
Indiana University
Bloomington, Ind.

Charles L. Wadkins
Department of Biochemistry
University of Arkansas
Little Rock, Ark,

WillisA. Wood

Department of Biochemistry
M chigan State University
East Lansing, Mich.

Apvisory PANEL FOR OCEANOGRAPHY

RobertS. Arthur

Scripps Institution of Oceanography

Univerity of California, San Diego
-La Jolla, Calif. o
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John V. Byrne

Department of Oceanography
Oregon State University
Corvallis, Oreg.

John Imbrie
Department of Geology
Brown University
Providence, R.L

H. Gote Ostlund

School of Marine and Atmospheric Sciences
University of Miami

Miami, Fla.

William M. Sackett
Department of Oceanography
Texas AKM University
College Station, Tex.

Richard P. Von Herzen

Department of Geology and Geophysics
Woods Hole Oceanographic Institution
Woods Hole, Mass.

ADVISORY PANEL FOR IPHYSICS

Manfred A. Biondi
Department of Physics
University of Pittsburgh
Pittsburgh, Pa.

Charles S. Bockelman

Nuclear Structure Laboratory
Yale University

New Haven, Conn.

Walter L. Brown
Bell Telephone Laboratories, Inc.
Murray Hill, N.J.

'W. Dale Compton
Scientific Research Staff
Ford Motor Company
Dearborn, Mich.

Rodney L. Cool
Rockefeller University
New York, N.Y.

Russell J. Donnelly
Department of Physics
University of Oregon
Eugene, Oreg.

David Feldman
Department of Physics
Brown University
Providence, R.I.

Ronald Geballe (Chairman)
Department of Physics
University of Washington
Seattle, Wash.

Hanry E. Gove

Nuclear Structure Research L.aboratory
University of Rochester

Rochester, N.Y.

Burton J. Moyer

Dean, College of Liberal Arts
University of Oregon
Eugene, Oreg.

Raymond L. Orbach

Department of Physics

University of California, Los Angeles
Los Angeles, Calif.

ADVISORY PANEL FOR POLITICAL SCIENCE

Bernard C. Cohen

Department of Political Science
University of Wisconsin
Madison, Wis.

Fred Greenstein
Department of Government
Wesleyan University
Middletown, Conn.

H. Douglas Price
Department of Government
Harvard University
Cambridge, Mass.

Robert E. Scott

Department of Political Science
University of Illinois

Urbana, 111

S. Sidney Ulmer

Department of Political Science
University of Kentucky
Lexington, Ky.

Sidney Verba

Department of Political Science
University of Chicago
Chicago, 111.

ADVISORY PANEL FOR PSYCHOBIOLOGY

Robert W. Albers
National Institutes of Health
Bethesda, Md.

Jacob Beck

Department of Psychology
University of Oregon
Eugene, Oreg.

Colin G. Beer

Institute of Animal Behavior
Rutgers, The State University
Newark, N.J.

Lyle E. Bourne
Department of Psychology
University of Colorado
Boulder, Colo.

Russell M. Church
Department of Psychology
Brown University
Providence, R.IL.

BertF. Green

Department of Psychology
Johns Hopkins University
Baltimore, Md.

Robert D. Myers
Department of Psychology
Purdue University
Lafayette, Ind.

Donald A. Riley

Department of Psychology
University of California, Berkeley
Berkeley, Calif.

Allen W. Stokes

Department of Wildlife Resources
Utah State University

Logan, Utah

Garth J. Thomas

Center for Brain Research
University of Rochester
Rochester, N.Y.

Gerhard Werner

Department of Pharmacology
University of Pittsburgh
Pittsburgh, Pa.

ADVISORY PANEL FOR REGULATORY BIOLOGY

John Brobeck

Department of Physiology
University of Pennsylvania
Philadelphia, Pa.

J. M. Daly

Department of Biochemistry and Nutrition
University of Nebraska

Lincoln, Nebr.

