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DIRECTOR'S STATEMENT  vii

The Frontier is Still Endless

t is with pride that I tender the annual report
to the President of the activities of the
National Science Foundation for the year 1976.

I propose to discuss some of the specific research
efforts supported by the Foundation as well as the
recent progress of American scientific research
in general, emphasizing the kind of basic inquiry
which it is the primary duty of the Foundation to
foster. In addition, I shall comment on some of the
larger issues of science policy and suggest ap-
proaches that may assure the continued health and
strength of American scientific research in the
future.

This report sets forth a broad record of the
Foundation’s support of research in areas ranging
from the most fundamental investigation of quan-
tum properties of matter to applied research dealing
with natural disasters, environmental quality, and
weather and climate. It also discusses the Founda-
tion’s important role in science education, science
manpower analysis, and science policy studies.

Advances during 1976 again demonstrate that
we have barely scratched the surface of scientific
discovery. The recent successful construction of
an entirely manmade gene and related results in
biochemistry are leading us to new insights into
such prosaic but vital life processes as the photo-
synthetic fixation of carbon dioxide and water by
plants into carbohydrates and proteins for human
nutrition and the natural fixation of nitrogen com-
pounds for plant use by one-celled organisms.

We have recorded advances in abstract areas
like mathematics that permit the use of comput-

ing machines in more powerful and subtle ways,
as well as advances in the electrical sciences
which may lead to the development of practical
devices for communications in the infrared and
optical frequencies. There is evidence to suggest
that areas of materials research may be leading to
a new range of low-cost materials with remarkable
properties—for example, a treatment of graphite
giving it an electrical conductivity 50 percent
greater than copper. We are realizing similar ad-
vances in understanding how catalysts stimulate
chemical reactions of importance to major indus-
trial processes, and the exact way that fatigue
impairs the strength of metals subject to cyclic
loads.

In the behavioral and neural sciences, an
anthropologist supported by the Foundation and
the National Geographic Society has traced man’s
origins to 314 million years in the past; other
scientists have gained important insights into
the role of early experience in the development
of “wiring” the adult brain, in the very early
development of linguistic concepts in primates
and young children, and in the growth and self-
repair processes of the brain. These latter devel-
opments have important implications for dealing
with deprivation and learning disabilities in
children and ultimately, perhaps, in coping with
brain damage itself.

A similar problem is also the basis for impor-
tant work in the research applications area.
There, a computerized neurological measuring
technique shows promise for a simple screening
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test to assist in the early identification and
remediation of children who are likely to develop
learning problems. The computer also figures
prominently in another important result in re-
search applications—methods to improve the earth-
quake-resistance of structures; computer programs
developed in the course of research on soil
responses to earthquakes are now in wide use by
engineering firms involved in structural design

and are being incorporated into building codes.

Several new activities intended to help the
Nation’s educational institutions keep pace with
these rapid advances in science began in 1976,
including one aimed primarily at improving instruc-
tional programs at 2- and 4-year colleges. NSF also
began a program to make it easier and more pro-
ductive for private citizens to take part in public
policy decisions having strong science and tech-
nology components.

Internationally, scientific inquiry is moving
ahead today with a renewed vigor and fruitfulness,
and American investigators are playing a para-
mount role in this work. This situation is par-
ticularly heartening because it follows a period
of severe funding difficulties and even a sense
of pessimism within the scientific community
itself about the opportunity which science might
have to contribute to America’s future. Not
all of the constraints and problems in the conduct
of U.S. science are solved by any means, but I be-
lieve solutions for such difficulties as we face lie
well within the reach of science policy.

The Role of New Knowledge in Economic Growth

Some regard modern science as the intellectual
edifice of the Age of Reason, an abstract equiva-
lent of the majestic cathedrals which express the
creative impulse of the medieval period. And in-
deed, individual scientists often derive much the
same sort of aesthetic pleasure and excitement in
contributing details to this structure of knowledge

as did the carpenters and stonemasons of the
earlier period.

However, the systematic gathering of new
scientific knowledge is not solely an end in itself,
even if the individual scientist has no conception
of the ultimate practical significance of his work.
Acquisition of new knowledge is a form of economic
investment, with an importance equal to land,
labor, and capital, the more traditional components
of production and investment.

This investment aspect of scientific inquiry
is recognized by the economist, Edward F. Denison,
in his major study, “Accounting for United States
Economic Growth 1929-1969.” Denison found
that “advances in knowledge” have been of major
importance in national economic growth, partic-
ularly in the comparatively recent period of U.S.
history.

He found that advances in knowledge were re-
sponsible for about 31 percent of the potential
growth rate in national income over the entire
40-year period covered by his study, and that this
contribution edged upward to about 34 percent
during the latter half of the period when there was
a marked expansion in the numbers of new scien-
tists and a distinct acceleration in the pace of basic
research activity. It is noteworthy that this postwar
period has been characterized by a new awareness
of the importance of scientific knowledge to the
Nation’s security and well-being, with the Govern-
ment, for the first time, assuming a major role in
the financial support of basic research in the uni-
versities and other institutions. It was this aware-
ness that led to the formation of the National
Science Foundation in 1950 and to its major role
today in promoting and supporting basic scientific
inquiry.

The Interaction of Basic and Goal-Related Research

Most of us can readily appreciate how specific
technological advances like the automobile, the



airplane, electronic communications, and even the
hand-held calculator have increased our economic
productivity and generally our national well-being.
What is not generally appreciated is that these and
virtually all other major technological advances of
the modern era are a culmination of a remarkable
diversity of prior advances in knowledge in areas
often entirely unrelated to one another.

The Foundation has sponsored a number of
“trace” studies to examine in some depth the
lineal development of important technological
developments. In one study performed by the IIT
Research Institute, the critical events leading to
the electron microstope, the video tape recorder,
the oral contraceptive, and other technological
achievements were identified and examined in
detail. What the investigators found was that, on
the average, about 70 percent of all the critical
events necessary to realize a major technological
development flow from scientific inquiry of the most
basic and nondirected kind. This generalized pre-
cursor activity tends to peak 20 to 30 years before
the appearance of the technological innovation
itself, long before the individual investigators or,
in many cases, their sponsors, can have any idea of
-the practical consequences their work may lead to.

Only quite late in the gestation of a major
technological innovation, following some act of
“invention,” does the scientific work begin to
take on an applied character, in which the in-
quiries are aimed at achieving a synthesis of the
prior knowledge in the form of a specific new ca-
pability or product. This applied research and
development contributes about 30 percent of the
critical knowledge necessary for a major innova-
tion, and the greatest amount of it tends to be
done in the decade immediately preceding the
innovation.

A similar interaction between basic and applied
research has been found in the biomedical sciences,
despite the fact that biology is understandably
more focused on specific human needs than are
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most of our other scientific endeavors. In an im-
portant study of ten major advances in cardio-
vascular and pulmonary medicine and surgery over
the past 30 years, Julius H. Comroe, Jr., and the
late Robert D. Dripps (Science, Vol. 192, p- 105)
found that an average of 41 percent of all the
critical events necessary for major advances like
open heart surgery or effective drug treatment of
hypertension flowed from prior work of a non-
clinical nature—that is, research that wasn't per-
formed with the expectation that it had any direct
or indirect bearing on a clinical disorder of humans.
This interaction of basic and applied research
gives us insight into the nature of technological
innovation. It strikes me that we are dealing with
a sort of intellectual riverine system. As the flow
of ideas nears its terminus, it is a forceful and pur-
poseful thing. But we cannot overlook the fact that
this great river must rise in thousands and tens of
thousands of creeks and brooks at the higher eleva-
tions and remotest limits of its drainage basin. It is
the myriad contributions of the latter that give the
river its ultimate force and, quite simply, this is
why we must nurture these earliest sources if
we are to safeguard the creative force of the
entire process.

The Pace of Scientific Advance

In recent years a number of concerns have
been expressed about whether the process of scien-
tific discovery and innovation, with its potential for
economic growth, can continue at the present rate.
These issues intimately concern scientific advance
itself, the process of discovery and innovation
which has made post-Renaissance Western culture a
unique phenomenon in human history.

In a series of lectures delivered at Yale Uni-
versity in 1959, and subsequently published in
collected form (Science Since Babylon, Yale University
Press, 1961), the science historian, Professor Derek
J. de Solla Price, raised important questions about
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the future of science. He observed that 80 to 90
percent of all the scientists who ever lived were
alive at the time of his lectures, largely because of
the exponential growth rate in the numbers of
American scientists. He warned, correctly, that this
exponential growth rate could not continue indef-
initely, and he forecast that the growth of the force
of trained scientists in the United States would be-
come “saturated” within about 30 years. In fact,

we now see a leveling-off in the numbers of trained
scientists which our higher education system is now
producing.

Professor de Solla Price went on to forecast a
number of distinct ailments which would befall
American science as the growth rate flattened.
These include a relentless increase in narrow
specializations in scientific disciplines, a decline in
interdisciplinary cross-fertilization, “too many dis-
coveries chasing too few workers,” and a general
decline in the quality of American science. History
has yet to confirm or reject Professor de Solla
Price’s predictions, but so far the pace of important
discovery continues to increase.

Since 1960 we have experienced the revolution
in earth sciences called “plate tectonics.” In a single,
blinding stroke, this new theory of great, restless
plates forming the outer skin of the Earth unified
old and disparate disciplines like geology, ocean-
ography, seismology, volcanology, and others. A
similar revolution is under way today in the bio-
logical sciences, largely because of the increasing
depth of our understanding of the role of nucleic
acids in forming the genetic blueprints of all living
organisms and our powerful new abilities to ex-
plore and manipulate complex cellular processes
at unprecedented levels of sophistication.

New Tools to Amplify Scientific Investigative
Power

While the opening of major new frontiers has
contributed to sustaining the creative forces of

modern science, at least as large a contribution

has come from an array of powerful and sensitive
new instruments and experimental techniques that
amplify the investigative power of our scientists.
These new instruments and techniques, many with
origins in physics, have been especially helpful

in chemistry and biology where they increase both
the scope and speed of scientific measurement and
analysis. The new instruments and techniques
dramatize the fact that our progress in scientific
disciplines need not be limited to the sheer num-
bers of trained scientific brains that we can mobil-
ize to gather data and solve problems. This is most
encouraging in a period when we see that the
earlier rapid growth in our scientific manpower is
leveling off. Let me mention some of these develop-
ments in somewhat greater detail:

Laser Photochemistry and Spectroscopy—The laser
is unique in its ability to generate sharp, powerful
pulses of highly coherent radiation at optical and
near-optical wavelengths. Unlike the traditional
Bunsen burner, whose heat excites molecular bonds
indiscriminately, usually breaking the weakest ones
first, certain types of lasers operating in the
infrared can be tuned to specific chemical bonds
within the molecule. This may make it feasible to
deliver several quanta of energy to this bond, pos-
sibly causing it to disrupt, while weaker bonds are
left intact. This raises the possibility that high-
powered lasers will find major new roles for such
tasks as the separation of heavy isotopes of ele-
ments like uranium as well as the selective syn-
thesis of new molecular species and compounds
beyond the reach of the reaction paths presently
available to chemistry.

Computer Augmentation of Existing Instruments—
The rapid spread of the minicomputer and micro-
computer into the laboratory now enables scien-
tists to achieve new levels of speed and sensitivity
with their more conventional instruments, like
nuclear magnetic resonance spectrometers. Com-
puters, together with powerful mathematical pro-



grams, enable chemists to generate fast, accurate
spectral measurements from exceedingly small sam-
ples of material. Mathematical techniques now make
it possible to construct three-dimensional images

to very high resolution in electron microscopy, and
there has been a rapid development of instruments
with small, built-in computers that allow essen-
tially automatic operation.

Restriction Enzymes—In the biological revolution
now under way, one of the most important ad-
vances has been the identification of an array of
specialized proteins in bacteria—the restriction
enzymes—which cleave strands of nucleic acids at
highly specific points. The nucleic acid, DNA, en-
codes the genetic information that specifies the
architecture and function of living organisms from
viruses to man. The task of identifying the se-
quence of subunits in a DNA molecule of a single
gene is greatly facilitated by the use of enzymes.
Today a chain of 20 DNA subunits can be se-
quenced in a single afternoon. Only a few years
ago, it took as long as 2 years to perform this task.

Molecular Cloning—Molecular biologists have
recently found ways to transfer genetic material
from one organism into an unrelated organism,
where it may replicate and hopefully function in
a normal manner. Experiments involving the use of
such recombinant DNA material must be conducted
in accord with guidelines set by the National
Institutes of Health to minimize risks of untoward
results. This technique offers new possibilities
for exploring and manipulating the biochemistry
of one-celled organisms at unprecedented levels
of sophistication.

For example, if certain plasmids are used to
transfer foreign DNA into the bacterium, E. coli,
as many as 1,000 copies of the transferred DNA
can be produced at each division of the bacterium.
This process of “gene amplification” could lead
to the inexpensive production of transferred genes
with useful characteristics, such as the gene that
specifies the production of the enzyme nitrogenase.
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This enzyme permits certain bacteria associated
with some plants to incorporate free atmospheric
nitrogen into organic molecules. This offers the
possibility of transferring to cereal-producing plants
the genes specifying the nitrogen-fixation
capability, alleviating the plants of their dependence
on costly chemical fertilizers to assure maximum
growth and protein yield.

Many barriers must be surmounted before we
can hope to tailor the genetic characteristics of
plants and other organisms in directions which
will improve man’s welfare. Nevertheless, we can
be optimistic that recombinant DNA and molecular
cloning will lead in the relatively near future to
new capabilities in ' biology. One of the often cited
new possibilities is the insertion into E. coli of the
gene from higher organisms controlling the syn-
thesis of insulin and other important hormones.
Currently, these hormones must be obtained
through much more expensive methods and often
in limited amounts. Utilization of the DNA recom-
binant methodology is likely to lead to increased
availability of such hormones.

Some Constraints on U.S. Science

While the current health and strength of the
American scientific enterprise is reassuring, I do
not believe we should overlook certain areas of
potential difficulty:

® First, we should be aware that one of the
prime factors in the overall success of American
science is its remarkable diversity. Not only are
there many investigators in universities, nonprofit
institutions, government, and industry attacking
fundamental scientific problems from many differ-
ent directions, but support for this activity has tra-
ditionally come from many sources.

In the post-World War II period, the Federal
Government has become the dominant source of
support for basic research. Yet in recent years
there has been a tendency to narrow the scope of
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basic research which can be conducted in or sup-
ported by certain elements of the Government,
notably the Defense Department. We must ask our-
selves, whether, in a period in which U.S. security
depends overwhelmingly upon technological super-
jority, it is wise to inhibit the involvement of our
defense establishment to the full flow of new ideas
necessary to maintain this superiority. I am mind-
ful that the Foundation has a major responsibility
within the Government to support basic research,
but I do not interpret this as an exclusive respons-
ibility. U.S. science is strong because of its plural-
istic character, and we must bear this in mind
when we consider the need for multiple wellsprings
of its support.

e Second, we must develop more realistic
expectations about what can be achieved by large-
scale research campaigns aimed at specific goals.
Doubtless the success of the Manhattan Project of
World War II and the Apollo lunar program have
convinced many of our fellow citizens that highly
organized operations of this type are the proper
way to achieve spectacular results. Yet I fear that
many of us lose sight of the fact that these suc-
cessful projects enjoyed the good fortune of resting
on a comprehensive knowledge base constructed by
prior scientific research largely basic in character.
Unfortunately, not all large-scale research cam-
paigns have the same advantage, and we find that
where the knowledge base is incomplete or defec-
tive in some respect, no amount of Federal commit-
ment can achieve solutions without first obtaining
the needed scientific understanding. We are ex-
periencing current disappointment in the war on
cancer, and this experience should give us pause
before we embark on other large-scale programs of
directed research, no matter how socially beneficial
the objectives.

Having said this, I hasten to add that applied
research is and must remain a vital component
of our Federal science programs, particularly in
the mission agencies like the Defense Department

and NASA. Without it, we could hardly have
superior weaponry or a Viking mission to Mars—
and the latter, of course, has given us a magnif-
icent opportunity to conduct basic research on

our nearest planetary neighbor in space. One of
the important activities of the Foundation is

the RANN program—Research Applied to National
Needs—and one of its prime objectives is to focus
U.S. science resources on selected national
problems. Through this program the Foundation
started a promising solar energy research program
in the early 1970’s, well in advance of the oil
crisis. The program demonstrated the feasibility

of heating major public buildings with solar energy
systems. This program was transferred to ERDA
in fiscal year 1976 and now forms the core of that
research effort. Both basic and applied research

are necessary in a balanced effort and, indeed,
each one nourishes and stimulates the other.

e Third, there is reason for increasing con-
cern about the diminishing prospects of younger
scientists for entry into the faculties of univer-
sities, which presently perform more than half of all
U.S. basic research. The problem is complicated
by demographic factors which will turn sharply
negative for college and university enrollments in
the 1980’s and by the recent strong increase in the
proportion of tenured scientists and engineers on
university faculties. These circumstances threaten
a virtual “lockout” in many disciplines and could,
over the longer term, vitiate American scientific
performance.

¢ Fourth, I believe we must continue our
efforts to assure students the strongest possible
education in the sciences. From a pedagogical
standpoint, the courses that have been designed
in recent years for instruction in mathematics
and the sciences in the secondary schools are
exciting and challenging. If they have a fault,
it may be that they have been geared too narrowly
to the needs of students with the specialist’s
interest in these subjects. While such students



have received a marvelous education, other second-
ary students whose primary interests lie elsewhere
may not have been so well served. Because one of
our clear goals is a scientifically enlightened
citizenry, competent to deal with important

policy issues in science and technology, I believe
we must give serious consideration to broadening
and extending our science education programs at
the secondary level, as we have already done at

the elementary level.

e Fifth, the time has come for a far-ranging
and detailed study to assist in determining where
the Nation should set its priorities for basic
research in the remaining 20 years of this century.
The Foundation is presently looking into ways to
proceed with this study, and I am hopeful that its
completion will give us a clearer view of our
scientific horizons and a firm basis for making
critical policy choices in the future.

Vannevar Bush, the principal architect of our
scientific effort in World War II, wrote in 1945:
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“Basic research leads to new knowledge.

It provides scientific capital. It creates

the funds from which the practical applica-
tion of knowledge must be drawn. New prod-
ucts and new processes do not appear full-
grown. They are founded on new principles
and new conceptions, which in turn are
painstakingly developed by research in

the purest realms of science.”

Those words are contained in Bush’s Report,
Science—The Endless Frontier, which was written
at the request of President Franklin D. Roosevelt,
in a time of high optimism about the role of
science in America’s postwar future. The record
shows that Bush’s confidence in science was well-
placed. Moreover, I am confident that the fron-
tiers of science are as endless today as 30 years
ago and that science will continue to exert a
dynamic and positive force in our society for the
next 30 years and long beyond.

Richard C. Atkinson
Acting Director
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Mathematical and Physical Sciences,
and Engineering

T he Mathematical and Physical
Sciences, and Engineering are
mature disciplines in the sense
that they have developed a large body
of firmly established experimental
results knit together with general,
quantitative theories. The whole
structure has attained a remarkable
predictive and manipulative capability
which is exhibited in technological
artifacts ranging from electric power
stations and suspension bridges to
transistorized radios; and from syn-
thetic fibers to satellites. Yet there
remain a great many areas in which
understanding is still incomplete,
partly because our new knowledge
leads us to ask increasingly intelligent
questions about the processes of the
physical universe. Answers to these
questions in turn (as well as the
practical applications that may even-
tually follow) often require—and may
have to wait for—new tools and new
mathematical techniques.

For example, the nature of chemical
species at surfaces is an important,
fundamental, and unanswered ques-
tion in understanding surface
catalysis and enzyme mechanisms.
The energy transfer between or
within molecules is just beginning to
be wunderstood. In mathematics,
techniques are now being utilized to
study the propagation of nonlinear
waves, including gravity waves and
long surface waves in the oceans and
the atmosphere. In physics we still
search for the ultimate fundamental
particles and for an understanding of

gravity and the role it plays in
determining the evolution, structure,
and fate of the universe. In engineer-
ing, by what processes are solid
sediments transported in water or
particulates diffused from smoke-
stacks? What are the limits for com-
munications use of the vast channel
capacity inherent in the visible spec-
trum as an extension of the radio

systematic knowledge and under-
standing of natural phenomena.
While most of the new knowledge is
expected to prove useful in the long
run, and some fraction of it may
prove useful immediately, for the
most part it is supported with no pre-
commitment to a particular applica-
tion. One great virtue of basic
research is that it provides scope for

spectrum? Materials scientists—con-—the examination-of “phenomena from

tinue to search for the underlying
causes of cracks that propagate and
cause failure in metallic, ceramic, and
polymeric materials in structural
applications. And computer scientists
search for new design principles that
will lead to yet another generation of
computing capability.

NSF’s 45 programs in Mathematical
and Physical Sciences, and Engineer-
ing operate primarily through sup-
port of individual research projects.
The objective of this support is to
provide an orderly development of

all possible points of view and for the
recognition of the multiple and
diverse applications. Many times
science turns a difficulty at one point
into an advantage at another, so that
seemingly insuperable difficulties are
outflanked by progress made'in what
at first sight appeared to be wholly
unrelated areas.

Proposals submitted to these pro-
grams are generated by the intellec-
tual initiative of scientists and
engineers. In this sense the proposals
are characterized as unsolicited. In

Table 1
Mathematical and Physical Sciences, and Engineering
Fiscal Years 1974, 1975, 1976
and Transition Quarter (July 1-Sept. 30, 1976)

{Dollars in Millions)

Fiscal Year 1974

Fiscal Year 1975

Fiscal Year 1976 Transition Quarter

Number  Amount  Number  Amount  Number  Amount  Number  Amount

Chemistry .....ooovinninnnn. 722 $ 2664 828 § 3273 832  $ 3465 220 $925
Engineering ................. 716 28.09 710 34.26 691 3585 188 921
Physics ............ooilll, 4 36.73 328 4220 354 45.17 82 10.56
Materials Research ........... 472 3556 524 4353 609 46.12 147 828
Mathematical Sciences ........ 739 1450 842 16.46 838 17.26 104 470
Computer Research ........... 164 9.76 193 11.78 216 13.22 51 298
1 [ ——— 3127 s151.28 3425  $180.96 3540  $192.27 792 §44.98
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addition to the research projects,
conferences and workshops are sup-
ported to define and focus attention
on various research opportunities.
Most proposals are submitted by
academic institutions in the United
States on behalf of research workers
who wish to answer a specific scien-
tific question or questions. Despite
the great number and diversity of
proposals, they are individually
evaluated by people capable of un-
derstanding the intent of the research
and the significance of the expected
results. The review process brings to
bear critical minds to judge the merit
of the project that has been proposed.
In this process some 15,000 scientists
from all parts of the country and

abroad were called upon in fiscal year
1976 to evaluate proposals for the
Mathematical and Physical Sciences,
and Engineering programs. A great
many of the reviewers were from
universities, but many were also
called upon from Government and
industrial laboratories and from non-
profit research organizations as well.
The successful proposals provided
support for the research efforts of
more than 6,700 scientists and
engineers. In addition, more than
4,200 graduate students have an
opportunity for experience under the
direction of some of the Nation's best
researchers, a beneficial byproduct of
the quest for new knowledge.

Physics

Physics is that branch of science
which studies the fundamental laws
governing matter and energy over a
complete range of scale, from the
most elementary constituents of
matter (quarks and leptons) to the
largest aggregation (the universe).
The aim is a unified interpretation of
all phenomena into a single, self-
consistent explanation based on
detailed knowledge of the basic forces
acting on particles. Physics has con-
tinuously contributed new fun-
damental understanding of matter at
all levels of aggregation to the other
fields of science, and has provided the
underpinnings to many of our cur-
rent advances in science and tech-
nology.

NSF physics programs contribute
to increased understanding of these
phenomena by supporting high quali-
ty research projects in certain sub-
fields of physics. Four programs sup-
port experimental work—elementary
particle physics; intermediate energy
physics; nuclear physics; and atomic,
molecular, and plasma physics. The

theoretical physics program supports
investigations on the theoretical
framework within which the ex-
perimental results are interpreted. A
sixth category, gravitational physics,
supports theoretical and experimén-
tal studies on gravity, the weakest of
all known forces in the universe.

It has been known for decades that
all matter is made up of basic
constituents such as the proton,
neutron, and electron, which we refer
to as the “elementary particles.” New
discoveries are adding considerable
weight to the theory that the
“elementary” particles are not the
ultimate building blocks, but are in
turn made up of more basic pointlike
constituents called “quarks.” Pur-
suing this idea, NSF-supported
theorists at Harvard and at Cornell
have compared recently discovered
particles to states of an atom with
different configurations of its con-
stituent electrons. They have
predicted that, like an atom, the new
particles should turn into still further
new particles (that is, new con-

figurations of the constituents) with
the emission of energy in the form of
electromagnetic radiation. During the
summer of 1975, laboratories in the
United States and in Germany
reported results which indicate that
at least three of the predicted sec-
ondary particles do indeed exist.

In addition, the Foundation’s pro-
gram has contributed significantly to
knowledge of these new particles
through an active program of
research conducted by a number of
experimental groups. At Cornell, groups
have measured the rate of production
of the new particles in photon-
induced processes near the threshold
energy. At the Fermi National
Accelerator Laboratory, a Columbia
University group has conducted
similar studies at higher photon
energies. NSF-funded groups from
Columbia, Chicago, Northeastern,
Washington, and Michigan State,
along with Energy Research and
Development Administration-
supported groups, have measured the
production rate of the new particles
using strongly interacting probes
such as pi mesons and protons, and
have noted that pi mesons appear to
be substantially more effective than
protons in producing these new
states. The results of these ex-
periments are essential inputs to the
theoretical effort.

The quark structure of neutrons
and protons (each is assumed to be
composed of three quarks) has also
been shown to be important in
understanding nuclei and nuclear
processes. An NSF-supported
American University-Stanford-Bonn
collaboration has found that scatter-
ing of high-energy electrons from
deuterium is much more simply
understood in terms of a six-quark
structure of the deuteron than in
terms of the usual neutron-proton
structure, with the binding force
produced by meson exchange. In
work carried out in England, it has
been shown that a careful study of
nuclear beta-decay permits a deter-



mination of the electrical charges
carried by these quarks and thus
distinguishes among different
theories of the neutron and proton
substructure.

In the area of weak interactions,
precise experiments are testing our
understanding of nuclear beta-decay
at high levels of precision. A group at
Princeton has used a cyclotron to
prepare excited "Ne (neon) nuclei
which are then fed into an atomic
beam apparatus which orients their
spins. The nuclei then beta-decay and
the asymmetry of the decay products
with respect to the spin direction is
measured as a function of beta
energy. The results indicate that the
present theory of nuclear beta decay,
which has long been accepted, may
require modification.

The great extension of astro-
nomical observation brought about
by the application of technology in
the early 1960’s led to a revival of
interest in general relativity, because
it seemed that the new objects being
discovered (such as quasars, pulsars,
and compact X-ray sources) were
radiating more energy than could be
supplied by nuclear processes. The
only possible source of this energy
appears to be gravity, which implies
that the objects must by very concen-
trated and must have very intense
gravitational fields, fields so strong
that they would significantly affect
the propagation of light. Since 1970,
theoretical research has shown that a
gravitationally collapsing body would
produce a black hole. It has been
suggested that the hidden properties
of a black hole could be completely
summarized by its entropy. A major
difficulty with this suggestion was
that it led to inconsistencies, unless
black holes emitted thermal radiation
at temperatures above zero. This is
impossible according to classical gen-
eral relativity, since the classical
theory predicts that black holes
should not be visible to an external
observer.

S.W. Hawking of the California
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Institute of Technology discovered,
however, that quantum effects would
cause black holes to emit thermal
radiation with a temperature above
zero, and that the final stage in the
life of a black hole would produce a
tremendous explosion, with an ac-
companying burst of high energy
gamma rays. Hawking, L.E. Parker
(University of Wisconsin), and R.M.
Wald (University of Chicago) have
shown that the radiation coming off
is like that emitted by any hot object
in all senses, including the fact that
different modes and different
numbers of particles in the same
mode are completely uncorrelated.

This year has seen much progress
in small steps across the broad
frontiers of physics. Of special note
are the completion of a new cyclotron
facility, the discovery of a particle
confirming the existence of “charm,”
the possible discovery of new
“superheavy elements” in nature, and
the development of a new technique
for mapping the energy levels in
atoms and molecules.

Discovery of a
Charmed Baryon

A team of physicists from Colum-
bia, Fermilab, Illinois, and Hawaii has
announced the discovery of a charmed
baryon—a subatomic particle in the
same family as protons and neutrons.
The finding adds support to the view
that hadronic matter—those sub-
nuclear particles, such as the baryons,
which interact via the “strong”
nuclear force—is composed of basic
constituents known as quarks. Until
recently, the effects of only three
types of quarks have manifested
themselves; a fourth type of quark
referred to as the “charmed quark” is
required to explain the latest ex-
periments. The “charm” that
characterizes the new baryon is
regarded as evidence that the fourth
and “charmed” type of quark is
indeed present. Though a baryon is

still composed of three quarks, and a
meson of two, we now know there
are four possible types of which the
combinations can be made.

The idea that hadronic matter is
made of quarks was proposed in the
early 1960’s. To explain the particles
that were appearing in the ex-
periments of that time, three quarks
were needed. The three-quark picture
was used with remarkable success to
classify the hundreds of hadronic
particles that appeared in ex-
periments of the 1960’s.

The need for a fourth quark was
later suggested to explain a
phenomenon observed in those sub-
nuclear interactions responsible for
the beta decay of nuclei. No candidate
for such a particle was observed until
November 1974, so the theory was
not taken seriously wuntil then.
Because of its striking properties, the
fourth quark is said to be “charmed”;
its existence implies a whole new
family of hadronic particles.

“Charm” is an attribute or
behavioral characteristic which, like
electric charge, is additive. Nature
produces a charmed system by
providing pairs of charmed quarks,
one positive the other negative.
Charm appears in integral units (0, 1,
2, etc) both positive and negative.
Once charm exists it is almost
indestructible. Conversely it is almost
impossible to change a system with
no charm into a system with charm.

Although difficult to destroy,
charm is not completely indestructi-
ble. Over very long times it is
possible for charm to disappear owing
to the effect of weak interactions,
weak because they take so long to act.
As a result, charmed particles are
long lived; longevity is their distinc-
tive characteristic over other
hadrons.

The discovery of the charmed
baryon by physicists from Columbia
University, Fermilab, the University
of Illinois, and the University of
Hawaii is believed to confirm the
presence of “charm” in nature. The
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baryon mass of 2.26 billion electron
volts, its long lifetime before dis-
integration, and its final products of
decay exactly fit expectations based
on the four-quark picture.

The group leader of the research
team that found the new particle was
Wonyong Lee of Columbia Univer-
sity. The effort at Columbia Univer-
sity was supported through a grant
from the National Science Founda-
tion, and the experiment was per-
formed at the Fermi National
Accelerator Laboratory.

In the experiment, a beam of high
energy gamma rays was directed at a
beryllium target, producing many
particles. Some of those emerging
from the target were baryons that
exhibited the characteristic longevity
of a charmed particle. The baryon’s
disintegration products were an anti-
lambda baryon and two pi mesons,
none of which carried the charm
attribute. The charm characteristic
disappeared during the disintegration.
Through the weak interaction it was
converted into another attribute
known to physicists as “strangeness.”
The strangeness is identified through
the presence of the anti-lambda
baryon. A short time later, billionths
of a second, even the strangeness
disappeared, when the anti-lambda
baryon decayed into an anti-proton
baryon and a pi meson. In total there
were five observed particles which
gave the event its unique signature.
The charmed events are rare; 50 such
events were found among 15 million
high energy gamma ray interactionsin
the target.

The  Columbia-Fermilab-Illinois-
Hawaii team, long interested in
charm, intensified its search for the
characteristic following the discov-
eries in November 1974 of the ] or Psi
particle—found simultaneously by
others at Brookhaven National
Laboratory and Stanford Linear
Accelerator Center. (Those exciting
discoveries resulted in Nobel prizes in
1976 for leaders of the two groups.)
This particle, similarly detected

through its decay products, remained
intact too long before disintegrating
to be described by the three-quark
picture. The J/Psi was, therefore, pre-
sumed to be made of a quark carrying
a upit of positive charm and an anti-
quark carrying a unit of negative
charm.

In the combination of the J/Psi
particle, the net charm carried is zero;
the charm of the quark is annulled by
the negative charm of the anti-quark.
Although the )/Psi and similar states
discovered shortly thereafter supplied
strong supporting evidence, to con-
firm the reality of charm it was
necessary to find particles in which a
charmed quark combined with one or
more of the three other types of
quarks—those which do not carry
charm and which impose no
neutralizing effect.

Charm, however, remained elusive.
A single event believed to carry
charm had been found among
neutrino interactions in a bubble
chamber at Brookhaven National
Laboratory. Not much can be learned,
however, from a single event. Other
searches over the past two years
were futile. It was not until the
finding reported by the Columbia-
Fermilab-Illinois-Hawaii group that
this latest link between observation
and prediction had been made.

In summary, the basic combination
of quarks forming charmed baryons
has been found. Physicists are confi-
dent that in addition to these charm-
ed particles, a rich spectrum of
others, many of which will have
higher masses, await discovery.

Possible Existence of
Superheavy Nuclei

One of the models that physicists
use to envision the nuclei of atoms
pictures the components, protons and
neutrons, as arranged in orbits or
shells so that the individual nucleons
can move without bumping into each
other. Each shell can accommodate a
certain number of particles; the lower

shells generally hold fewer nucleons
than higher shells. A nucleus which
has just enough protons or neutrons
or both to fill its outermost shell is
especially stable, i.e., more likely to
have formed in the past and less
likely to disintegrate once formed.
The numbers 2, 8, 20, 28, 50, 82, and
126 were designated ‘‘magic
numbers” because nuclei with these
numbers of neutrons were known to be
more stable, even though stable
elements in the higher profon numbers
had not been observed.

The heaviest commonly occurring
element is plutonium, which has 94
protons (Z=94). Nuclei with up to 103
protons have been found in nature or
created artificially in particle
accelerators. Nuclei having in the
range of 114 to 130 protons were
predicted to exist; the “magic
number” 126 protons should produce
the “Island of Stability”: a family of
relatively stable nuclei.

Although evidence for these
superheavy nuclei has been sought in
fusion experiments and in meteorites,
results of a new experiment an-
nounced in June 1976 give evidence
that some of these nuclei may occur
naturally and be more stable than
expected. The experiment is a
collaboration between a geochemist,
R.V. Gentry, Oak Ridge National
Laboratory, and six nuclear
physicists—T.A. Cahill and R.G.
Flocchini of the University of Califor-
nia, Davis; and N.R. Fletcher, H.C.
Kaufman, L.R. Medsker, and J.W.
Nelson of Florida State University.

Heavy elements contained in
microscopic crystal inclusions in
transparent materials such as mica
can reveal themselves by the presence
of halos surrounding the inclusion.
The halos result from the radiation
damage of alpha particles spon-
taneously emitted by “actinides”—
certain heavy radioactive elements.
The size of the halo depends on the
energy of the alpha particles. In some
cases, so-called giant halos, 50 to 100
microns in diameter, surround in-



clusions. These would require alpha
particle decay energies substantially
larger than those of known actinide
elements such as thorium or ac-
tinjum. In this experiment, monazite
inclusions in biotite mica were bom-
barded by energetic protons. In-
clusions surrounded by normal and
giant halos were irradiated by 4.7 and
5.7 million electron volt (MeV)
protons from the Florida State
tandem Van de Graaff accelerator.
The experiment was designed to
detect X-rays that would be produced
if an incoming proton knocked an
electron out of the second electronic
level of a superheavy atom and an
electron from the third level subse-
quently cascaded down to fill the
hole. The energy of the X-rays
produced in the cascade depends on
the charge of the nucleus of the
atom.

From detailed analysis of the
energies and relative intensities of
the resulting X-rays, as well as the
absence of good alternative ex-
planations, the experimenters con-
cluded the X-rays may have been
produced by elements with 116 and
126 protons. The evidence for ele-
ment 124 is less strong.

Experiments with improved sen-
sitivity are under way at Florida
State, and they should help to
confirm or deny the existence of
superheavy elements. A confirmation
will be particularly interesting
because it would imply that the
superheavy elements have lifetimes
against decay that are considerably
longer than have been predicted.

Indiana University
Cyclotron Facility

On April 23-24, 1976, a new, NSE-
supported national facility for nuclear
science research, the Indiana Univer-
sity Cyclotron Facility (TUCF), was
dedicated. Construction began in
1968 on this unique, three-stage
nuclear accelerator. The first external
beam was obtained in September
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A national facility. The new Indiana Unive

details of the structure and forces of a
sectors (the man standing near the ce

efficient particle accelerator, ease mai
electrical power consumption.

1975, and the first experimental data
were taken in October 1975. The
cyclotron was operated at 150 MeV
during most of 1976; the full energy
of 200 MeV was scheduled to be
achieved by the end of the year.

The_central apparatus of the IUCF
is a three-stage accelerator consisting
of a Cockcroft-Walton preinjector
and two cyclotrons, which are iden-
tical except for scale—the main
cyclotron is four times larger than
the injector cyclotron.

Each successive stage accelerates
positively charged particles to higher
energy until they are directed at a
target by the main cyclotron. The
expected energies of protons as they
are released from each stage are: 0.6
MeV from the preinjector, 15 MeV
from the injector cyclotron, and 200
MeV from the main cyclotron. By
changing the magnetic fields and the
accelerating voltages other energies

rsity Cyclotron will be used to study fine
tomic nuclei. Its four separated magnetic
nter shows their size) simplify the highly
ntenance, and permit operation with low

can easily be obtained. Other particles
such as deuterons, alpha particles,
and lithium nuclei can also be
accelerated.

The main cyclotron operates, in
principle, with 100 percent injection
efficiency and 100 percent extraction
efficiency, all the injected beam being
transported to the target with an
energy resolution of 0.04 percent or
smaller. This permits very high
quality experiments to be performed
and means that very little residual
radioactivity will be produced in the
cyclotron so that servicing and im-
provements will be simplified.

The separated sector design of the
cyclotron gives a variety of
advantages—simplicity, accessibility
of components, ability to operate the
radiofrequency system  at high
voltages, and unusually low electrical
power consumption.

The class of experiments to be
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performed with the new machine will
cover fine details of nuclear structure
and nuclear forces. The contemplated
research program is multifaceted and
extensive, and several specific ac-
tivities have been planned for the
early running periods of the machine.
Pion production caused by protons
bombarding nuclei, in which reactions
yield neutral and positively charged
pions from several targets, will be the
subject of both early experiments and
theoretical work at IUCF. Elastic
scattering from both protons and
composite projectiles off nuclei will
test various theoretical models of the
scattering. Elastic scattering of
deuterons, He (helium), and °Li
(lithium) will be of continuing in-
terest, especially as the beam energies
are raised. The IUCF spectrograph
will be used for inelastic scattering
studies, involving proton and
deuteron excitation on a variety of
nuclear targets.

The experimental program is ap-
proximately one-third in-house, one-
third outside user, and one-third
inside-outside collaborations. All ex-
perimental proposals are considered
on an equal basis by a Program
Advisory Committee, and a uni-
versity-appointed committee advises
on policy. Both these committees are
appointed from the national science
community. Also, an elected User
Group Committee is very active in
the operation of the facility.

Improved Resolution of
Atomic and
Molecular Structure

Essentially all atoms and molecules
should exhibit interactions that have
not been detected because of the
limited energy resolution of electron
beams available. Most of these in-
teractions have not been adequately
observed over their full energy range
or width, or assigned accurate
energies. Many other interactions
have doubtless gone undetected for
the same reason, while many known

ones have undetected fine-structure.
Conventional techniques for electron
beam generation are limited to a
resolution of roughly a 50 milli-
electron volt (meV) spread. However,
a new approach is now yielding much
better energy resolution.

Recent work at the Joint Institute
for Laboratory Astrophysics at
Boulder, Colo., utilized the
monochromaticity and high intensity
of light from a laser to detach
electrons from barium atoms and
form an electron beam of uniform
velocity. The photoelectrons are thus
produced with a uniform kinetic
energy (17 meV in the present
experiment), and are then accelerated
to the desired energy and focused on
target atoms in a second beam. The
energy of the electron beam is
carefully controlled by varying the
accelerating potential.

First results—for the scattering of
monoenergetic electrons from argon
atoms—are very encouraging. As the
beam interacts with the argon atoms,

are temporarily
bound, forming an unstable,
negatively charged atom, argon-
minus (A”). After an instant, the A~
disintegrates, scattering the electron
in a direction different from its
original path. Slight changes in
electron energy greatly increase or
decrease the probability of scattering.
The energy range over which the
scattering probability is high is called
a resonance. The resonance studied is
expected, from theoretical considera-
tions, to have a natural energy spread
of 3 to 5 meV; and its observation at
about 6 meV is close enough to
confirm the theory. Methods for
further sharpening the instrumental
resolution are being tested, and still
narrower resonances are being
observed.

This new technique opens up an
entirely new level of detail of atomic
and molecular structure to accurate
observations and allows a number of
important predictions of the theory
of atomic structure to be checked.

some electrons

Chemistry

Chemistry deals with the forces
that bind atoms into molecules, the
forces between molecules that ac-
count for the different forms of
matter, and the way the forces can be
altered for useful purposes. Chemical
reactions are the transformations
among atoms and molecules that
bring about new arrangements of
atoms in new molecules. Chemists
synthesize new molecules, explore
the ways in which chemical reactions
occur, analyze the products of their
labors, develop concepts that relate to
structure and function, study the
energetics of chemical and physical
changes from the molecular to
macroscopic levels, and ultimately try
to relate these behaviors to the
distributions of electrons in
molecules.

Chemistry has changed remarkably

in the past decade, propelled by a
combination of fresh ideas from the
scientific community, technological
advances in computers (which have
become an intrinsic part of chemical
instrumentation), and Federal sup-
port for research. The environmental
legislation of 1970 provided the
driving force for a host of new
inquiries into the nature of chemical
reactions of critical importance to
mankind. More recently the energy
crisis has stimulated urgent inquiry
into energy-related chemistry in such
fields as synthesis, dynamics, ther-
modynamics, and chemical analysis,
each of which is inescapably related
to effective solutions of the energy
problem. Each of these is a factor that
has underscored the significance of
NSF support of fundamental research
in a wide variety of chemical dis-



ciplines. This support has contributed
to recent revolutions in the way we
think about many chemical interac-
tions and processes.

Perhaps the next revolution in
chemistry is already under way.
Technological developments in lasers
and, consequently, laser chemistry
are beginning to provide startling
advances in the understanding of
chemical reactions on a time scale
never before achievable. The laser is a
superior radiation source that
provides the chemist a tool for
selectively breaking chemical bonds,
for the selective excitation of
vibrations that enhance chemical
reactions, and for probing the ways in
which energy is transferred in in-
tramolecular and  intermolecular
processes.

Basic chemical research also under-
pins a crucial component of our
national economy. Chemists educated
in our network of research-based
universities provide the intellectual
sustenance on which the chemical
industry relies for staffing its
research laboratories, its production
facilities, its technical service
operations, and its management at all
levels.

Molecular Details of
Heterogeneous Catalysis

The term catalysis comes from the
Greek kata—down, and lyein—loosen.
Jons Jacob Berzelius used this term in
1835 to correlate a number of obser-
vations made by other chemists in the
18th and early 19th centuries.
Chemical agents found to promote
reactions were called catalysts, and
Berzelius postulated a special force to
account for these accelerations. To-
day catalysts play a crucial economic
role in the chemical industry, and
perhaps of even greater importance is
the fact that nearly all of the
processes of life involve catalysts of
some sort.

A heterogeneous catalyst is or-
dinarily a solid substance; the
catalytic function occurs at its sur-
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face. It has been estimated that the
value of- goods produced annually in
this country which involve at least
one heterogeneous catalytic conver-
sion step in their manufacture ex-
ceeds $100 billion. These uses include
the fine chemical and pharmaceutical
industries, the oil and petrochemical
industries, and the conversion of
noxious pollutants prior to their
discharge into our environment.
Despite the importance of heter-
ogeneous catalysts and their ubig-
uitous use, the molecular details by
which catalysts function are largely
unknown. If these details were un-
derstood, then catalysts could be
tailored for specific use. This could
improve their efficiency and return
vast savings in precious raw materials
and energy.

An enduring controversy among
chemists is whether the geometry or
the electronic structure of a surface
determines the catalytic efficiency.
Both are, in fact, important, and both
must be understood if the mecha-
nisms of elementary catalytic reac-
tions are to be comprehended. It is
essential to obtain both a com-
positional analysis and a measure-
ment of the vibrational structure of
the catalyst surface during the course
of the chemical reaction. The reaction
rate may be related to the composi-
tion, whereas the vibrational struc-
ture is important in characterizing
molecular reaction intermediates and
in  formulating the reaction
mechanism (that is, the pathway) by
which reactants are converted to
reaction products. Thus, a serious
theoretical effort to describe the
mechanisms of catalysis must be
coupled to the careful measurement
of surface geometry, electronic struc-
ture, compositional analysis, and
vibrational structure. Finally, a
measurement of catalytic reaction
rates is also mandatory,

The experimental research by W.
Henry Weinberg at the California
Institute of Technology has as a goal
the understanding of all these in
molecular detail. To insure that the

work is performed on well
characterized systems, the catalysts
are prepared in an extremely antisep-
tic environment, and Weinberg must
perform the experiments at a
pressure comparable to that found in
interplanetary space. The experimen-
tal techniques used are complicated,
but the insight gained is a major step
toward understanding the heter-
ogeneous catalytic process.

Weinberg is investigating the
methanation reaction in which
hydrogen and carbon monoxide are
combined to form methane (a clean
fuel), plus the hydrogenation of
polynuclear ~ aromatic  molecules.
These latter complex molecules are
found in coal tars and are also
products of the liquefaction of coal; to
be useful, however, they must be
modified further by chemical crack-
ing. This is accomplished by adding
hydrogen to them through the
hydrogenation reaction. Weinberg’s
research also bears on pollution
control since he studies the oxidation
of carbon monoxide and the
simultaneous reduction of nitric
oxide. This catalytic reaction, where
carbon monoxide and nitric oxide are
converted to the harmless reaction
products carbon dioxide and nitrogen,
occurs readily in the presence of
metals in the expensive platinum
group, such as platinum, palladium,
rhodium, and iridium. By under-
standing the way in which the
catalysts function, it may be possible
to design cheaper substitutes.

Fixing the Molecules of
Life: Bioinorganic Catalysis

Nitrogen, water, carbon dioxide,
and oxygen are basic to the Earth’s
biological cycle. These molecules
might even be called the molecules of
life, because they are essential in two
of the most important biological
processes: photosynthesis and
nitrogen fixation. The reactions
between these molecules in plants
yield the amino acids and car-
bohydrates that are the essence of
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the food we eat. And the energy from
photosynthesis is released when
carbohydrates react with oxygen, as
in oxidation metabolism, another
fundamental life sustaining process.
In nature, photosynthesis provides
for the direct use and storage of solar
energy. However, biological photo-
synthesis, or fixation of carbon
dioxide and splitting of water, is an
extremely complex series of chemical
reactions that are not completely
understood. One of the challenging
questions facing scientists today is
whether such a reaction, or a similar
one, can be mimicked in a less
complicated way in the laboratory.
These mimicked reactions are simpler
than nature’s, but they may resemble
the corresponding biological process
at least in some fundamental fashion.
Lauri Vaska at Clarkson College of
Technology has discovered and deter-
mined the reaction by which certain
simple compounds of iridium and
rhodium (two metals of the platinum
family) fix carbon dioxide under
ambient conditions. The reactions
occur in solution as well as between

the solid metal compounds and gas-
eous CO,. The products contain
“fixed carbon dioxide,” i.e., its struc-
ture and the carbon-oxygen bond
properties are different from those of
the free molecule. Based on spectral
and chemical properties, the carbon
dioxide in the product is considered to
be bonded to the metal through
carbon.

Although the reactions of metal
complexes with numerous small
molecules (such as hydrogen, oxygen,
and nitrogen) have been studied
extensively during the past decade,
studies involving carbon dioxide are
of relatively recent origin. The impor-
tance of Vaska’s discoveries lies in the
fact that these reactions are reversi-
ble. Gaseous carbon dioxide is
recovered when the system is
evacuated. Iridium and rhodium com-
plexes that react with Co, might act
as catalysts for the conversion of
carbon dioxide to a carbohydrate in
the presence of a hydrogen source
(e.g. water) and radiant energy.
Experiments are under way to'test
this hypothesis.

4
B
g
- ]
[

Another achievement of important
chemical consequence has been the
isolation and structural characteriza-
tion of a crucial intermediate product
in a synthetic nitrogen-fixing system.
This was done in the laboratory of
John E. Bercaw at the California
Institute of Technology. The develop-
ment of synthetic nitrogen-fixing
systems could lead to more
economical production of fertilizers
and other nitrogen-based chemicals,
which subsequently would have an
impact on worldwide food and energy
issues.

Bercaw has developed synthetic
routes leading to two related com-
pounds containing either titanium or
zirconium. These two compounds,
permethyltitanocene, (C,;Me,),Ti, and
permethylzirconocene,  (C,Me),Zr,
are extremely reactive and readily
absorb molecular nitrogen (N,) when
exposed to a nitrogen atmosphere.
Subsequent treatment of the
resulting “dinitrogen complexes” with
hydrogen chloride cleanly reduces a
nitrogen molecule to hydrazine
(N,H,).

—

Chemical fixes. Lauri Vaska at Clarkson College (left) and John Bercaw at Caltech (right), in separate research projects, have
made progress in trying to mimic important biological processes in their laboratories. Knowledge gained from both Vaska's work
on photosynthesis-like reactions to fix carbon dioxide and Bercaw's research on a synthetic nitrogen-fixing system may someday
prove important to problems of food and energy supplies.



While a number of other transition
metal-dinitrogen  complexes have
been synthesized since their dis-
covery in 1965, it has not been
possible to reduce their bound
molecular nitrogen chemically. The
unique characteristics responsible for
chemical activation of N, when bound
to  permethylzirconocene and
permethyltitanocene are, therefore,
of considerable interest.

Infrared-Laser
Photochemistry

One of the oldest methods of
performing a chemical reaction is to
simply heat a compound until one or
more chemical bonds break. Reactions
of this type, known as thermal
decompositions, are very useful in the
petroleum industry, in polymer
chemistry and, indeed, in most areas
of chemistry concerned with
transformations of matter into other
forms. One drawback of the conven-
tional heating of compounds is that it
energizes all chemical bonds to about
the same extent. Consequently, reac-
tions are difficult to control and
require large inputs of energy. In
addition, the striking feature of the
process is that the decompositions
tend to occur at only the weakest
bonds in the molecule. This means
that if one desires to break a strong
bond in a molecule but leave a weaker
bond intact, an indirect method is
needed, usually one involving more
than one chemical transformation.

In recent years, chemists have
started using lasers to provide energy
for driving chemical reactions. One of
the most remarkable applications of
lasers for this purpose involves the
use of high power (megawatt) carbon
dioxide lasers. These lasers emit a
large flux of coherent radiation in the
infrared region of the electromag-
netic spectrum. This radiation can be
used to supply energy to chemical
bonds. However, unlike thermal
heating, the carbon dioxide laser can
be tuned to a precise wavelength that
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corresponds* to a vibration of a
specific bond in a molecule. In this
way, energy may be put into a
specific chemical bond without
energizing any other bonds.

Ernest Grunwald of Brandeis Uni-
versity has begun a study of the
irradiation of selected molecules
using the carbon dioxide laser. His
early results show that this method
has the potential of becoming ex-
tremely useful in allowing selective
decomposition of certain bonds in a
molecule, while keeping others intact.
He finds that when compounds such
as fluorocarbons are irradiated with
pulses of infrared radiation from a
megawatt carbon dioxide laser tuned
to a specific vibration of the target
molecule, the compounds decompose
via clearly defined pathways.

Another remarkable aspect of the
laser irradiation is that several quanta
of energy are absorbed by specific
chemical bonds. This is a direct result
of the special properties of laser
radiation. The radiation is both very
intense and coherent and can be
tuned to the precise frequency of a
strong absorption in a molecule. This
facilitates the absorption of many
quanta of energy. Moreover, all the
absorbed energy becomes “locked”
into only the one molecular vibration
that is absorbing the laser radiation.
The net result is that this one
vibration is excited as if the particular
bond were heated to a very high
temperature. The bond rupture oc-
curs even though the total energy of
the radiation absorbed by the
molecule is less than the amount of
energy needed to decompose the
substance thermally,

When a molecule is heated to a
high temperature, only a small por-
tion of the applied heat is used in the
decomposition process. The applied
heat is distributed among all the
vibrations in the molecule, and in-
dividual molecules collide and
transfer parts of the heat energy to
other molecules and to the walls of
the container. In the laser-induced

reaction, on the other hand, most of
the absorbed energy goes into
energizing a particular chemical bond
and thus is available to initiate the
decomposition reaction. As a result,
the infrared laser induced process is
very efficient.

Infrared laser photochemistry is in
its infancy. The early results, how-
ever, indicate that it could be
revolutionary for synthetic chem-
istry. In principle, it should be possi-
ble to apply infrared photochemistry
to synthesis of otherwise inaccessible
molecules and also to activate
molecules using small fractions of the
energy that has heretofore been
needed. Further new developments
are expected in the near future from
several laboratories. The current
major obstacle is the lack of tunable,
high power infrared lasers, other
than the carbon dioxide laser. Rapid
development of that field, however, is
expected to remove that limitation.

Chemical Instrumentation

Practically all current scientific
endeavors,  particularly  modern
chemistry, are based on measure-
ments and on modern instrumenta-
tion. Instruments such as infrared
and nuclear magnetic resonance spec-
trometers, mass spectrometers,
chromatographs, as well as a variety
of other types, are indispensable to
chemical research. In addition, the
revolution in modern electronics has
dramatically improved the capabilities
of these standard instruments and
made available two powerful new
tools: the microcomputer and the
high power laser. The Foundation’s
chemical research instrumentation
program has provided the major
share of Federal funding for sup-
porting major instrumentation in
chemistry departments and for the
development of new instrumentation
needed in chemistry.

Development in nuclear magnetic
resonance spectrometers over the
pPast 5 years provides an excellent
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example of the major improvements
made in modern instruments and of
the new areas of chemical research
that develop as a result of these
advances. Magnetic resonance spec-
troscopy of protons provides chemists
with two basic pieces of information:
(1) the chemical environment of
hydrogen atoms present (e.g. CH,, H-
C=C, OH, etc.) and (2) the quantity
of each proton species present.
Although conventional proton
nuclear magnetic resonance is one of
the most powerful tools at the
chemist’s disposal, it has a number of
drawbacks:

e It is not very sensitive; 100
milligrams or more per sample
are needed.

e In complex molecules, inter-
pretation of the proton spectra
can be difficult and sometimes
ambiguous.

e Only liquid
studied.
e Information about chemical or

molecular dynamics is very
limited.

samples can be

e The instruments are difficult to
operate and maintain.

With the advent of fast, reliable,
low cost minicomputers and
microcomputers, Fourier-transform
spectrometry has replaced the older
methods. The fast Fourier-transform
technology has greatly enhanced the
chemical utility of nuclear magnetic
resonance spectroscopy of protons
and carbon-13.

Some of the advances include:

e Obtaining spectra from 10-
microgram proton samples is
now routine, and 500-nanogram
and smaller samples can be
measured provided that the
sample is pure.

e Natural abundance carbon-13
spectra are often simpler to
interpret than proton spectra
and provide a wealth of new
information.

e In many cases high resolution

nuclear magnetic resonance
spectra can now be obtained on
solids.

e A wide range of new informa-
tion concerning chemical and
molecular dynamics is now
available.

e The new instruments are ex-
tremely reliable and easy to
operate.

This instrumentation development
has revolutionized organic chemistry,
clinical chemistry, natural products
chemistry, and many other areas.

An exciting new development is the
work of John Waugh and his research
group at the Massachusetts Institute
of Technology. By using the full
power of the pulsed Fourier-
transform nuclear magnetic
resonance method they have been
able to obtain resolution carbon-13
nuclear magnetic resonance spectra
of solid samples. One especially in-
teresting direct consequence of

Waugh's research is the application of
this method by E.O. Stejskal and
Jacob Schaefer of the Monsanto
Company to the in-situ analysis of
various seeds, such as soybeans and
wheat, for the composition of the
various oils, starches, and proteins in
the seeds. Since the nuclear magnetic
resonance method is totally non-
destructive, the seed can be planted
after analysis. This technique can
save ‘years in the amount of time
required to develop new plant hybrids
whose constituents are tailored to
specific end uses. Another variation
of this new method, using double
Fourier-transform techniques, has
enabled Waugh to measure, in
favorable cases, the exact geometrical
position of the hydrogen atoms in
crystalline samples to a precision of
0.01 atomic units. Such precision is
competitive with the widely used
method of X-ray diffraction; the new
method, however, is at its best in
locating hydrogen atoms that are not
normally observable via X-ray tech-
niques.

Mathematical and Computer Sciences

The mathematical sciences program
of NSF has two major subdivisions:
core mathematics and the applied
mathematical sciences. Core math-
ematics differs from the physical
sciences in that it does not deal
directly with objects and events of
the physical world. Rather it is a
structure dealing with objects of its
own perception, these being created
in the mind of man and transmitted
to the external world by graphic
symbolism. Applied mathematics is a
more ambiguous term. It is used by
some to refer to mathematics created
with the end in view of understand-
ing the world around us. A second
usage is to call mathematics applied
whenever it is used to further man’s

understanding of phenomena which
he observes in the real world. Thus
the term applied mathematical
sciences has come to be used to refer
roughly to areas of scientific knowl-
edge heavily saturated with math-
ematical structures, such as classical
mathematical physics, operations
research, statistics, certain elements
of computer science, mathematical
economics, and mathematical biology.

In terms of dollar obligations, core
mathematics represents about 75
percent of the NSF mathematical
sciences program, and applied
mathematics about 25 percent. In the
instance of core mathematics, NSF
supports most of the national effort.
While it is difficult to obtain accurate



estimates of the total support by NSF
relative to that of other agencies
because of administrative and defi-
nitional differences, available data
indicate that NSF accounts for about
60 percent of the total Federal
support of the mathematical sciences,
and about 90 percent of the support
of core mathematics.

The health of mathematics in the
United States is good. Research in
this country continues on at least as
high a level in quality and probably
higher in quantity than at any time in
our history. Major trends in research
that have gradually emerged in recent
time and continue to manifest
themselves are: (1) the confluence of
older fields to produce new and
dynamic fields of research; (2) the
solution of important problems of
ancient vintage; and (3) the increasing
importance of algebraic methods in
the applications of mathematics.

Unlike the mathematical sciences,
which have a long and rich tradition,
computer science is barely 10 years
old. Owing to its rapid development,
trends are more easily discerned than
in a more established discipline.
Perhaps the most striking change has
been the increased concern with the
computing process itself as dis-
tinguished from the art of getting
answers from the computer.

In this connection, a parallel can be
drawn with the role of mathematics
in science. Each scientific discipline
devises its own mathematical
methodology for solving the prob-
lems of concern to its own area. In
doing so it draws from mathematics’
incredibly varied and centuries-old
framework. These mathematical con-
structs often arose from practical
needs of the time that spawned them;
often they were products of a quest
for mathematical elegance 8nd beau-
ty. In any event, the mathematics
stimulated by old problems, many of
them no longer interesting, is con-
tinually revived for the solution of
pressing new problems.
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Computer science is rapidly assum-
ing that same kind of role. Not long
ago a scientist who was adept at
using a computer in the solution of a
particular class of problems, and who
made this his principal activity, would
be called a computer scientist. Today,
this is becoming less true; research is
revealing  structural  similarities
among some apparently very
different problems when they are
viewed from the perspective of
computing, and surprising differences
among others. The study of these
structures and their significance for
computer design, irrespective of the
ultimate application, is defining the
new field of computer sciences.

The Invariant Subspace
Problem

Hilbert spaces are infinite-
dimensional generalizations of or-
dinary, finite, Euclidean n-spaces.
They play a pervasive role in many
branches of both pure and applied
mathematics, from representations of
groups to quantum mechanics to
differential equations. As infinite-
dimensional analogues, they carry
both an algebraic vector structure,
which permits the useful representa-
tion of many problems, and related
geometry or topology, which permits
mathematicians to bring their in-
tuitions to bear. One of the most
intensively studied objects in all of
mathematics is that composed of all
mappings of a Hilbert space that
preserve important algebraic and
geometric properties. These map-
pings are called the bounded linear
operators on the Hilbert space. Some
of them carry a portion—a
subspace—of the Hilbert space back
into itself. Such a mapping is termed
“invariant.” An important problem in
Hilbert space theory, the Invariant
Subspace Problem, asks whether
every bounded linear operator has an
invariant subspace (other than the
zero vector and the entire space).
Much work has been done on this

problem, the resolution of which will
allow greater understanding of the
structure of bounded linear operators
as well as of the spaces themselves.

Important progress toward answer-
ing this question was made recently
in both the positive and negative
directions. A Russian, V.I.
Lomonosov, showed during 1975-76
that the answer is yes for a large class
of bounded linear operators. An
equally important negative partial
result was obtained last year by Per
Enflo, of Stanford University, who
produced a Banach space (a further
generalization of a Hilbert space with
a more complicated geometry) and an
operator on that space such that the
only invariant subspaces of the
operator are the zero vector and the
entire space.

Thus areas of uncertainty have
been narrowed and interest in the
problem has been heightened, so that
the current high interest in the
Invariant Subspace Problem seems
certain to be intensified.

Recent Research on
Geometry: Plateau’s Problem

The elusive principles that govern
the shapes assumed by bubbles and
soap films have interested scientists
and mathematicians for at least a
century. Such a quest is not idle.
Mathematicians pursue it because the
principles involved have relevance to
important studies of surfaces in
geometry, and these, in turn, have
relevance to minimal energy prin-
ciples in physics and engineering,

Investigation of the number of
different forms taken by bubbles and
films suggests several possible prin-
ciples: (1) A compound bubble or film
stretched on a wire frame consists of
flat or smoothly curved surfaces
smoothly joined together. (2) There
are only two ways in which the
surfaces meet: Three surfaces can
meet along a smooth curve, or six
surfaces meeting along four curves
can come together at a vertex. (3)
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Mathematics meets biology. Skeletal remains of microscopic marine organisms called
Radiolaria show the curves and angles formed by the bubbly froth of cells that
surrounds the organisms' protoplasm when alive. The skeletons, all that survive when
the animal dies, apparently form from the material deposited out of the cells at the film
margins. (From Ernest Haeckel, Report on The Radiolaria Collected by H.M.S.

Challenger During The Years 1873-1886.)

The junctions between curves always
appear to meet at equal angles.

The Belgian physicist Joseph A. F.
Plateau, who conducted his research
more than a century ago, recorded
these simple general rules. His name
has been given to the wide range of
problems stemming from these and
related phenomena.

Recently, Frederick J. Almgren, Jr.,
of Princeton University, and Jean E.
Taylor, of Rutgers, The State Univer-
sity, have been able to construct a
mathematical model to show that the
three basic rules ‘governing the
geometry of soap bubbles and soap
films are a mathematical consequence
of a simple area-minimizing principle.

Their proof reveals the true
geometric underpinning of Plateau’s
rules, and goes beyond, since the
geometry of bubbles and films is not
fully determined by Plateau’s three
rules. For example, the mean cur-
vature of each separate piece of
surface must be constant. This ad-
ditional condition, and all other such
conditions, appear to be satisified by
the Almgren-Taylor model.

Models of this type can handle,
with some modification, a number of
variant problems. They can account
for the shape of a liquid in a container
of any form when capillary effects are
present, and their additional applica-
tion to changes in shape over time
impinges upon an area of active
mathematical research with many
potential applications.

Pattern Recognition

The use of the computer to “look”
at objects and describe what it “sees”
sufficiently well so that either
humans can make necessary decisions
or other computer programs can
make proper responses continues to
be a forefront research area; it has
also become an important part of
many computer applications. This
category of computer research is
often termed pattern recognition or
image processing.

One example of a project in this
area which combines forefront
research with an important applica-
tion is an effort funded jointly by
NSF and NIH’s National Heart and
Lung Institute. This project is
attempting to develop three-
dimensional reconstructions of rapid-
ly moving organs such as the heart,
and of large moving organs such as
the lungs.

Computer processing of images
provided by X-rays or ultrasound is
already in widespread use for brain
scanning and other medical pattern
recognition problems where the parts
of the body are stationary. But the
analysis and representation of motion
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Heart and lung. Computerized reconstructions in three dimensions of ine beating
heart (left) and lung (right, with an indentation showing the location of the heart) ot
intact animals are made possible by advanced mathematics and developing
tomographic equipment. This technique promises to become a powerful new medical
diagnostic tool. (Photos by Gabor Herman/SUNY-Buffalo.)

pose problems for which more effi-
cient computer procedures (algo-
rithms), more effective computer
configurations, and more efficient
mathematical processes are neces-
sary. Thus, the research thrust
focuses upon those areas.

The research so far—by Gabor T.
Herman of the State University of
New York at Buffalo, working with
physiologists at the Mayo Clinic—has
succeeded in X-raying the moving
heart and lungs of experimental
animals. The experiments, however,
involve imposing constraints upon
the subject that would be unaccept-
able in a clinical situation. Both the
computer algorithms and the X-ray
equipment are being modified, how-
ever, to bring what promises to be a
powerful tool of medical diagnosis
closer to fruition.

Graph Problems

Graphs can be used to describe the
underlying structure of many prob-
lems that are solved on digital
computers. These include, for exam-
ple, process scheduling, minimization
of circuit components, or traffic flow
problems, as well as the operation of

computer  programs themselves,
Because of the widespread occurrence
of these kinds of problems, the
procedures for solving them are
attracting a good deal of research
attention.

One example, representative of a
broad class of graph problems, is the
effort to determine whether a given

Non-planar. It is impossible to connect
the three houses (squares) to the three
utilities (circles) without at least one
crossing, so the resulting graph must be
three-dimensional. Knowing if a three-
dimensional design can be represented
on a two-dimensional graph is important
in many applications, such as the layout
of electronic circuit boards. As a result of
recent research, such problems are now
solvable with a greatly reduced number of
steps.

graph, which may have been initially
designed in three dimensions—in a
prototype electronic circuit, for
example—can be laid out on a plane
without crossing wires. This is im-
portant to the design of circuit boards
or integrated electronic circuits; the
manufacturing  process requires
planarity, and crossed wires would
lead to short circuits.

Until recently the known algo-
rithms required n? steps to solve this
problem, where n is the number of
vertices (i.e., terminals) in the graph.
For a circuit with 100 connection
points, about 1,000,000 operations
were required. Now Robert Tarjan of
Stanford University and John Hop-
croft of Cornell University have
discovered an algorithm that requires
a number of steps only proportional
to the number of vertices, i.e.,
approximately 100 for the example
above,

This reduction was achieved by
applying modern computer science
techniques to mathematical results
going back almost 250 years: the
formula developed in 1736 by Swiss
mathematician Leonhard Euler. From
the Euler formula, one can deduce
that, if a graph is planar, then there
are no more than 3n-3 edges in the
graph. Since this implies that the
number of edges is linear in relation
to the number of vertices, they
sought an algorithm that is also
linear.

The resulting algorithm employed
three computer science techniques in
an optimal way: The graph was
broken down into smaller subgraphs,
and it was proven that, if the
subgraphs were planar, they could be
recombined in such a manner as to
embed the original graph in a plane;
this built on previous results by L.
Auslander and S.V. Parter (1961),
who themselves had an n? algorithm,
Then Tarjan and Hoperoft insured
that the various edges were con-
sidered in an optimal order, so that
once a set of edges had been con-
sidered, it would not have to be
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reevaluated. And finally, they applied
data structures of sufficient efficiency
to insure that the data were accessed
in the proper order. The result: a

linear algorithm for the determina-
tion of the planarity of a multi-
dimensional graph, in a manageable
number of steps.

Engineering

American engineering schools can
be proud of their success in educating
world leaders in science-based in-
novative technology. To a large
extent the schools’ ability to do this in
the future depends on continuing
involvement of faculty and graduate
students in research that provides
new design principles, replaces em-
piricism by understanding, leads to
fundamentally new approaches in
device or process design, or shows
how relatively new science can be
applied to the solution of important
problems in energy conversion, re-
source management, production, or
other areas of man-environment
interactions. Support for such
research in universities is provided by
NSF’s engineering program.

NSF is the only principal source of
funds for long-range engineering
research, although colleges do obtain
support for work on more short-
range problems from NSF’s Research
Applied to National Needs (RANN)
programs and from some mission-
oriented agencies. Often the early,
“high risk” stages of research are
supported by NSF’s engineering pro-
grams; later, when useful applications
become clearly apparent, mission
agencies or industry take over spon-
sorship or provide supplementary,
expanded support.

The major research areas funded in
engineering are electrical sciences and
analysis (including systems science),
engineering chemistry and energetics,
and engineering mechanics.

The research effort in electrical
sciences has had major impact on the
newly emerging field of optical com-

munications, where visible light and
infrared are used in place of radio
frequencies to make possible vastly
greater volume and speed of informa-
tion transfer. Work on new device
concepts for information processing
and measurement has been fostered
by new developments in the un-
derstanding of the superconducting
state of matter and by continued
exploration of the properties of semi-
conductor materials. Research in
plasma dynamics has led to an
understanding of some phenomena
that will be important to the eventual
harnessing of the thermonuclear
reaction for energy conversion.

New ideas in image analysis and
processing have found important
applications in medicine (radiology)
and agriculture (remote sensing of
crop damage); mathematical systems
theory is being developed for applica-
tion to complex energy systems,
large, interconnected computer
networks, and, possibly, socio-
economic systems.

Research in engineering chemistry
and energetics has led to a better
understanding of mechanisms such as
catalysis and mass transfer, which are
fundamental to many chemical
processes. New methods for deter-
mining thermodynamic properties of
complex mixtures have been devised
which will be extremely useful, for
example, in processing of natural gas
and in coal conversion, and in many
other applications.

New mathematical techniques have
been developed for the prediction of
heat transfer in complex con-
figurations; these are likely to lead to

more efficient combustion with fewer
pollutants. Progress has also been
made in characterizing mathematical-
ly the size and shape of particles—an
essential step for improved design
and automatic control of particulate
processing operations in the mineral
industries and in waste disposal
systems.

Substantial new predictive capabili-
ty has been achieved in describing the
transport of particle-carrying liquids
through porous structures—knowl-
edge that will have a major impact on
the design of wastewater treatment
facilities. Improved understanding of
porous structures will also be impor-
tant in devising systems for secondary
and tertiary oil recovery from partially
exhausted oil wells.

Research in engineering mechanics
is concerned with problems in fluid
and solid mechanics which are of
fundamental importance to engineer-
ing design and must be solved if
larger, more complex structures—
buildings, dams, pressure vessels—
are to be built safely with minimum
use of energy and materials. Concern
extends also to water resources and
environmental engineering, pollution
control, geotechnical engineering
(which depends upon an understand-
ing of the properties of rock and soil),
and to biomechanics involving the
application of solid and fluid
mechanics to problems in biology or
medicine.

New and deeper understanding of
important phenomena has been ob-
tained and new mathematical, com-
putational, and measurement tech-
niques have been applied, for
example, to turbulent mixing of
fluids, propagation of stress waves in
pressure containment vessels, sedi-
ment transport in rivers, and behav-
ior of frozen soils.

More Precise
Thermodynamic Data

High purity separation and precise
blending are two crucial operations in



the utilization of natural gas and
gasified coal, both as fuels and as base
chemicals. In order to achieve these
objectives with minimal energy con-
sumption, accurate thermodynamic
data such as vapor-liquid equilibrium
(VLE), mixture density, excess
volume, and interaction coefficients
are indispensible. Some of these data
have heretofore resulted from very
tedious  experimental procedures
while others must be calculated or
predicted indirectly from measurable
quantities, thereby incurring un-
acceptable errors. Such difficulties
can now be overcome by the novel
use of the Burnett apparatus.

A typical Burnett run consists of
filling a cell with a fluid, raising it to
some elevated pressure, and then

making a series of constant-
temperature expansions into an
evacuated second cell, with the

pressure recorded after each expan-
sion. The advantage of this basic
Burnett procedure is that it requires
pressure and temperature measure-
ments only, thereby eliminating
errors associated with sampling and
mass volume determinations.

Under support from NSF, K.R.
Hall and his coworkers at Texas
A&M University have carefully con-
structed a helium gas-bath ther-
mostat to maintain the temperature
within the apparatus constant to
within 0.001° K. Using a standard
platinum resistance thermometer,
temperature measurement can be
made to within 0.01° K. They have
also developed a unique technique for
using a differential pressure
transducer, greatly simplifying ob-
servations and achieving precisions of
better than 0.005 percent of the
pressure, which are an order of
magnitude better than current
manufacturer specifications for this
measurement.

A novel coupling of the isochoric
(constant-volume) method with the
basic Burnett procedure has also
contributed to this substantial in-
crease in precision as well as further
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experimental efficiency. A less ob-
vious but equally important advan-
tage is that the volume distortion due
to pressure can be observed ex-
perimentally relative to the base
isotherm.

Hall and his coworkers have also
devised a mixing experiment that will
produce extremely precise composi-
tions, excess volumes, and interaction
coefficients, all within the framework
of the coupled experiment. Most
recently they have also conceived an
experiment for vapor-liquid equilib-
rium studies by incorporating a mag-
netic densimeter into one of the
Burnett cells. Basically the magnetic
densimeter is simply a magnetic float
that can be levitated in the fluid by a
magnetic field. The current required
to generate enough magnetic field to
levitate the float is directly propor-
tional to the density of the fluid
containing it. Material balances allow
the calculation of compositions from
the liquid and vapor phase densities.
Sampling and chromatographic
analysis, which are the primary
sources of errors in the VLE experi-
ment, are thus eliminated. These
researchers have successfully oper-
ated a prototype and are in the

process of constructing a precise
apparatus with which activity coef-
ficients with 0.1 percent accuracies
should be routinely possible.

This research was started with an
NSF Research Initiation Grant to the
University of Virginia, where Hall
taught as an assistant professor. As
the work proved to be successful and
the results showed considerable
promise for the energy industry,
complementary support was provided
from the American Gas Association.

Kinetics of Deep
Bed Filtration

Transport processes within porous
structures consititute a body of
phenomena that are vitally important
in many fields, including water and
wastewater treatment, chemical reac-
tor  technology, hydrology, oil
recovery, and biological systems. A
continuing program of research in
this area has already had a major
impact on the field because it has
succeeded in introducing a new and
more realistic model of the porous
structure. The research was started
by an NSF grant to Chi Tien and
Raffi M. Turian, of Syracuse Univer-

Filtration in deep porous beds. A new model to describe porous media—important in
many purification and industrial chemical processes—predicts how particles are
fillered from a fluid stream by collision with the channel wall (left). It also accounts for
pore blockage by accumulation of relatively small particles (right).
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sity, to carry out a theoretical and
experimental study of filtration in
deep porous beds, with assistance
from then-graduate student A.C.
Payatakes.

The accuracy of the porous media
model they developed, which con-
sisted of a statistically distributed
array of periodically constricted
tubes, was such as to be capable for
the first time of quantitative predic-
tion of the dynamic behavior of
processes within porous structures.
Their results represent the first
rigorous and quantitative theory
relating to filtration in deep beds. The
porous media model predicts the rate
of removal of particles from the fluid
stream (rate of filtration) through
calculation of particle trajectories. It
also accounts for the tremendous
increase of pressure drop and energy
consumption caused by deposition of
a relatively small amount of particles.
The morphology of the particle
deposits and the geometry of the
porous media model show that entire
channels can be closed to flow by
lodging of a cluster of particles at a
narrow passage.