William Etkin

Department of Anatomy

Albert Einstein College of Medicine
Yeshiva University

New York, N.Y.

Harold T. Hammel

Scripps Institution of Oceanography
University of California, San Diego
La Jolla, Calif.

John W. Mitchell
U.S. Department of Agriculture
Beltsville, Md.

Herbert Roeller
Department of Biology
Texas AkM University
College Station, Tex.

Stephen M. Tenney
Department of Physiology
Dartmouth Medical School
Hanover, N. H.



Robert R. Wagner
Department of Microbiology
University of Virginia
Charlottesville, Va.

George A. Zentmyer, Jr.
Department of Plant Pathology
University of California, Riverside
Riverside, Calif.

ADVISORY PANEL FOR SHIP CONSTRUCTION
REVIEW

Ted Chwirut

Office of Ship Construction
Maritime Administration
Washington, D.C.

Lawrence Glosten
L. E. Glosten & Associates, Inc.
Seattle, Wash.

Paul Klatt

National Oceanic and Atmospheric
Administration

U.S. Department of Commerce

Rockville, Md.

Stewart Nelson
Office of the Oceanographer of the Navy
Alexandria, Va.

ADVISORY PANEL FOR SHIP OPERATIONS
REVIEW

George Anderson
Department of Oceanography
University of Washington
Seattle, Wash,

John V. Byrne

Department of Oceanography
Oregon State University
Corvallis, Oreg.

Edward Chin

Institute of Natural Resources
University of Georgia

Athens, Ga.

John Dermody

Division of Marine Resources
University of Washington
Seattle, Wash.

John C. Dullaghan, Jr.

Scripps Institution of Oceanography
University of California, San Diego
La Jolla, Calif.

Jonathan Leiby
Woods Hole Oceanographic Institution
Woods Hole, Mass.

Lewis Newton
Texas A&M Research Foundation
Galveston, Tex.

Robert G. Paquette

AC Electronics Defense Research
Laboratory

Division of General Motors

Goleta, Calif.

Max Silverman
Scripps Institution of Oceanography
University of California, San Diego
La Jolla, Calif.

ADVISORY PANEL FOR SOCIOLOGY AND SOCIAL
PsYCHOLOGY

Morton Deutsch
Department of Psychology
Columbia University

New York, N.Y.

Kenneth J. Gergen
Department of Psychology
Swarthmore College
Swarthmore, Pa.

Warren O. Hagstrom
Department of Sociology
University of Wisconsin
Madison, Wis.

Charles A. Kiesler
Department of Psychology
University of Kansas
Lawrence, Kans.

Charles Benjamin Nam

Department of Sociology
Florida State University
Tallahassee, Fla.
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Leonard Reissman
Department of Sociology
Cornell University
Ithaca, N.Y.

Seymour Rosenberg
Department of Psychology
Rutgers, The State University
New Brunswick, N.J.

Morris Zelditch, Jr.
Department of Sociology
Stanford University
Stanford, Calif.

ADVISORY PANEL FOR SYSTEMATIC BIOLOGY

Charles B. Beck
Department of Botany
University of Michigan
Ann Arbor, Mich.

Theodore J. Crovello
Department of Biology
University of Notre Dame
Notre Dame, Ind.

William L. Culberson
Department of Botany
Duke University
Durham, N.C.

David E. Fairbrothers
Department of Botany
Rutgers, The State University
New Brunswick, N.J.

Morris Goodman
Department of Anatomy
Wayne State University
Detroit, Mich.

Paul D. Huxd, Jr.
Smithsonian Institution
Washington, D.C.

Anthony J. Provenzano, Jr.
Miami, Fla.

S. David Webb

Department of Natural Sciences
University of Florida
Gainesville, Fla,



Appendzx B

Organizational Changes and
Appointments

OFFICE OF THE DIRECTOR

Dr. Raymond L. Bisplinghoff was ap-
pointed by the President as Deputy Di-
rector of the National Science Founda-
tion. Dr. Bisplinghoff, formerly the Dean
of the School of Engiheering, Massachu-
setts Institute of Technology, took the
oath of office on October 14, 1970.

Several changes occurred affecting the Di-
rector’s Staff Assistants. Mr. Richard A.
Edwards, Special Assistant, resigned to
accept the position of Executive Assistant
to the President, Bowling Green State
University. Dr. Donald E. Cunningham,
Special Assistant for Assessment Activi-
ties, transferred to the new Research Ap-
plications Directorate.

Dr. William V. Consolazio, who had been
serving as Division Director, Division of
Institutional Development, was appointed
Special Assistant, and Mr. Theodore D.
Drury, formerly a Special Assistant to
Senator Symington, was also assigned to
the Director’'s Office as Special Assistant.

MANAGEMENT COUNCIL

The Director established the new Man-
agement Council on September 4, 1970.
The council consists of the Deputy Di-
rector as Chairman, the Deputy Assistant
Directors, the General Counsel, and the
Director of the Office of Government and
Public Programs. The council serves to
improve staff communication and to re-
solve policy or procedural problems which
involve more than one directorate.

ASSISTANT DIRECTOR FOR EDUCATION

In August 1970, the Office of Economic,
Manpower, and Special Studies was trans-
ferred to the Assistant Director for Edu-
cation to become the fourth organization
in the directorate, the Division of Science
Resources Studies.

ASSISTANT DIRECTOR FOR NATIONAL
AND INTERNATIONAL PROGRAMS

A new Office for the International Decade
of Ocean Exploration was established in
this directorate in September 1970.

A new function, the National Oceano-
graphic Laboratory System, was added to
the directorate in October 1970. In
March 1971, this function was developed
into the Office for Oceanographic Facil-
ities and Support.

The Office of Sea Grant Programs was
transferred to the newly established Na-
tional Oceanic and Atmospheric Adminis-

tration of the Department of Commerce
in October 1970.

ASSISTANT DIRECTOR FOR RESEARCH
APPLICATIONS

In March 1971, the new Research Ap-
plications Directorate was established to
implement a new program of problem-
oriented research, Research Applied to
National Needs. Dr. Alfred J. Eggers,
Jr., formerly the Assistant Administrator
for Policy at NASA, was appointed Assist-
ant Director for Research Applications
on March 14, 1971. The directorate ab-
sorbed certain activities of other direc-
torates including the Office of Interdis-
ciplinary Research (Research Directorate)
and the Office of Intergovernmental Science
Programs (National and International
Programs Directorate). The Research Ap-
plications Directorate is organized into
three divisions and two offices: the Divi-
sions of Environmental Systems and
Resources, Social Systems and Human
Resources, and Advanced Technolpgy
Applications; and ‘the Offices of Inter-
governmental Science Programs, and Ex-
ploratory Research and Problem Assess-
ment.

AsSISTANT DIRECTOR FOR
INSTITUTIONAL PROGRAMS

The Institutional Programs Directorate
was reorganized in April 1971, combining
the Division of Institutional Development
into the Division of Institutional Re-
sources.

AsSISTANT DIRECTOR FOR
ADMINISTRATION

The Office of Budget, Programming, and
Analysis was redesignated Budget, Pro-
gramming, and Planning Analysis to re-
flect the addition of certain planning and
policy functions transferred from the
Education Directorate.

STAFF CHANGES

In addition to the appointments men-
tioned above, the following key staff ap-
pointments were announced during the
year.

Joel A. Snow, Deputy Assistant Director
for Science and Technology, Research
Applications Directorate.

Leon A. Schwartz, Deputy Assistant Di-
rector for Program Management, Re-
search Applications Directorate.

Philip L. Johnson, Deputy Director, Divi-
sion of Environmental Systems and Re-
sources, Research Applications Direc-
torate.



Leonard L. Lederman, Deputy Director,
Office of Exploratory Research and
Problem Assessment, Research Applica-
tions Directorate.