This work has been followed by a
resurgence of activity, as well as new
contributions, in aerosol filtration,
the morphology of particle deposits,
heat and mass transfer in trickle beds,
and adsorption and chemical reaction
in packed bed systems. It led to the
fact that Payatakes, now a professor
at the University of Houston after a
year in industry, became the first
American to win the Suttle Award of
the Filtration Society.

Dynamic Stress Analysis of
Thick-Walled
Pressure Vessels

An important pproblem that the
nuclear power industry must deal
with is determining the dynamic
stresses and displacements in thick-
walled spherical and cylindrical
pressure vessels containing either air

or liquid and subjected to impulsive
and periodic impact loadings.

However, the standard analytic
technique, using expensive finite
difference or finite element computer
codes, can handle only the simplest
cases. In recent years a method that
had been developed by geophysicists
to analyze elastic waves in layered
media bounded by plane surfaces was
applied to this problem. At Cornell
University, Y.H. Pao extended this
Method of Generalized Rays to
include curved surfaces in order to
apply it to pressure vessels. Pao’s
method proved very powerful in
handling the more complex cases,
such as vessels with large thickness
and off-axis loading. An important
finding of this analysis is that large
tensile radial stresses may develop in
the vessel when subjected to dynamic
loadings.

Under static internal pressure, the
radial stress in a vessel is always
compressive, with the peak magni-
tude being equal to the applied
internal pressure. However, Pao’s
research démonstrated that under
dynamic loading the radial stress can
become tensile as a result of multiple
reflections of the stress waves, and
that under the most unfavorable
conditions the tensile stress can be
twice as large as the applied pressure.
These results have not been reported
before in the open literature, and the
possibility of developing large tensile
radial stresses is not included in the
current design of concrete contain-
ment vessels for nuclear reactors.
Since concrete is weak in resisting
tensile stress, such a large tensile
radial stress may generate cracks in
the concrete or cause it to spall.

An unexpected result of this
research relates to the current
procedure for interpreting acoustic
emission signals. Acoustic emission
(AE) is a new technique being
developed to detect the nature and
location of cracks and materials
defects from the acoustic signals
(elastic waves) emitted by them. It is

being applied in the nuclear power
and other industries to detect the
possible failure of pressure vessels.
The current state of the art is to place
a transducer on the structure and to
count the number of events per unit
time. This count is then used to
identify empirically the nature of the
source (defect) generating the
acoustic emission. Pao has shown
from his analysis that the count of
events per unit time depends not only
on the nature of the source, but also
on many other factors such as
distance between source and receiver,
wall thickness, and the type of fluid
being contained. Thus the existing
AE technique of associating the count
rate with the time history of the
source is open to serious question.

In order to investigate this finding
in more detail, Pao and W.H. Sachse
have begun an experimental and
theoretical study of pulse propagation
in a plate. The properties of a pulse
generated by a simulated source of
defects are being examined to deter-
mine the relationship between the
time history of the source function
and the signal received at the
transducer.

Novel Devices for
Optical Communications

As the frequency of an information
carrying wave increases, so does its
potentially useful bandwidth: its
ability to carry information. The use
of microwaves has vastly increased
the carrying capacity of com-
munications channels. The next
quantum jump is seen as being in the
use of light as the carrying medium;
with its enormously higher frequen-
cies, it offers the promise of expand-
ing useful bandwidths by hundreds to
thousands of times.

This depends, of course, on the
availability of the technology to
transmit, receive, and convert the
information carried in optical com-
munications  systems. Recent
developments in the field have made



it clear that closely spaced metals
have the inherent ability to provide
the high capacity (wide bandwidth)
needed for functions such as recep-
tion in light wave systems. It has
been experimentally and theoretically
determined that electronic currents at
frequencies corresponding to infrared
or light waves can flow between two
such closely spaced metals. In addi-
tion, it has been observed that
currents at two or more high fre-
quencies can be mixed together to
generate currents at new and very
high frequencies. These results
demonstrate significant characteris-
tics that are required for sub-
wavelength size infrared or optical
frequency mixers, modulators, rec-
tifiers, frequency converters, and
many other communication elements
which are commonplace at lower
frequencies today and which are
necessary for communication
systems.

Why investigate metals for optical
frequencies? First, the characteristic
frequencies of metals are in the
ultraviolet portion of the elec-
tromagnetic spectrum. The electronic
cloud of a metal interacts strongly
with optical radiation. Also, metals in
close contact with one another can
pass electrons between them within

10~"° seconds.
One of the processes through

which a light wave interacts with
closely spaced metals is called electron
tunneling. This process depends upon
the wave nature of electrons (quan-
tum mechanical effect). Quantum-
mechanically, the electron can travel
through the barrier if the barrier is
thin enough. In a typical tunneling
process, a sharpened tungsten tip—as
small as 300 Angstroms in radius—
nearly touches a gold surface. A thin
insulating layer separates the two
metals to form the tunnel junction. If
no voltage is applied to a tunneling
junction, no net current of electrons
flows from one metal electrode to
another. When a voltage is applied
across the junction, however, net
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current flows. The current-voltage
characteristic exhibits nonlinear be-
havior that is associated with the
tunneling current.

At the University of California,
Berkeley, a number of key results
have been obtained by T.K. Gustaf-
son and his colleagues in this new
field. The highlights of this research
include the further experimental and

SiOz layer

Nickel electrode
(Surface oxided)

Substrate
(Quartz, silicon)

Optical hardware. The eventual develo
communications depends on techniques

has also been shown theoretically
that positive feedback in metal-metal
tunneling junctions is possible. The
last result implies that infrared and
even optical oscillators and amplifiers
are a possibility.

The study of the interaction
between infrared or visible frequency
radiation and tunneling currents is an
important part of optical electronics.

« Nickel electrode
* 100 A thick

Antenna
144 wide

pment of the rich potential of optical
to manipulate the optical signals in useful

devices. Recent progress in the use of metal-to-metal junctions through which
electrons tunnel shows promise. This nickel-gold junction diode, in which the gold
antenna is only one-thousandth of a millimeter wide, responds to infrared or optical

frequency voltages.

theoretical verification of electronic
models of tunneling and rectification
processes at optical frequencies, the
mixing of two optical frequencies,
and the fabrication of thin film
junction devices that have an ex-
tremely small area, similar to the
point contact structure, and operate
under conditions of high junction
voltage and low junction current. It

Further research in this area is likely
to have a profound influence upon
the future development of many
electronic devices. In optical com-
munication systems, the research
may provide a unification of tech-
niques used both in present electronic
devices and in the emerging field of
integrated optics, where ultrasmall
components are required.
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Materials Research

Materials impact to some degree
virtually every aspect of modern
civilization. They are of critical im-
portance to manufacturing and serv-
ice technologies, to national defense,
and to the solution of complex energy
and environmental problems. One of
the principal objectives of NSF's
materials research program is to
improve man’s understanding of the
basic scientific principles and concepts
that underlie the properties of
materials. Pursuit of these objectives
involves multiple science and
engineering disciplines including solid
state physics and chemistry,
metallurgy, ceramics, and polymer
science.

Although materials research ad-
vanced across a broad front during
the past year, particularly note-
worthy progress occurred in the
areas of surface science, superconduc-
tivity, and in the preparation of
materials possessing unusual proper-
ties. Sophisticated, new experimental
techniques played key roles in many
of these developments, and none
more so than synchrotron radiation.
In addition to its exceptional intensi-
ty, short pulse length, and spatial
directionality, synchrotron radiation
is nearly 100 percent plane-polarized.
This last property has been used by
N. Smith and M. Traum of Bell Labs
and G. Lapeyre and his coworkers at
Montana State to study the angular-
dependent photoemission of electrons
from the layer-compound tantalum
sulfidle. These observations, con-
ducted at the synchrotron radiation
facility at the University of Wiscon-
sin, provide insights into the
symmetry and energy-dependence of
the local electronic states. Such
information is critically important to
catalysis research (the search for

ways to speed up specific chemical
reactions) in that it provides an
understanding of the atomic nature
of surfaces and how surface atoms
are affected by adsorbed molecules.

In understanding how catalysts
work, one must know the sequence
of steps by which the initial reactants
are converted to the desired
products, i.e., the “reaction
mechanism.” At the California In-
stitute of Technology, W.G. God-
dard, IlI, and his collaborators have
successfully used quantum theoretical
methods to calculate the relative
stabilities of surface species. These
initial results, which will be carefully
tested against additional experiments,
permit them to identify highly unlike-
ly reaction mechanisms and to
propose more reasonable alternatives.

Metallurgists are also contributing
to the advancement of -catalysis
research by studying particle ag-
glomeration and sintering in catalysis
support systems. Cooperative
research efforts by J. Tien at Colum-
bia University and N. Gjostein at
Ford Scientific Laboratories have
shown that decrease of catalytic
surface area is the primary reason for
the thermal degradation of supported
catalysts.

A combined theoretical and ex-
perimental study at the University of
California, San Diego, under the
direction of H. Suhl and M. B. Maple,
has demonstrated the effect of a
ferromagnetic phase transition in
nickel on the rate of surface oxida-
tion. Similar effects have been
observed near the ferroelectric transi-
tion temperature of potassium
niobate and the structural transition
temperature of cobalt. It is speculated
that these fluctuations determine the

rate of catalytic reactions, and if
understood, could result in the
development of more effective
catalysts.

A number of interesting new
materials have evolved from NSF
programs during the past year. At the
University of Chicago, J. Ito and his
collaborators have succeeded for the
first time in growing sizable, gem-
quality, single crystals of several
silicates by a high temperature sol-
vent growth method. The availability

of such specimens for chemical,
structural, and physical property
measurements has always been
crucial to progress in materials
research.

Scientists at the University of
Pennsylvania are synthesizing

selected intercalated graphite com-
pounds for the purpose of under-
standing how their physical properties
are related to crystallographic,
chemical, and electronic structure
factors. In one instance, graphite
reacted with antimony pentafluoride
yielded a material whose electrical
conductivity was about 150 percent
that of pure copper. In the long term,
such fundamental studies could have
great practical significance. Graphite is
abundant, lighter than copper, and can
be formed as exceedingly strong fibers.

Finally, efforts by R, W. Lenz and
W. J. McKnight at the University of
Massachusetts have resulted in un-
usual polymeric materials that func-
tion as either rigid plastics or flexible
rubbers. Such materials, known as
thermoelastomers, have been pro-
duced commercially for a number of
years. However, previously available
materials lose their ~mechanical
strength at relatively low temper-
atures of about 100° C. The Univer-
sity of Massachusetts’ thermoelas-
tomers, which use pivalolactone as
the basic monomer, retain their
mechanical integrity at temperatures
approaching 200° C and possess
superior mechanical strength at room
temperature.



Molecules on Metal Surfaces

A central problem in understanding
surface phenomena and catalytic
processes is the bonding configura-
tion of adsorbed atoms and
molecules. Although this encom-
passes both geometrical and elec-
tronic configuration, it is currently
the lack of geometrical information
that most seriously limits progress in
the field, because catalytic activity
depends crucially on the bonding
geometry of the adsorbed molecules.
In a combined theoretical and ex-
perimental program, surface scien-
tists at the University of Pennsyl-
vania have succeeded in demon-
strating how the geometrical orien-
tation of simple molecules adsorbed
on a metal surface can be unam-
biguously determined.

The experimental approach
employed by these researchers is
angular-resolved photoemission spec-
troscopy. In this technique, polarized
ultraviolet light (from the Syn-
chrotron Radiation Facility at the
University of Wisconsin) is directed
either at free molecules in the gas
phase or at the same molecules
adsorbed on the metallic surfaces.
The incident light excites electrons
from the various electronic states
within the molecules with an energy
sufficient to eject them from the
molecules. By measuring the energy
distribution of the emitted electrons
as a function of angle and of the
polarization and energy of the inci-
dent radiation, a wealth of informa-
tion concerning the electronic and
geometrical configuration of the
molecules can be obtained.

An important key to the problem
was the realization that, while the
specific electronic structure of the
molecules is modified by their in-
teraction with the surface, certain
characteristic features of this struc-
ture remain unchanged. Thus, the
first step in the program was to
develop a detailed understanding of
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the photoemission process in those
gas phase molecules of interest to the
surface research. E. W, Plummer and
T. Gustafsson measured the photo-
emission spectra for some 10 to 15
molecules, including nitrogen, carbon
monoxide, and carbon dioxide, while
J. R. Schrieffer and P. Soven
developed a theory capable of quan-
titatively explaining the resulting
data. This joint effort in itself has led
to a detailed understanding of the
photoionization process that repre-
sents a major advance in the field of
gas phase photoionization. The sec-
ond step in the program was to
modify the theory to take into
account the changes introduced in the
photoemission when the molecules
are adsorbed on a metal surface and
to measure the corresponding photo-
emission spectrum of the adsorbed
molecules.

This approach is currently being
used to study other and more com-
plex molecules adsorbed on metal
surfaces and to investigate their
electronic as well as their geometrical
properties. At the same time it
illustrates a new and potentially
fruitful direction for surface and
catalysis research, in which the
properties of isolated gas-phase
molecules are used to obtain insight
into related properties involving
actual surfaces.

The Formation of Layered
Structures

A process to form layered struc-
tures, and also amorphous composites
and synthetic crystals not observed in
nature, is under development at the
Materials Research Laboratory at
Stanford University by a group led by
T. W. Barbee, Jr. These unique
materials are of considerable potential
interest with respect to their mechan-
ical, magnetic, and superconducting
properties.

The synthesis process makes use of
physical vapor deposition methods to

produce alternate thin layers of
different materials on a substrate.
The thickness of the layers can be
varied from 10 Angstroms to more
than 5,000 Angstroms. Whereas most
arrangements for growing materials
of this type utilize moving sources
that deposit the material on a fixed
substrate, the Stanford approach
involves stationary magnetron
sputter sources that deposit the
layers alternately on a moving sub-
strate. This technique yields a high
rate of deposition of extremely uni-
form layers and permits improved
control of important experimental
parameters such as the energy of the
incident-sputtered atoms, interaction
between source and sample, and
substrate temperature.

To date, composite layered struc-
tures of a number of different
combinations of elements have been
prepared having a wide range of layer
thicknesses. X-ray diffraction,
together with Auger spectroscopy,
has been successfully used to deter-
mine both the thickness and uniform-
ity of the layers (low angle X-ray
diffraction) and the structure within
the layers (high angle X-ray diffrac-
tion). In general, as in the case of
copper-niobium or niobium-tungsten
composites, well defined, uniform
layers having structures character-
istic of each of the two components
are produced. These are manmade
examples of special, naturally oc-
curring structures in which two
periodically alternating phases appear
in alloys under certain conditions.
These materials had been studied
previously by other investigators
such as J. E. Hilliard at the
Northwestern University, who found
that they can exhibit unusual me-
chanical strength and ductility.

However, when the thickness of
the layers is reduced to below ap-
proximately 40 Angstroms, unex-
pected and unusual structures can
appear. In the case of both copper-
niobium and niobium-tungsten the
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crystal lattices of the two materials
influence each other (epitaxy) such
that the layered structure no longer
exists. The resulting lattice spacing
becomes uniform throughout the
material and can range anywhere
between that of either of the two
constituent elements, depending on
the relative thicknesses of the layers.
Similarly, the electronic properties no
longer exhibit a periodic variation,
but are uniform throughout the
structure. Since copper and niobium
are mutually insoluble in the solid
state, these synthetic “alloy” crystals
represent totally new materials that
are not observed in nature. Similar
interactions are observed in thin-
layered composites consisting of
either tungsten or niobium with
amorphous materials such as ger-
manium or carbon. In these cases,
however, the interaction between the
layers can induce the normally
crystalline metals to become
amorphous also. Again, since these
metals are not normally stable in the
amorphous state, new materials that
do not occur in nature have been
produced.

In addition to the interest in the
physical properties of these unusual
composite materials, they offer
potential for important applications
such as efficient monochromators
and analyzers for X-ray spectroscopy,
optical gratings ranging from the
infrared to the ultraviolet, and wave
guides or “light pipes” for controlling
and directing X-rays.

Measuring Tiny Polymer
Single Crystals

The simplest morphological entity
available to polymer scientists is the
polymer single crystal. However, true
polymer single crystals are typically
only ten wavelengths of light (5
microns) on a side and 50 atoms (0.01
micron) thick—the larger dimension is
far less than the diameter of a human
hair—and thus their physical proper-
ties have not previously been directly

amenable to study. So-called
crystalline bulk polymers, however,
are composed of the tiny, randomly
oriented single crystals embedded in
an amorphous matrix. Therefore,
until now it has been necessary to
infer the properties of the single
crystals from experiments on these

complex polycrystalline, multiphase
systems.

At the Case Western Reserve Uni-
versity Materials Research
Laboratory, R. Hoffman of the
Physics Department, P. H. Geil of the
Department of Macromolecular Sci-
ence, and their coworkers have now

Measuring crystal properties. A newly developed device now permits the direct
measurement of mechanical properties of single, microscopic crystals of polymers,
important in understanding the physical behavior of these widely used materials. Ina
“nanotensilometer” this tiny polyethylene crystal, deposited between two movable
surfaces, has been pulled to fracture and the force measured. The gap between the
surfaces is only three-thousandths of a millimeter. (Photo by Case Western Reserve
Materials Research Laboratory.)



developed an instrument capable of
measuring directly the mechanical
properties of polymer single crystals.
Called the nanotensilometer, the
instrument is constructed on the
concept of an inverted pendulum and
consists of two identical platforms
that move in concert so that external
mechanical vibrations do not affect
their relative position. The tiny
polymer single crystal is deposited
from solution across the gap between
the two platforms. The mechanical
properties are measured by applying
an electromagnetic force, which
separates the platforms and stretches
the sample. The elongation of the
sample is determined from an ex-
tremely accurate measurement of an
electrical capacitance. The applied
force can be measured accurately to a
fraction of a dyne, while the smallest
displacement that can be measured is
3 Angstroms, or about one atomic
radius. It is planned to utilize the
nanotensilometer to conduct exten-
sive studies of the mechanical proper-
ties of a variety of polymer single
crystals. The results of such measure-
ments and their interpretation should
be of intense interest to a broad
spectrum of the polymer scientific
community.

Fatigue of Metallic Materials

If one mechanically loads and
unloads (cycles) an annealed metal,
initially it hardens rapidly. With
accumulating cycles, the hardening
rate approaches zero, a condition
termed saturation. This is considered
prerequisite to crack initiation, which
may lead to fatigue failure in service.
Current theories of saturation are
based on transmission electron
microscopy observations of dis-
locations in the bulk of fatigued
samples, yet current understanding
of materials behavior under complex
loading conditions is very poor. As an
example, it is not understood why
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large loads followed by small cyclic
loads are, for certain metallic
materials, less damaging than the
same loads applied in a different
order.

C. Laird and his coworkers at the
University of Pennsylvania are trying
to understand, as a first step toward
the solution of such problems, the
mechanism of cyclic deformation of
copper single crystals in low strain
fatigue. They addressed the question

4,400 CYCLES

T ) 30,000 CYCLES

(a) SPECIMEN C26
Ay, = 0.0025

2,750 CYCLES

(b) SPECIMEN C14
Ay, =0.005

1,420 CYCLES

12,000 CYCLES

(c) SPECIMEN C29
Ay,=0.01

Fatigue deformation. Tensile loading and
unloading of an annealed metal results in
initial rapid hardening. With increasing
cycles, the hardening rate settles to zero;
this is considered a prerequisite of crack
initiation and is important in failure. In
study of a copper sample, it was dis-
covered that for a range of low strains, all
strain is carried by slip bands, which
appear as lines on the surface. As the
applied strain is increased, the volume
fraction of slip bands increases. At about
1 percent shear strain the entire sample is
a huge (persistent) band. Electron
microscopy of these bands has led to a
model for low strain cyclic deformation.

of whether plastic strain in saturation
was caused by flip-flop motion of
crystalline line defects called disloca-
tion dipoles between equilibrium
positions, or by persistent slip
bands—concentrated regions  of
deformation that can be seen on the
surface of the crystal as step-like
offsets.

They discovered that for a range of
low strains, all the strains are carried
by the persistent slip bands and
essentially none by the dense arrays
of dislocation dipoles. As the applied
strain is increased, the volume frac-
tion of persistent slip bands increases,
until at a plastic shear strain range of
about 1 percent, the entire gage
length is a large persistent slip band,

They further observed that within
the range of strains where persistent
slip bands are operating, the stress
required to activate them is constant.
The observation that bands slip and
reverse in a macroscopically obsery-
able manner disposed of one of the
competing models of fatigue defor-
mation, primarily based on the con-
cept of surface hardening. Moreover,
they discovered that the individual
slip lines are microscopically reversi-
ble, but that, within tight groups of
lines, minor irreversibilities occur;
these integrate over thousands of
cycles to give the notch-peak
topography of which the initial
fatigue crack consists. This is believed
to be the first direct evidence of
fatigue crack nucleation. Lastly, by
doing additional electron microscopy
on the bands, a model was developed
to describe low strain cyclic deforma-
tion,

What has been observed in single
crystals applies to the individual
grains of polycrystalline aggregates.
The macroscopic stress-strain rela-
tionship is more complicated, but a
method and direction of research to
tackle this complicated problem area
has been devised.
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telescope, the Very Large Array, in
New Mexico. This array, consisting
of 27 antennas, is scheduled to be
completed in 1980 and will provide
details of the universe at radio
wavelengths that exceed the resolu-
tion of ground-based optical tele-
scopes. There is great potential for
advances in astronomy in the coming
use of this and other new facilities
covering several wavelength ranges
and giving a more complete physical
picture of cosmic objects.

The increasing interest in the
chemistry of the lower atmosphere
and the stratosphere, particularly the
role of fluorocarbons in reducing
stratospheric ozone, has focused
attention on the Foundation’s support
for research in the atmospheric
sciences. These studies directed at
understanding how and why the
atmosphere behaves as it does have
relied heavily on the increasingly
sophisticated computer models sup-
ported through the National Center
for Atmospheric Research in Boulder,
Colo.

In the Earth sciences the plate
tectonics theory has provided scien-
tists for the first time with a unifying
concept of global structure and
composition, a model of how the
major features of the Earth’s surface
have been formed and changed, and
the first keys to the basic driving
forces of a dynamic and changing
planet. The Ocean Sediment Coring
Program has played an important
part in this effort through drilling
and coring in the sediments and
upper basement rocks of the world’s
ocean basins.

In the ocean sciences, marine
scientists over the past year have
made important discoveries in the
movement of the ocean waters, the
living and nonliving resources of the
sea, and the role of the oceans in
shaping weather and climate. Three
modern oceanographic research ships
have been constructed over the past 2
years to replace worn out ships in the
academic oceanographic fleet.

In Antarctica, all management and
funding of the U.S. research program
there has been consolidated in the
Foundation, by order of the Presi-
dent. The peaceful pursuit of science

continues in cooperation with 11
other Antarctic Treaty nations. The
Foundation is also the lead Federal
agency for the extension of research
in the Arctic.

Astronomy

The National Science Foundation
provides about two-thirds of the
Federal support for ground-based
astronomy in the United States. In
fiscal year 1976, NSF supported
astronomers at over 100 universities,
private and university observatories,
and NSF-supported national observ-
atories. Astronomers at universities
and colleges apply to NSF for
research grants and to the national
centers for observing time on radio
and optical telescopes. The number of
applicants, the majority from in-
stitutions without research quality
telescopes, has been steadily rising.

This increasing proposal pressure is
due in part to a phasing out of basic
research support in astronomy at
other agencies. The most recent
example is the transfer of respon-
sibility for the Sacramento Peak
Observatory from the U.S. Air Force
to NSF on July 1, 1976. But the
primary driving force behind the
surge in astronomy lies in the science
itself. This year and in years
preceding there were several
breakthroughs on the research fron-
tier. As a result, we are now much
closer to answering some fundamen-
tal questions of astronomy, cosmol-
ogy, and physics. The point can be
illustrated with a few recent ex-
amples.

Redshift measurements place the
quasar 3C286 at a distance of 22
billion light-years. Last year a team of
scientists studied 3C286 and an
intervening galaxy with a radio
interferometer: the National Radio
Astronomy Observatory (NRAO)

300-foot antenna in Green Bank, W.
Va., and the National Astronomy and
Ionosphere Center (NAIC) 1,000-foot
antenna in Arecibo, P.R. These
studies provided independent evi-
dence that 3C286 is at least 18 billion
light-years away. If quasars are at
such cosmological distances, then
other measurements of angular
motions show that some are moving
at speeds exceeding the speed of light.
This is, of course, in flat contradiction
to the current theoretical foundations
of science.

Since 1963, our picture of the
universe has been enriched with the
detection by radio antennas of spec-
tral radiation from vast clouds of
interstellar molecules. Most were
found with the NRAO 36-foot
millimeter wave antenna, and last
year NRAO added the ion DCO? to
the list. The deuterium (the D in
DCO") is primordial—having been
created very soon after the birth of
the universe. Also, a new infrared
spectrometer on the Kitt Peak
National Observatory (KPNO) 4-
meter telescope made the first optical
discovery of an interstellar organic
molecule—acetylene, C,H,. We now
know of more than two dozen
organic molecules in deep space.

During the week of July 4, 1976,
the newly upgraded NAIC 1,000-foot
antenna, operating as a radar,
mapped Martian landing sites for the
NASA Viking 1. The new maps
allowed NASA to alter Viking's
original course—avoiding a possibly
disastrous landing in rough terrain.
In other areas of solar system



astronomy, progress still depends
heavily on ground-based observa-
tions. An example is a careful study
of transient holes in the Sun’s corona,
made using a spectroheliogram with
the KPNO Solar Vacuum Telescope.
For the first time, a one-to-one
correspondence was found between
the occurrence of coronal holes and
geomagnetic storms here on Earth
2% days later. In another study,
observations of the infrared reflec-
tion from Pluto indicate that its
surface is covered with frozen
methane, which is probably left over
from the origin of our solar system.

With ever-improving estimates of
the age and gross density of the
universe, astronomers are coming
closer to predicting its ultimate
evolution. If the universe is not dense
enough, or if it is older than 16 to 20
billion years, it may be “open” and
continue to expand forever. Other-
wise, it should reverse its present
expansion and contract. Astronomers
at the Steward Observatory, Univer-
sity of Arizona, using a new image
tube developed as part of NSF’s
instrument program, report spectral
observations of huge clouds of gas in
what was thought to be empty space
between galaxies. Discoveries such as
this tend to increase our estimates of
the universe’s density. At about the
same time, another group, at the
University of Chicago, reported
results of a new radioactive dating
technique. Primordial rhenium 187
found in meteorites slowly decays
into osmium 187, and measurements
of the rhenium 187/osmium 187 ratio
indicate the rhenium was formed as
much as 18 billion years ago.

These and other advances sustain
an historically recurrent theme.
Significant discoveries in astronomy
have always followed the use of new
instrumentation. As the following
pages will bear out, we can now be
hopeful that by using a burgeoning
variety of new techniques astrono-
mers will give us a far more
sophisticated picture of the origin,
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evolution, composition, and ultimate
fate of the universe.

Stellar Nurseries

Stars can form only in the densest,
most opaque regions of the in-
terstellar medium. But even though
visible light cannot escape from the
inner parts of these “stellar nurs-
eries,” longer wavelength infrared
radiation can penetrate the dense
material. The youngest stars in our
galaxy, then, are probably detectable
only at infrared wavelengths. From
this infrared light, astronomers have
learned where stars form in our
galaxy—but the question of how they
form is considerably more complex.

To discover how gas clouds collapse

to make new stars, F. J. Vrba (Uni-
versity of Arizona) and his
collaborators, S. E. Strom and K. M.
Strom (Kitt Peak National Observ-
atory), have recently completed a 2-
year study of four star-forming
regions. Between 1974 and 1976 they
carried out their infrared observa-
tions with the 4-meter, 2.1-meter,
and 1.3-meter telescopes at Kitt Peak.
New detectors and telescope modifi-
cations have only recently made such
a survey possible.

The first step in the investigation
was to pick out four dark clouds
which are likely sites of active star
formation. The clouds take a variety
of shapes that suggest the process by
which the cloud is collapsing to form
stars. The geometry of the weak

Nursery for stars. Within the collapsing Ophiuclus cloud, where new stars are
forming, gas and dust tend to become aligned with the cloud's weak magnetic field.
These alignments cause the background starlight to become polarized. Superposed
on this Palomar Observatory Sky Survey print are vectors showing the amount and
direction of polarization (the numbers signify sky positions only). Magnetic field lines
and, hence, regions of condensation follow the polarization lines.
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magnetic field in the cloud may play a
role in the collapse; the field lines
may direct the gas flow, or at least
map the flow directions. The collapse
mechanism, in turn, may determine
the efficiency of star formation in the
cloud. To get a complete picture of
the star-forming process, then, re-
quires knowledge of a cloud’s
morphology, magnetic field, and
embedded star population.

Surveys at the wavelength of 2.2
microns turned up numerous point
sources clustering near the center of
each cloud. From counts of these
young stellar objects, the astrono-
mers estimated the amount of matter
that had actually condensed out of
the cloud to form new stars.

If a magnetic field is present, it
causes a systematic alignment of the
dust grains within the dark cloud.
The aligned dust grains then polarize
the light from background stars, and
the polarization directions map the
magnetic field lines. For each cloud,
the polarization directions for several
dozen background stars were meas-
ured.

The magnetic-field geometries im-
ply that several mechanisms can
initiate the collapse of a cloud—in
fact, each of the four clouds in the
study represents a different collapse
process. The most efficient means of
forming stars appears to be the
collision of two dense clouds. In this
case, at least 28 percent of the
original cloud material condensed to
form stars. Dynamic pressures,
rather than the magnetic field, have
the major influence on the cloud’s
evolution. A second cloud, whose
collapse was initiated by the passage
of a shock wave through the gas, had
produced stars at an efficiency of 8
percent. Another cloud gave evidence
of collapse induced by a magnetic
instability. Most of its stars have
formed at the bottom of a “magnetic
well.” Here, the cloud material and
the magnetic field are locked
together, and the field plays a domi-
nant role in the cloud’s evolution.

The fourth cloud is simply undergo-
ing a quiescent gravitational collapse.
Its magnetic field is not strong
enough to prevent the collapse, and
the cloud material has pulled the field
along with it as it collapsed radially.

There appears to be no correlation
between the strength of the magnetic
field and the efficiency of star forma-
tion. Instead, the most important
factor is the collapse process. The
first two mechanisms, involving
strong dynamic pressures, result in
extremely efficient star formation.
The latter two processes, which are
more quiescent, have much lower
efficiencies; only 1 or 2 percent of the
cloud material condenses into new
stars.

These are the first observational
answers to the question of how stars
are made. Vrba's results will help
solve the more general problem of
star formation on the large scale, a
crucial step toward understanding the
overall structure of our Milky Way
and all of the other billion galaxies in
the observable universe.

The Magellanic Plane

A recent study at the Cerro Tololo
Inter-American Observatory (CTIO)
has contributed to an understanding
of the violent interaction between
our own Milky Way Galaxy and its

closest neighbors, the Magellanic
Clouds.
In the Milky Way, globular

clusters—each one a spherical con-
centration of hundreds of thousands
of stars—are scattered in a roughly
spherical distribution enveloping the
Milky Way. Most such clusters bear a
basic resemblance to one another,
because they were all formed at about
the same time and, therefore, com-
prise similar populations of stars.
This similarity can be seen readily by
plotting the colors of all stars in the
cluster versus their brightnesses. In
the resulting “color-magnitude” plot,
the stars in each globular cluster
trace out very similar patterns. The

stars are not distributed over the plot
at random, but instead lie along well
defined bands according to their intrin-
sic brightness.

However, when CTIO staff
astronomer W. Kunkel, in collabora-
tion with Canadian astronomer 5.
Demers, plotted the color-magnitude
diagram of a distant globular cluster
in the constellation Reticulum, they
found it to be unlike any of the
known globular clusters in our
galaxy. First, the band of the diagram
traced out by the giant stars is
steeper than the analogous branch
for most clusters. Second, the
Reticulum cluster has an unusually
large proportion of bright red stars.
Searches for other such objects have
disclosed five more globulars with the
same features. All of these anomalous
systems are at extremely large dis-
tances from the galactic center,
greater than 480 trillion miles.

Five of the six share a further
property: projected onto the sky, they
lie within a few degrees of a great
circle, as if confined to a plane.
Significantly, the same great circle
also passes through our nearest
neighbor galaxies, the Large and
Small Magellanic Clouds and the
band of hydrogen gas connecting
them. The probability that such a
distribution might arise by chance is
less than 0.002. Kunkel and Demers
thus concluded that the Magellanic
Clouds and the anomalous globular

clusters are all part of a real
“Magellanic Plane Group.”
Suspecting that the peculiar

clusters may be relics of a close
encounter between the Magellanic
Clouds and our galaxy, Kunkel com-
puted models of the hypothesized
interaction. The computer produced a
“moving picture” of the disruption
suffered by the Magellanic Clouds
during a close orbital pass around the
galaxy. Kunkel concludes that enough
of the outer material of the
Magellanic Clouds could have been
stripped off to form the “Magellanic
stream” of hydrogen gas and the
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Nearest neighbor. The Small Magellanic Cloud is a satellite to our own Milky Way

Galaxy and is visible to the naked eyein

the Southern Hemisphere. Peculiar globular

clusters recently observed at Cerro Tololo Inter-American Observatory suggest an
encounter between the Cloud and our Galaxy. The close encounter may have
stripped off the outer material of the Cloud to form peculiar objects in the Magellanic

stream and plane.

anomalous globular clusters. The
peculiarities of the clusters may thus
be due to their relatively young age.

Radar Mapping of the
Surface of Venus

The first detailed pictures of a large
portion of the surface of the planet
Venus were obtained at the National
Astronomy and lonosphere Center
during the year. Successfully piercing
the cloud cover of the planet, the
pictures show evidence that processes
at work on both the Earth and Moon
are also acting on Venus. The pic-

tures were made with the new S-
band radar system by D. B. Campbell
and R. B. Dyce of the NAIC staff, and
G. H. Pettengill of the Massachusetts
Institute of Technology. To obtain
clear and unambiguous pictures, the
scientists had to use the NAIC 1,000-
foot telescope in conjunction with a
100-foot steerable antenna located 6
miles north of the main observatory.
These are connected by a microwave
radio link, and each telescope
possesses an extremely sensitive
solid-state maser that has the re-
quired signal-to-noise ratio charac-
teristics for the mapping observa-

tions. The radar echoes of the S-band
radar transmissions were measured
by both antennas to determine
precisely the time of arrival, intensi-
ty, and frequency of the returning
pulses. This information was then
used to determine the exact locations
of the echo-regions and the strengths
of reflected signals.

The first observational results gave
a picture of a region of Venus of
about 4 million square miles in area.
The region extends 80° in longitude
and from 46° to 75° north latitude.
The horizontal resolution in the
pictures is about 12 miles.

Two major features appear in this
region. One is a large basin extending
about 1,000 miles in the north-south
direction and 600 miles in the east-
west direction—approximately the
size of the Hudson Bay. Its southern,
northern, and northwestern bound-
aries are bright rims which appear to
be formed by a series of sharp ridges
several hundred miles long. To the
south of the basin there is a region of
greater brightness. This area has the
same appearance as the ejecta
blankets of some lunar craters, places
covered with debris that was thrown
out when large objects impacted the
lunar surface. Two smaller craters
are located within the basin.

To the east of the basin is a very
large bright area about the size of the
State of Oklahoma. This region,
previously detected at Arecibo and
named “Maxwell,” is a very rough
elevated plateau comprised of long
parallel ridges and canyons extending
for hundreds of miles. No feature like
this exists on either the Earth or the
Moon. It seems to overlie an older
surface and cannot be the result of
meteoric impact. Scientists believe
the feature is the result of processes
internal to Venus, possibly the result
of a large eruption of lava.

The feature “Maxwell,” along with
the bright rims of the adjacent basin,
appears to be the result of tectonic or
mountain-building activity on Venus
similar to that which has shaped the
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Through the clouds. This radar map of the surface of cloud-shrouded Venus, made at
the National Astronomy and lonosphere Center, reveals a large basin about the size
of Hudson Bay. The basin is believed to be caused by the impact of a large object. The
extensive bright region adjacent to the basin has the same appearance as the debris
blankets near lunar craters that were formed by impacts.

surface of the Earth. The large basin,
on the other hand, is reminiscent of
large impact areas, similar to the
maria of the Moon. Thus, it appears
that processes which shaped both the
Earth and Moon were active at some
point during the evolution of Venus.

Pulsars Rocketing
Through Space

Since the first pulsar was dis-
covered in England in 1968, more
than 150 have been detected, and
one-third of them have been found
by the radio astronomers at the
University of Massachusetts. The
pulsars are superdense collapsed
stars, about 15 kilometers in diam-
eter, but with masses like that of the
Sun. They are spinning, perhaps a
thousand times a second early in their
lives, and have highly intense

magnetic fields, reaching one trillion
times the Earth’s field, all as a result
of the collapse. They radiate intense
pulses of radio waves into space.

By carefully examining the arrival
times of radio pulses emitted by a
pulsar over 1,000 light-years away,
David ]. Helfand, Joseph H. Taylor,
and R. N. Manchester of the Univer-
sity of Massachusetts have deter-
mined that it is rocketing through
space at over 550 kilometers per
second, or 1% million miles per hour.

The observers record signals from
many pulsars several times a week at
the Five College Radio Astronomy
Observatory in central
Massachusetts. The time at which the
pulses reach the telescope after
traveling through space for hundreds
of years depends on where the Earth
is in its annual path around the Sun.
To avoid the confusion of getting

different results during different
seasons, the astronomers correct the
arrival times to an imaginary
stationary observatory at the center
of the solar system. This correction,
however, depends on knowing the
position of the pulsar in the sky very
accurately. If this well determined
location changes because the pulsar is
moving, a steadily increasing error is
seen in the pulse arrival times, from
which the pulsar’s velocity can be
computed. Several sources have been
clocked in this way, yielding velocities
ranging from 50 to over 500
kilometers per second.

Radio astronomers at two other
observatories have recently obtained
similar results using the more
traditional technique of measuring
positions by radio interferometry.
The motions across the sky of ten
pulsars have now been determined; at
least three are moving so fast that
they will eventually escape the
gravitational pull of our galaxy and
will speed off into the vast emptiness
of intergalactic space. Most of the
sources are moving away from the
Earth, as would be expected if the
pulsars are born in the violent
collapse of giant stars near the
galactic plane.