Charles E. Falk, Director, Division of
Science Resources Studies.

Senta Raizen, Special Assistant to Assist-
ant Director for Education.

Feenan Jennings, Head, Office for Inter-
national Decade of Ocean Exploration.
Worth D. Nowlin, Jr., Deputy Head, Of-
fice for International Decade of Ocean

Exploration.

Melvin S. Day, Head, Office of Science In-
formation Services.

Harry S. Francis, Jr., Executive Assistant
to the Deputy Assistant Director for
National and International Programs.
Subsequently detailed as Acting Head,
Office of International Programs.

Mary K. Johrde, Head, Office for Oceano-
graphic Facilities and Support.

Harold A. Spuhler, Deputy Head, Office
for Oceanographic Facilities and Sup-
port.

Bodo Bartocha, Executive Assistant to As-
sistant Director for National and Inter-
national Programs.

Albert P. Crary, Director, Division of
Environmental Sciences.

John F. Lance, Executive Assistant to
Director, Division of Environmental
Sciences.

Sidney Passman, Head, Science Policy Re-
search Section, Division of Social Sciences.

John B. Talmadge, Head, Congressional
Liaison Office.

Jack Renirie, Public Information Officer,
Office of Public Affairs.

Robert T. Preston, Personnel Officer.

George Pilarinos, Management Informa-
tion System Project Officer.

Harry J. Piccariello, Head, Evaluation
Staff; Office of Budget, Programming,
and Planning Analysis.

John E. Kirsch, Director of Equal Em-
ployment Opportunity.

RESIGNATIONS

Glenn R. Ingram, Deputy Head, Office
of Computing Activities, left the Foun-
dation to accept a position as Director
of the Computing Center, Washington
State University.

Arthur Roe, Head, Office of Interna-
tional Programs, retired from Federal
service after more than 11 years with
the Foundation.

Howard S. Schilling, Director of Equal
Employment Opportunity, retired after
29 years of Government service.

Roland D. Paine, Public Information
Officer, left the Foundation to accept a
position with the National Oceanic and
Atmospheric Administration, Depart-
ment of Commerce.

Thomas D. Fontaine, Deputy Assistant
Director for Education, retired after
more than 30 years of Government serv-
ice to accept a position at the University
of Florida at Gainesville, Fla.

Burton W. Adkinson, Head, Office of
Science Information Service, retired
from Federal service to accept a posi-
tion as Director of the National Geo-
graphical Society.

Howard E. Page, Special Assistant to the
Director, retired after 29 years of Fed-
eral service.

CHANGES IN THE NATIONAL SCIENCE BOARD

During fiscal year 1971, no changes took
place in the membership of the National
Science Board. However, the following
changes occurred in the institutional af-
filiations and academic positions of cer-
tain members: Dr. Roger W. Heyns (Vice
Chairman, National Science Board), from
Chancellor, University of California at
Berkeley, to Professor of Psychology and
Education, Department of Psychology,
University of Michigan; Dr. Norman
Hackerman, from President, The Univer-
sity of Texas at Austin, to President,
William Marsh Rice University; Dr.
Charles F. Jones, from President to Vice
Chairman of the Board, Humble Oil
& Refining Co., Houston, Tex.; Dr. James
G. March, from Professor of Psychology
and Sociology, School of Social Sciences,
University of California at Irvine, to
David Jacks Professor of Higher Educa-
tion, Political Science, and Sociology,
School of Education, Stanford University;
Dr. Robert S. Morison, from Professor of
Biology and Director, Division of Bio-
logical Sciences, to Professor of Science
and Society, Program on Science, Tech-
nology and Society, Cornell University;
Dr. William A. Fowler, from Professor, to
Institute Professor of Physics, California
Institute of Technology; and Dr. David
M. Gates from Director, Missouri Botani-
cal Garden, to Professor of Botany and
Director, Biological Station, Department
of Botany, University of Michigan. Dr.
Athelstan F. Spilhaus became Fellow,
Woodrow Wilson International Center for
Scholars, Smithsonian Institution.
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Appendzx C