The Massachusetts radio astrono-
mers and their colleagues are examin-
ing various mechanisms to explain
the acceleration of the pulsars to high
velocities soon after they are born.
During their investigations they
noticed a strong correlation between
a pulsar’s velocity and the estimate of
the strength of its magnetic field at
birth. The sources with weak fields
all had low velocities (100 kilometers
per second), whereas those with
strong fields had a wide range of
speeds up to nearly 1,000 kilometers
per second. This relationship
suggested an electrodynamic origin
for the pulsar velocities. Such a model
was proposed Jast year by E.
Tademaru and E. R. Harrison of the
University of Massachusetts. It views
the rapidly rotating, newborn pulsar



as a photon rocket. The radiation
force that provides the acceleration
results from the slight displacement
of the centroid of the huge magnetic
field from the center of the star.
This new work on pulsars has
helped establish the velocity distribu-
tion of these sources, an essential
clue in interpreting their observed
distribution in the galaxy.

National Astronomy and
lonosphere Center

The National Astronomy and
Ionosphere Center, operated and
managed by Cornell University under
contract with NSF, provides unique
facilities for visitor-oriented research
programs in aeronomy and radio and
radar astronomy. The main instru-
menl is the world’s largest single
radio/radar telescope. This device,
incorporating a 1,000-foot diameter
fixed spherical antenna, is located in a
remote, radio-quiet valley 12 miles
south of the city of Arecibo, P. R.
NAIC provides telescope users with
administrative,  engineering, and
technical support for their observing
programs. The NAIC headquarters
are located on the Cornell campus in
Ithaca, N.Y.

In September 1976, Cornell Uni-
versity ended a nearly 5-year subcon-
tract effort to upgrade the surface of
the 1,000-foot reflector. E-Systems,
Inc., of Dallas Tex., the resurfacing
subcontractor, completed several
complex tasks during the past several
years, including: the arrest of exten-
sive ground subsidence on the dish
perimeter; diagnosis and correction of
a difficult surface flexure problem;
and the design, fabrication, and
installation of 38,778 precision
aluminum panels. Cornell is presently
preparing a plan to complete the final
alignment with CornelllNAIC staff
using a new laser survey .system.
Alignment completion is scheduled
for late fiscal year 1977.

Several important accomplishments
during fiscal year 1976 were made
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Pulsar model. A pulsar is a rapidly rotating, very dense neutron star less than 15
kilometers in diameter. Charged particles, escaping from the surface along magnetic
field lines near the magnetic axis, radiate a beam of energy in the radiofrequency
range. These radiations are detected on Earth as pulses each time the beam sweeps

through the Earth's line of sight.

using the 2,380-megahertz planetary
radar system. These included the
high-resolution mapping of the cloud-
covered surface of Venus, the map-
ping and analysis of NASA-Viking
Lander sites on Mars, and the detec-
tion of the asteroid 1580 Betulia.
These observations were made possi-
ble by the new remote 100-foot
diameter interferometer antenna
located 6 miles from the main observ-

ing site, which forms an in-
terferometer with the 1,000-foot
antenna.

A long-sought development in
aeronomy was the first detection of
an incoherent backscatter echo from
free electrons in the ionosphere. The
detection of this ionospheric electron
component was the primary goal that
led to the establishment of NAIC
more than 15 years ago. This result
was possible because of the availabili-
ty of a sensitive, broad-band 4096-
channel autocorrelator that was

designed and built for the S-band
planetary radar program.

During fiscal year 1976, the NAIC
radio/radar telescope was used by 64

visiting  investigators from 30
domestic and foreign research and
educational  establishments. The

number of visiting scientists was 68
percent larger than in the previous
year. During the year, 72 percent of
the observing time on the large
reflector was allocated to radio
astronomy, 16 percent to ionospheric
studies, and 12 percent to radar
astronomy.

National Radio
Astronomy Observatory

The National Radio Astronomy
Observatory is operated and managed
by Associated Universities, Inc., un-
der contract with the Foundation,
from scientific and administrative
headquarters located in Charlottes-
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ville, Va. The observatory is equipped
with four radio telescope systems—
three at the principal observing site at
Green Bank, W. Va., and one on Kitt
Peak, near Tucson, Ariz. Early in
fiscal year 1977, research operations
will begin with the partially com-
pleted Very Large Array (VLA), an
NRAO project for a 27-element radio
telescope capable of imaging celestial
radio emitters. The VLA is located on
the Plains of San Augustin, 50 miles
west of Socorro, N. Mex.

During the past year a total of 270
visiting  observers (including 75
students) representing 83 institutions
used the NRAO telescopes. A new
feature of the 1976 program was use
of the 140-foot telescope at Green
Bank in a network of telescopes
performing simultaneous observa-
tions over transcontinental baselines.
This multistation, very long baseline
interferometer, which provided a
resolution at least 100 times that of
existing optical instruments, was
used to study the fine structure in
radio sources. The most complex of
these experiments involved telescopes
at eight locations.

Two new “front-ends” have been
added to the 36 receivers available at
the NRAO telescopes. These are a
3,120-3,370 megahertz dual-channel
cooled parametric amplifier system
and a combined 1,000-1,450
megahertz and 4,500-5,000
megahertz dual-channel up-
converter/parametric amplifier
system. Both systems were tested on
the Green Bank telescopes in the late
summer of 1976. A combined 80-120
gigahertz/33-50 gigahertz cooled-
mixer receiver is nearing completion,
and work is in progress on a number
of maser systems.

Preliminary operations and testing
of the VLA began October 24, 1975,
when the first antenna completed for
the 27-antenna array was placed in
operation. Since that time, a total of
six antennas has been completed, and
three of these are now being used as
an interferometer to test the central

electronics and computer systems in
the control building. Of the six major
site structures, only the visiting
scientists quarters remain to be
completed. With the completion of
the second increment of wye track
construction in September 1976, 1.1
miles of the north arm, 1.2 miles of
the southeast arm, and 6.5 miles of
the southwest arm will be available
for the start of research operations.
The VLA is scheduled to be com-
pleted in fiscal year 1981.

Kitt Peak
National Observatory

Kitt Peak National Observatory,
located in southern Arizona, is
operated by the Association of Uni-
versities for Research in Astronomy,

Inc,, under contract with NSF. As a
national center, it makes first-rate
research facilities available to astron-
omers throughout the country. Sixty
percent of all telescope time is
reserved for visiting astronomers,
who are awarded time on the basis of
their research proposals. The remain-
ing 40 percent of the time is allocated
to resident staff members, who carry
out their own research programs and
supervise the development of new
equipment.

Two of the optical telescopes are
designed especially for solar observa-
tions; the other nine are used for
studies of planets, stars, interstellar
material, and external galaxies. The
telescopes range in size from 4
meters (the second largest reflector in

Under construction. At the site of the Very Large Array in New Mexico, the fifth
antenna of an eventual 27-element radio telescope nears completion. This view looks
along the southwest arm of the wye-shaped tracks on which the antennas can be
positioned. When completed in 1981 it will be the world's most sensitive radio
telescope and able to detect never-before seen facets of the universe.



the country) to 31 centimeters. Each
has special functions. The 31-
centimeter Schmidt, for example, is
ideal for wide-field surveys and comet
photography; the 4-meter telescope is
reserved for faint-object astronomy.

During the past year the observ-
atory has placed greatest emphasis on
developing new ways to make the
best possible use of this array of
telescopes. Two Fourier Transform
Spectrometers installed at the 4-
meter telescope and at the McMath
Solar Telescope will allow faint
objects to become accessible and
brighter objects to be observed in a
fraction of the time required
previously. KPNO also supports an
active program to develop the best
available detectors for both visible
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and infrared radiation. Modern detec-
tors have been crucial to the success
of the observatory’s new spec-
trometers.

During an observing run, com-
puters programmed with new
software can control the telescope
motions with precision—of special
importance to daytime observations
at infrared wavelengths. The com-
puters can also handle an un-
precedented amount of data at
several stages: acquisition from the
detector, on-line reductions during
the observing session, and later
analysis at the downtown offices.

During fiscal year 1976, 278
visiting scientists from 77 U.S. in-
stitutions and 10 foreign countries
observed with KPNO telescopes.

Taking the Sun’s temperature. The amount of sunlight reaching the Earth affects our
climate and is directly responsible for all life as we know it—yet we don't know how
constant this radiation really is. A study under way at Kitt Peak National Observatory
to monitor the Sun’s brightness may provide new insight into climate-changing
mechanisms. This view of the solar surface was obtained with the McMath Solar
Telescope.

Cerro Tololo
Inter-American Observatory

The Cerro Tololo Inter-American
Observatory is operated by the
Association of Universities for
Research in Astronomy, Inc., under
contract with the National Science
Foundation. Located in the Chilean
Andes at a southern latitude of 30°,
CTIO is the Southern Hemisphere
counterpart of the Kitt Peak National
Observatory. Its site atop a 2,200-
meter mountain is one of the finest in
the world for astronomical observa-
tions. The observatory headquarters,
located in the coastal city of La
Serena, include a library, a'computing
center, engineering and technical
facilities, and staff housing.

During fiscal year 1976, special
attention was given to preparing the
4-meter telescope for visitor use. The
prime focus was made available to
visiting scientists in January of 1976,
and later in the year the Ritchey-
Chretien spectrograph and direct
camera were also in use.

Work has continued to improve the
usefulness of all eight telescopes
sharing the mountaintop. In partic-
ular, more sensitive detectors have
been tested, and computers are now
used for telescope control and data
acquisition. The computer control
system for the 4-meter telescope was
recently completed, and the pointing
accuracy of the telescope is now
better than 2 seconds of arc.

Other observatory services have
also been improved. The installation
of frequency conversion equipment
on Cerro Tololo allows interconnec-
tion to the commercial electrical
power service. In La Serena, an
instrument and maintenance shop
was completed; this will be used to
fabricate and repair instrumentation
under the close supervision of the
scientific and engineering support
staff. A new ten-unit dormitory is
now available for visiting observers
using the computer and other
facilities at the headquarters.
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To improve the administrative
efficiency of observatory operations,
a scientific programs division has
been established. Managed by a
support scientist and a steering
committee of staff scientists, the
division is now responsible for the
operation of all telescopes.

. e:’

Sacramento Peak
Observatory

The Sacramento Peak Observatory,
operated under contract with NSF by
the Association of Universities for
Research in Astronomy, Inc.,
provides unique instrumentation and

facilities for advanced research in
solar physics and related disciplines.
The SPO facilities are located at an
elevation of 9,200 feet in the
Sacramento Mountains of south-
central New Mexico.

On July 1, 1976, responsibility for
SPO was transferred from the U.S.
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Solar physics. The 7-year-old Solar Vacuum Tower Telescope at Sacramento Peak Observatory in New Mexico provides critical
data about solar flares, magnetic fields, and the velocities of matter in the solar atmosphere. Its 30-inch fused quartz entrance
window is 136 feet above ground level, and the bottom of the evacuated optical system is 193 feet below ground.



Air Force to NSF. In fiscal year 1977,
the USAF is funding 50 percent of
the SPO operational costs, which are
estimated at $1.5 million. In fiscal
year 1978 and fiscal year 1979, the
USAF will provide $325,000 each
year.

AURA, the NSF contractor respon-
sible for SPO, will operate and
manage SPO during a 15-month
interim period, extending through
September 30, 1977, while NSF
selects a permanent operator. An ad
hoc  committee of scientific and
business experts was established in
June 1976 to advise NSF on
operational matters and long-range
programs at SPO, including a pro-
posed management structure. The
committee is expected to report by
January 1977.

The principal instrument at SPO is
a 357-foot high solar vacuum tower
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telescope with an echelle spec-
trograph, digital diode array, and
universal birefringent filter; it is
capable of producing simultaneous
real-time images of the Sun in widely
separated wavelength bands. Other
instruments include two 40-
centimeter aperture coronagraphs, a
40-centimeter telescope with a solar
magnetograph, and several smaller
instruments designed for polarization
measurements and other studies.
Telescope users are provided with
data reduction services that include a
computer, a microdensitometer, a
blink comparator, and a measuring
engine. During fiscal year 1976, while
under the aegis of the USAF, SPO
facilities were used by 30 in-
vestigators from 24 domestic and
foreign research and educational in-
stitutions.

Atmospheric Sciences

The Foundation’s research pro-
grams in atmospheric sciences have
as their goal the increase of knowl-
edge and understanding of the behav-
ior of the Earth’s atmosphere. The
realm of atmospheric sciences begins
at the surface of the Earth where the
atmosphere interfaces with the land
and the waters and continues to the
outer reaches of space where it
merges and interacts with the at-
mosphere of the Sun. To study such a
vast regime calls for talents from
many disciplines. Atmospheric
sciences, therefore, is itself a derived
discipline in which the basic knowl-
edge from physics, chemistry,
mathematics, biology, and other
sciences is applied in various ways
and through many techniques to
improve our understanding of how
and why the atmosphere behaves as
it does.

One of the best recognized
applications of our understanding is
to weather forecasting. It might be
said that all these studies in atmos-
pheric sciences, which are aimed at
improving our fundamental knowl-
edge about the physical system of the
Earth’s atmosphere, have as their
ultimate goal the improvement of
weather forecasting, even though
only a few of them are intended to
contribute directly to that process.

However, the research supported
by NSF may contribute directly to the
solution or alleviation of such atmos-
pheric problems as.those associated
with pollution from major industries,
growing population, and other
societal actions that affect the at-
mosphere in various and subtle ways.
The problem of drought, for example,
has assumed major importance
recently because of its relation to the

availability of water and thus to crop
yields and food production. Unfor-
tunately, little is known about the
cause or causes of drought or why
certain lands can support a good crop
in some years and in other years
suffer from a drought. Certainly the
drought problem is associated with
changes in the general circulation of
the atmosphere, but we do not know
why changes take place in the general
circulation. Modeling and simulation
studies plus sensitivity analyses and
diagnostic studies are helping to
unravel the problem, but it will take
many years until the causes are
identified and future drought con-
ditions can be reliably forecast. At
this time, a concentrated effort is
under way nationally and inter-
nationally to understand better the
general circulation of the atmosphere.
The payoff from this study will be
better and longer range weather
forecasts.

Severe storms such as tornadoes
and large thunderstorms that bring
hail, lightning, and high winds cause
a great deal of damage in the United
States. Again, very little is really
known and understood about these
systems. Why do they form? Where
and when will they strike? An
increasing amount of NSF-supported
research in the atmospheric sciences
is directed towards studies of these
severe weather phenomena and
methods to analyze the results of
field studies.

There are three basic atmospheric
research programs—solar-terrestrial,
aeronomy, and meteorology, Two
other programs—the Global Atmos-
pheric Research Program (GARP) and
climate dynamics—are multi-
disciplinary and components of inter-
agency and international programs.
All of these programs support fun-
damental research through grants to
individual investigators, most of
whom are located at universities.

The National Center for Atmos-
pheric Research, with headquarters
and facilities in Boulder, Colo., sup-
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ports a broad spectrum of research in
atmospheric sciences. In addition it
provides facilities, such as a major
computer, aircraft, and a scientific
balloon-launching  facility (in
Palestine, Tex.), that are too large or
expensive for an individual institution
to maintain.

International Magnetospheric
Study

The magnetosphere is a region of
our near-space environment, con-
trolled by the extension of the Earth’s
magnetic field, in which the flux of
energetic particles from the Sun
causes some of the more dynamic
upper atmospheric phenomena, such
as magnetic storms and auroras. One
of the major purposes of the current
International Magnetospheric Study

(IMS)-—a coordinated, international,
cooperative research program—is to
understand the solar influence on the
atmospheric - ionospheric - magneto-
spheric interaction. For example, it is
well known that electric currents of
many millions of amperes, originating
deep in space but inside the
magnetosphere, impinge on the polar
upper atmosphere, pass through the
ionosphere, and return to the
magnetosphere. These currents are
enhanced during polar substorms,
which in turn appear to be triggered
by the solar magnetic field. It is the
purpose of the IMS to study these
phenomena through coordination of
ongoing programs and by taking
advantage of unique spacecraft op-
portunities available during 1976-79.

The key ingredients of the IMS are
a multination list of spacecraft; new

Northern lights. Auroras, such as this one seen from the route of the Trans-Alaska
Pipeline, result from the interaction of particles from the Sun and the Earth's
atmosphere. Learning more about this solar influence is the purpose of the
International Magnetospheric Study.

ground-based instrument arrays,
some of which will greatly advance
international data exchange standards
by using simultaneous data collection,
processing, and dissemination in real
time at an existing central data
facility; incoherent scatter radars; the
Satellite Situation Center, which
keeps scientists informed about the
status of satellites and experiments;
and a variety of ground-based
balloon, rocket, and aircraft ex-
periments. While the IMS requires
some new facilities and support, it is
based primarily on the effective use
of presently planned programs.

In fiscal year 1976 NSF’s solar-
terrestrial and aeronomy programs
funded major portions of the ground-
based networks. The magnetometer
network represents the highest
priority item and is being acquired
with coeperation from the National
Oceanic and  Atmospheric Ad-
ministration and the U.S. Geological
Survey. The installation, calibration,
and operation of the magnetometers
will be handled by various university
groups. In fiscal year 1976 only one
group, at the Geophysical Institute,
University of Alaska, was funded to
initiate work at the remote sites in
Alaska. Other university groups will
install units in North America and a
few Pacific islands during fiscal year
1977. The magnetometer network
will be dense enough to permit
estimation of ionospheric currents
with previously unobtainable ac-
curacy. Associated with the network
of magnetometers will be riometers
(instruments designed to measure the
radio absorption in the upper at-
mosphere due to energetic particle
bombardment). These instruments
were constructed during fiscal year
1976 and will be installed in high
latitude sites during fiscal year 1977.

Three groups have been funded to
install a coordinated network of sky-
scanning auroral photometers across
the northern United States, Canada,
and Alaska. These photometers are
designed to madp atmospheric light



emissions from the upper atmosphere
at several wavelengths selected to
give maximum information about the
physical processes responsible for the
emissions. The particular processes of
interest here are those concerning
energy from auroral protons, elec-
trons, and fields coming from the
magnetosphere. Most of the con-
struction of these photometers was
funded in fiscal year 1976. Fiscal year
1977 funds will permit the installa-
tion of these units in the field and the
beginning of data analysis and dis-
semination.

Only a few field experiments were
supported in 1976, although this
activity is expected to increase
vigorously as IMS progresses. Two
very low frequency (VLF) ex-
periments were funded in 1976, the
first of which has already completed
its field operational phase. This
involved the injection of VLF radio
energy into the ionosphere over New
Zealand using a high-powered,
ground-based transmitter and a
balloon-borne antenna. The VLF e-
missions were transmitted through
the magnetosphere and received at
Cold Bay, Alaska. The modulation of
the VLF emissions by magnetospheric
plasma allows them to be used as a
diagnostic tool for probing the upper
atmosphere. The data from this
campaign (Operation Skyhook Kiwi)
are now being analyzed by scientists
at the Aerospace Corporation in
conjunction with similar data ob-
tained from Air Force satellites.

Another major component of the
IMS is incoherent scatter radar, a
radar technique that detects and
analyzes radar returns from individ-
ual ions in the atmosphere to study a
variety of static and dynamical
processes. The United States sup-
ports three incoherent radar in-
stallations: The National Astronomy
and Ionosphere Center near Arecibo,
PR., the Millstone Hill Facility in
Massachusetts, and the Chatanika
Radar in Alaska. Partial support is
also provided for the Jicamarca Radio
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Observatory in Peru. The two
northernmost U.S. radars (Millstone
Hill and Chatanika) are being funded
for campaigns oriented towards the
IMS. Millstone Hill will receive a new
(Department of Defense surplus)
steerable dish antenna that will
considerably enhance its power as a
research tool. Chatanika already has
received new electronic hardware.
Also, Chatanika has recently demon-
strated an ability to measure winds in
the troposphere and stratosphere, a
previously unexpected capability that
will be exploited during the IMS for
studies of the coupling between the
magnetosphere, the ionosphere, and
the atmosphere.

In summary, the IMS is making
maximum use of existing facilities
with a minimum of new funding for a
coordinated study of one of the most
fascinating regions of the Earth’s
environment. The development of
new methods for the rapid acquisi-
tion, processing, and dissemination of
data will increase our knowledge of
the natural environment and our
ability to conduct worldwide research
programs,

Composition of Solar Flares

Solar flares—the most violent of
nearby cosmic  phenomena—are
thought to be explosive releases of
magnetic energy which eject hot gas
(plasma) and energetic particles into
the space between the Earth and the
Sun. Both the plasma and the par-
ticles can reach the Earth’s environ-
ment, causing severe atmospheric
disturbances.

Using data obtained by NASA
satellites (IMP 4, 5, and 8), John
Simpson and colleagues at the Enrico
Fermi Institute of the University of
Chicago have been able to show that
these flares eject energetic particles
that are preferentially rich in the
elements heavier than hydrogen.
While the Sun is composed largely of
hydrogen, it appears that the flare
process tends to select heavier

elements for acceleration and ejec-
tion. An even more surprising result
of the most recent analyses is that
the flare-generated energetic particles
are especially. rich in the iron group of
elements (mostly iron, but possibly
including some nickel). These are
important results that will provide a
clue to the detailed mechanism by
which the flares obtain their energy.

Alaskan Volcanic Emissions

The volcanic peak on St. Augustine
Island in Alaska began its fourth
major eruption of the century on
January 24, 1976, producing heavy
ashfalls on Homer and Anchorage (60
and 180 miles north of the volcano,
respectively). Immediately following
this eruption, the cloud physics group
at the University of Washington
requested funds to obtain airborne
measurements from the emissions of
5t. Augustine. This request was
approved and on February 7 the
University of Washington atmos-
pheric research aircraft was on site in
Homer. During the next 11 days, ten
research flights were made and a
unique set of particle and gas meas-
urements was obtained in the
emissions from St. Augustine.

The plume from the volcano was
very dense and produced almost
complete darkness within the aircraft
cabin during penetrations. The par-
ticles in the plume also caused
considerable wear on the aircraft (for
example, 1/1000 of an inch was
removed from each propeller). A
preliminary analysis of the data
shows the rate of particle emissions
from the volcano ranged from 1,000
kilograms per second to a staggering
one million kilograms per second.
These figures indicate that worldwide
volcanic emissions are much higher
than previously estimated and must
play a significant role in global
pollution and climate variability
through a change in radiational
characteristics of the atmosphere.
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Mt. St. Augustine, Alaska. Although an eruption of this size, which occurred in
February 1976, is significant primarily for its local atmospheric pollution, major
eruptions (like Krakatoa in 1883) can pollute entire hemispheres of the Earth. (Photo
by University of Washington.)

Circulation in the
Tropical Troposphere

Preliminary analysis of data from
the combined satellite and balloon
Tropical Wind, Energy Conversion,
and Reference Level Experiment

(TWERLE) has given scientists from

the National Center for Atmospheric
Research (NCAR), the University of
Wisconsin, and NASA a first look at
some phenomena of the atmospheric
circulation at a level of about 14
kilometers in the upper tropical
troposphere. The circulation differs
markedly from that in temperate
latitudes at similar altitudes. One
characteristic is an apparent in-
terhemispheric exchange of air at the
altitude at which the balloons were
flown. Other results include the
detection of long-period gravity
waves and deep convective cir-
culations and the ability of the
balloons to act as sensitive probes of
turbulent diffusion in the upper
troposphere and lower stratosphere.

In TWERLE, 411 superpressure,

constant-level balloons were launched
over a period from May 1975 to
January 1976, 272 from sites in the
tropics and 139 from Christchurch,
New Zealand. The balloons carried an
array of sensors to detect pressure,
temperature, and balloon altitude;
these data were transmitted to a
receiver aboard the Nimbus 6 satellite
each time it passed over the balloons.
In addition, the balloons sent signals
that could be analyzed to obtain the
speed and direction of the balloons as
they were carried along by the winds.
The wind fields themselves could

thus be deduced from balloon
motions.
Of the balloons flown from

Christchurch, 33, sometime in their
lifetimes, crossed the Equator into
the Northern Hemisphere. The
crossings occurred only in two
narrow bands of longitude: between
180° and 140° E (from central
Australia to the International
Dateline) and between 0° and 30° W
(over the Atlantic between South
America and Africa). TWERLE scien-

tists theorize that a connection
between the two hemispheres at the
14-kilometer level is effected through
features of the large-scale planetary
circulation in the tropics often called
“midoceanic troughs”—areas of lower
pressure.

TWERLE scientists also discovered
that a balloon platform registering
pressure, temperature, and altitude
can be a powerful and economical tool
for studying wave motion in the high
atmosphere. Three kinds of wave
motion could be detected: a neutral
balloon oscillation (the balloon restor-
ing itself to equilibrium density level
after a perturbation) with a period of
about 4 minutes; a lee-wave oscilla-
tion in balloons launched from
Christchurch passing downstream of
orographic barriers, with a period of
6 to 7.5 minutes; and oscillations with
periods between 30 minutes and 1.5
hours that are believed to be the
signatures of gravity waves. All three
types of waves may originate near
the ground from any number of
sources (the motion of the oceans,
convective circulations) and may be
dissipated at the tropopause; con-
versely, they may be excited at the
tropopause and have no association
with topography beneath them. A
study of energy flux statistics that
can be calculated from the balloon
motions may help to pinpoint the
source.

The balloon platforms were able to
“see” extraordinary vertical air
motions associated with deep convec-
tive circulations in the tropics—in one
case a windspeed of about 3 or 4
meters per second in the vertical, a
rapid rise even for a deep tropical
convective storm. Turbulence
statistics on a larger scale also were
visible from the clustering patterns of
the balloons. In contrast to the
expected random drift pattern, the
balloons launched from the tropics
often appeared to avoid some areas
and to cluster thickly in others. The
clustering' of the balloons over the
tropical Atlantic, for example, was a



persistent feature indicating that the
upper-level winds tend to converge or
move inward over this geographical
region. The virtual absence of
balloons in the vicinity of the mon-
soonal easterly flow over northern
Africa, the Indian Ocean, and In-
donesia, which persisted during the
period of the experiment, indicated
that the winds fanned outward or
diverged over these points. Persis-
tent, large-scale areas of mean
divergence or convergence of upper-
level winds of such a magnitude have
not been observed at midlatitudes.
Further analysis should reveal how
such tropical features are integrated
into the general circulation of the
Earth.

The experiment will be repeated
during the First Global Atmospheric
Research Program (GARP) Global
Experiment (FGGE), one of the
experiments of GARP. The satellite
receiver system will be the French
ARGOS system aboard TIROS N.
NCAR will fly 300 TWERLE-type
balloons in the tropics under the
support of the National Oceanic and
Atmospheric Administration.

Global Atmospheric
Research Program

Results of the Global Atmospheric
Research Program’s (GARP) first
experiment, the GARP Atlantic
Tropical Experiment (GATE), began
to emerge in fiscal year 1976. Data
collected during the summer 1974
observational phase of GATE have
been edited, validated, and archived
and are now available to the scientific
community. One data set contains
low- and high-level tropical winds
derived from satellite cloud informa-
tion. This is a very important applica-
tion of meteorological satellite infor-
mation to the tropics, a data-sparse
region.

From a GATE project designed to
characterize airborne particles
(aerosols) transported from the
African Continent over the Atlantic
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Interhemispheric air exchange. More than
400 of these scientific balloons were
flown between May 1975 and January
1976 in an NCAR/NASA/University of
Wisconsin study of air circulation 14
kilometers above the tropics. This infor-
mation is important to understanding how
the general circulation of the world's
atmosphere determines weather patterns.

Ocean, a possible anthropogenic
impact on weather and perhaps
climate was discovered. In semiarid
regions bordering deserts, rainfall is
highly variable. With development
comes increased grazing, ploughing,
and cultivation of new land, plus
removal of trees. Overgrazing in-
fluences aerosol generation, and
during dry periods vast reservoirs of
dust are transported into the at-
mosphere by winds. This dust
modifies the radiative properties of
the atmosphere to a significant
degree and may lead to suppressed
precipitation. This, in turn, would
increase aerosol loading.

Several new and unexpected find-
ings are emerging from the Indian
Ocean Experiment (INDEX), a study
of the structure of the circulation in
the western Indian Ocean. INDEX is
a predecessor of a GARP regional
experiment, the Monsoon Experi-
ment (MONEX), that will be held
during 1978-79. MONEX is one of
several experiments embedded within
the First GARP Global Experiment
(FGGE). The Equatorial Under-
current (a fast moving, subsurface,
eastward flowing current) has been
found to be considerably more com-
plex than at first thought. A depth-
dependent alternating structure of
the undercurrent, which persists to
depths of at least 3 to 5 kilometers,
suggests that it is not clear exactly
what one should identify as the
“Equatorial Undercurrent.”

In a related INDEX effort, six
satellite-tracked drifter buoys re-
leased in the equatorial Indian Ocean
were caught in a large clockwise gyre
whose existence was totally un-
known. The gyre or eddy had a mean
speed of 70 centimeters per second
and maximum speeds in excess of 200
centimeters per second.

Preliminary results of another
GARP effort, the Air Mass Transfor-
mation Experiment (AMTEX), were
discussed by scientists from Japan,
Austria, Canada, and the United
States at a conference in Tokyo in
September 1975. AMTEX was
designed to increase understanding of
wintertime airmass modification in
regions where cold, dry continental
air flows over warm ocean water.
The region of the warm Kuroshio
current in the East China Sea, a
strongly preferred region for intense
winter storm development, was
selected. The physical processes in-
volved are thought to play a similar
role in the Gulf Stream region off the
southeast coast of the United States
where many intense storms are
generated. AMTEX results indicate a
substantial variation in energy input
from the ocean to the lower at-
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Stormy weather. Results of a Global Atmospheric Research Program study of the flow
of cold, dry continental air over warm water in the East China Sea (the research area
is outlined) will help explain how intense winter storms develop. The cloud patterns in
this February 16, 1976, satellite photo result from this cold air/warm water interaction;
similar processes probably operate in the Gulf Stream off the southeastern United
States. (Photo courtesy of E. M. Agee/Purdue University.)

mosphere, depending on the
character of the advancing airmass.
These findings offer atmospheric
modelers an opportunity to account
more realistically for energy input
into models designed to forecast
incipient storms.

Climate Dynamics

Studies by researchers at the
Lamont-Doherty Geological Observ-
atory and Brown University of the
frequency of past climatic changes as

deduced from environmentally sen-
sitive indicators preserved in deep sea
cores have provided valuable insight
into mechanisms of climatic change.
These researchers have shown that
the long-term climatic variations in
both hemispheres over the past
400,000 years have the same perio-
dicities and constant phase relation-
ship as variations of the Earth's
orbital parameters. The indicators of
past ocean surface temperature, con-
tinental ice volume, and species
abundance fluctuate with periods of

100,000 41,000, and 23,000 years,
which are the same as the Earth’s
eccentricity, obliquity, and preces-
sion cycles. While both the climatic
and astronomical cycles are generally
in phase, the 41,000- and 23,000-year
climatic cycles systematically lag the
obliquity and precession cycles. These
studies show demonstrable evidence
of some orbital control for climatic
change and indicate possible lags in
the climatic response given by the
Earth to changes in its orbital posi-
tion.

The relationship between sea sur-
face temperature anomalies and con-
tinental climates is becoming clearer
as a result of research conducted by
John Kutzbach and David Houghton
of the University of Wisconsin and
climate modelers at the National
Center for Atmospheric Research.
These researchers have demonstrated
that the NCAR General Circulation
Model exhibits a well defined
response to changes in sea surface
temperatures. In model experiments,
sea surface temperature anomalies in
the North Pacific Ocean produced a
wavelike perturbation in the upper
air patterns extending downstream
over the continental United States,
thus supporting an earlier hypothesis
of Bjerknes (UCLA) and Namias
(Scripps).

With a positive change in sea
surface temperature there is an
increase of atmosphere temperature
extending to mid-troposphere, in-
creased vertical motion, and an upper
level increase of pressure coupled
with a low level decrease of pressure.
Low pressure systems form andfor
intensify over such an area. With a
negative sea surface temperature
change, the response is exactly op-
posite. These significant findings
emphasize the important role of sea
surface temperatures in regulating
continental climate and form a useful
point of departure for continued and
further examination and understand-
ing of aspects of actual mid-latitude
atmosphere-ocean interaction.



National Center for
Atmospheric Research

The National Center for Atmos-
pheric Research (NCAR), located. in
Boulder, Colo., conducts, in coopera-
tion with universities and other
institutions, large atmospheric
research programs of national and
international importance. NCAR also
develops and provides major research
facilities in support of atmospheric
research programs. NCAR is
operated by the University Corpora-
tion for Atmospheric Research
(UCAR), a nonprofit consortium of
42 U.S. and 2 Canadian universities,
under contract with NSF.

This past year NCAR scientists
completed the first direct comparison
of forecasts produced by several
large-scale numerical weather predic-
tion models. Some of the results
confirmed expectations. For example,
all the models display some of the
same characteristic errors; they
forecast phase speeds for waves in
the atmosphere that are slower than
the actual atmospheric motions; they
predict weaker amplitudes than those
that are observed; and they describe
the development and decay cycle of
disturbances poorly.

Other conclusions were unex-
pected. Even though the three models
were developed independently and
employed distinct methods of calcula-
tion, they produced forecasts that
were surprisingly similar. Moreover,
the scientists had expected that the
largest forecast errors might occur
over geographic. areas with the
smallest amount of observed data
{e.g., over oceans), but the actual
forecasts showed no such simple
geographic dependence, even in the
first 24 hours. The first quantitative
evaluation of different models
provides some directions for future
research. All the models need to be
improved to reduce their common
errors.

Results from the battery of solar
telescopes operated by astronauts
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aboard Skylab have contributed
greatly to the understanding of a
number of problems in solar physics.
NCAR'’s white-light coronagraph was
one of six telescopes flown on the
spacecraft. Using Skylab data, solar
scientists are clarifying relationships
between events in the Sun’s tenuous
outer atmosphere—the corona—and
the structure and dynamics of the
interplanetary medium. The most
general result from Skylab is the
changed scientific picture of the
corona; what was thought to be
always a relatively quiescent outer
atmosphere proved at the time of
Skylab (near a minimum in the solar
activity cycle) to be a highly dynamic
structured region.

As a national center, NCAR
develops and operates a variety of
special research facilities. During the
past year, NCAR’s fleet of in-
strumented aircraft participated in a
variety of experiments, studying hail
over northeastern Colorado, measur-
ing hydroxyl radicals in the
stratosphere, and sampling the plume
of an Alaskan volcano.

Another important NCAR ac-
complishment in fiscal year 1976 was
the selection of a “fifth-generation”
computer, to be delivered in 1977.
The new computer and associated
hardware will enable scientists to
process data from such enormous
efforts as the First GARP Global
Experiment, slated to take place in
1978-79. This computer and its
peripheral equipment will make
NCAR’s Computing Facility the
world’s largest and most versatile
devoted to atmospheric research.

NCAR successfully deployed a new
weather observing and reporting
system, the Portable Automated
Mesonet (PAM) in fiscal year 1976.
PAM samples data at the same time
at each of 15 field network stations,
averages the data locally, and then
transmits it via a telemetry link to a
base station so scientists can “watch”
surface weather patterns across an
entire network in real time. PAM
thus represents a technological ad-
vance over a whole previous genera-
tion of instrumentation.

Earth Sciences

During the past decade, geology (or
earth sciences) has undergone a
major revolution, the second in the
history of this science. Commonly
referred to by terms such as “sea-
floor spreading” and “plate tectonics”
or “global tectonics,” it has provided
us for the first time with a unifying
concept of global structure and
composition, a model of how the
major features of the Earth’s surface
have been formed and changed, and
the first keys to the basic driving
forces of a dynamic and ever-
changing planet. The concept has
enormous promise in explaining the
origin and locations of earthquakes,
volcanoes, and the processes involved

in faulting and mountain building,
with practical applications in natural
disasters and the formation of
deposits of minerals and fossil fuels.

It would be difficult to overstate
the success of the plate tectonics
model in bringing together the
diverse specialties that constitute the
earth sciences. Ten years ago no one
would reasonably have predicted that
paleontologists, geomagnetists,
marine geologists, petrologists, struc-
tural geologists, and seismologists
would be working in concert to
supply crucial tests for a concept
comparable to that of the Bohr atom
in simplicity, elegance, and potential
to explain a wide range of diverse
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observations. Yet this has indeed
happened, and the result has been a
revitalization of the geological
sciences comparable to that which
swept physics at the beginning of the

century.
But the new theory is still in its

childhood. Although most major lines
of evidence reinforce the model, there
are some phenomena that appear in
part or in ot to be inconsistent with
the plate tectonics model, and there
are others that appear at this stage to
be unrelated. Therefore this attrac-
tive and promising theory needs very
critical testing and evaluation. Its
implications and its limitations in
explaining the Earth need thorough
exploration.

Thus a good deal of the research
supported by the earth sciences
program is focused directly on the
elaboration and testing of the plate
tectonics model. And most of these
projects are subsumed under the U.S.
part of the International Geo-
dynamics Project, an effort involving
some 45 nations. Many are also
closely related to fundamental earth-

quake studies.
Nearly as exciting as geodynamics

per se is the focus and new significance
that plate tectonics has given to much
of the “old-line” geologic research.
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Thus, projects that study the granites
of a mountain belt—fine research but
of local significance 25 years ago—are
now pieces in the whole global
picture of subduction zones and plate
boundaries. And the study of fluid
inclusions in crystals tells us not only
the temperature at which an ore
deposit formed but also something
about the temperature and physical-
chemical conditions of the descending
slab of a crustal plate.

A major and special source of
current geological data is the Deep
Sea Dirilling Project. Having made
major contributions both to the plate
tectonics model and to general
geologic knowledge, the project
entered its fourth or formal Inter-
national Phase in November 1975.
More than just a mere extension of
the early reconnaissance drilling, this
new phase focuses more on problems
and will involve both deeper penetra-
tion and more continuous coring. The
results should add greatly to our
understanding of the history of ocean
basins and the evolution of the outer
crust.

Fluid Inclusions

Many ore deposits, especially the
metal sulfides, form by the precipita-

tion and growth of minerals from
hot, saline water solutions that move
through rocks. Small droplets of
these fluids are commonly trapped by
growing crystals as microscopic fluid
inclusions. The past decade has seen
renewed and increased interest in the
study of these fluid inclusions
because they are a powerful tool in
reconstructing the physical-chemical
conditions of formation of ore
deposits.

One of the targets of the studies is
temperature. The coefficient of ther-
mal expansion of the fluid is more
than that of the enclosing crystal, and
vacuoles (small cavities) are formed in
the inclusions when the deposit cools.
But the process is reversible, so that
when we observe the temperature at
which the vacuoles disappear on
heating, we derive an estimate of the
temperature of the solution at the
time of entrapment. The salinity of
these solutions has also been es-
timated in an analogous manner by
observing freezing point depression.

Of even greater interest are the
specific compositions of the fluid
inclusions and the minerals that form
in the cavities by precipitation on
cooling of the deposit. Attempts at
more precise determination of fluid

Mineral history. New methods for studying microscopic pockets of fluid trapped in larger crystals now permit the reconstruction of
details of how hydrothermal ore deposits were formed. Atthe left, small bubbles in fluid inclusions of a fluorite crystal can reveal the
temperature of the solution when it was entrapped. At the right, a scanning electron micrograph of an opened inclusion shows
different minerals that have crystallized from the entrapped fluid.



composition are now being made
using laser-excited Raman spec-
troscopy for in situ partial chemical
analyses and by opening and analyz-
ing the volatilized constituents of
individual inclusions by laser
microprobe methods. These methods
are still in the development stage.

A significant advance in identifying
the minerals in the cavities has been
made by geochemists at the Univer-
sity of Michigan. This group, led by
William C. Kelly, includes F. W.
Metzger, B. E. Nesbitt, and E. J.
Essene. Previous attempts at iden-
tification of the inclusions involved
optical and transmission electron
microscopy, but neither method was
precise because of interference by the
enclosing crystal. The Michigan
group has now developed a technique
of definitively determining the com-
position of the inclusions by using a
combination of scanning electron
microscopy and energy dispersive
analysis of the X-ray spectrum ex-
cited by the electron beam. The
analysis is made on crystals in which
the inclusions have been exposed by
fracturing,

Using this method they have
identified a complex assemblage of
inclusion minerals in fluorite crystals
that come from the famous gold-tel-
luride deposits of the Colorado Front
Range. Preliminary identifications
have also been made of the
assemblages present in quartz
crystals from gold-bearing veins of
the Oriental Mine at Alleghany,
Calif., and from calcite crystals in the
carbonatite rocks at Magnet Cove,
Ark. The development of this tech-
nique is of prime importance in that
the inclusion mineral assemblages
reflect the chemical composition, total
salinity, and cooling history of these
deposits. The fact that individual
inclusions can be analyzed makes it
possible to trace the history of
crystallization of ore deposits; it
should, therefore, lead to substantial
new knowledge about their modes of
formation.
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A Very Long
Period Seismic Array

An area of geophysical research of
great interest and potential practical
importance is the basic study of
earthquakes. Even though a lot of
hard work lies ahead, enough
progress has been made since the
1964 Good Friday quake in Alaska to
provide encouragement that such
earthquakes can be predicted.

One important element in earth-
quake research is the measurement of
crustal stress on a global scale,
because there is increasing reason to
believe that local earthquake oc-
currences are related to such global
behavior. Thus, increased knowledge
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about stresses in the Earth on a
worldwide basis will aid research
directed at earthquake prediction on
the more local level,

To this end, a network of modified
La-Coste Romberg vertical
accelerometers is currently being
installed by University of California,
San Diego, scientists at selected sites
around the world. The instruments
are the most sensitive ever developed,
and the network, which will optimally
consist of approximately 20 stations,
will provide a unique set of high-
quality, very long period digital data.

Stations are presently installed at
Pinon Flat, Calif.; Canberra,
Australia; Nana, Pery; Sutherland,
South Africa; Halifax, Nova Scotia;

Global network for long period seismology.
provide better data for the study of the free o:
global stress patterns, solid Earth tides, an

This network of seismic instruments will
scillations of the Earth, the distribution of
d earthquake source mechanisms. Seven

stations are now operating (colored triangles); projected sites are shown by open

squares.
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Garm, U.5.5.R.; and Rarotonga, Cook
Islands. The station at Garm, in-
stalled in September 1976, is the first
and only permanent western
seismograph station in the Soviet
Union. Other stations definitely to be
installed include Brazilia, Hawaii, and
Alaska. In the case of foreign
stations, the United States provides
the equipment and such maintenance
as is necessary, while the foreign
nation provides all operational costs
as well as the critical geographical
position. Success of the network
depends on international scientific
cooperation. Data are available to all
interested scientists through the
Environmental Data Center of
NOAA.

As of September 1976, seven
stations were operational. Although
most of these have not been running
long enough for multiple record
analysis (i.e., to use them as a
network), significant scientific results
have already been obtained from the
analysis of single station data. For
example, the processing of several
weeks’ records from Nana, Peruy,
show clearly the 8-hourly tide at the
1 to 2 percent level, something never
before seen. From such data, it will be
possible to determine whether the
elastic properties of the Earth vary as
a function of tidal period—important
information for studies of the Earth’s
core. In the seismic band, a new
method to selectively amplify the
long-lasting vibration modes (high Q)
will aid other studies of deep earth
structures. From the records of the
recent Guatemala earthquake, for
example, Q was determined for many
of the fundamental modes and some
overtones to an accuracy of 3 to 4
percent, far greater accuracy than
ever before achieved.

With the completion of the sixth
and seventh stations, it is now
possible to look at source mechanisms
of large earthquakes in the long
period band. The records from six
stations should enable the determina-
tion of the pattern of stress release

for time intervals of 1 minute to 1
hour and should permit us to know
what useful precursors, if any, can be
observed for large earthquakes.

Ocean Sediment
Coring Program

For the past 8 years, the Deep Sea
Drilling Project, a part of the NSF
Ocean Sediment Coring Program, has
been drilling and coring in the
sediments and upper basement rocks
of the world’s ocean basins to deter-
mine their composition, structure,

and geologic history. The project is
managed for the Foundation by the
University of California, with the
Scripps Institution of Oceanography
of the university responsible for
accomplishing the project’s scientific
objectives. The University of Califor-
nia subcontracts with Global Marine,
Inc. (GMI) to perform the actual
drilling and coring operations using
GMI’s ship Glomar Challenger.

Early in fiscal year 1976 the project
completed its third phase of
operations. By the end of this phase
573 holes at 392 different sites were

Aboard GLOMAR CHALLENGER. Philip Rabinowitz of Lamont-Doherty Geological
Observatory, a co-chief scientist on Leg 45 of the Deep Sea Drilling Project, inspects
a downhole hydrophone used to measure sonic characteristics of rocks below the
ocean floor. DSDP research in 1976 resulted in new findings about young crustal
material and about events associated with the splitting of North America from Europe
and Africa.



drilled in all the major deep water
ocean basins and seas of the world. A
total of 493 shipboard scientists
participated in the first three phases
of ocean drilling; 196 persons have
served as scientific advisers to the
project. A total of 54,194 separate
samples were distributed to 528 U.S.
and foreign scientists from academic
institutions, industry, and govern-
ment agencies.

The fourth phase of ocean drilling,
the International Phase of Ocean
Drilling (IPOD), is being conducted
with increased international support.
In January 1974 the Soviet Union
signed a Memorandum of Under-
standing with NSF, agreeing to
contribute $1.0 million per year to
the project for 5 years. Since the
beginning of fiscal year 1976,
agreements to contribute $1.0 million
per year to IPOD were signed by
Japan, the United Kingdom, France,
and the Federal Republic of Germany.

Drilling operations during fiscal
year 1976 concentrated on two main
objectives: (1) to drill as deeply into
the basaltic crust of the ocean as
possible within a limited time frame
to determine its origin and evolution,
and (2) to penetrate the thick wedge
of sediments along the Atlantic
Ocean margins to better understand
the paleoenvironmental changes that
took place when North America split
from Europe and Africa,

Legs 45 and 46 were devoted to
drilling into the basaltic rocks ap-
proximately 90 miles from each side
of the Mid-Atlantic Ridge at 22° N
latitude. While a great deal was
learned about young crustal material
near a ridge axis when fractured
basalt and layers of basaltic sand were
penetrated, drilling was difficult and
maximum penetration was limited to
664 meters. The detection of several
magnetic reversals in just a few
hundred feet of basalt wasa surprise
to most scientists. The first deep-sea
well-logging program in crystalline
rocks was successfully carried out
after drilling operations ceased.
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Legs 44, 47, and 48 were important
in determining the history of the
early opening of the Atlantic Ocean.
Huge submarine mudflow and
avalanche deposits were discovered
on both sides of the Atlantic, Chaotic
pebbles, lumps of mud, and crinkled
layers of ooze were carried from the
relatively shallow shelves to deep
water, probably carving submarine
canyons across the slope as they
went. Large quantities of organic
matter quickly buried by this process
await the right geological conditions
for conversion into oil and gas.

Evidence indicates that when North
America first split from Europe and
Africa there was a rapid collapse of
the continental margin. Off the
United States there were Bahama-
type tidal flats that rapidly subsided

more than 2,700 meters and, in the
Bay of Biscay, swamps fringed with
coral reefs sank 1,200 meters below
sea level. Strong submarine currents
along the continental margin at one

place swept away a blanket of
sediments over 3 kilometers thick. At
other times, stagnant conditions

developed, resulting in the accumula-
tion of black, organic-rich sediments.
Clues to help date the origin of the
Sahara Desert and evidence for cold
currents that may have changed the
Atlantic Ocean’s climate help us
better understand the paleoenviron-
ment of the Atlantic region.

Glomar Challenger will finish the
present  Atlantic Ocean drilling
schedule by February 1977. At that
time, it will embark on a 2-year
Pacific Ocean program.

Ocean Sciences

The overall objective of NSF’s
programs in the ocean sciences is to
improve our understanding of the
nature of the ocean, its influence on
our activities, and our own impact on
the marine environment. This is
accomplished through three major
programs: one basic research pro-
gram to support projects of individual
scientists at the oceanographic in-
stitutions, a second to support a
limited number of large, managed
projects, and a third program to
provide for the acquisition and
operating costs of the ships and other
oceanographic facilities needed to
carry out these research programs.

Support for individual research
projects provided more than 300
grants in fiscal year 1976 to individ-
ual scientists for developing fun-
damental knowledge about the
oceans, their contents, and the sea
floor. Investigations concentrate on
physical oceanography, marine

chemistry, submarine geology and
geophysics, and biological
oceanography.

The International Decade of Ocean
Exploration supports large-scale, mul-
tidisciplinary, international projects
focused on the role of the oceans in
climate, food production, pollution,
energy, and natural resources, with
considerable participation by many
nations around the world. These
efforts are incorporated into four
programs—environmental fore-
casting, environmental quality, sea-
bed assessment, and living resources.

Oceanographic facilities and sup-
port contributes directly to these
oceanographic research efforts by
providing support for 30 research
ships and a number of specialized
facilities; these are scheduled on a
shared-use basis. Based on its pro-
grams for review and evaluation of
academic fleet performance and
material condition, NSF supports a
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continuing effort to upgrade the
facilities necessary to sustain a viable
oceanographic research effort at the
Nation’s universities.

Cycling of Dissolved
Organic Matter in
the Sea

Energy flow in the ocean has been
studied for many years from the
perspective of the classical model of a
food chain—diatoms through cope-
pods and krill to fish and whales.
However, recent studies by a number
of researchers have revealed that the
major portion of the ocean’s available
energy may be flowing through a
food web comprised of dissolved
organic matter, nonliving organic
particles, and those microorganisms
such as bacteria that can consume
this organic matter directly. Little is
known about the nature and concen-
tration of either the dissolved
material or the consumer organisms.

John Sieburth of the University of
Rhode Island has directed his studies
towards these problems for several
years, and on a recent project he
focused his attention on the thin
layer of water at the sea surface, a
zone particularly likely to be affected
by pollutants such as petroleum
hydrocarbons. He found that this
microlayer, and particularly the ul-
trathin “skin” at the water surface, is
rich in dissolved organic carbon,
apparently of phytoplankton origin.
Incubations using this water
demonstrated that it supports active
microbial populations in concen-
trations approaching those of
laboratory cultures.

Sieburth hypothesizes that the
upward nocturnal migration of graz-
ing zooplankton may serve to
transport and subsequently release
these dissolved materials into the
surface waters. Microscopic observa-
tions of blue-pigmented copepods
floating on the water surface pro-
vided an interesting illustration of
this food web dependent on dissolved

Primary consumers. Food chain interactions in the ocean’s very thin surface layer
may be far more important to marine life than previously thought. Typical inhabitants
of this microlayer are shown in this electron micrograph of the surface of a blue
copepod that has been colonized by a suctorian protozoan. The protozoan uses its
combination of outer and inner feeding tentacles to capture and ingest bacteria that
live in the surface waters. (Photo by John Sieburth/University of Rhode Island.)

organics. A large percentage of the
copepods were infested with a suc-
torian (stalked protozoan). Micro-
scopic sections through the suc-
torians indicated that they are
consuming the microorganisms thriv-
ing in these rich surface waters. The
suctorians and their copepod hosts
are, in turn, a source of food for
larger invertebrates and larval fish.

In further studies in waters below
the surface microlayers, Sieburth
employed a diffusion culture ap-
paratus to measure the in situ growth
rates of these microorganisms. The
diffusion culture system is a chamber
divided by a membrane. The mem-
brane acts to cage a population of
microorganisms on one side of the
chamber while exposing them to



natural fluxes of dissolved organics
that actively diffuse through the
pores in the membrane. In contrast to

previous experiments in closed
bottles, this chamber allowed the
microbial populations to achieve

maximal growth rates reflecting the
dynamics of the supply of dissolved
material in the seawater. The
resulting growth rates were two
orders of magnitude higher than
generally reported for the open sea.
This experiment suggests that a large
amount of organic matter is in a
dynamic state, rapidly cycled by
microorganisms. In addition, the
resulting bacterial biomass indicates
that the open oceans are more
productive than was previously
thought. This finding helps explain

Seams of the Earth. A model and cross-sectiona
Mid-Atlantic ridge, show the raised central volc

further from the spreading center.
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the longstanding discrepancy
between our estimates of the stand-
ing stocks of zooplankton, fish and
whales, and the insufficient
phytoplankton production presumed
to support these populations. While
this work requires additional substan-
tiation, it provides an important new
perspective in our efforts to deter-
mine the processes that maintain the
long-term equilibrium of life in the
sea.

Project FAMOUS:
Sea-Floor Growth

Understanding of the structure of
the oceanic crust has rapidly ad-
vanced in recent years as a result of

global plate tectonics. Stated very
briefly, the Earth’s outer shell is made
up of a small number of large semi-
rigid plates that move relative to one
another. New oceanic crust is formed
at the crest of midocean ridges and
then migrates or spreads laterally
from the crest at a rate of the order
of several centimeters per vyear.
Ultimately, it sinks into the Earth’s
mantle at the oceanic trenches.
Project FAMOUS, an abbreviation
for French-American Mid-Ocean Un-
dersea Studies, concentrated on ex-
amining the tectonic and geochemical
processes active at midocean ridge
crests. A segment of the inner rift
valley of the Mid-Atlantic ridge was
investigated in detail from the sub-

the development of the theory of mersible Ain. The chief diving
LATE PRIMARY
VOLCANISM VOLCANISM

I diagram, refiecting observations made with the submersible ALVIN along the
anic area, the lower collapsed zones on either side, and the uplifted area still
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scientists, R. D. Ballard, J. R.
Heirtzler, and W. B. Bryan of Woods
Hole Oceanographic Institution, T. H.
van Andel of Oregon State Univer-
sity, and J. G. Moore of the U.S.
Geological Survey, made 15 traverses
across the floor of the rift and up the
flanking valley walls to the first
major fault scarps. The data from
Alvin were broadened with informa-
tion collected in the area with more
conventional techniques, leading to a
complete geological interpretation of
the study area.

The geologic model shows that the
central part of the rift is a product of
extensive volcanic activity and active
faulting. Small volcanoes are built up
along the spreading axis; shortly after
formation, the volcanic structure is
modified by vertical collapse, which
leads to a reduction in the bottom
relief. This process is reversed in the
outer parts of the rift valley as uplift
begins. Here the tensional nature of
the stresses changes to vertical shear
as the volcanic blocks are incor-
porated into the valley walls and
elevated. During the various stages of
uplift, terraces are formed and some
of the original volcanoes can be
recognized. Mineralogical and
geochemical analyses of volcanic rock
samples recovered by the submersi-
ble, coupled with the examination of
volcanic flow features, show that
some of the lava flows come from
secondary fissures within the rift
valley. The source regions for the
flows—magma chambers—are
shallow and show considerable varia-
tion in composition. The range of
volcanic rock types found in this
small area is approximately the same
as the variations found along the
entire length of the Mid-Atlantic
ridge. Thus, it appears that magmatic
processes such as fractional
crystallization or variable partial
melting are important factors in
controlling composition of individual
groups of lava flows. Magma batches
arriving at the magma chamber do
not completely mix with the magma

already present, producing a zonation
within the chamber which is en-
hanced by fractional crystallization.

Age sequences for the lava flows
show, in general, an orderly progres-
sion of young to older rocks going
from the axis to the valley walls. A
few anomalously old rocks are found
in the axial depression. The most
striking anomaly, however, is a
scatter of very young rocks across the
entire width of the valley floor. This
suggests that a shallow magma
reservoir exists with free communica-
tion across the width of the valley
floor. Episodes of major volcano
building along the axis apparently
alternate with reduced activity along
the axis and more widespread activity
from the secondary fissures.

Results from Project FAMOUS are
being incorporated into kinematic and
dynamic models of the sea-floor
spreading process. It is apparent that
on the spatial and temporal scale of
this study, the processes in midocean
rift systems are not continuous.
Additional laboratory analyses of the
rock samples should define the shape
of the magma reservoirs and the
sequence of events with much
greater precision. The detailed
geologic study of the FAMOUS area,
coupled with geophysical models of
the deeper crustal structure and
volcanic emplacement processes, are
generating improved geodynamic
models for this seafloor growth.

Equatorial Tides, Sea Levels,
and Internal Motions

A recent discovery by Carl Wunsch
of the Massachusetts Institute of
Technology has shown that it may be
possible to study very long-term
variations in oceanic water
movements by the proper interpreta-
tion of data on tides—phenomena
that have been recorded for cen-
turies.

Tides can, in general, be thought of
as periodic changes in sea level
produced by the gravitational pull of

the Moon and Sun. Numerical models
have been very successful in predict-
ing tidal heights over very small
geographic areas. However, in some
regions of the ocean, particularly near
the Equator, variations in the sea
level records cannot be explained
simply as tides. For example, some 20
years ago Gordon Groves, now with
the University of Hawaii, pointed out
a 4-day oscillation in the tropical
Pacific. Some scientists speculated
that this and other unexplained
variations might be due to internal
motions in the sea—large distur-
bances of the interior of the ocean
due to its large density variations.
These internal motions can be
generated by interactions with the
atmospheric wind and pressure fields,
as well as by the interactions between
tides and the irregular bottom. How-
ever, they are usually thought to
generate only imperceptible changes
in surface level.

Wunsch’s surprising discovery was
that small but significant portions of
sea level variations are caused by
atmospherically  driven  internal
motions and not entirely by tidal
motions. In fact, if tide records are
properly interpreted, several density-
dependent internal motions can be
“seen” superimposed on the surface
tides. Wunsch and a colleague, A.E.
Gill, from the University of Cam-
bridge, showed theoretically that
several types of nontidal internal
motion can occur near the Equator,
that they are caused by variations in
atmospheric wind conditions, and
that -they can explain some of the
unexpected components observed in
equatorial Pacific tide gauge records.

To pursue this finding, tide gauges
have been placed on islands of the
Indian Ocean as a method of studying
the response of that ocean to the very
large annual changes in the wind
conditions associated with the mon-
soon. Preliminary analysis of these
records and of historical data in-
dicates that the monsoon can be
treated as a periodic disturbance with
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an annual, or possibly semiannual 871 Addu Atoll, Maldive Islands
period. An application by Wunsch of a North-South Wind Component
model used by meteorologists shows

that this periodic forcing can result in 3
a layered motion at the Equator, with nem

the water at alternating levels mov-

ing eastward or westward. The layers
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currents and undercurrents. Recent
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Because the ocean and atmosphere
have similar time scales in these
equatorial regions, it is here that one
is likely to make the most immediate
progress in understanding oceanic
motions forced by the atmosphere.
There is some hope that this will
eventually lead to an understanding
of the effects of the ocean on the
atmosphere, which is critical to our
understanding of climate. —-30
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Equatorial tides. An 8-year record (top) of the north-south components of wind at the Maldive Islands, very nearthe Equatorin the

Indian Ocean, shows the periodic changes associated with the monsoon. Carl Wunsch of MIT used these annual cycles and a
meteorological model to calculate the expected effects on ocean water movement below the surface ( right), a calculation that
agrees well with actual measurements (left) made 1,000 miles west of the Maldives by James Luyten of Woods Hole Oceanographic
Institution. These findings explain how certain tidal variations and parts of the Equatorial Undercurrent system are actually a result
of ocean/atmosphere interactions.
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International Decade of
Ocean Exploration

The Controlled Ecosystem Pollu-
tion Experiment (CEPEX), supported
by IDOE’s environmental quality
program, uses large plastic enclosures
suspended in the waters of Saanich
Inlet, Vancouver Island, British
Columbia, to assess the long-term,
low-level effects of pollutants on
communities of marine organisms
captured in these cylinders. In fiscal
year 1976, CEPEX scientists from
Canada, the United States, and the
United Kingdom found indications
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that copper, mercury, and hydrocar-
bons have similar effects on
organisms occupying the lower levels
of the marine food chain. Specifically,
bacteria show an initial decrease in
population when exposed to these
pollutants, followed by a population
increase. Researchers also observed
that bacteria built a tolerance to the
metals used in the experiment, and
that this tolerance transferred to
other metals as well. For example,
bacteria that became tolerant to
copper also became tolerant to mer-
cury. In addition, they found that
species of phytoplankton become

160°
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affected in the same order regardless
of the pollutant, whether copper,
mercury, or petroleum. The loss of
those species is reflected in the loss of
the zooplankton that feed on them.
Thus, the effect on this population
becomes predictable with fairly good
precision, regardless of the pollutant.

In the environmental forecasting
program, scientists in the North
Pacific Experiment (NORPAX) have
found that temperature abnormalities
previously found at the sea surface
actually penetrated into the upper
layer of the ocean. To study the
evolution of these heat anomalies in

CLIMAP. Based on studies of fossils in deep sea sediment cores, this map represents the global environment 18,000 years ago
during the most recent ice age. The darkest shade, A, with an aibedo (or reflectivity of sunlight) greater than 40 percent, is snow
and ice, with the contour lines representing elevation of the ice sheet above sea level in meters. B, an albedo between 30 and 39
percent, is sandy desert, patchy snow, and snow-covered dense coniferous forest. C, an albedo between 25 and 29 percent, is
loess, steppes, and semi-desert. D, albedo between 20 and 24 percent, is savanna and dry grassland. E, albedo below 20 percent,
is forested and thickly vegetated land. F, with albedo less than 10 percent, is ice-free ocean and lake with sea-surface
temperatures shown in degrees Celsius. Continental outlines (note the ice-free land connection between Asia and North
America) represent a sea level lowering of 85 meters.



the North Central Pacific Ocean and
their relationship to the overlying
atmosphere, NORPAX has a con-
tinuing measurement program using
ships and aircraft of opportunity.
NORPAX scientists have also made
long-term forecasts of weather as
part of their research. Recently, they
accurately predicted low rainfall over
the midwest during the summer of
1976 and the development of El Nifio
conditions in the Eastern Tropical
Pacific earlier that same year.

Analysis of fossils in deep sea
sediment cores has enabled scientists
in the CLIMAP (Climate: Long-range
Investigation, Mapping and Predic-
tion) Project to describe the main
global environmental features 18,000
years ago. Thick ice sheets stretched
as far south as New York; sea surface
waters were cooler by an average of
2.3° C; sea level was lower by nearly
300 feet; and the Gulf Stream was
located far to the south of its present
path, running almost west to east, in
contrast to the more northerly
pattern that it now follows. As also
reported in the Climate Dynamics
section of this report, CLIMAP
scientists have used this data to
demonstrate that changes in the
Earth’s solar orbit are the main cause
of global climate changes. These
changes seem to occur in cycles of
about 23,000, 41,000, and 100,000
years. This data also indicated that
climate changes in the Southern
Hemisphere occur about 3,000 years
before similar changes occur in the
Northern Hemisphere,

Scientists from Oregon State Uni-
versity and the Hawaii Institute of
Geophysics have continued to analyze
the origins of metal-rich sediments in
the eastern equatorial Pacific as part
of the seabed assessment program.
Variations in these sediments appear
to be associated with the kind of
ocean environment in which they
occur. For example, near the crest of
the East Pacific Rise, seawater flows
through the new sea floor, removes
minerals from the new oceanic crust,
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and deposits them as “hydrothermal”
sediments on the sea floor. The
northern portion of the East Pacific
Rise lies under the zone of high
biological productivity of the
equatorial Pacific surface waters.
Here, barium and zinc are supplied by
the shells of surface-dwelling
organisms that accumulate on the sea
floor. Away from the rise crest,
aluminum, silica, and to a less extent,
iron and zinc, are supplied by land
debris carried away from South
America by deep ocean currents. In
some areas nickel, barium, copper,
and zinc are derived directly from
seawater along with the hydrother-
mal sediments, as well as through
alteration of surface sediments.

Along the Galapagos Spreading
Center, northeast of the Galapagos
Islands, scientists from Oregon State,
Stanford, the Scripps Institution of
Oceanography, the Massachusetts
Institute of Technology, and the
Woods Hole Oceanographic Institu-
tion are examining the hydrothermal
circulation process that leads to the
production of metal-rich sediments
where new ocean floor is formed. By
making sea-floor heat flow and
bottom water temperature measure-
ments, these scientists have been able
to identify several areas where this
hydrothermal circulation is presently
taking place. The research submersi-
ble Alvin will be used during the
coming year for sampling of this
discharging water. Until now the
temperature and composition of this
water have been inferred either from
laboratory studies of basalt-seawater
interaction or statistically by chemical
analyses of large numbers of sedi-
ment samples. The use of Alvin will
allow this water to be sampled direct-
ly.

As a result of five international
field experiments on different coastal
upwelling ecosystems, scientists in
the living resources program have
now shown that fairly small
differences in wind, the shape of the
sea floor, density and stability fields

in the water, and circulation have
important effects on the ecosystems,
It also appears that large changes in
density of undercurrents have a large
impact. In fact, these changes may be
responsible for the collapse of
biological productivity observed dur-
ing the 1976 El Nifo. Scientists are
now planning the Joint-II experiment,
the most intensive study  yet
attempted of the rich Peruvian up-
welling system.

Research has also continued in the

seagrass ecosystem study, which
deals with the biological and environ-
mental  processes  affecting  the

growth, reproduction, and distribu-
tion of rooted marine grasses. These
grasses are important as a nursery
for fisheries and as a potential
receiver of pollutants released into
the marine environment.

Oceanographic Facilities
and Support

The “academic fleet” consists of
approximately 30 major oceangoing
and coastal research ships operated
by academic laboratories to carry out
federally supported research projects.
Ship-operating and ship-using in-
stitutions have joined in a voluntary
association called UNQLS—the
University-National Oceanographic
Laboratory System—to improve the
utilization and effectiveness of the
fleet and ensure that ship time is
shared equitably.

Capabilities of the fleet have been
greatly enhanced during 1976 by the
replacement of three converted ships
of World War II vintage with the
three new Oceanus class ships whose
construction was funded by the
Foundation. R/V Oceanus, the first and
namesake ship of the class, was
delivered late in 1975 and assigned to
the Woods Hole Oceanographic In-
stitution, which also carried out the
original design studies. R/V Wecoma,
operated by Oregon State University,
was delivered just one month later.
The two ships were outfitted by their
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respective operating institutions and
have been performing capably on full-
scale research programs since th
spring of 1976. Construction of R/V
Endeavor, which will be operated by
the University of Rhode Island, was
completed in October 1976. Outfit-
ting is scheduled for the winter, and
Endeavor should be in full service early
in 1977. Title to all three ships is
retained by the Foundation. They are
assigned to the operator institutions
under renewable 5-year Charter
Party Agreements.

The distinguishing features of the
Oceanus class are flexibility and
economy. Although only 177 feet in
overall length, they carry a scientific
party ranging from 12 to 16 persons,
contain over 1,000 square feet of
laboratory space, and have a large
open afterdeck that allows for easy
handling of all types of over-the-side
oceanographic gear. Another impor-
tant design feature is the placement
of quarters and laboratories low
amidships, where they are least
affected by motion. Heavy construc-
tion, deep draft, and high freeboard
make the ships exceptionally stable,
steady, and dry—important charac-
teristics for worldwide, year-round
use. Controllable speeds range from
dead slow to 15.8 knots, with a
cruising speed of 14.5; the con-
trollable  pitch  propellor,  fully
trainable bow thruster, and Kort
nozzle steering provide full
maneuverability under way and on
station. The ships have a range of
7,000 miles and 30 days’ endurance.
Economical operating costs result
from a modern engine room, the use
of eagily maintained standard marine
equipment, and the need for a crew
of only 12 persons.

With the delivery of Endeavor,
presently funded construction activi-
ty has been completed and NSF is
now turning to consideration of
future needs. During 1976, the
oceanographic facilities and support
program funded conceptual design
studies and tests of existing designs
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Modern research ship. R/V ENDEAVOR, the third of three new oceanographic vessels,
was added to the Nation's academic fleet in 1976. This 177-foot-long OCEANUS-cldss
ship, designed expressly for research, is being operated by the University of Rhode
Island.

for a polar research vessel and for
coastal ships ranging from 85 to 135
feet in length. These studies should
be ready for evaluation early in 1977.

The Foundation continues to
provide a substantial share of the
operational support for the Deep
Submergence Research Vessel Alvin,
operated by Woods Hole as a National
Oceanographic Facility. This support

is provided under an agreement
signed in 1975 by the Foundation, the
Department of the Navy, and the
National Oceanic and Atmospheric
Administration. During 1976, Foun-
dation grantees utilized the unique
depth capabilities of Alvin for collec-
tions, experiments, and observations
in fields ranging from microbiology to
geophysics.

United States Antarctic Research

A University of Maine glaciologist
has shown that, on the Ross Ice
Shelf, temperature of the ice at a
depth of 10 meters rose 1° C between
1958 and 1974. The temperature at
that depth is a proved indicator of
average annual air temperature at the
surface. Surface temperatures at
Byrd and McMurdo stations also rose
during this period.

Others have documented the
temperature rise in much of the
Southern Hemisphere and have

suggested that, if the greenhouse
effect of increasing atmospheric car-
bon dioxide causes global warming,
the trend probably will become
apparent first in Antarctica. How-
ever, at the same time the 1° C rise
occurred in Antarctica, the Northern



Through the ice. Drill cores obtained with
Antarctica over the past 60 million years.

Hemisphere cooled, and the Ross Ice
Shelf data alone do not confirm global
warming.

Meteorology continued in 1976 as
an important part of the U.S. Antarc-
tic Research Program. In addition to
routine surface and upper air
monitoring at South Pole and Mc-
Murdo, research included study of
atmospheric chemistry, energy
transfer, precipitation from a
cloudless sky, and aerosol formation.
South Pole is one of the six U.S.-
operated stations for global monitor-
ing for climatic change. These
stations measure carbon dioxide,
ozone, aerosol, and solar radiation
levels to identify long-term trends in
the concentration of atmospheric
constituents that may change climate.
To enable collection of data away
from stations, one of the antarctic
program’s LC-130 airplanes was
fitted with air sampling ports, sen-
sors, and a logging system. In addi-
tion, two air-droppable data-
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this rig in McMurdo Sound are helping to clarify the glacial and geologic processes in

collection buoys were tested near
McMurdo.

A University of California group
has obtained antarctic data that
resolve apparent inconsistencies in
models formulated to explain ac-

cumulation in the sea of such
pollutants as the polychlorinated
biphenyls (PCB). PCB has been

reported in relatively high concentra-
tion in seawater of the North Atlantic
and in virtually every marine
organism examined from all areas
except Antarctica, despite exhaustive
analysis of antarctic samples. DDT,
however, was present in the antarctic
samples. The models attribute entry
into the sea almost entirely to
atmospheric transport, and it
appeared that DDT was reaching
Antarctica through the atmosphere
while PCB was not. '

In a new attempt to determine if
PCB was present in antarctic snow,
larger samples than those previously
examined were obtained by melting

and extracting snow in situ through
polyurethane foam columns. Samples
of 100 kilograms or more were
processed, permitting detection of
PCB in the parts per quadrillion
range. PCB was thereby shown to
reach Antarctica through the at-
mosphere, although concentrations
were several times lower than those
of DDT.

Penguin eggs, including some
collected several years previously in
which PCB had not been detected,
were also reexamined using a tech-
nique that removed compounds in-
terfering with analysis for PCB. PCB
was detected in all the eggs. All data
now are consistent with a model of
global atmospheric transport of DDT
and PCB.

The United States, Japan, and New
Zealand completed a 5-year drilling
project in the McMurdo Sound region
in 1976. The project resulted in
recovery of rock and sediment cores
from the deepest holes ever drilled on
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the continent and was the first to use
sea ice as a drilling platform. Scien-
tists at laboratories in the three
participating nations are analyzing
the several hundred meters of
recovered core. Preliminary analysis
has clarified the glacial and geological
history of the region during the
Cenozoic era. Permafrost was found
to be over 400 meters deep at
McMurdo Station, far deeper than
previously estimated; this finding
negates a possibility suggested earlier
to heat and power the station
geothermally. Holes drilled through
the ice-free valleys of southern
Victoria Land revealed active ground-
water systems, which have a signifi-
cant role in heat and water transfer
in the area.

The Coast Guard icebreaker Glacier
entered the Weddell Sea (adjacent to
Antarctica in the Atlantic sector) to
continue a physical oceanographic
study begun in the late 1960’s. Two
bottom-mounted current meters
emplaced in 1975 were recovered; the
year’s data show that northward flow
of Antarctic Bottom Water formed in
the Weddell Sea is concentrated on
the western side and modulated by
tidal currents. This dense, nutrient-
rich water mass can be traced into the
Northern Hemisphere. The ship
occupied 55 hydrographic stations, as
far south as 67°45 S. latitude.
Salinity-temperature-depth  and
conductivity-temperature-depth  re-
corders were deployed, and water and
krill samples were taken for heavy
metal analysis. A Scripps Institution
of Oceanography scientist headed the
research team.

The ice-strengthened research ship
Islas Orcadas, operated by Argentina
and used cooperatively by Argentine
and U.S. scientists, made three
cruises in fiscal year 1976. Research
was performed in the Scotia Sea to
trace fracture zone trends and in-
vestigate aseismic ridges in the sea
floor, to obtain sediment cores, and to
investigate the oceanic polar front
zone. Also, U.S. biologists worked

aboard the French antarctic research
ship Marion Dufresne to extend primary
productivity studies into the southern
Indian Ocean.

Of the four U.S. antarctic research
stations, three—McMurdo, South
Pole, and Palmer—operated
throughout fiscal year 1976. A case of
hepatitis in December 1975 forced
evacuation and closure of the
fourth—Siple Station—for the 1976
austral winter. The station, which
supports projects in upper at-
mosphere physics and is important to
the 1976-78 International
Magnetospheric Study, was reoc-
cupied in late 1976.

During the 1975-1976 austral
summer, a major project was repair
and retrieval of three LC-130 (ski-

equipped transport) airplanes dam-
aged in 1975 at a remote research
project site in East Antarctica. Navy-
led teams made field repairs to two of
the three planes and flew them out of
the continent for completion of the
repairs. The third plane was repaired
at the crash site in the 1976-1977
season. This diversion of effort and
funds, plus the shortage of airplanes,
resulted in fiscal year 1976 deploy-
ment to Antarctica of only some 130
researchers—half the normal
summer’s number.

A Presidential decision in February
1976 reaffirmed the U.S. commit-
ment to antarctic research and con-
solidated all funding for the United
States Antarctic Research Program at
the Foundation.

Arctic Research

U.S. and Canadian investigators
completed a 14-month study in May
1976 of how air, ice, and sea interact
in the Arctic Ocean. Four manned
camps on sea ice, eight unmanned
data-collection buoys interrogated by
satellite, remote-sensing airplanes,
and a nuclear submarine collected
data in a large area 600 kilometers
northeast of Barrow, Alaska. The
breakup of sea ice in October 1975
forced abandonment of the main
camp, but all major goals of the
experiment  were  accomplished.
Analysis of the data is in progress and
is expected to give the best descrip-
tion to date of the behavior of sea ice
in response to atmospheric and
oceanic processes. The experiment
culminated 5 years of planning and
pilot studies. Objectives are to un-
derstand the relationship of arctic
processes to climate and to improve
techniques of ice forecasting. The
University of Washington, Seattle, is
coordinating the project under con-
tract with NSF.

The second year of the Research on
Arctic Tundra Environments project
comprised 17 teams involving some
45 scientists from 15 universities.
The work was conducted at two sites
on the North Slope of Alaska.
Terrestrial studies were done at
Meade River to characterize the land
forms and vegetational communities,
measure the physiological response of
plants to physical conditions, and
assess the effect of grazers on
vegetation. Mapping of soil and
vegetation is completed; experiments
on grazing effects are in progress.
Aquatic studies at Toolik Lake, near
the trans-Alaska pipeline route, have
quantified the biological structure
and trophic levels, developed a model
of biological productivity, yielded data
on environmental and recreational
stresses, and developed mathematical
models for predicting biological con-
sequences of various disturbances.
The Cold Regions Research and
Engineering Laboratory, Hanover,
N.H., is the coordinating office.