Financial Report For
Fiscal Year 1971

Salaries and
Expenses Appro priation

Fund Availability

FY 1971 Appropriation ... $511,000,000
Unobllgaled balance carried forward from FY
624,815

Reimbursement from non- ‘Federal source . 263, '302
Transfer to Department of Commerce (NOM) 7, 038 810
Transfor to GSAforrent ................ 85,275

Fiscal Year 1971 total availability . .
Net obligations
Scientific research project support:
Atmospheric sciences . ... . ......... 9,155,195
Earth sciences ................... 8, 002 1267
Oceanography ................... 9917592
Biological sciences ................ 43367668
Physies ................oeen 25042042
Chemistry ...................... 17937460
Astronomy ...................... 6 422,573
Mathematics . ................... 12931933
Social sciences . .................. 17,387,376
Engineering .. e 13,528,588
Materials research .. ... .. ......... 10,876,736
Subtotal, scientific research project
support . ........ ...
Specialized research facilities and equipment:
Atmospheric research equipment and
facilities . .. 290,533
Earth sciences research equlpment 121, 1300
Oceanographic research equipment . 66, 856
Biological resurch oqulpment and
facilities .. .. 903,606
Physics research equlpment and
acilities . ... ... ... .. 1,499,731
Chemistry research equipment . 1,699,783
University astronomy research ‘instru-
ments . 249,800
Social sciences “research equlpment and
facilities . .. 272,100
Engineering research equlpmcnt ..... 695,973
Materials research equipment .. ... ... -0-
Subtotal, specialized research facil-
ities and equipment . . . ....
National and special research programs:
International biological programs . ... 7,502,134
Giobal atmospheric research program . 1,899,500
International decade of ocean explora-
tion ... 15,000,000
Ocean sediment cormg prognm 7,126,889
Arctic research program . .......... 2000 378
U.S. Antarctic research program . .. 2321
Oceanographic facilities and support. . ____8_5_6232_9_
Subtotal, national and specml
reselrch programs . ...........
National research centers:
National Astronomy and Ionosphare
Center 6,098,600
Kitt Peak National Observatory . 7.219.600
Cerro Tololo Inter-American Observatory 2,280,000
Nationa! Radio Astronomy Observatory . 6 837,300
National Center for Atmosphem: Re-
search . . ... 14,678,906
Subtotal, national rosoarch centers .
National Sea Grant Program . .... ___6_,1_4_3_,?£
Computing Activities in Edueatlon nnd
Research ... ... ........coiiiioins 15,042,905
Science Information Activities . .. .... . 10,694,898
International Cooperative Scientific Actlvitics 2,179,996
Research Applied to National Needs ...... 33,955,291
Intergovernmental Science Program ...... 800,000

Institutional Support for Science ..... ... 34,392,183

$504,764,032

174,569,430

5,799,682

49,856,551

37,174,506



Science Education Support:
Innovative  Curricula and Alternative
instructional Modes .............

,430,569

Science Teacher & Leadership Tnlnlng 31 452 756

The Institutionsl Implementation . 456 167
Science Students ................. 36 471, 1739

Subtotal .....................
Planning and Policy Studies . ...........
Program Development & Management . ...

Subtotal

Unobligated balance carried forward to
Fiscal year 1972 ....................

Total . ...

Trust Fund

Special foreign currency

Fiscal year 1971 appropriation ..........

Obligations
Total obligations for fiscal year 1971 . ...
Receipts

Unobligated balance brought forward from
fiscal year 1970 ....................
Donations from private sources .........

Total awailability .. .............

Total availability .....................
Less unobligated balance carried forward to
fiscal year 1972 ....................

Total obligations ...............