Geophysicists from St. Louis Uni-
versity, working with scientists from
Poland, West Germany, and Norway,
set up portable seismic stations on
Svalbard during the summer of 1976.
Earthquake epicenters were located
and analyzed to help determine the
present tectonic activity of this area
of the arctic continental shelf. The
group set off large explosions and
measured the sound waves at dis-
tances of 100 and 200 kilometers as
they passed through the deep crust of
the Earth beneath Svalbard. These
data will help to determine crustal
structure and composition.

The Foundation published a com-
prehensive statement of federally
supported arctic research performed
in fiscal 1976; it is available from the
Division of Polar Programs.
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North Slope. At Meade River, Alaska, researchers continue studies of the impacts of
grazing and other ecological stresses on the fragile tundra environment.

AIDJEX. This main camp was one of four manned installations established on the sea ice 600 kilometers northeast of Barrow,
Alaska, for a study of air/ice/sea interactions and possible effects on climate in the arctic. (Photo by Norbert Untersteiner.)
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Biological, Behavioral, and Social

Sciences

reorganization of the Founda-
Ation in July 1975 resulted in

the setting up of the
Biological, Behavioral, and Social
Sciences programs as a separate
administrative entity within NSF.
Research in these programs ranges
from studies on the fundamental
molecules of life to the complex
interactions of human beings and
societal organizations; collectively and
individually, the research deals with
some of today’s major scientific
challenges and rewarding discoveries.

Although the Nation has made
remarkable advances toward allevi-
ating the pressing problems of food,
population, health, energy, and en-
vironment, many of the longer term
solutions will be found within the
constraints of new biological knowl-
edge and the limits of our understand-
ing of humankind. The problems in
biological, behavioral, and social
sciences are attracting considerable
intellectual talent and effort; the
results of this research will be ripe
for exploitation over the next several
decades. In furthering basic knowl-
edge in these important fields, it is
our expectation that the Nation’s
research capabilities on natural and
social phenomena will be strength-
ened in a significant manner.

This is perhaps best illustrated in
those areas in which the Foundation
assumes equal or “lead” agency status
in contributing to the Federal efforts
in support of basic academic research.
In the social sciences NSF provides 58

percent of the Federal support to
universities, ranging from 36 percent
in economics to 93 percent in political
science. Approximately 70 percent of
the basic research in ecology is
supported by NSF, and in systematic
biology the Foundation is the primary
source of support for academic
research.

NSF’s reorganization in early fiscal
year 1976 brought with it new
recognition of the Foundation’s
responsibilities in the behavioral and
neural sciences. Neuroscience is
among the fastest growing of the
sciences, attracting increasing
numbers of young scientists as well
as established ones who are changing
fields to undertake the challenge of
understanding how the nervous
system and brain function. Also,
because basic research in the psy-
chological sciences, anthropology, and
linguistics has received diminished

Federal support in recent years from
other agencies, the Foundation’s
responsibility has increased conso-
nant with new scientific oppor-
tunities in these areas.

The Foundation also has taken on
greater responsibility in the plant
sciences, a research effort of immense
importance to the world’s food prob-
lems. Although support for this work
has grown to approximately one-
third of that available in NSF’s -basic
research in the biological sciences,
with somewhat larger amounts
available from other agencies, there
are still many promising areas of
research going unexplored. These
opportunities arise from new tech-
niques for manipulating plant cells
experimentally and recent instrumen-
tation that allows plant processes to
be quantified more accurately and
rapidly in both laboratory and field
situations.

Table 4
Biological, Behavioral, and Social Sciences
Fiscal Years 1974, 1975, 1976
and Transition Quarter (July 1-Sept. 30, 1976)

{Dollars in Millions)

Fiscal Year 1974 Fiscal Year 1975 Fiscal Year 1976 Transition Quarier
Number _ Amount  Number  Amount  Number  Amount Number  Amount

Physiology, Cellutar and
Molecular Biology ,......... 994 $36.85 1,006  § 4187 1053 § 4369 279 $1200
Behavioral and Neural Sciences . 468 1523 547 18.50 539 1969 140 547
Environmental Biology ......... 398 21.78 487 26.05 534 2684 156 7.15
Social Sciences .............. 405 1881 359 17.75 364 1881 100 5.11
Total ssvsiaiaiisyas 2,265 $92.67 2,399 $104.17 24% $109.03 675 $29.73
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Physiology, Cellular, and Molecular Biology

Research supported by the
physiology, cellular, and molecular
biology program is concerned with
fundamental phenomena central to all
biological research: cellular and sub-
cellular activities that affect activities
and functions of an entire plant or
animal. It has become apparent
during 1976 that we are entering an
era in which the discoveries and
concepts of the past are being extend-
ed to explain phenomena at higher
levels of complexity: namely, from
cells and cell systems to higher
organisms, including man. Re-
searchers in this area currently are
experiencing the excitement of dis-
covery and an information explosion
comparable to those that launched
the “new biology” more than two
decades ago.

The current concentration of
research at higher levels of complexi-
ty is due to a number of factors. To a
greater extent than ever before basic
researchers are directing their efforts
to challenges that have obvious
relevance to problems of health and
agriculture. Disciplinary boundaries
in biology have virtually disappeared,
and much of today’s research is
problem-oriented, approached with
multidisciplinary methodologies. Ma-
jor factors that have catapulted
biological research with complex
systems to new levels of sophistica-
tion are the development and adapta-
tion of advanced instrumentation and
refinements in technique. For in-
stance, a variety of cell types now can
be maintained under laboratory con-
ditions in which they can grow,
divide, and be experimentally
manipulated. With the use of
biochemical, biophysical, genetic, and
physiological ~ methodologies, the
dynamic processes of these cells—
such as cellular division, growth,
differentiation, specialized functions,

movement, and communication—can
now be analyzed quantitatively. Also,
with new understanding of viruses
that infect higher plant and animal
cells, researchers can now use these
viruses as probes within cells to
modify specific cell functions in
controlled ways—for instance, to
alter, initiate, and inhibit certain cell
processes.

New techniques have been
developed for isolating and analyzing

subcellular  structures such as
ribosomes, mitochondria, and
chloroplasts. These structures, as
well as chromosomes and other

aggregates of complex biopolymers,
can be studied to determine the
relationship of their molecular struc-
ture and organization to their func-
tional properties. This type of
analysis is at an early stage but is
attracting sufficient attention so that
rapid progress can be anticipated in
understanding many phenomena: for
example, how enzymes effect
catalysis, how genes are turned “on”
and “off,” the rationale of the genetic
code and the spatial arrangement of
genes on chromosomes, the activities
of the ribosomal machinery during
protein synthesis, and the intricacies
of energy transduction in chloroplasts
and mitochondria.

Major technical advances that may
be expected to have a marked effect
on the direction and rate of progress
in biological research include the
development of methodologies that
permit the analysis and experimental
manipulation of genetic material.
Foremost of these advances is the
discovery of the mode of action of
restriction enzymes and the subse-
quent use of this knowledge for
mapping the genetic material at the
nucleotide level. For example, hybrid
DNA molecules can be propagated in
vitro and then transposed to a host cell.

The cleavage of DNA by restriction
enzymes coupled with techniques such
as gel electrophoresis, filter
hybridization, and use of the electron
microscope for visualizing individual
DNA molecules provide a new level
of analytical resolving power for
biological problems that previously
could not be attacked. In theory, it is
now possible to analyze genetically at
the molecular level any animal, plant,
or virus, including those that are not
amenable to genetic analysis by
traditional methods. Individual genes
and the elements that control their
activity and their products can be
isolated and studied with respect to
structure and function. This new
approach for studying intracellular
regulation in higher organisms is
particularly significant because this
has been a relatively intractable area.

Gene Structure and Function

One of the most exciting and
rapidly moving areas of basic research
in modern biology is the study of the
relationships between the structure
and function of genes—in organisms
as primitive as bacteria to those as
complicated as man. Such research
crosses the boundaries of genetics;
biochemistry; and molecular, cell, and
developmental  biology,  thereby
representing an interdisciplinary ap-
proach that uses the most powerful
tools of each discipline.

The theoretical and practical cor-
nerstones of this research rely on the
fact that restriction enzymes are
available which can break two DNA
molecules from different biological
origins so that they can subsequently
be spliced together to make a hybrid
or chimeric molecule. By the addition
of special enzymes called polymerases
and ligases, the hybrid molecule,
containing the particular genes under
investigation plus those genes that
allow replication to occur, become
biologically inseparable.

The Foundation is supporting im-
portant basic research dealing with
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Gene isolation and amplification. A new research technique of immense potential for
understanding the details of how genes function makes use of restriction enzymes,
There exist in certain bacteria small rings of DNA carrying a few genes separate from
the bacteria's chromosomes. These rings, or plasmids, can be broken by the
restriction enzyme, as can DNA from an animal cell. When mixed, parts of these two
different kinds of DNA can be recombined into a new plasmid, which can then by
introduced to the bacterium and reproduced in great numbers for further study.

the theory and practice of gene carbon dioxide in plants, a
isolation and amplification, the ability physiological process fundamen-
to make multiple gene copies. The tal to all life forms on our
results and benefits from this planet.

research should be both immediate °
and far-reaching, including a fun-
damental understanding of how
genes are expressed and controlled to

how they replicate and recombine.

At Harvard University, a group
is pursuing the genes responsi-
ble for nitrogen fixation by
special bacteria which are at-
tached to the roots of legumes

® A research team at the Univer- such as soybeans, peanuts, and

sity of California, San Diego, is
studying the mechanism by
which certain genes can control
the fixation of atmospheric

peas and which are responsible
for the primary source of
organic nitrogen necessary for
growth of food crops.

® A second Harvard group is

examining how genes for the
nucleic acid component of
ribosomes are controlled. These
are genes that ultimately affect
the phenotype of an organism
by influencing the types of
proteins that the cell produces
and their rates of synthesis.

Genes isolated from the fruit
fly, Drosophila, in a Stanford
University laboratory are being
used as a model system to study
how repetitive sequences in the
histone genes affect the way
genes act and are controlled
under hormonal influence.

A University of California, San
Francisco, team is studying the
topological organization of mul-
tiple copies of mitochondrial
genes, while another group at
the University of Iowa is in-
vestigating the mechanisms by
which these genes orchestrate
mitochondrial protein synthesis.
Since mitochondria are the
powerhouses of a cell, the fun-
damental differences between
the organization of cellular and
of mitochondrial genes must be
explored to elucidate the various
ways in which informational
potential is finally expressed.

Hemoglobin is an essential com-
ponent of blood in that it carries
oxygen to all vital tissues and
organs. A Harvard University
laboratory is examining how
rabbit globin genes affect
hemoglobin synthesis by study-
ing both the regulatory gene
sequences and the mechanisms
by which these genes are
transcribed. A research team at
Yale University is studying both
the normal and thalassemia
globin genes from human
beings. In addition to clarifying
the methods by which normal
genes act and are controlled, this
study also has provided a com-
parative analysis of an abnormal
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counterpart of the human

hemoglobin gene.

Various stages of gene amplifica-
tion have been accomplished in each
of these systems. Research made
possible by this amplification is, in
most cases, just beginning. However,
at least two of the studies already
have produced important results. The
Harvard group, which is studying
genes responsible for nitrogen fixa-
tion, has taken a first step toward
giving nonleguminous plants the
biological capacity for nitrogen fixa-
tion. This group has made two
important recent advances. First, the
bacterial replication vehicle, to which
the two groups of nitrogen-fixation
genes have been joined, has been
shown to survive transfer to plant
cells. Second, two independent
replication vehicles have been con-
structed, each containing a bloc of the
nitrogen-fixation genes. One of these
hybrid units has been cloned; the
other will be cloned shortly. The next
step is to select a recombinant
replication vehicle containing both
sets of nitrogen-fixation genes to
attempt insertion into plant cells. The
Stanford University group, studying
the histone genes from Drosophila, has
isolated the histone messenger RNA
and has determined the length of the
messenger and the way in which it is
processed by the cell to unit size. This
is accomplished by the formation of
special loops between the histone
gene DNA and the messenger RNA
that is transcribed and processed
from it.

A very different approach toward
the goal of understanding gene
structure and function also has been
under way for the past decade. At the
Massachusetts Institute of Tech-
nology a gene that codes for a
suppressor transfer RNA for the
amino acid tyrosine has been syn-
thesized with  “off-the-shelf”
chemicals. The research team has
shown unequivocally that the 199-
unit polynucleotide consists of both
the start-and-stop portion of the gene

as well as the gene itself. After its
synthesis from nucleotide units and
development into short single-
stranded chains, the complete struc-
ture was introduced into a bacterial
strain that previously lacked this
function. The result was a complete
restoration of normal function to the
bacterial cell.

Advances in Photosynthesis

Qur ability to produce adequate
foodstuffs for future generations will
be linked, in part, to our ability to
increase crop productivity; some
technologies for increased productivi-
ty of agricultural crops depend, in
turn, on a basic understanding of
plants. One of the most important
aspects of plant science is the process
of photosynthesis, wherein solar
energy converts carbon dioxide in the
plants into biochemicals necessary for
plant growth.

NSF-supported research in this
area has dealt with various aspects of
photosynthesis, from the capture of
photons (sunlight energy) by
chlorophyll to the synthesis of chains
of carbon atoms, and including the
actions and control of genes involved
in the process. Researchers at the
Universities of Rochester and Califor-
nia, Berkeley, have been studying the
way in which light energy is “cap-
tured” by chlorophyll molecules and
funneled to the “reaction centers,”
discrete complexes of chlorophyll and
other molecules, where the actual
transformation of light to electrical
energy occurs. Considerable progress
has been made at the University of
Washington, University of California,
San Diego, University of Penn-
sylvania, and City University of New
York in clarifying the process of
energy transduction in the reaction
centers of plants and photosynthetic
bacteria in terms of time sequence
and the nature of the molecules
involved.

After the electron has been
separated from the chlorophyll in the

reaction centers, the electron is
“transferred” through a complex
sequence of “acceptors” for eventual
use in the manufacture of car-
bohydrate. Numerous proteins, often
associated with the plant membranes,
are involved in this electron transport
process, which is coupled to the
production of high-energy com-
pounds necessary for driving fun-
damental biochemical reactions in the
plant. Of particular interest among
the many research projects on this
electron transport and production of
high-energy compounds is work at
Purdue on the basic interpretation of
light-induced potentials in
photosynthetic membranes and the
question of whether hydrogen ion
gradients are coupled to active
transport processes.

A new technology based on a
photoelectron microscope developed
at the University of Oregon and the
Oregon Graduate Center will enable
scientists to study chlorophyll and
other pigment complexes in the
photosynthetic membranes of plant
chloroplasts. This microscope shows
images of electrons selectively ejected
from the chlorophyll by a laser beam.
With specific lateral and depth resolu-
tion, it will be possible to determine
the location and concentration of the
pigment within the membranes. This
technique has the potential to yield
further information on the pathways
of electron flow during photosynthe-
sis.

Advances in Nitrogen
Fixation

A research area spanning the whole
spectrum  of NSF’s physiology,
cellular, and molecular biology pro-
gram concerns the process of
nitrogen fixation by rhizobia, the
particular bacteria on roots of
leguminous plants. In addition to the
genetic work mentioned previously,
progress is being made in numerous
other aspects of the process. Basic
work at Stanford on the iron-



molybdenum protein of the complex
enzyme, nitrogenase, that catalyzes
the reduction of nitrogen, has pro-
vided new information on the
chemical state and environment of
the molybdenum atom. Similarly,
investigations at Wisconsin and
Minnesota have further illuminated
the chemical state and environment
of the iron atom in both the iron and
iron-molybdenum proteins. In addi-
tion to this work on the catalytic site,
scientists at Wisconsin and Purdue
have characterized further the sub-
unit structure of the enzyme, as well
as the nature and regulation of the
metabolic pathway in nitrogen fixa-
tion.
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The question of how rhizobia are
attracted to' the roots of legumes
where nitrogen-fixing nodules are
formed is a crucial facet of the whole
process, an example of the general
area of investigation involving
chemical specificity. Work being con-
ducted at Colorado, Montana State,
and the University of Minnesota is in
the process of elucidating this topic.
Various aspects of work at the
molecular and submolecular level are
enabling enzymologists, geneticists,
bioengineers, and crop specialists to
determine life processes of plants and
animals—and ultimately to provide
knowledge that will assist in in-
creasing plant productivity.

Behavioral and

Neural Sciences

The behavioral and neural sciences
continue to be among the most
rapidly developing areas of science.
During the past year the behavioral
and neural sciences programs were
reorganized within the Foundation to
focus research on human and animal
behavior and the organ-system that
directly underlies behavior—the ner-
vous system.

One of the most important recent
findings in the neurosciences is the
demonstration of “sprouting” or
growth of nerve axons from an adult
animal in vitro (outside the organism),
indicating a much greater capacity for
growth and change in the nervous
system than was thought previously
to be the case. Other important
findings include the identification of a
number of previously unknown
chemiical neurotransmitters responsi-
ble for excitation or inhibition of
neurons in the brain. Using simple
invertebrate animals, researchers
have shown that the learning process
results from changes in synaptic
transmission at critical junctions in
the brain’s neural circuit. New

methods of technology, including
autoradiographic and enzyme tracer
techniques to delineate nerve
pathways and the use of computer
technology for three-dimensional
reconstruction of neurons and
anatomical relationships of entire
nervous systems of small organisms,
have provided increased opportunities
to understand the fine structure and
function of the brain.
Understanding the development of
the brain and of human behavior is a
key objective of the behavioral and
neural sciences. From studies with
infant animals, there is much evi-
dence that the nervous systems—and
hence the behavior—of animals may
be affected permanently by environ-
mental events during critical periods
of early life. Such research may
provide the basis for understanding
the effects of early deprivation in the
lives of children. Another research
area in which work with animals has
begun to improve our capabilities for
dealing with human problems is that
of language learning by chimpanzees.
Training procedures in com-

munications developed with chim-
panzees have proved valuable for
training language-deficient children.
Also, parallel findings in research
with children and chimpanzees show
that the processes of language
development can now for the first
time be studied under scientifically
controlled conditions. One such find-
ing shows that concepts in both
children and chimpanzees develop
before language labels are attached to
them. This implies that -early
language development is not simply a
matter of imitating adult language
but requires the prior maturation of
cognitive functioning. An offshoot of
teaching sign language to chim-
panzees is a new interest by linguists
in the use of sign language by deaf
people.

Research on cognitive processes
(sometimes called “higher mental
processes”) has created a great deal of
excitement in the past year. One
approach, called information process-
ing, analyzes complex mental
operations into functional sub-
processes. These subprocesses, bear-
ing a variety of technical names,
allow important distinctions to be
made when disease or other factors
interfere  with human learning,
memory, or thought. To focus most
effectively on current and expected
advances in this area, a new NSE
program, memory and cognitive
processes, was formed during fiscal
year 1976.

A second new program, sensory
physiology and perception, was es-
tablished formally to be responsive to
the rapid developments occurring in
research on all sensory systems
involved in receiving information
from the environment—especially
vision and hearing. Knowledge of the
fundamental nature of hearing, for
example, has been advanced
significantly through recent research
in microanatomy, electrophysiology,
and human and animal psy-
chophysics. A particularly important
research area deals with a type of
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hearing loss, called presbycusis, that
accompanies aging.

Knowledge of cultural phenomena
also has advanced significantly in the
past year. As an example, large-scale

research concerning unbiased
evaluations of social programs is
beginning to produce important

results. Sources of bias in the early
evaluation of such national programs
as Head Start have been identified
and corrected, with the resulting
reanalysis showing more beneficial
effects of this program than those
previously estimated. In another area,
social psychological research has
focused on how persons respond to
experience with events that are out
of their control. The results indicate
that such experiences can cause
individuals to become passive in the
face of seemingly uncontrollable, but
later controllable, events. Current
efforts are focusing on how such
“learned helplessness” may be over-
come.

In the field of anthropology,
research conducted by U.S. scientists
in Africa and Asia has shown new
evidence indicating the origins of man
as early as 3% million years ago.
Archaeological research on
agricultural technologies suggests
that early irrigation techniques may
have been more efficient than those
in use today. Another investigation
produced the interesting finding that
even in prehistoric times the concen-
tration of mercury in fish was well
above the concentrations in the
surrounding environment.

During the year, NSF’s programs in
behavioral and neural sciences,
together with those of the social
sciences, were reviewed by a special
committee of the National Academy
of Sciences. Possibly the most impor-
tant general recommendation
presented in the final report, Social and
Behavioral Science in the National Science
Foundation, is the need for larger scale
research efforts than have been
supported regularly in the past in

these fields. Initiatives in response to
the recommendation are under way.

Adaptability of the Brain

Plasticity or adaptability is the most
salient characteristic of the brain; the
brain’s adaptability expresses itself in
nearly all central nervous system
operations, but especially in recovery
from damage. A dramatic example of
such recovery is the case of a young
American soldier in the Korean
campaign who sustained a massive
brain wound involving the left
parieto-tempero-occipital ~area. At
first he was totally unable to speak,
but in 3 months he was using two-
word sentences. Eight years later, he
had recovered fully and exhibited
normal speech. Neuroscientists have
long been concerned with the prob-

lem of how the brain is so marvelous-
ly flexible, and various approaches
have been taken to study this plastici-
ty. This flexibility is especially
pronounced during early develop-
ment, and increasing attention to how
the brain changes during this period
has been particularly fruitful. Newer
findings suggest the flexibility per-
sists at older ages.

Gary S. Lynch of the University of
California, Irvine, has successfully
used a number of biological tech-
niques to detect the processes by
which the brain recovers after being
damaged. Lynch first showed that
axonal sprouting (nerve growth)
takes place in the hippocampus part
of the adult rat brain in response to a
lesion. He used both light and elec-
tron microscopy to “map” the extent
of the sprouting and used biochemical

HIPPOCAMPUS AND TYPICAL CELL

Nerve growth in the brain. The hippocampus, a part of the brain implicated in
emotion, visceral activity, short-term memory, and other behavior, has recently been
shown to “sprout” new nerve cells in response to injury. An experimental technique
has now been devised to study sprouting from normal hippocampus tissue removed
from the brain, a step of great importance in understanding mechanisms underlying

this neural plasticity.



and electrophysiological experiments
to verify that this new growth was
indeed functional. These initial ex-
periments were carried out in vivo (in
the living species) for several years
and clearly established sprouting in
the brain as a reproducible
phenomenon.

As the research progressed, how-
ever, it became clear that there were
limitations to a strictly in vivo analysis.
For example, the sprouting is preced-
ed by a tremendous proliferation of
glial cells (non-nerve cells in the
brain) in the region into which the
nerves would later grow. In vivo, it
was impossible to determine the
underlying molecular mechanisms.
Considerations of this sort led Lynch
to develop a device where sprouting
could be studied in vitro, outside the
organism, in a much more controlled
manner. After much difficulty, this
young investigator devised a special
chamber in which “slices” of the
hippocampus could be maintained as
normal (nonlesioned) brain tissue. He
then developed additional new tech-

niques necessary to study sprouting.

in this chamber. These pioneering
techniques have benefited many
other neuroscientists.

Lynch is now searching for the
specific substances that underlie
sprouting in slices of brain tissue
where he can more easily detect and
measure changes. For example, he is
determining what materials are
released by the slices to trigger the
proliferation of glial cells and if slices
from normal hippocampus release
materials that suppress the glial
proliferation. Once these substances
are identified and characterized, he
plans to reintroduce them into the
whole animal to verify their
molecular actions and determine their
behavioral effects. This work has
provided scientists with a method of
manipulating one form of neural
plasticity and of understanding its
underlying molecular mechanisms.

Although Lynch’s work has had

unusual impact upon the neu-
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rosciences, his approach is character-
istic of many superbly trained young
neuroscientists. In contrast to a
decade ago when a neuroscientist
tended to be either a neuroanatomist,
a neurochemist, a neurophysiologist,
or a neuropsychologist, today
neuroscientists are oriented toward a
given problem and attempt to bring
the full technological range of
modern biological methods derived
from a number of disciplines to bear
on that problem. This approach more
than any other single factor underlies
the success of Lynch’s research pro-
gram.

Hearing Loss—Presbycusis

The hearing ability of humans and
many other animals deteriorates with
increasing age. The loss of hearing,
called presbycusis, is so widespread in
today’s society that essentially every
man and woman eventually en-
counters it. Présbycusis is typically
more severe for men than women,
and it occurs more rapidly at high
frequencies of sound than at low. The
first recorded incidence of
presbycusis is found in records in-
dicating that Egyptians sustained
permanent hearing loss centuries ago
as a result of living along the
Cataracts of the Nile. While many
scientists have argued that specific
changes in the auditory system are
directly caused or facilitated by a
noisy environment, it is not clear if
the changes result from exposure to
noise or are due to general
physiological aging.

Harlow W. Ades of the School of
Electrical Engineering at the Univer-
sity of Illinois and his associates
recently have documented neuro-
anatomical changes in the auditory
system that apparently occur only in
auditory mechanisms of individuals of
advanced age. They conducted post-
mortem studies on the vestibular
sensory epithelia and sensory nerve
fibers in elderly humans and found a
considerable reduction in both the

number and diameter of nerve fibers
serving the auditory mechanisms as
well as a parallel reduction in the
number of receptor cells. However, it
is difficult to obtain well preserved
human material, and the observed
modifications may have been pro-
duced by some external agent; it was
desirable for Ades to compare these
results with those obtained on inner
ears from aged nonhuman primates,
preserved under controlled laboratory
conditions. The early results of these
investigations confirm the findings in
humans.

Working in conjunction with the
Yerkes Primate Center in Atlanta,
Ga., Ades and his associates dis-
covered several anatomical changes in
aged primates which may be related
to the presbycusis phenomenon. For
example, abnormal changes were
found in the structure of the mem-
brane between the sensory hair cells
of the cochlea (inner ear) and the
fibers that are primarily responsible
for transmitting auditory information
to the central nervous system. These
changes occur at the afferent synaptic
junction and appear to be of sufficient
magnitude to impede normal synaptic
activity.

Various other changes appear in
the aged cochlea. For instance, there
is a formation of large vacuoles and a
significant intracellular accumulation
of lipo-fuscin (a biochemical product
of deterioration) in the specific sen-
sory and supporting Deiters cells.
There is also an abnormally
developed laminated structure that
projects from the cuticular plate
above the hair cell into the receptor
cell itself. (Although this structure
may be present in young animals, it
increases in size and length with
increasing age.) Also, the number of
macrophage cells in the inner ear
increases.

Ades and his associates are in-
volved in a continuing effort primari-
ly addressed to two questions: (1) Are
the neuroanatomical changes ob-
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served in aged cochlear and vestibular
mechanisms similar to the neuro-
anatomical effects caused by intense
noise? and (2) Are auditory mecha-
nisms that have deteriorated because
of the aging process more susceptible

to noise than “pristine” ears?

From the results of this research,
our knowledge of the aging process
and the effects of noise on the
auditory system will be greatly ex-
panded.

Environmen

ntal Biology

Major parts of systematic biology
and ecology, the core disciplines of
NSF’s environmental biology pro-
grams, have undergone profound
transitions during recent years. Until
recently systematics—the classifica-
tion of plants and animals to indicate
natural relationships—could only
infer genetic relationships from readi-
ly discernible anatomical similarities.
Since the 1950’s, however, knowledge
of the molecular structure of proteins
and of DNA (deoxyribose nucleic
acid) in certain taxonomic groups,
particularly vertebrates, has made it
possible to inquire directly about the
similarities or differences in the
molecular structure of organisms. By
comparing similar classes of protein
molecules that can be isolated easily
in reasonably pure form—blood
proteins such as hemoglobin and
albumin—the readily detected
differences in the amino acid se-
quence of the molecules can be
attributed to differences in structural
genes, that is, the DNA sequences
that code for these proteins.

The hypothesis underlying studies
of Allan C. Wilson and associates at
the University of California,
Berkeley, was that careful examina-
tion of the products of specific
structural genes from groups that
experienced contrasting rates of
organismal change would provide
information on the mutation rates of
the genes and possibly on the rates of
evolution in different species of
organisms. But contrary to expec-
tations, the work suggests that the

mutation rates of structural genes
appear to be largely independent of
rates of evolution as judged by
anatomical characteristics of the
species. For example, Wilson and his
coworkers have evidence that
albumin has evolved at about the
same rate in frogs and mammals.
Further, they have compared 44
proteins of humans and chimpanzees
and found them 99 percent identical;
yet, from a traditional anatomical
basis the two primate species are
classified in different families.
Although only a few of the struc-
tural proteins have been compared,
the evidence suggests strongly that
the rates of DNA change in struc-
tural genes have little relation to
rates of overall evolution of the
species themselves. Since the slow
rate of change in the DNA of
structural genes appears not to
explain organismal evolution, Wilson
is now testing the hypothesis that the
basis for adaptive evolution of
organisms is primarily through the
mutation rate of the “regulatory
genes”—genes that control the ac-
tivation of the structural genes.
Wilson " argues that the mode of
action of regulatory genes known to
function in bacterial systems will be
applicable to, higher organisms.
Through their work, Wilson and his
coworkers have sharpened the focus
of molecular evolution and have
undertaken challenging studies on
the evolutionary significance of
“regulatory genes.” This ambitious
project will provide definitive results

”

only slowly, but the continued use of
sequence methodology is likely to
provide more accurate information on
divergence lineages, especially in
cases where the fossil record is poor.

Community ecology has con-
stituted the intellectual core of the
science of ecology since its beginning
early in this century. It is still
thriving, asking new questions, delv-
ing deeper into ones long asked. The
nature of coadaptive interactions
between plants and the insects that
feed upon them, for example, has
long piqued the interest of ecologists.
On the basis of new knowledge, for
example, of the biochemical identity
of a variety of “secondary substances”
that plants are known to produce,
more sophisticated ecological insights
are emerging. New techniques of
microchemical analysis are paving the
way for the study of the population
genetic aspects of the relationships as
well.

During the past decade two dis-
ciplinary offshoots of systematics and
ecology have developed: population

biology and ecosystem science.
Various lines of investigation by
community ecologists and by

systematists are coming to focus
more precisely on multifaceted
analyses of the biology of natural
populations. The facets include popu-
lation genetics, behavior, and
physiology, as well as ecological
relationships.

Ecosystem science, embodying an
approach that was evident early in
the history of ecology, has made
substantial progress through the U.S.
biome programs under the auspices
of the International Biological Pro-
gram (IBP). IBP completed its ex-
istence as a formal organization
several years ago, but the support of
some of these large integrated proj-
ects has continued. During fiscal year
1976 these biome projects were in
varying stages of completion, and a
second generation of integrated
ecosystem research projects, smaller
in scale, was begun—a measure of the



initial programs’ success. In large part
the new studies extend and refine
insights, information, and techniques
developed in the IBP-initiated proj-
ects. The taiga ecosystem study in
Alaska, a prime example, was for-
mulated mainly by scientists who
participated in the Tundra Biome
project.

Adaptations of Plants to
Extreme Environments

Harold Mooney of Stanford Uni-
versity and Olle Bjérkman and Joseph
Berry of the Carnegie Institution of
Washington are trying to bridge the
gap that exists between in-
vestigations of field ecology, whole
plant physiology, and studies at the
cellular and subcellular levels. They
are attempting to uncover the adap-
tive mechanisms that enable certain
higher plants to tolerate, and in some
cases even thrive, in stress en-
vironments that are lethal to plants in
general. For this purpose they are
comparing the performance of plants
occupying habitats that are extreme
in one respect or another.

One such environment is the
desert floor of Death Valley, Calif.,
one of the hottest and most arid
environments on Earth. In summer,
the plants must tolerate temperatures
that often reach or even exceed 50° C
(122° F), while at the same time
having to cope with extremely dry air
(about 5 percent relative humidity)
and very limited water supply. Plants
that are active and able to grow
under these conditions must have
special adaptations to resist thermal
and drought injury and at the same
time be able to carry out photosyn-
thesis with a high efficiency of water
use. With the aid of a specially
equipped mobile laboratory and an
experimental transplant garden, these
investigators are able to study the
productivity and key physiological
processes, such as photosynthesis, on
extreme desert plants in their native
sites and also to compare them with
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Transplant garden. Scientists studying the tolerance of desert plants to the extreme
environment of Death Valley, Calif., are trying to learn more about the adaptive
mechanisms that enable plants to survive under such conditions. Such research may
be useful in the development of new kinds of food crops that can be grown under
desert conditions.

those of plants transplanted from
contrasting climates such as cool
oceanic habitats. Further studies on
these plants, grown under a series of
precisely controlled environments in
the Carnegie laboratory at Stanford,
permit these workers to separate the
effects of various stress factors, such
as high temperatures and severe
drought, as well as to analyze the
component growth processes and the
properties of cellular components
such as chloroplast membranes and
enzymes,

The research reveals striking
differences among higher plants with
regard to their capacities to utilize
water, photosynthesize, grow, and
survive. Probably the most spec-
tacular example is Tidestromia
oblongifolia, native to the floor of
Death Valley. This remarkable plant
has its peak activity, with very rapid
growth, during the hottest part of
the year, but is dormant during the
mild winter and spring. The optimum
rate of photosynthesis and growth

occurs at about 46° C (115° F), and its
productivity exceeds that of most
plants on Earth even in lush climates
with moderate temperatures and
ample water supply. The ability of
Tidestromia and several other hot
desert plants, such as the creosote
bush, Larrea divaricata, to endure
extreme heat which is lethal to plants
from temperate climates is in large
part due to an unusually high thermal
stability of their photosynthetic
machinery, involving components of
the chloroplast membranes responsi-
ble for photochemical activity as well
as enzymes of the CO,-fixing system.
Tidestromia  (and numerous other
species from 15 families, mostly of
dry tropical and subtropical origin)
also possesses an especially efficient
mechanism for CO, fixation, called
the C, pathway of photosynthesis.
This pathway, in combination with
the unusual heat stability of its
photosynthetic apparatus, enables
Tidestromia to maintain extraordinarily
fast rates of photosynthesis and
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growth in the extreme summer heat
and to make very efficient use of the
limited water supply.

Many other species occupying the
floor of Death Valley, including
several species of Atriplex (saltbush),
possess the C, pathway of photosyn-
thesis, but plants with the conven-
tional C, pathway also are present
and have developed special mecha-
nisms for survival. For example, the
evergreen shrub, Larrea divaricata, is
capable of seasonally adjusting its
photosynthetic temperature depend-
ence in an adaptive manner. Perhaps
the most striking feature of this
species is its ability not only to
endure very high levels of water
stress but also to photosynthesize at
normal rates even when, as a conse-
quence of low soil moisture and very
dry air, the water potential of the
plant has fallen to very low levels (-35
to -40 bars). In plants from moderate

climates, photosynthesis usually
ceases at about -10 to -15 bars, and
prolonged stress below -17 bars

generally is lethal. The mechanisms
responsible for the ability of Larrea
and certain other desert plants,
including Atriplex hymenelytra, to retain
normal rates of photosynthesis under
severe drought are currently the
subject of intensive study by the
Carnegie-Stanford Group.

Another interesting and potentially
useful aspect of the research is the
genetic studies in which C, species
and C, species of Atriplex are hybrid-
ized in order to determine the mode of
inheritance of the C, photosynthetic
pathway. It would, of course, be
enormously useful if scientists could
discover how some of the characteris-
tics of desert-adapted plants could be
introduced into plants that are useful
for food, fiber, fodder for animals,
fuel, or even soil stabilization. Intro-
duction of such adaptations through
plant breeding probably will be very
difficult. However, before the
feasibility of such efforts can be
evaluated, it is, of course, necessary
that these adaptive mechanisms be

identified and characterized. The
Mooney-Bjérkman-Berry project is a
basic research program to discover,
analyze, and understand the
responses and adaptations of plants
to harsh environments. As such, it is
a good example of the fundamental
work that must underlie the develop-
ment of crops that can tolerate
environmental stresses and make
efficient use of limited resources.

Plants and Their
Insect Herbivores

Most plants synthesize compounds
that have the effect of protecting
them from attack by insects. Not
surprisingly, in the course of time
herbivorous insects have developed
metabolic systems to detoxify these
noxious plant compounds. These
relationships between plants and
insects are of increasing interest
because they may have led to the use
of “natural” strategies for plant
protection. In an effort to learn more
about these relationships, Paul Feeny

and his coworkers at Cornell Univer-
sity have been studying the chemical
ecology, energetics, and population
biology of two closely related, leaf-
eating, swallowtail butterflies that
live in the Ithaca, N.Y., area but
which feed in quite different
situations.

The black swallowtail, Papilio polyx-
enes, feeds on the wild carrot and its
relatives of the umbellifer family.
Leaves of wild carrot, with relatively
high contents of nitrogen, sodium,
and water, provide a nutritious,
though somewhat sparsely dis-
persed, food source for the black
swallowtail, which detoxifies the
specific qualitative poisons that act as
barriers to many other insect species.
The second species, the tiger
swallowtail, P. glaucus, feeds on the
leaves of many families of forest
trees. While the canopy of these trees
is a seemingly abundant food source,
it is not nutritious since it is relatively
low in the nitrogen, water, and
sodium required by growing insects.

The scientists have found that

Plant defense strategies. This caterpillar of the black swallowtail butterfly is one of the
few insects able to eat and tolerate the specific chemicals in this annual umbellifer
plant. Community ecologists suggest that many plants use chemical defense
mechanisms such as this, in which only a few insect species can locate and adapt to
that food supply. On the other hand, leaves of longstanding perennial plants, such as
trees, are subject to being eaten by many species of insects. They tend to develop
general, multiple toxins that act to limit the population growth of their insect
predators. (Photo by Paul Feeny/Cornell University.)



black swallowtail caterpillars feeding
on the weedy wild carrot mature in 3
weeks. Caterpillars of the tiger
swallowtail, feeding on the forest
canopy, however, take 8 weeks to
mature. Compounding the retardant
effect of the low nutritive level of the
tree leaves is the presence of tannins
and terpenes, both of which interfere
with the insect’s utilization of the
nitrogen present in the leaves.