98,811,231
3,219,556
21,768,818
494,408,290

10,355,742
504,764,032

2,000,000

2,000,000

5,649
175

5,824

5,824
4,801

1,023
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Appendix D

Patents Resulting from
Activities Supported by the
National Science Foundation

The Foundation, since its last an-
nual report, has received notifica-
tion of the issuance of the following
two patents by the U.S. Patent Of-
fice covering inventions arising out
of Foundation-supported activities
on each of which the U.S. Govern-
ment has received a nonexclusive, ir-

revocable, nontransferable, royalty-
free, worldwide license:

Patents No. 3,530,373, entitled “Methods
and Apparatus for Pulsed Nuclear Mag-
netic Resonance of Solids” and No.
3,530,374, entitled ‘‘Pulsed Nuclear Mag-
netic Resonance of Solids,” were issued on
September 22, 1970, on inventions made by
John S. Waugh in the course of research
supported by a grant to the Massachusetts
Institute of Technology. The inventions
relate to a method and the apparatus for
investigating solid substances through the
adaptation of coherent radio frequency
modulators.
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Publications of the National

10

11

12

13

14

15

16
17

18

19

20

21

22

23
24

Science Foundation
Fiscal Year 197 1

NATIONAL SCIENCE FOUNDATION GUIDE
TO PROGRAMS (NSF 70-14) .

UNITED STATES-ITALY COOPERATIVE
SciENCE ProGraM (NSF 70-15) .
RESOURCES FOR SCIENTIFIC ACTIVITIES
AT UNIVERSITIES AND COLLEGES, 1969
(NSF 70-16).

SCIENCE DEVELOPMENT PROGRAMS (NSF
70-17) .

COURSE AND CURRICULUM IMPROVE-
MENT PrOjECTS (NSF 70-18).

UNITED STATES ANTARCTIC RESEARCH
PROGRAM PERSONNEL. MANUAL, 1970
(NSF 70-19).

Mosaic, Vol. I, No. 3 (NSF 70-20).
FACILITIES INFORMATION FOR THE
SCIENCE DEVELOPMENT PROGRAM (NSF
70-21).

RESEARCH AND DEVELOPMENT 1IN STATE
GOVERNMENT AGENCIES, FI1SCAL YEARs
1967 and 1968 (NSF 70-22) .
DIRECTORY OF FEDERAL R&D INsTAL-
LATIONS (NSF 70-23) .

SCIENTIFIC AND TECHNICAL PERSON-
NEL IN THE FEDERAL GOVERNMENT,
1968 (NSF 70-24).

DeEep SeEA DRILLING PROJECT
70-25) .

SCIENCE RESOURCES STUDIES HIGHLIGHTS:
“Federal Support to Universities and
Colleges, Fiscal Year 1969 (NSF
70-26).

FEDERAL SUPPORT TO UNIVERSITIES,
COLLEGES, AND SELECTED NONPROFIT
INSTITUTIONS, FiscAL YEAR 1969 (NSF
70-27).

SCIENCE RESOURCES STUDIES HIGHLIGHTS:
“Federal Funds for R&D Continue to
Remain Level” (NSF 70-28) .
RESEARCH AND DEVELOPMENT IN IN-
DUSTRY, 1968 (NSF 70-29) .

SciENCE FACILITIES BIBLIOGRAPHY (NSF
70-30) .

GRANTS FOR IMPROVING DoOCTORAL Dis-
SERTATION RESEARCH IN THE FIELD
ScieNces (NSF 70-31) .

GRANTS FOR IMPROVING DOCTORAL Dis-
SERTATION RESEARCH IN THE ENVIRON-
MENTAL ScIENCES (NSF 70-32) .
ENGINEERING RESEARCH INITIATION
BrOCHURE, 1971 (NSF 70-33) .
GRANTS FOR IMPROVING DOCTORAL Dis-
SERTATION RESEARCH IN THE SOCIAL
SciENces (NSF 70-34) .

INVENTORY OF COMPUTERS IN U.S.
HicHer EpucatioNn, 1966-67, UTiLizA-
TION AND RELATED DEGREE PROGRAMS
(NSF 70-35).

REGIONAL COOPERATIVE COMPUTING
AcmiviTiEs ProGRaM (NSF 70-36) .
INTERNATIONAL DECADE OF OCEAN Ex-
PLORATION (NSF 70-37).

(NSF

26

27

28

30

31

32

33

35

36

37

38

39

40
41
42
43
44
45
46

47

48

FEDERAL FuNDS FOR RESEARCH, DE-
VELOPMENT, AND OTHER SCIENTIFIC
ActiviTiEs, FiscAL YEArs 1969, 1970,
1971, Vol. XIX (NSF 70-38).

SCIENCE REesOURCES Stupies HIGH-
LicHTS: “Impact of Changes in Fed-
eral Science Funding Patterns on
Academic Institutions” (NSF 70-39).
GRADUATE STUDENT SUPPORT AND MAN-
POWER RESOURCES IN GRADUATE SCIENCE
EpucaTion, Fall 1969 (NSF 70-40).
Mosaic, Vol. 1, No. 4 (NSF 70-41) .
PuBLIC UNDERSTANDING OF SCIENCE
(NSF 70-42).

SCIENCE RESOURCES STUDIES HIGH-
LIGHTS: “Growth Rate of R&D Ac-
tivities in Independent Nonprofit In-
stitutions Slackened During 1966-69"
(NSF 70-43).

SCIENTIFIC, TECHNICAL, AND HEALTH
PERSONNEL IN THE FEDERAL GOVERN-
MENT, 1969 (NSF 70-44) .

SCIENCE RESOURCES STUDIES HIGH-
ucHTs: ‘“‘Local Government R&D Ac-
tivities Double from 1966-69 But Re-
main Small” (NSF 70-45) .

NATIONAL PATTERNS OF R&D RESOURCES
1953-71. FuNDs AND MANPOWER IN THE
UNITED StatEs (NSF 70-46) .

SCIENCE  RESOURCES StupiEs HIGH-
LGHTS: “Industrial R&D Spending,
1969 (NSF 70-47) .

IMPACT OF CHANGES IN FEDERAL SCIENCE
FUNDING PATTERNS ON ACADEMIC IN-
STITUTIONS, 1968-70 (NSF 70-48) .
SCIENCE RESOURCES STUDIES HIGH-
LicHTS: " “Federal Funds for Academic
Science, Fiscal Year 1969” (NSF 70-
49) .

ReviEws oF DATA ON ScCIENCE RE-
SOURCES, No. 19, *“Salaries and Se-
lected Characteristics of U.S. Scien-
tists, 1970" (NSF 70-50) .
ENVIRONMENTAL  SCIENCE—CHALLENGE
FOR THE SEVENTIES (NSB 71-1).
TwWENTIETH ANNUAL REePORT, 1970,
NATIONAL SCIENCE FOUNDATION (NSF
71-1).

GRANTS AND AWARDS, 1970, NATIONAL
SciENCE FounpaTiON (NSF 71-2).
NATIONAL SCIENCE FOUNDATION DATA-
Book (NSF 71-3) .

GrANTS FOoR COMPUTING ACTIVITIES
(NSF 71-4).

UNITED  STATES-JAPAN COOPERATIVE
SciENCE ProGRAM  (NSF 71-5) .
RESEARCH AND DEVELOPMENT IN LOCAL
GOVERNMENTS, Fi1sCAL. YEARs 1968 &
1969 (INSF 71-6) .

FEDERAL FUNDS FOR ACADEMIC SCIENCE,
FiscaL YEAR 1969 (NSF 71-7) .
Mosaic, Vol. II, No. 1 (NSF 71-8).
SCIENTIFIC ACTIVITIES OF INDEPENDENT
NonPrOFIT INsTITUTIONS, 1970 (NSF
71-9) .