Drawing on these observations,
Feeny and his coworkers have
developed a general hypothesis about
the nature and consequences of the
consistent and predictable differences
in chemical defenses of plants that
characterize recently disturbed areas
as compared with those of more
stable areas. The disturbed areas
typically are dominated by a diversity
of short-lived (annual) plants, many
of which make small amounts of
highly toxic chemicals that absolutely
repel most herbivorous insects. A few
insects have the ability to detoxify
the compounds made by different
annual plant species. The black
swallowtail, for example, is one of the
few to feed upon the umbellifer
plants such as wild carrots. The
larvae of the cabbage butterfly select
plants such as wild crucifers upon
which they grow well. Contrasted
with this is the defensive strategy
developed by plants of long-persisting
communities. For example, in an oak
forest, chemicals such as tannins,
resins, or terpenes that deter insects
often are made in relatively large
quantities. These substances cannot
be combated effectively by insects.
They tend to have a dosage-response
effect on insect growth, slowing it
down in a quantitative way: the more
tannin, the slower the herbivore’s
growth.

The patchy and relatively
ephemeral nature of the annual-plant
populations of recently disturbed
areas makes it more difficult for
many kinds of herbivorous insects to
find and exploit these plants as a food
source. Under these circumstances
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the “qualitative” chemical defenses,
imposing less of a metabolic cost,
suffice to protect the plants from
excessive defoliation. The established
canopy trees, on the other hand,
persist for long periods of time. As
they are readily available to a great
variety of insect herbivores, they
must protect themselves by the
metabolically costly production of
large amounts of toxins, with which
very few insect species can cope.

Alaskan Taiga Ecosystem

Unlike the community ecologist,
the ecosystem ecologist studies the
structure and dynamics of major
distinctive elements of the world’s
biotic landscape. U.S. scientists were
the pioneers in studying large-scale
biomes. Under the auspices of the
International  Bioldgical Program
(IBP), the western grasslands and
deserts, the eastern deciduous
forests, and the western coniferous
forests were the subject of integrated
studies.

A significant post-IBP biome study
examining the taiga, or subarctic
forest, in Alaska is under way. This
forest characteristically is dominated
by spruce, variously mixed with
deciduous trees and shrubs. On well
drained sites and southern slopes,
white spruce (Picea glauca) dominates a
closed canopy forest while a sparse
open forest dominated by black
spruce (Picea mariana) occupies the
extensive poorly drained areas, sites
underlain by permafrost, and the
cool, north-facing slopes. Black
spruce-taiga extends to the limits of
tree growth, both in the high altitude
mountains and to the north where it
is replaced by ground-hugging tundra
vegetation. Of the 140 million hec-
tares in the Alaskan interior, about
one-quarter is covered by sparse open
forest. Taiga, bog, and fen vegetation
form the most widespread ground
cover in interior Alaska.

The black spruce ecosystem
appears to be the least productive

forest type known. After a century of
growth, a black spruce tree may be
little taller than a person. Individual
needles may be retained 25 years, and
the older trees retain their dead
branches arrayed on the bole beneath
the small crown of living branches.
This dry, “standing dead” material
makes the black spruce ecosystem
particularly susceptible to forest fires.
In addition, their shallow root
system, extending above the mineral
soil, makes the trees readily suscepti-
ble to erosion, especially along river
banks.

Frequent fires and the action of the
abundant glacier-fed, silt-laden rivers
continuously modify the landscape
and topography of Alaska’s vast
interior basin. The plants that
become established on newly de-
posited riverbanks belong to species
different from those that become
reestablished on burned areas. For
instance, willow and poplar are
among the pioneer species that grow
on newly formed riverbanks, while
black spruce and other plants become
reestablished on burned sites. This
study of the black spruce-taiga
ecosystem, under the direction of
Keith Van Cleve, University of
Alaska, and Ted Dyrness, U.S. Forest
Service, is aimed at understanding
growth, succession, and the dynamics
of nutrient-cycling in this ecosystem.
The study is being conducted on
lands controlled in part by the Bureau
of Land Management. Additional
long-term data are being supplied by
the U.S. Forest Service, which also is
contributing investigators and equip-
ment.

The slow growth rate of the black
spruce reflects the influence of low
soil temperature and high soil
moisture content on the rates of
organic matter mineralization and
nutrient cycling. But even the slow
growing black spruce trees seem to
further depress the already marginal
ecosystem productivity. The protec-
tion provided by these trees permits
the growth of a thick mat of feather-
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Taiga ecosystem. A typical succession of plant species in the sparse taiga forests of
Alaska begins with willows and poplars on newly formed silty riverbanks and
progresses, as the community ages and the silt builds up above flood levels, to
spruce. Growth of ground mosses under the protection of the spruce eventually
retards the tree growth by sequestering nutrients and by promoting shallower
permafrost. Frequent fires that burn off the mosses and older trees can rejuvenate the
spruce forest. Current studies should be helpful in developing land management

approaches.

mosses over the litter-strewn soil.
The results to date indicate that the
development of this moss mat further
retards the growth of the black
spruce in two ways. First, the mosses
compete with the spruce roots for the
nutrients released by mineralization
of fallen organic matter. Second, the
moss mat acts as a feather quilt,
insulating the soil from warming
during the brief hot summer and thus
retarding mineralization. As the mat
thickens, the permafrost surface
gradually approaches the upper layer
of the mineral soil and further
retards tree growth. The study team

believes that periodic burning of
moribund trees and the feather-moss
layer may provide the only escape
from this tree strangulation. If burn-
ing occurs when the pine cones of the
black spruce are closed, the cones
tend to resist burning, thus protect-
ing the seeds for dispersion later. The
resultant seedlings bring a cycle of
revegetation. By examining succes-
sion and ecosystem dynamics, the
study should provide basic informa-
tion that will prove useful in design-
ing applied projects and in guiding
land management practices.

Social Sciences

Human social institutions are
variable and complex, and they
change constantly in response to
shifting circumstances. The study of
social institutions thus presents a
demanding challenge for scientific

inquiry—to discern basic patterns of
human social organization, to deter-
mine the general principles that
explain how social institutions change
and affect each other, and to describe
the impact of changing institutional

arrangements on the quality of
human life and the achievement of
social goals. Social science knowledge
contributes to our comprehension of
what is happening as social change
intrudes to disrupt familiar routine.
Such knowledge also provides the
basis for enlightened public policies
that will affect the well-being of our
own and future generations.

The scientific study of social in-
stitutions is characterized by several
distinctive features: (1) the search for
general patterns and principles that
extend beyond the particulars of a
given time and place, (2) the
dependence on reliable and reproduci-
ble data describing social institutions
and their functioning, and (3) the
systematic test of general principles
against reliable data.

In contemporary social science,
general principles may be expressed
in many ways, such as in the form of
mathematical models or verbal
statements of comparison. They also
may be formulated to pertain to
relatively large human groupings
such as nations, complex organiza-
tions, or communities—or to the
relations between individual persons
and the effect of the social context on
individual response. Recognizing the
uneven development of various social
science subfields and the potential
interplay between principles that
pertain to individual interrelations
and larger aggregates, NSF gives
priority to studies that promise to
contribute to the systematic develop-
ment of abstract principles that can
serve as general guides for un-
derstanding basic processes of social
life and institutional change.

Reliable and useful social science
data require the painstaking efforts
of individual investigators and, fre-
quently, of relatively large and highly
organized teams of workers. The lack
of adequate descriptive data con-
tinues to be a major impediment to
the accelerated development of the
social science disciplines. In response
to this condition, NSF supports the



development of broadly useful data
resources which can be made
available to the general social science
community. This support is most
clearly illustrated in the development
of social indicators designed to reflect
trends and differentials in the quality
of life and thus to help explore how
major institutional changes affect the
well-being of individual citizens.
Other social science programs also
are working toward the production
and distribution of data resources and
toward the improvement of data
collection techniques. These develop-
ments are expected to enhance the
capabilities of future social science
research to contribute effectively to
the development of more adequate
and comprehensive social scientific
findings.

The systematic testing of general
formulations against relevant data
constitutes the most demanding, the
most exciting, and frequently the
most visibly fruitful aspect of social
sciences research. Such work builds
on” the development of models and
principles worthy of extensive
testing. It also requires methodo-
logical developments that permit
assembling appropriate data and
assessing the correspondence be-
tween the implications of the for-
mulation being tested and the out-
comes in the data being analyzed. In
some areas of social science investi-
gation, the necessary groundwork in
building models and assessing data
resources has not been completed.
Current work, therefore, is concen-
trated on exploratory investigations,
methodological developments, and
the development of data resources. In
other areas of investigation, models
have been developed, and appropriate
but imperfect data can be assembled
to test their implications. This kind of
work is most highly developed in ec-
onomics, where functional econo-
metric models operate on many levels
(local, regional, national, and inter-
national) and concern many topics,
such as housing, education, and the
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financial markets. Such models are
becoming increasingly common in
other social science disciplines too.

In some areas of social science, the
accumulated knowledge base is not
sufficient to permit the formulation
and testing of multivariate ex-
planatory models. Here, work may be
supported not because it represents
the culmination of work that has led
to a profound understanding of social
phenomena but because it represents
the early stages in that effort—
exploratory and descriptive work in
new areas of investigation, methodo-
logical developments that promise to
enhance the quality of future sub-
stantive work, or examinations of the
tenability of tentative and relatively
crude generalizations.

Foreign Policy Decision
Analysis

Complex international negotiations
often entail anticipations by each
party concerning future decisions by
the other parties involved. It is,
therefore, of considerable importance
to determine the major factors that
influence foreign policy decisions. Of
particular interest is the degree to
which, and the conditions under
which, decisions are shaped by the
personal style of political leaders, by
bureaucratic habits that are resistant
to change, or by economic interests.
These are among the factors being
explored as determinants of foreign
policy decisions in a series of studies
based on a carefully coded data file of
foreign policy events of 36 nations
during the period 1959-68.

One of these studies, the Com-
parative Research on Events of
Nations (CREON) project, is a mul-
tiuniversity research venture directed
by principal investigator Charles
Hermann of Ohio State University,
Maurice A. East of the University of
Kentucky, and Stephen A. Salmore of
Rutgers, The State University. Their
detailed data file draws together
information from diverse sources,

including content analyses of the
responses of heads of state at press
conferences during the period
covered. The file contains a variety of
information such as the personal
characteristics of political leaders,
structures and standard operating
procedures of defense and foreign
offices, constitutional characteristics
of political regimes, social, economic,
and political attributes of the nations,
the structure of regional political
systems, the past behavior of the
nations in the conduct of their
foreign policies, and transitory
situations and events surrounding
each identified foreign policy decision.

The investigators have been able to
explore the degree of association
between potential predictors of
foreign policy and the actual out-
come, and to assess the relative
weight of particular factors under
various conditions. On the basis of
their analysis, they report that most
foreign - policy decisions are made
within  narrowly  constricting
bureaucratic ~constraints of the
defense and foreign offices. Only
under conditions of great crisis are
the leaders relatively free from the
constraints of organizational routines
and short-term interests.

Through content analysis of the re-
marks of the leaders, the researchers
were able to characterize the
decisionmakers according to various
personality traits. Under crisis con-
ditions, particular facets of the
leaders’ personalities—for instance,
their “need for power,” internal self-
control, distrust of others, or beliefs
about the nature of man and the
political order—played a dominant
role in influencing foreign policy
decisions. Foreign policy decisions
made in noncrisis situations, on the
other hand, were more closely related
to the constraints imposed by past
decisions, bureaucratic and political
procedures, and national economic
interests.

The data file for this project lends
itself to a variety of exploratory
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analyses, and those working on the
CREON project already have pub-
lished a number of them. Currently
they are integrating these analyses
into a coherent theory of foreign
policy decisionmaking. This is one of
several currently funded projects
designed to increase understanding of
factors related to foreign policy
decisions. For example, Ole Holsti of
Duke University and Alexander
George of Stanford University are
investigating the influence of
decisionmakers’ basic beliefs about
political issues on their foreign policy
decisions. Robert Axelrod of the
University of Michigan is examining
the processes by which participants in
small groups having different beliefs
and values reach political decisions.

Studies such as these promise to
extend our understanding of how
decisionmakers resolve difficult and
complex issues. Although the factors
that influence such decisions remain
incompletely conceptualized and the
nature of their influence under
different conditions is not yet well
understood, there is a growing ac-
cumulation of findings to illuminate
how political leaders resolve conflict-
ing influences in making decisions on
matters of vital concern.

How American Aduits
Allocate Their Time

How people allocate their time is a
fundamental area of measurement in
social indicators research, because it
directly reflects many aspects of life
quality. Since 1974, the Foundation
has been supporting a major national
survey of time-use among American
families. The survey is a project of
the University of Michigan’s Institute
for Social Research, which conducted
the first comprehensive time-budget
study in the United States just 10
years ago.

Although basically a replication of
the 1965-66 study, the present sur-
vey has been planned to produce data

useful to another NSF-supported
project dealing with the feasibility of
extending national income accounting
to include productive activities oc-
curring outside the marketplace.
Particular attention is being given to
unpaid productive activities in order
to arrive at a more realistic system of
economic accounts and, in particular,
to improve our understanding of the
household as the Nation’s basic
economic unit.

The survey also has been planned
to serve the needs of those Federal
agencies concerned with such matters
as income security and unemploy-
ment. Moreover, it is expected that
an even wider range of Government
and private organizations will find
the results highly useful for policy
analysis in such areas as transporta-
tion, health, the mass media,
housework, childcare, and volunteer
activities.

The present survey introduces
several methodological innovations
that make it the most sophisticated
research of its kind. The types of
analytic results anticipated from the
research thus will go beyond current-
ly available information on time-use.
For example, considerable effort is
devoted to developing an accounting
system to differentiate use of time as
“output” (valuable at the wage rate)
versus time as “input” (pure con-
sumption). If a quantitative assess-
ment of this problem can be achieved,
answers may be obtained to questions
such as: What economic value can we
attach to housework? How much do
leisure activities contribute to work
performance or accomplishments?
How will new household technol-
ogies, like microwave ovens or cable
TV, affect the way time is spent?

Although survey procedures are
still in the final stage of completion, it
is possible to present some
preliminary results which compare
estimates of time allocation from the
early phases of the present survey
with those obtained 10 years ago. A
detailed exposition of differences in

weekly hours devoted to various
activities is scheduled to appear in
Social Indicators 1976, a publication
currently being prepared by the
Office of Management and Budget.

Work for Pay. On an average,
Americans spent less time working
(including commuting) in 1975 than
they did in 1965. This is true for both
men and women. Although college
graduates and the 24-45 age group
increased their work hours, the rest
of the population worked less. (This
shift refers only to the employed
segment of the population and is not
affected by the higher unemployment
rates of 1975.)

Family Care. Time spent on family
care activities (mainly housework)
has fallen almost 20 percent. As was
true in 1965, most of the family care
activity falls to women whether or
not they work outside the home.
Again in 1975 no difference has been
found in the amount of housework
done by married men whether or not
their wives had outside employment.

Free Time. With less time being
spent on work and family care in
1975, it is not surprising to find that
Americans had more free time in
1975 than in 1965. The difference is
significant, totaling almost 5 hours
per week. The most dramatic rise in
free time is registered by employed
women, whose total free time in 1975
almost matched that of employed
men. Among the working population
in both 1965 and 1975, there is a
curvilinear relationship between age
and free time, the youngest (aged 18-
25) and the oldest (aged 56-65)
having the most of it. Older people
registered a large drop in social life
and in visiting friends and relations
between 1965 and 1975. The level of
education, which was unrelated to
social life in 1965, now seems to be
related to it in a positive direction. In
other words, 10 years ago people
engaged equally in social activities,
regardless of how much education
they had. Now, those with higher
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Spending time. These early, preliminary results of a major national survey of how adults allocate their time suggest significant
shifts in relative amounts of time spent on work and free time over a 10-year span.

education tend to engage more in
social life than those with less educa-
tion.

Mass Media. Time spent watching
television appears to have increased.
Reading time has stayed about the
same as in 1965, but time spent
listening to radio and watching
movies has declined. The major
increase in television viewing was
among women, who also showed the
main decrease in housework and

visiting. In 1965 there was an
educational gap in media use—the
more educated tended to watch less
television than the less educated. By
1975 this gap had closed; only the
college graduate group reported less
media use than other groups in 1975.

It must be stressed that the above
findings are only preliminary and
represent a first crude cut at deter-
mining the general shape of time-use
information in comparison to roughly

similar information collected 10 years
ago. The major analytic work is still
to be done, and the data will become
more interpretable as they are
entered into social accounting
frameworks and are mapped against
significant social events of the past 10
years—such as the energy crisis, the
rise of “counter-cultures,” and the
various political, economic, and social
movements aimed at creating greater
equity in our society.
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Science Education

he goal of NSF’s Science
I Education program is to in-
itiate and support activities to
strengthen education in the sciences
at all levels. During the past year, the
Foundation subjected this goal and
the means by which it can be
achieved to close scrutiny. As a result
of this critical examination, the
program has been restructured into
the following four coherent areas:

Science manpower improvement, whose
objectives are to identify and en-
courage scientific talent; to assist in
the maintenance of high standards
and quality in the training of students
and professionals in the sciences; and
to stimulate more participation in the
sciences by minorities, women, and
the handicapped.

Science education resources improvement,
whose objective is to strengthen and
improve the quality of science in-
struction and research training in
schools, colleges, and universities.

Science education development and research,
whose objectives are to advance our
knowledge of how scientific concepts,
processes, and skills are learned and
to encourage the development of
means by which the learning
processes in science can be improved.

Science and sociely, whose objective is
to bring about greater understanding
of science and technology as it affects
contemporary life, including the
social and ethical implications and
consequences of an increasingly
technology-dependent society.

A factor in this realignment of

programs was a series of Con-
gressional actions that affected the
science education program area. The
first of these was the termination of
the institutional grants for science
program; the second was the es-
tablishment of two new programs
designed to improve science educa-
tion; and the third was the establish-
ment of a new program designed to

help citizens wuse scientific and
technical information in order to deal
more effectively with issues of public
policy. In shaping the new programs,
NSF has solicited the opinions of
science educators and interested
citizens through a series of regional
meetings. This is part of a broader
effort to identify and address national
needs in science education.

Science Manpower Improvement

Programs that support the im-
provement of scientific personnel
provide the Nation with a more
effective supply of scientific
manpower—a central and traditional
responsibility of the Foundation.
Student-oriented programs provide
high school and undergraduate
students with experience in scientific
activities to encourage their entry
into scientific careers. At the grad-
uate and postdoctoral levels, the
emphasis is on training highly
talented young scientists, particularly
training for research and teaching in
scientific areas related to national
needs. Faculty-oriented programs are
designed to enhance the competence
of teachers so as to maintain high
quality in the training of students and
professionals in the sciences.

Student-Oriented
Programs

The student-oriented programs
encourage students of special interest
and ability by providing challenges
and opportunities not usually
available at their level.

Student Science Tralning

In the 125 projects supported in
1976, some 4,400 high school
students received special instruction
in science and participated in research
projects at colleges or universities.
Fifty-two of these projects involved
high-ability secondary school
students whose opportunities have
been limited by the facilities and
instruction available in their own
high schools.
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Student Science Training. High school students take advantage
of intensive science instruction opportunities at four colleges:
(1) environmental biology of a pond at Wartburg College in
lowa; (2) math, probability, and computer language at Alabama
State University; (3) computer processing of physics and
astronomy data at East Carolina University; (4) oceanographic
sample analysis at the University of Rhode Island.



Table 5
Science Manpower Improvement
Fiscal Year 1976 and Transition Quarter (July 1-Sept. 30, 1976)

Fiscal Year 1976 Transition Quarter
Proposals Awards Number of Awards
Individuals
Number Amount Number Amount Supported  Number Amount
Feliowships and Traineeships ....... 1492 § 718797,704 776 $16,250,523 850 11 §527.748
Graduate Fellowships in Sclence
and Engineering ............. 6419 53,100,000 550 11,372,685 550 1 527,748
Faculty Fellowships in Science
Applied to Societal Problems .... 538 8,504,704 79 1,299,960 79 —0— —0—
Energy-Related Postdoctoral
Fellowships ................. 485 5,454,000 118 1,414,336 118 —0— —0—
Energy-Refated Graduate
Traineeships ................ 80 11,739,000 29 2,163,542 103 —0— —0—
Student-Oriented Programs ......... 1,391 23,408,735 395 5471,033 6,467 1 5595
Student Science Training ........ 320 6,960,580 125 1944957 4400 1 5,595
Undergraduate Research
Participation ................ 627 9,664,335 201 2,543,770 1481 —0— —0—
Student-Originated Studies ....... 444 6,783,820 69 982,306 586 —0— —0—
Women in Science ............... 144 5,128,575 33 1,003,431 6,350 1 1,266
Fatulty Programs ................ 235 3,351,932 116 2,157,150 3552 —— =0
Faculty Short Courses ........... 13 913,392 13 894450 3325 —0— —0—
Faculty Research Participation .... 222 2438540 103 1,262,700 227 —0— —0—
Total ............cccoina.es 9,262 $110,636,946 1,320  $24,082,137 17,219 13 $534,609

Undergraduate Research
Participation

This program provides oppor-
tunities to undergraduate students,
who have completed a substantial
portion of their science requirements,
for full-time work with college facul-
ty on research projects, an opportuni-
ty that goes beyond what is normally
available in the curricula of the
Nation’s colleges. In 1976, among the
201 projects at 165 colleges and
universities for 1,481 undergraduates
were 3 designed to acquaint students
with the research activities of indus-
trial laboratories.

Student-Originated Studies

To encourage students to assume
more responsibility for their own
learning and to stimulate their in-
terest in science, this program sup-
ports research activities conceived
and carried out by the undergraduate
students themselves with only
minimal faculty supervision. In 1976,

69 awards supported the work of 586
students at 63 colleges and univer-
sities. Most of the projects were
aimed at providing data relevant to
the planning or administering of
public programs.

Women In Science

In fiscal year 1976, the first year of
full operation for this program, NSF
supported 22 science career
workshops in 17 States and 11
science career facilitation projects in
10 States and the District of Colum-
bia. About 6,000 women participated
in the workshops, which provide
women students with candid infor-
mation about career opportunities in
various fields of science and various
sectors of the economy. The facilita-
tion projects helped about 350
women who received a bachelor’s or
master’s degree between 2 and 15
years ago and needed a short, special-
ly designed educational experience to
enter or reenter employment or
graduate degree programs in their
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fields of science. The projects sup-
ported were in fields of science
judged to have greater than usual
underrepresentation of women and
good opportunities for employment.

Graduate and Postdoctoral
Programs

Fellowships and traineeships for
graduate study and for work in high-
priority national needs areas increase
the quality of scientific manpower
and strengthen the scientific pro-
grams at the host institutions. These
awards support the highest quality
scientific talent available at the grad-
uate and postdoctoral levels and
strengthen the energy-related science
capacity of the Nation.

Graduate Fellowships

New 3-year Graduate Fellowships
were awarded in fiscal year 1976 to
550 beginning graduate students in
science, mathematics, and engineer-
ing. This program is the only sizeable
one—Federal or otherwise—spanning
the sciences in which the fellows are
selected in a national competition
according to ability. Because only
about one of every 11 applicants can
be selected for an award, these
fellows represent the most promising
graduates of our colleges. In addition
to the 550 fellows, almost 2,000
additional highly qualified applicants
were accorded honorable mention, an
identification that assists many of
them in obtaining alternative awards
without which they would be unable
to undertake graduate study.

Energy-Related Graduate
Traineeships

To help meet the Nation’s emerg-
ing needs for scientific and
professional manpower trained in
energy-related areas, 29 grants were
made to 26 institutions in support of
the energy-related training and
research of 103 graduate students.
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Each traineeship provides for 3 years
of work in one of two research areas:
coal or nonrenewable resources (such
as extractive metallurgy, geothermal
reservoirs, explorative geophysics,
geochemistry of hydrothermal
uranium deposits, and tertiary oil
recovery).

Energy-Related
Postdoctoral Fellowships

Fellowship awards were made to
118 young scientists demonstrating
special aptitude for study and
research on energy-related problems.
The fellows receive stipends in sup-
port of up to a year of research and
training to increase their competence
in research and instruction in energy-
related areas.

Faculty-Oriented Programs

These programs, which enhance
the professional skills of science
teachers, improve both process and
content of science instruction for all
students.

College Faculty Short Courses

This program to expose faculty to
new scientific knowledge and ex-
pedite its dissemination in the
classroom is of particular value to
faculty from 2- and 4-year colleges
without active campus research pro-
grams. Forty-five different short
courses were offered in 127 classes
held at 13 field centers across the
Nation. Approximately 3,200 college
teachers attended these short, inten-
sive presentations by experts. Also in
fiscal year 1976, 150 high school
science teachers attended three
courses offered as a trial-run of the
feasibility of this format for second-
ary school teachers. The program has
involved teachers from all of the 50
States and Puerto Rico, representing
one-half to two-thirds of all the
institutions of higher education in the
Nation.

Faculty Fellowships in Science
Applied to Societal Problems

These fellowships, awarded to 79
experienced teachers in 2- and 4-year
colleges and universities, enabled
them to undertake independent study
and research to increase their com-
petence in areas specifically related to
the Nation’s problems and their
possible solutions. The fellows, from
69 colleges and universities in 31
States, conducted their projects for
periods ranging from 3 to 9 months
at institutions appropriate to the
topic of the projects. The topics
ranged from the development of
physics courses for students in
health-related fields to an improved
understanding of criminal behavior
and violence.

Faculty Research Participation

This program assists college
teachers in reevaluating the relevance
of their course materials to the needs
and requirements of students. To
help do this, science faculty par-
ticipate in the ongoing research
activities of industrial laboratories
and research institutes. In its 3 years
of operation, the program supported
the participation of over 500 college
teachers in such applied research
experiences. The projects in 1976
included research on energy conver-
sion and recovery, pollutants,
biomedical products and systems,
computer control of industrial
processing, exploitation and develop-
ment of materials, and electronic
devices for communication, diagnosis,
and processing.

Faculty Research Participation. Marion Johnson, a faculty member at Federal City
College in Washington, D.C., participates in a project to separate and purify
biological materials with Louls McCreight at General Electric’'s Space Science
Laboratory. .



Science Education Resources Improvement

The primary objective of NSF’s
science education resources improve-
ment programs is to strengthen and
improve the science education and
research training capabilities of
schools, colleges, and universities.
These programs support equipment
purchase, research, course improve-
ment, and comprehensive mul-
tidisciplinary programs in science
education. The regional . meetings
held in early fiscal year 1976 during
the development of the two newest
programs—Research Initiation and
Support, and Comprehensive Assist-
ance to Undergraduate Science
Education—contributed significantly
to their initial success by allowing the
Foundation to focus on the realistic
needs of the science education com-
munity. Those who attended the
meetings also indicated their commit-
ment to support for these programs
by volunteering to serve on review
panels.

Research Initiation and
Support

The Research Initiation and Sup-
port (RIAS) program was established

by the Congress on August 9, 1975,
to provide assistance to institutions
of higher learning in their efforts to
improve the quality, effectiveness,
and efficiency of their graduate and
postgraduate programs for young
scientists and engineers. For the
purposes of this program, “young
scientists and engineers” are defined
as graduate students, postdoctoral
appointees, or nontenured faculty
members who have earned their
highest postgraduate degree during
the past 5 years.

To help shape the program and to
give it visibility, 761 U.S. institutions
offering graduate programs in science
were invited to send representatives
to six regional meetings held in
October of 1975 in Chicago,
Houston, Denver, Los Angeles, and
Washington (two meetings). The 394
attendees provided extensive com-
ments on and reactions to a draft of
the RIAS guidelines, which had been
mailed to them before the meetings.
These suggestions received careful
consideration in the formulation of
the final RIAS guidelines.

A total of 261 proposals requesting

Table 6
Science Education Resources Improvement
Fiscal Year 1976 and Transition Quarter (July 1-Sept. 30, 1976)

Fiscal Year 1976 Transition Quarter

Awards Awards Awards

Number Amount Number Amount Number Amount

Comprehensive Assistance to Undergraduate
Science Education ....................... 760  $151,354,040 59  $10,111,733 1 $ 33,858
Minority Institutions Science Improvement . ...... 60 16,981,548 26 4,742,521 1 1515
Local Course Improvement ................... 192 4125471 73 1,032,476 —0— —)—
Instructional Equipment ..................... 1,649 18,137,196 329 2,993,456 —0— —0—
Improvement of Pre-College Instruction ......... 29 2,949,797 3 1,435,150 3 285,230
Research Initiation and Support ............... 261 59,319.779 19 4,008,996 —0— —0—
Total ..o s 2,951  $252,867,031 509  $24,324,332 5 $320,603
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some $59 million was submitted for
the Foundation’s consideration by the
program’s March 15 closing date.
Results of the competition were
announced on June 23, 1976, with
$4.0 million being awarded to 19
institutions. Of the grantees, six
were so-called research universities;
five were other doctorate-granting
institutions; six were institutions
whose graduate training is conducted,
for the most part, at the master’s
level; and two were consortia.

Projects supported differ widely in
their complexity and organization.
Some institutions have tried to
address their training and research
needs at the departmental or in-
terdepartmental level. At Brown
University, for example, the
Geological Sciences Department and
the Engineering Division are pooling
their resources to strengthen an
emerging interdisciplinary program in
tectonophysics, which deals with the
physics of deformation in the Earth.

Other colleges and universities, on
the other hand, have approached the
problem in an institution-wide mode.
Typical of this approach is a program
at Iowa State University to improve
the training of young scientists in the
effective use of new digital informa-
tion techniques for experimental
control, data acquisition, large data-
based manipulation, and specialized
computation. By drawing together
elements and strengths existing in
the Departments of Electrical Engi-
neering and Computer Science and
the University Computation Center,
JIowa State will provide advanced
training and services in computation
to young scientists from four colleges
and 20 departments.

Two of the awards were made to
institutions acting in consort. One
such grant provides support for a
joint doctoral program in plant
biology conducted by Lehman College
of the City University of New York
and the New York Botanical Garden.
The program enriches the research
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and training opportunities available
to young scientists at Lehman by
providing modern laboratory facilities
that will allow them to take fuller
advantage of the outstanding re-
sources of the Botanical Garden.

Improvement of Pre-College
Instruction

The primary purpose of this pro-
gram is to improve elementary and
secondary school science education by
providing support for the develop-
ment of models for more effective
pre-service and in-service teacher
education.

In the area of pre-service teacher
education in 1976, the Foundation
concentrated its support on the
assessment of the impact of previous-
ly developed models rather than on
the development of additional new
models. Two such awards were made
this past year. Also, the Navajo
Division of Education received a
planning award directed toward in-
creasing the number of Navajo
teachers of science and mathematics.

As a way to encourage a coor-
dinated attack on complex problems
involving State, regional, or urban
systems of science education, the
Foundation awards relatively large
sums of money in a few large-scale
projects that involve several strata in
the educational structure. This year
grants were made in further support
of “Project City Science” in New York
City’s middle schools and the Oregon
Mathematics Education project.

The Foundation is continuing its
efforts to improve the teaching skills
of practicing classroom teachers
through the support of localized
Teachers’ Centers. Renewal grants
were made to Teachers’ Centers in
California, Colorado, and Wisconsin.
An ongoing third-party evaluation of
these Centers is being conducted
under Foundation support through
the Department of Science Education
at the University of Georgia.

Comprehensive Assistance to
Undergraduate Science
Education

CAUSE was established by legisla-
tion on August 9, 1975. Its major
objective is to strengthen the science
education capabilities of predomi-
nantly undergraduate educational
institutions and departments or
groups of departments. Awards are
made for revitalizing or improving
science education within 4-year
colleges, 2-year colleges, groups of
such institutions, and for the under-
graduate components of advanced-
degree institutions.

In the fall of 1975 the program held
13 regional conferences at which
representatives from eligible in-
stitutions made suggestions to im-
prove the draft guidelines. Final
guidelines were issued in November
1975, with proposals due by February
16, 1976. On June 18, 1976, 59
awards were announced totaling
$10.1 million; denial letters were sent
for 701 proposals requesting $150
million.

It is too early to determine the
success or impact of a given local
project. On a national level, however,
it is evident from fiscal year 1976
proposals that CAUSE must continue
to address the needs of a variety of
institutions—large and small, public
and private—that have experienced a
decline in undergraduate science
education standards over the past
decade. In supporting these im-
provements, particular attention will
have to be given to a large number of
institutions heretofore uninvolved in
the science education activities of the
Foundation. Congress mandated that
20 percent of CAUSE funds be
awarded to 2-year colleges. In fiscal
year 1976 the success ratios for 2-
year and 4-year colleges were ap-
proximately equal.

CAUSE projects reflect each in-
stitution’s unique efforts to improve
undergraduate science education.
Therefore, a majority of awards deal

with several science disciplines
representing the coordinated efforts
of their science divisions or depart-
ments. Comprehensive educational
strategies include varying degrees of
course revision, development of
audio-tutorial activities, use of com-
puter technology, improvement of
field or classroom instructional
facilities, staff training, or purchase
of related instructional equipment.
For example, the College of Idaho will
incorporate modern computing
facilities within the course work of
undergraduate science classrooms.
The project calls for the purchase of a
minicomputer and requisite training
of science faculty in the use of
computers. At Mohave Community
College, funds will be used to
purchase two mobile science vans
needed to serve undergraduate
students in remote regions. Ad-
ditional funds will be provided for
specific instructional equipment and
for the development of expanded
course offerings in the physical and
biological sciences.

Educational Program
Restructuring

The primary purposes of edu-
cational program restructuring are to
encourage the development, testing,
and evaluation of new or unconven-
tional approaches to all aspects of
science instruction at the undergrad-
uate level, and to produce changes in
the undergraduate science learning
experiences of science majors, non-
science majors enrolled in science
courses, or those preparing specifical-
ly for careers as teachers of elemen-
tary and secondary school science.

In fiscal year 1976 this program
completed its evolution from support
of massive institutional restructuring
projects to highly focused projects for
restructuring of local course content
or method of delivery. Awards rang-
ing from $2,700 to $25,000 went to
69 colleges and universities in sup-
port of innovative science teaching



projects designed by individual or
small groups of science faculty
members.

At the State University of New
York in Binghamton, undergraduate
science majors will gain experience in
communicating scientific knowledge
to the lay public while they are still
preparing themselves for scientific
careers. The project involves an
interdisciplinary collaboration among
the several science departments, the
English Department, and the
Educational Communications Depart-
ment.

The chemistry faculty at Xavier
University of Louisiana will develop
learning modules for use in two
general chemistry laboratory courses
and will conduct a pilot study of their
effectiveness. At Hillsborough Com-
munity College in Tampa, Florida,
computer programs will be developed
for student use to stimulate basic
physical concepts and to permit
mathematical modeling of physical
processes or systems. And at the
University of the Pacific, in Stockton,
Calif., a multidisciplinary, upper-
division, natural science laboratory
course will be designed expressly for
science majors. The course will make
students aware of the in-
terrelationships between scientific
disciplines and teach them the value
of skills and methods of disciplines
other than the students’ own majors.

Instructional Scientific
Equipment Program

This program continues to provide
small grants to both 2- and 4-year
colleges and universities as matching
funds to support scientific and/or
instructional equipment purchases
needed to implement specific science
course and curriculum revisions. In
fiscal year 1976 the program made
329 awards, averaging $8,930, to 277
institutions located in 49 States, the
District of Columbia, and the Com-
monwealth of Puerto Rico.

The greatest numbers of proposals

and resultant awards this year in-
volved projects in the physical
sciences, followed by the life sciences
and engineering. The earth and social
sciences were relatively as successful
in the competition as the other

sciences, but submitted fewer
proposals.
Grants were made to support

purchase of equipment ranging over
minicomputers in engineering,
seismic apparatus for use in geology,
equipment to perform data manipula-
tion in the social sciences, and
analytical equipment for the life
sciences. It is perhaps noteworthy
that 65 percent of the funds to be
expended for these projects will
support the purchase of com-
putational equipment for use in a
variety of science instructional ac-
tivities.

Minority Institutions
Science Improvement

To help increase the flow of
underrepresented ethnic minorities
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into science careers and to improve
the quality of science education
programs at minority institutions,
NSF supports projects designed to
effect long-range improvements in
science education at institutions
whose enrollments are predominantly
Black, Native-American, Spanish-
speaking, or other disadvantaged
ethnic minorities. Approximately 200
2- and 4-year colleges and univer-
sities, which enroll more than
400,000 students, are eligible to
participate in the program.

This fiscal year 85 awards were
made by the minority institutions
science improvement program and by
the research initiation for minority
institution improvement program.
These included 26 multiyear in-
stitutional science improvement proj-
ect awards, 6 regional briefing con-
ference awards designed to inform
newly eligible institutions of the
programs, and 53 grants to individual
science faculty members at 26 minori-
ty institutions for initiating scientific
research.

Science Education Development and Research

The science education development
and research programs assist in the
improvement of teaching and learn-
ing through support for the develop-
ment, evaluation, and use of in-
novative instructional technologies,
teaching methods, and course
materials to increase the quality, cost-
effectiveness, and currentness of
science education at all levels.

Several kinds of projects were
supported during fiscal year 1976. A
number of them involve the develop-
ing and testing of new materials for
use in elementary and secondary
school science courses. These
materials help prepare students for
more advanced work in scientific and
technological fields and also provide

science literacy for the much larger
number of students who need a
thorough understanding of science to
function effectively in a technolog-
ically sophisticated society.

Other projects are intended to
improve science education at the
college level. Instructional materials
were developed, innovative delivery
modes were tested, and new curricula
were designed to improve the
capability of colleges and universities
to educate scientists and engineers.
Grants were also made to identify
more effective ways to deliver con-
tinuing education to practicing scien-
tists and engineers. Finally, several
investigators are seeking to develop
computer-based instructional systems
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Ta

ble 7

Science Education Development and Research
Fiscal Year 1976 and Transition Quarter (July 1-Sept. 30, 1976)

Fiscal Year 1976

Transition Quarter

Proposals Awards Awards
Number Amount Number. Amount Number Amount
Pre-College Materials Development,

Testing and Evaluation ..........cocoueieas 3 $ 9,156,167 26 $ 4293,717 4 $1,328,080
Atternatives in Higher Education ............... 57 14,398,383 16 2,486,818 6 333271
Science and Engineering Technical

Education ..........cocoiiiiiiiiiiaiiiins 15 3,668,000 2 288600 —0— —0—
Continuing Education for Scientists

and ENGINeers ........cvcuucuiianearioies 8 1,817,039 2 221146 —0— —0—
Technological Innovation in Education .......... 65 16,239,681 14 2,925,595 2 684,238
Special Studies and Experimental

Projects ......uieiiiiiiiii 22 1,417,914 18 716252 1 255,965

Total ooovnin i 198 $46,697.184 7 $10,932,128 13 $2,601,554
that ultimately can make in-

dividualized instruction available at
costs that are competitive with con-
ventional instructional systems.