GUIDELINES FOR SUBMISSION OF SPECIAL
FOoREIGN CURRENCY AWARDS FOR RE-
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49

50

51

52

53

NSF 1971 ANNUAL REPORT

SEARCH, SCIENCE EDUCATION, ANp RE-
LATED ActrviTiES (NSF 71-10).
Science  RESOURCEs STUDIES HiGH-
LiGHTs: “Immigrant Scientists, En-
gineers, and Physicians Increase in
Fiscal Year 1970” (NSF 71-11).
Science  REsouRces Stubpies HiGH-
LicHTs: ‘‘Secondary School Science
Teachers (Experience and Employ-
ment)” (NSF 71-12).

Science EpucaTiON: THE "TASK AHEAD
FOR THE NATIONAL SCIENCE FOUNDA-
TION (NSF 71-13).

SciENcE  REsources STuDIEs HiGH-
LicHTs: “Recent Trends in Enroll-
ment and Manpower Resources in
Graduate Science Education” (NSF
71-14).

ScieNcE RESOURCES STUDIES HiGH-
LicHTs: “Federal Support to Univer-
sities and Colleges, Fiscal Year 1970”
(NSF 71-16).

54

55

56

57

58

59

PUBLICATIONS OF THE NATIONAL SCIENCE
FounpaTiON (NSF 71-17) .

RESEARCH AND DEVELOPMENT IN IN-
DUSTRY, 1969 (NSF 71-18) .

SCIENCE RESOURCES STUDIES HIGH-
LiGHTs: “Federal R&D Expenditures
Related to Budget Functions” (NSF
71-19) .

SCIENCE AND ENGINEERING DOCTORATE
SuppLy AND UTILIZATION, 1969-80 (NSF
71-20) .

INITIAL REPORTS OF THE DEEP SEA
DriLLING PRrROJECT, Vol. IV (NSFSP-
4.

Ir)uTlAL REPORTS OF THE DEEP SEA
DriLLING PRroOJECT, Vol. V (NSFSP-
5).

INITIAL REPORTS OF THE DEEP SEA
DriLLING PrOJECT, Vol. VI (NSFSP-
6) .



Appendix F

National Research Centers
Contractors

Associated Universities, Inc. (AUI)
Gerald F. Tape, President

National Radio Astronomy Observatory
David S. Heeschen, Director

AUI Member Universities:

Columbia University

Cornell University

Harvard University

The Johns Hopkins University
Massachusetts Institute of Technology
University of Pennsylvania

Princeton University

University of Rochester

Yale University

Association of Universities for Research
in Astronomy, Inc. (AURA)
Rupert Wildt, President
Cerro Tololo Inter-American Observatory
Victor M. Blanco, Director
Kitt Peak National Observatory
Leo Goldberg, Director

AURA Member Universities:

University of California

University of Chicago/University of Texas
Harvard University

Indiana University

University of Michigan

The Ohio State University

Princeton University

University of Wisconsin

Yale University

Cornell University
W. Donald Cooke, Vice President for
Research
National Astronomy and Ionosphere Center
Frank D. Drake, Director, Ithaca, N.Y.
Tor Hagfors, Director, Observatory
Operations, Arecibo, Puerto Rico

University Corporation for Atmospheric
Research (UCAR)
Walter Orr Roberts, President
National Center for Atmospheric Research
John W. Firor, Director

UCAR Member Universities:

University of Alaska

University of Arizona

University of California

The Catholic University of America

University of Chicago

Colorado State University

University of Colorado

Cornell University

University of Denver

Florida State University

Harvard University

University of Hawaii

University of Illinois at Urbana-
Champaign

The Johns Hopkins University

University of Maryland

Massachusetts Institute of Technology

University of Miami

University of Michigan

University of Minnesota

University of Missouri

New York University

State University of New York at Albany

University of Oklahoma

Pennsylvania State University

Saint Louis University

Texas A&M University

University of Texas

University of Toronto

University of Utah

University of Washington

University of Wisconsin
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