Pre-College Materials
Development, Testing, and
Evaluation

Fiscal year 1976 was a time for
intensive review and reevaluation of
this program and its achievements
and ongoing rationale. Following the
solicitation of nominations from
virtually every interested professional
and civic organization in the Nation,
73 experts convened in Washington
in December 1975 for a week’s
exhaustive study of the products of
19 Foundation-supported projects.
They submitted extensive comments,
criticisms, and recommendations.
These reviews provided a basis for
NSF’s support for the continuation or
completion of several projects. For
example, Earle L. Lomon of Education
Development Center received a grant
to complete the development and
classroom testing of instructional
units that teach mathematics and
science to elementary school children
by engaging them in investigations
into a variety of practical problems. A
project at the University of Oregon,
directed by Alan Hoffer, is developing

in-service and instructional resource
materials from which teachers of
mathematics can select to extend
their own knowledge and to increase
the flexibility of the learning environ-
ment for their students. These
materials, suitable for use at the
middle-school level, treat such topics
as “measurement and the metric
system” and “relations and graphs.”

A group led by Watson M. Laetsch
of the Lawrence Hall of Science at the
University of California, Berkeley, is
designing instructional strategies for
teaching biology through outdoor

Junior high science. Students in Los Angeles work on a unit of the widely used
Intermediate Science Curriculum Study, a series of science courses developed with
NSF support.



activities. The American Psy-
chological Association received a
grant to continue the development of
a course on human behavior. The
project staff, led by John Bare of
Carleton  College, is producing
modular units for use in secondary
school psychology courses. The Foun-
dation is also supporting the develop-
ment of a high school course in
American government by the
American Political Science Associa-
tion in a project directed by Howard
Mehlinger.

One newly funded project may
prove to typify the more discrete
targeting of funding that is expected
to be the program’s rule in the
future. Increasing scholarly - accept-
ance of the principles of plate tec-
tonics has transformed the science of
geology during the past decade,
outdating virtually all teaching of
earth science. Under the direction of
the President of the National Associa-
tion of Geology Teachers, Edward C.
Stoever, Jr., University of Oklahoma,
classroom  teachers, researchers
knowledgeable in crustal evolution,
and support personnel at six college-
based development centers will
produce approximately 50 supple-
mental instructional units in areas
where the impact of recent discov-
eries has changed what needs to be
taught at introductory-level courses.

Also supported in 1976 was a
further test of the thesis that science
museums need not be staid nor
musty, but function best when
visitors “can integrate learning and
enjoyment” as they “...share and
feel at home with the cumulative and
increasingly coherent awareness of
nature that is the traditional harvest
of scientists....” Frank Oppen-
heimer, Director of the San Fran-
cisco-based Exploratorium since 1969,
has sought to make discovering the
museum “like stumbling into the
belly of a giant whale where some
mad scientist has found a home.” A
recent award will test his notion that
science museums are most effective

when they are places where people
not only learn, but do so as they
“participate—touch, pound, open, pull
on, look through, listen to, screech at,
and climb through” the exhibitions.

In addition, three contracts have
been let to produce objective needs
analyses in relevant aspects of pre-
college science education. The award-
ing of major grants to develop new
pre-college  curricula has been
suspended until these finding can be
considered,

Alternatives in Higher
Education

Projects in this category are de-
signed to increase the educational
options available to people who must
use science and engineering in their
work, as well as those who are going
into academic or industrial science
careers. In fiscal year 1976 the
program continued to focus on the
development of materials for ex-
perimental courses and for programs
dealing with new areas of science; on
new modes of delivering science
instruction; on the development of
alternatives to traditional science and
engineering degree programs; and on
the development of prototype pro-
grams for future technicians who will
serve as assistants to scientists and
engineers.

Updating of many college-level
science courses is hampered by at
least two factors: most college
professors have insufficient time to
work into their classroom presen-
tations all the new materials and
discoveries needed to keep their
instruction current, and some are too
overloaded or too remote from the
professional mainstream even to keep
abreast of all the highly specialized
content their courses should include.
Since virtually every decision as to
what will be taught to a given college
class is made by the professor who
presides over that classroom, dis-
tribution systems for curricular
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materials must be designed with
adequate attention to the structure of
that system if they are to be effective.

This program, accordingly, is con-
ducting several concurrent ex-
periments to provide additional in-
sights into what influences the choice
of instructional materials in the
scientific and engineering disciplines.
Several new projects are illustrative
of these experiments. Colin Moodie
of Purdue University is developing
and testing a variety of educational
materials relevant to production
engineering. The American Univer-
sities Field Staff has already produced
25 films tracing themes such as the
role of women through different
cultures. Now Norman Miller is
directing the development and testing
of essays designed to assist students
enrolled in various college social
science courses to derive maximum
benefit from viewing the films.
Finally, the Education Development
Center is developing modular instruc-
tional units on topics in mathematics
for use by science students. A major
goal of the project, which will show
the applications of mathematics to
problems in the natural and social
sciences, is to devise procedures
through which such units can be
generated, reviewed, catalogued, and
retrieved for use by faculty members
as part of their regular professional
duties.

At the University of Illinois, Paul
Handler and his colleagues are
preparing instructional units on pop-
ulation and its effect on the social and
economic well-being of the peoples of
the world. These new units, along
with specifications for the storage
and retrieval of existing demographic
data in a variety of computerized data
banks, will make it possible for social
and physical science instructors in
other colleges and universities to
incorporate up-to-date material on
population-related issues into their
courses. Also, the American Society
for Microbiology is intensifying its
efforts to improve and -diversify the
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array of teaching aids available to
instructors of courses in micro-
biology.

Other projects are focusing on
making improvements in the teaching
process. John J. Allan, III, and J. J.
Lagowski at the University of Texas
at Austin are completing a 4-year
study of the impact of computer-
based instruction at a large univer-
sity. Previous support had enabled
instructors in many different dis-
ciplines to use interactive terminals,
interactive graphics, laboratory data
acquisition and process control, mark-
sense grading, real-time video projec-
tion, and terminal-controlled video
and slides in their courses. At the
university of Chicago, William D.
Pattison has been organizing teaching
development programs for doctoral
students in geography, and the
Association for American Geogra-
phers has assumed responsibility for
extending educational reform in the
teaching of geography throughout
the undergraduate and pre-college
levels.

The alternatives in higher educa-
tion program has also supported a
number of projects aimed at
generating new curricula. For exam-
ple, the University of Michigan and
Massachusetts Institute of Tech-
nology are cooperating in designing
and testing a program for introducing
the latest computer-aided methods of
designing ships into their programs in
naval architecture. Northwestern
University is experimenting with a
novel plan for providing undergrad-
uate science students with enough
balance in the major science dis-
ciplines to permit each candidate to
select either graduate work in any
one of several different fields or
employment in an interdisciplinary
area. Because this project, directed by
Robert C. Speed, will admit only very
able students, graduation after 3
years will be possible for some, even
though the courses will be rigorous
and thorough.

Science and Engineering
Technician Education

Program
Proposals to develop and test
curricular programs for training

technicians to contribute to research
development in specific subfields of
science and engineering were re-
viewed this past year by a panel of
experts, which made several recom-
mendations for awards. Typical of
these is a project at Oklahoma State
University for the development of a
model program for the training of
electrical technicians with special
expertise in power engineering. A
very different activity is being led by
Robert Tinker of Springfield
Technical Community College, which
is developing improved materials for
basic courses in physics and
mathematics suitable for a wide range
of prospective technicians.

Continuing Education for
Scientists and Engineers

While no major new projects in the
delivery of continuing education to
scientists and engineers were ini-
tiated during 1976, several projects
started the previous year continued
their efforts. Typical of these is the
work of Jack Munushian at the
University of Southern California,
where he and his colleagues have
been developing materials for courses
offered on closed-circuit television.
The courses are available at off-
campus sites conveniently located
with respect to the aerospace in-
dustries where the intended
engineering students are. employed.
An innovative feature of this system
is the inclusion of opportunities for
the students at their various remote
locations to interact via an audio
channel with the instructor on the
campus while the lecture is in
progress.

Technological Innovation
in Education

During the past several years,
support has been provided for several
experimental computer-based sys-
tems of instruction. Fiscal year 1976
saw a phasing out of large-scale
support for system development and
the beginning of a greater emphasis
on how the computer can be used to
improve learning, the development of
computer courseware, and in-
vestigations into the cost-effec-
tiveness of computer-based instruc-
tion. Terminal grants were made to
the University of Illinois in support of
the PLATO system, to the Mitre
Corporation to complete development
of the TICCIT system, and to the
Educational Testing Service for the
evaluation of these systems.

Research into the role the com-
puter can play in facilitating learning is
being conducted by Seymour Papert at
MIT. Papert teaches young children to
program mechanical devices and com-
puters to run mazes, draw diagrams,
and solve problems, and then studies
how these talents affect the students’
motivation for further activities and
the numerical and verbal skills they
display in performing basic tasks. At
the University of California, Irvine,
Alfred Bork is developing instruc-
tional materials that exploit the graph-
ical capabilities of a computer and
testing them on relatively large
numbers of students who are enrolled
in various physics courses. Detailed
records are kept of how many students
use the materials, the times and cir-
cumstances characteristic ‘of their
uses, and the nature of assistance the
students seek and receive. At Stan-
ford University, Patrick Suppes is
directing investigations into the use of
the computer as a language processor.
Included in this work are efforts to
explore the potential of computer-gen-
erated speech and the possibility of
teaching reading more effectively by
combining audio materials and com-
puter-assisted instruction techniques.



Science and Society

Several different activities were
consolidated into a new science and
society program in 1976 to provide a
focus for issues arising out of the
changing relationships between the
scientific and technological com-
munities and the society of which
they are part. The increased
specialization and institutionalization
of science and technology and their
pervasive influence on contemporary
life have added to a growing concern
about the ethical implications and
social consequences of these ac-
tivities. The problem of “accountabili-
ty” has emerged as a central social
issue affecting science no less than
government, business, education, and
our other major institutions. It is the
distinctive task of the science and
society program to try to bring about
greater understanding of these
changes and problems, both among
the general public and within the
scientific and technological com-
munities themselves,

How do .the activities of scientists
affect our lives? How and by whom
are decisions made about the direc-
tion of scientific activities and the
resources invested in them, and how
should these decisions be made in a
democratic society? Against what
ethical and social standards can and

should they be judged? How can
citizens who are not scientists par-
ticipate effectively in public policy
decisions with important scientific
and technological components? Each
of the programs approaches these
difficult and perplexing questions in a
different way.

Science for Citizens

Authorized by Congress in fiscal
year 1976, the science for citizens
program seeks:

® To facilitate the participation of
scientists and nonscientists in
the processes by which public
policy issues with significant
scientific and technological com-
ponents are resolved.

® To enable citizens, individually
and collectively, to identify and
secure scientific and technical
information that will enable
them to deal more effectively
with issues of public policy.

® To establish effective dialogues
between citizens and scientists,
especially at local and communi-
ty levels, that will lead to
increased mutual understanding.

Table 8
Science and Society
Fiscal Year 1976 and Transition Quarter (July 1-Sept. 30, 1976)

Fiscal Year 1976 Transition Quarter

Proposals Awards Awards
Number Amount Number Amount Number Amount
Science for Citizens! ........................ —0— —0— —0— —0— —0— —0—
Public Understanding of Science .............. 84  $16,200,000 L) $1,671,326 1 $ 27,783
Ethical and Human Value Implications
of Science and Technology ................. 111 12,067,000 19 670,757 1 172448
Total ... 185  $28,267,000 53 $2,342,003 2 $200,231

Lin devel nt stage. No proposals

Lih 4 L

ived or awards made.
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In response to the Congressional
mandate to seek broad public par-
ticipation in the development of the
program, NSF sponsored seven
regional forums in December 1975
prior to submitting a program plan to
Congress. Over 1,400 persons con-
tributed to the planning process,
including private citizens and public
officials; persons from business, in-
dustry, labor, and consulting firms;
directors, staff, and volunteers in
science museums and centers; and
representatives of public interest
groups and professional societies. The
report to Congress offered nine
program options.

Ethical and Human Value
Implications of Science
and Technology (EHVIST)

The ethical and human value
implications of science and
technology program was established
in 1975 and deals with such questions
as:

® The ethical problems and con-
flicts generated by scientific and
technological developments, as
they affect both the scientific
community and the larger socie-

ty.

® The impact of changing ethical
and social standards on the
scientific  and  technological
enterprise, including the issues
raised in establishing research
priorities and in regulating the
conduct of research.

® The ethical issues and problems
that arise within science and
technology, including those en-
countered by scientists and
engineers in their professional
capacities.

® The processes of interaction
between science and society that

generate value conflicts and
those that may lead to their
resolution.
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In 1976 the program supported
experimental institutes and work-
shops, national and international con-
ferences and symposia, interdiscipli-
nary research, and the preparation of
reference materials. Several awards
were made jointly by the EHVIST
program and the National Endow-
ment for the Humanities, including
one to support an experimental
institute on ethical theory for scien-
tists and engineers interested in
teaching and research on the subject,
and another to support an inter-
disciplinary workshop to design an
agenda for studying the relationship
of American values to alternative
types of human living environments.
A number of awards went to studies
of the ethical issues arising in partic-
ular cases of scientific research or out
of particular forms of technological
development. Some of these projects
focus on environmental issues and

others on the interactions between
individual and social values and
scientific and technological develop-
ment. One project, for example, deals
with the ethical questions surround-
ing the dismissal of three engineers
employed by a rapid transit district
who voiced their concern about the
potential safety of the automatic train
control system.

Fiscal year 1976 marks the second
year of a project to collect and make
accessible all printed and oral history
materials on the development of the
controversial recombinant DNA
research guidelines and on the events
that followed. The program also
funded conferences, workshops, and
symposia to begin the process of
developing ethical guidelines for
scientists in several fields, including
those conducting research on human
tissue cultures and on human
reproductive biology (jointly funded

with the National Institute of Mental
Health). Computer scientists and
psychologists at work in the crimjnal
justice system will also be considering
the development of ethical guidelines
at workshops funded by the program
in 1976.

Public Understanding
of Science

This program directs its activities
toward increasing public understand-
ing of the social and intellectual
processes underlying science and
technology and of the scientific and
technological components of public
policy issues. The program supports
projects that make use of a variety of
communication channels including,
for example, television and other
mass media, museum exhibits, lec-
tures, conferences, forums, and scien-

History of recombinant DNA guidelines. The MIT Technology Studies Program is compiling a collection of historical materials
relating to the ongoing debate (such as this working session of scientists at the 1975 Asilomar Conference) over recombinant
DNA' research. (Photo by Andrew Stern for National Academy of Sciences.)



Saturday morning television. With NSF support, a series of science “Closeups” has
been prepared for use on network television during children’s shows. In each
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tific journalism and publication.
Given the diversity of backgrounds,
education, and interests of American
citizens, some projects are aimed at
special audiences, such as minority
groups, rural populations, senior
citizens, and union members. Recent
projects include:

NOVA. This popular public televi-
sion science program now reaches an
audience estimated at four to seven
million viewers each week. During
the current season it presented
programs on topics ranging from
genetics and astronomy to energy
and insecticides.

Science for local TV news. A group at
the Massachusetts Institute of
Technology is exploring a new ap-
proach to disseminating science infor-
mation through local TV news pro-
grams. A series of brief films on
world food problems will be tested
this year; if successful, the project
could become the basis for a new
science news service.

Public awareness program. The coun-
try’s largest scientific society, the
American Association for the Ad-
vancement of Science, has begun a
comprehensive program including
regional seminars about science and
technology, mass media internships
and workshops to improve science
reporting, and a science film review-
ing service.

Astronomy in the parks. The American
Astronomical Society and the
National Park Service have begun a
program in which park rangers and
naturalists teach visitors about the
stars and the universe as well as the
local ecology and geology.

The Christmas Lectures. For the past 6
years, several Chicago universities
have cooperated to present a series of
public lectures by world famous
scientists who discuss the frontiers of
science in lay terms.

Science  for children’s television.
Television’s Mr. Wizard is producing
a series of 30-second science
segments to be incorporated in com-
mercial children’s TV programs.
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Research Applied To
National Needs

SF established the Research

Applied to National Needs

(RANN) program in 1971 to
bring the resources of science and
technology to bear on selected impor-
tant national problems. To do this,
the RANN program acts to:

® Identify national needs that are
not being addressed by existing
research agencies, provide early
warning of potential national
problems, and initiate assess-
ments and research that ad-
dress these needs and problems.

® Increase the effective use of
science and technology in deal-
ing with national problems.

® Shorten the leadtime between
basic scientific discoveries and
relevant practical applications
and serve as a bridge between
the Foundation’s basic research
programs and the development,
demonstration, and operational
programs of Federal mission
agencies, State and local
governments, and industry.

® Assure the communication and
use of the research results.

In furtherance of these goals, and
reflecting changing national
priorities, RANN reorganized its
activities in fiscal year 1976 to focus
on the following five major areas:

Resources—strategies and new
technologies that will make possible
more effective use of renewable and

nonrenewable resources in the

national interest,

Environment—enhancement of the
Nation’s capacity to mitigate environ-
mental hazards, whether natural or
manmade.

Productivity—policy research and
development of new technologies to
help improve the productivity of the
public and private sectors of the
economy.

Exploratory  Research and  Technology
Assessment—research and assessment
to provide better understanding of
the long-range social, environmental,
and economic impact of new
technology applications, and to iden-
tify and analyze emerging national
problems that may be avoided or
ameliorated by effective application of
science and technology.

Technology—integration of science and
technology as an essential resource
into the policy and program planning
and execution activities of State and
local governments, and test and
evaluation of selected incentives that
the Federal Government may proper-
ly and effectively use to increase
R&D investment in the private sector
where new technology is needed in
the national interest.

During fiscal year 1976, the further
phase-down of energy research in
RANN continued as the Energy
Research and Development Ad-
ministration enlarged its energy R&D
efforts. This phase-down included a
transfer of technical oversight
responsibility for 125 projects being
supported at a level of over
$21,000,000 in fossil energy, energy
conservation, solar energy, and

Intergovernmental ~ Science and Public geothermal energy.
Table 9
Research Applied to National Needs
Fiscal Years 1974, 1975, 1976
and Transition Quarter (July 1-Sept. 30, 1976)
{Dollars in Millions)
Fiscal Year 1974 Fiscal Year 1975 Fiscal Year 1976 Transition Quarter
Number  Amount  Number  Amount  Number Amount  Number  Amount
Resources .................. 228 $29.72 298 $38.84 159 $15.20 38 $32
Environment ................ 169 25.85 170 23.76 196 26.98 58 6.38
Productivity ................. 135 1571 164 16.94 196 24.11 50 6.36
Intergovernmental Science and R&D
Incentives ..............., 26* 0.96* 51 284 67 434 18 101
Exploratory Research and
Technology Assessment ...... 57 3.80 17 121 19 140 2 041
Yool ciinavissiovisiia 615 $76.04 700 $83.59 637 $72.03 166 $17.42

* The R&D Incentives Program was not included in RANN in Fiscal Year 1974.
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RANN looks to small business,
with its history of innovation and
new technology development, as an
important participant in its research
programs. This invo'vement with
small business was increased in 1976
through a 2-day RANN National
Small Business Conference held in
Washington and through increased
awards made to small business. The
National Small Business Conference
provided to some 400 small business

representatives information on
RANN as well as access to NSF
program managers and to represent-
atives of 14 Federal agencies with
the largest research and development
budgets. During fiscal year 1976,
some 56 awards, totaling $5.2 million,
were made to small business. This
represented 8.5 percent of RANN's
funding and exceeded the 7.5 percent
minimum level required by the Con-
gress.

Resources

The problems the United States
contends with in developing and
managing the natural resources it
needs are complicated today by
increased worldwide demand and
competition for resources, and by
inadequate incentives for continued
technological progress in the produc-
tion of many resources. The re-
sources program supports research to
identify emerging problems and to
develop alternate policies and
technical solutions.

Resource Systems

The resource systems program,
through its focus on system defini-
tion, analysis, and evaluation in
nonenergy areas, seeks better ways
to deal with resource problems. It
also provides a way to integrate the
results of exploratory research on
renewable and nonrenewable re-
sources into this assessment process.

Research on food resource systems
has focused on major commodities,
such as beef, in order to identify and
assess alternative ways to provide
nutritious products, meet food quali-
ty and safety requirements, and
minimize the use of fossil energy and
other competitive resource inputs.
Researchers at Colorado State Uni-
versity have completed a data inven-

tory of energy and protein and an
initial model showing the resources
needed for six alternative beef
production systems in Colorado.
Work at the University of Kentucky
has provided preliminary estimates of
the potential for producing red meat
in areas where forage can be used as
the principal feed. And work at
Washington University, St. Louis,
indicates that organic cropping
methods may offer an economically
acceptable alternative to the energy-
intensive and resource-consumptive
conventional feedlot  operations,
which require grain produced from
irrigated land.

Research in other food commodity
areas, such as the application of
enzyme technology to the processing
and storage of dairy products and the
identification and evaluation of
management alternatives for fisheries
in the extended jurisdiction, is ex-
pected to yield a better understanding
of the consequences of the introduc-
tion of new techniques.

Research on energy systems has
continued to develop and evaluate
improved analytical methods and
modeling techniques, expand the
needed data base, and create new
ways to help design, plan, evaluate,
and implement alternate solutions. In
a number of areas the program has

supported evaluations of the impacts
of various technical and policy op-
tions on energy supply and consump-
tion. Modeling efforts have created a
long-range energy supply model, a
simulation model of the world oil
market, an alternative leasing
strategy evaluation model, and
models for better estimation of the
energy resource base. Portions of
these models have been used by
several Federal agencies.

Continuing effort is improving
models to include the impacts of
potential environmental and eco-
nomic policy decisions on energy sup-
ply, and expanding modeling activ-
ities to include nonenergy resources
and their relation to the energy
supply system. Studies of techniques
to improve the efficient use of energy
have also been completed, including
the effect of alternative electrical rate
structures, retrofit strategies for
buildings, the use of underground
structures, policies to reduce
automobile gasoline consumption,
and end use energy efficiency. In
addition, the program has evaluated
the effectiveness of existing
legislative measures and developed
new strategies for a wide range of
energy conservation problems.

Renewable Resources

The three high priority areas for
research in the renewable resources
program—biomass utilization, in-
novative biosynthetic techniques, and
nonconventional foods—gained their
impetus from results of studies such
as The Federal Role in Increasing Productivi-
ty of the U.S. Food System, and Protein
Resources and Technology.

Research on biomass utilization has
focused on innovative technologies to
convert wood and wood waste to
industrial chemicals. Projects started
in fiscal year 1976 have emphasized
biological processes for the degrada-
tion of cellulose and lignin to sugars
and aromatic compounds, which can



be converted to food and other useful
materials,

A major area of research on
innovative biosynthetic techniques is
biological nitrogen fixation. The
synthesis of ammonia from molecular
nitrogen in the air by various natural
biological systems represents the
single predominant contributor of
“fixed” nitrogen on this planet.
However, few people realize how
extensive this process really is. Every
year throughout the world, ap-
proximately 175 million tons of
natural nitrogen fertilizer, including
90 million tons on agricultural soil,
are fixed by microorganisms, that is,
bacteria and blue-green algae. This
compares with 40 million tons
produced chemically on a worldwide
basis, including 9 million tons in the
United States. The manufacture of
this chemically produced nitrogen
fertilizer requires fossil fuels, a
nonrenewable resource of decreasing
abundance and increasing cost. Ob-
viously, it is important to investigate
means to enhance the natural ability
of nitrogen-fixing microbes in nature
as a way to reduce our dependence on
commercial fertilizers.

Nitrogen-fixing microbes contain a
delicate feedback mechanism which
immediately shuts off further
nitrogen fixation as soon as sufficient
ammonia has been synthesized to
meet the growth and metabolic
requirements of the organism. Two
projects were initiated in fiscal year
1976 to construct mutants of such
organisms in which the feedback
mechanism is no longer functional.
Results from both projects have been
highly encouraging.

The project at the University of
Wisconsin, Madison, has produced
mutants of the nitrogen-fixing soil
organism Azotobacter Vinelandii that
continue to synthesize ammonia and
excrete it into the surrounding
medium.

Similarly, the project at the Univer-
sity of California, Davis, has con-
structed mutants of Klebsiella
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Nitrogen fixer. Nitrogenase enzyme (crystals of which are shown here in a
microphotograph) occurring naturally in some microbes performs the important job
of catalyzing the transformation of molecular nitrogen to ammonia needed for plant
growth. Research projects are under way to find ways to take advantage of the
properties of these microbes to reduce man's need for manufactured nitrogen
fertilizers. (Photo by Winston Brill/University of Wisconsin.)
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Preumoniae and a blue-green algae
which also excrete ammonia. A
mutant of K. Pneumoniae provided a
400 to 500 percent increase in
ammonia production over the parent
strain. Blue-green algae are par-
ticularly important since they have
the ability to use sunlight as a source
of energy and water as the source of
hydrogen to reduce molecular
nitrogen to ammonia.

In another biosynthetic area, it has
been found at the University of
Miami that many marine algae oc-
curring in the tropical or subtropical
regions are able to use the energy of
sunlight to split water and release
molecular hydrogen—a  potential
energy source. During fiscal year
1976, a very active and highly stable
blue-green algae was isolated which
is five to eight times more active than
the bést previously known hydrogen-
producing microbe.

Nonconventional food research has
involved projects in leaf protein,
oilseed protein, and methods to
overcome barriers that inhibit the use
of new protein resources. A project
initiated at the University of Wiscon-
sin has produced significant progress
in developing a system to harvest and
process forage. The system will
minimize field losses, maximize
nutrient use, and allow farmers to
harvest their crops when they are at
the height of nutritional quality,
without interruption by poor
weather. The traditional means to
harvest alfalfa requires drying the
crop in the field until it reaches a low
enough level of moisture for it to be
stored in the silo. This is usually
accompanied by huge losses, up to 25
percent of dry matter and feed
nutrient. In areas where there is
frequent rainfall in the early summer,
the entire first cutting is often lost. A
conservative estimate indicates that
losses incurred throughout the Na-
tion during the harvesting of just one
crop, alfalfa, exceed $400 million
annually. If successful, this research

could easily reduce the loss by at least
50 percent.

The lack of an accepted rapid
method to assess the protein quality
of foods is a major problem facing the
food industry, regulatory agencies,
and researchers in food technology,
nutrition, and plant breeding. It is
also a major obstacle to the use of
novel sources of protein in food
products. The problem has become
acute in recent years because of the
demands for nutritional labeling on
processed foods and growing con-
sumer interests in the quality of all
foods. At present, the only method
acceptable to the regulatory agencies
for determining protein quality is the
protein efficiency ratio (PER) test. It
is an expensive ($225 to $300 per
sample) and time-consuming (mini-
mum of 28 days) procedure using rats
as the assay organism, and there is no
substitute as yet for it in the quality
control of processed food products.

However, the University of
Nebraska is attempting to develop a
method to predict the nutritional
quality of combinations of proteins
used in food fortification. They have
found that an in vitro enzymatic
digestion procedure shows promise as
a means to predict the protein
efficiency ratio of a given source of
protein. It is hoped that with ad-
ditional refinements, such as meas-
urements on the rate of liberation of
essential amino acids (e.g. lysine and
methionine) and on the response of
the digest in supporting the growth
of a single cell protozoan, a rapid and
inexpensive methodology can be
developed.

Nonrenewable Resources

To provide timely technical and
economic options to strengthen the
Nation’s long-term mineral resource
posture while achieving its social,
environmental, economic, and conser-
vation goals, this program supports
research in mineral market behavior
and shortages, resource conservation,

and advanced processing technol-
ogies.

The mineral market behavior pro-
gram focuses on investment be-
havior in a number of mineral in-
dustries, evaluation of alternative
measures of resource scarcity, and
international aspects of mineral trade
and worldwide mineral demand.
Studies on investment behavior were
recently completed for the zinc and
nickel industries. In the zinc industry,
the combined impact of the U.S. zinc
stockpile, tariff, and quota policies
were shown to adversely affect
investment in the domestic industry.

In the area of resource scarcity, it
was concluded that the most com-
monly cited measure of resource
scarcity, unit cost, is such an am-
biguous indicator of scarcity that it
should not be used. Among its
deficiencies are the fact that the index
is a lagging, not a leading, indicator,
that it reveals nothing about future
costs of extraction, and that it does
not warn of impending physical ex-
haustion.

In the field of advanced processing

technologies, Milton Wadsworth,
University of Utah, combined forces
with the Martin Marietta

Laboratories in Baltimore, Md., to
search for alternative methods to
process relatively small deposits of
low grade copper ores. Such deposits
are not currently being used for a
number of environmental and
economic, reasons associated with
scale of operations. After examining a
number of alternatives, they have
narrowed their research to an acid
ferric sulfate leach process. A
chalcopyrite (copper ore) concentrate
is ground to less than 1-micron size
in an “attritor” prior to multistage
leaching. A key feature resulting
from grinding in the attritor is that
for a given energy input, up to twice
as much copper can be leached as is
realized by conventional ball milling.
Gold, silver, and sulfur may be
recovered as byproducts of the
process, and the sulfur produced is



the equivalent in purity to distilled
sulfur. Preliminary economic es-
timates by Martin Marietta
Laboratories show an'investment of

$620 per ton of copper for a 45,000-
ton-per-year plant. This compares
with $1,500 per ton for a conven-
tional 130,000-ton-per-year plant.

Environment

RANN environmental programs
are directed toward the improvement
of scientific bases for the mitigation
of major environmental hazards and
the rational management of environ-
mental resources. Ultimately, the
results of this research can save lives,
reduce injury and property damage,
and relieve ecological, social, and
economic disruption. By encom-
passing both manmade and natural
hazards, these programs provide
systematic analyses of major environ-
mental hazards. This, in turn, permits
a unified approach to the formulation
of policies.

In 1976, research in RANN'’s en-
vironment program was supported in
seven separate areas: (1) regional
environmental management, (2) en-
vironmental aspects of trace con-
taminants, (3) environmental effects
of energy, (4) weather modification,
(5) earthquake engineering, (6) fire
research, and (7) societal response to
natural hazards and disasters. In
fiscal year 1976 the fire research
program was transferred, along with
personnel, to the Department of
Commerce. Similarly, research under
the environmental effects of energy
program was phased out and the new
Energy Research and Development
Administration assumed responsibili-
ty for it.

Regional Environmental
Management

Research supported by this pro-
gram synthesizes and evaluates
procedures to manage factors that

significantly affect the health and
well-being of humans and the
regional ecosystems upon which they
depend. Solutions to problems of
regional ecosystem quality require
consideration at a scale sufficiently
large to provide measureable
relationships  between population
changes, land use, material, energy,
and economic factors.

During 1976, specific program
areas were: (1) improved economic
and ecological - bases for environ-
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mental decisionmaking, (2) methods
for predicting land use and other
secondary consequences of environ-
mental control, (3) management of
residuals from municipal and indus-
trial sources, and (4) synthesis and
testing of regional environmental
management strategies.

Scientists at the University of
California, Davis, are continuing
their work with the California Tahoe
Regional Planning Agency in the
preparation of a general plan for the
development of the Lake Tahoe basin.
The regional plan will correlate land
use (including water and air re-
sources), transportation, conserva-

tion, recreation, and public services
and facilities.

Research under the direction of
John G. Trump at the Massachusetts
Institute of Technology has led to the
design and construction of a facility
for determining the feasibility of

‘__‘“__ - -2 .

Municipal sludge. Management of sludges produced by the Nation's increasing

number of municipal wastewater treatment plants is an already large and growing
problem. The Deer Island Metropolitan District Commission’s (Boston) Wastewater
Treatment Plant is cooperating with the Massachusetts Institute of Technology in

conducting an experiment to determine the

feasibility of using high-energy electrons

as an economical way to disinfect sludges for safe handling.
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using high energy electrons to dis-
infect municipal wastewater sludge
and treated effluents. Disinfection of
sludges may be necessary to reduce
risk of infection that may be
associated with placement of sludges
on agricultural soil. An in-line unit,
located at the Deer Island Wastewater
Treatment Plant of the Boston Metro-
politan District Commission, began
operating in May 1976. The standard,
high energy electron source installed
there will deliver a dose of 400,000
rads, which is anticipated to be ade-
quate for disinfection of up to 100,000
gallons of sludge per day. The cost of
electron treatment for disinfection is
estimated to be in the range of $10 per
dry ton of sludge. When combined
with subsequent direct injection of
sludges into soil at an additional cost of
$15 per ton, the total represents a
substantial savings from the current
costs of managing sludge, which range
up to $100 per dry ton. Electron-
radiation treatment of sludges to
achieve disinfection is expected to be
much less costly than use of radioac-
tive isotopes such as Cobalt 60 and
Cesium 137 or the use of heat.
Indications are that electron-
treatment of the sludges will improve
their capability for being dewatered,
thereby reducing the cost of trans-
portation to disposal sites.

Environmental Aspects of
Trace Contaminants

The environmental aspects of trace
contaminants program is concerned
with the identification, quantification,
and assessment of the impact of the
spread in the environment of haz-
ardous chemical materials, both man-
made and naturally occurring.

Using a sensitive new detection
method called thermal energy
analysis, NSF-supported scientists at
Thermo Electron Corporation in
Waltham, Mass., have found large
amounts of nitrosamines in eight
brands of cutting oils that are widely

Environmental warning. NSF-supported scientists, using a new method of chemical
analysis, found that some formulations of cutting fluids, used in metalworking tools
like this one, contained possibly hazardous amounts of nitrosamines, a family of
compounds that are suspected human carcinogens.

used in industry to reduce friction
and heat in cutting metals.
Nitrosamines, formed from the com-
bination of nitrites and amines, both
of which are common in our environ-
ment, are known to cause cancer in
animals and are suspected of causing
it in humans. David Fine of Thermo
Electron had previously reported to
the American Chemical Society that
nitrosamines routinely contaminate
several herbicides, including one used
on tomato and other food crops.

In collaboration with the Harris
County, Tex., Pollution Control De-
partment, researchers at Washing-
ton University have collected efflu-
ent water from several plants
discharging into the Houston Ship
Channel and subjected it to the
“Ames test,” a bacterial test for the
presence of mutagenic (and probably
carcinogenic) chemicals. Effluents
from a pulp plant, an oil refinery, a
steel mill, and two industrial waste

treatment plants were studied. Of the
five sources tested, the black liquor
from the pulp plant was clearly
negative; effluents from the refinery
and one industrial waste treatment
plant were clearly positive and must
be regarded as delivering “presump-
tive” carcinogens into receiving
waters. Results from the second
waste treatment plant were border-
line. Results from the steel mill ef-
fluent were ambiguous, but when
separated into five components by
thin-layer chromatography, two of
the five were mutagenic and one was
toxic to the bacteria. Extracts of
particulate matter from St. Louis and
Chicago air have also been subjected
to the Ames test. Mutagenic
materials were definitely present in
both and more concentrated in
material from the central cities than
in that from outlying areas.

At the University of California,
Davis, an NSF-supported research



Smog chemistry. As a way to learn more about the sequences of chemical reactions
that occur in polluted air, James N. Pitts, Jr., at the University of California, Riverside,
uses a 200-cubic-foot reaction chamber for simulation experiments.

group has developed an automated
methodology for analyzing aerosol
samples; it has since been adopted for
routine use by the California Air
Resources Board. This method is
many times faster and about one-
fourth the cost of the chief competing
method, and the annual saving in
California alone will be about equal
the cost of the project. And in
southern California, research at the
University of California, Riverside, is
defining the chemistry of the
photochemical smog-forming process.
The intent there is to identify the
exact roles of the primary pollutants
(hydrocarbons, nitrogen oxides, car-
bon monoxide, sulfur dioxide) that
react in the air to form bio-irritants
such as ozone. The project has
identified several exotic substances in
synthetic smog mixtures that are
likely to modify the course of the
smog-forming process or to have
adverse health effects. It has also

resolved a major controversy about
oxidant measurements, which will
significantly modify the manner in
which local authorities declare pollu-
tion alerts.

Environmental Effects
of Energy

The development of major new
technologies to extract, store,
transport, or convert energy will
likely require substantial expend-
itures of public and private funds as
well as several years or decades to
develop. During 1976, this program
sought to identify the environmental
effects of energy development and to
design means of minimizing the
associated environmental damage.

Research at the University of
Southern California on the chem-
istry, fate, and removal of contam-
inants from low and medium salinity
geothermal wastewaters indicates
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that most effluents can be used for
drinking or agricultural purposes if
only one, two, or at most three
elements are removed—those being

arsenic, boron, and fluorine.
Although it has been shown that
geothermal waters carry a large

number of trace metals, only those
three occur in amounts considered
harmful to man in many of the low to
medium salinity waters.

Research on the feasibility of using
large artificial islands as locations for
multiplant industrial complexes was
carried out by the College of Marine
Studies at the University of Delaware
with assistance from Texas A&M
University, Frederick R. Harris Inc.,
and Gilbert Associates, Inc. The
project evaluated the economic,
engineering, legal, and environmental
possibilities of large artificial indus-
trial port islands located off the U.S.
Atlantic and Gulf Coasts. The initial
studies show that, with known
technology, artificial islands in the
range of 5,000 to 10,000 acres can be
built at a present cost of between $1
and $2 pillion per island. Because of
the scarcity of land available for
industrial siting and because of the
proximity of markets, such islands—
in spite of their cost—appear to be
economically feasible off the
northeastern coast of the United
States.

Weather Modification

The weather modification program
continues to support the development
of improved techniques and capabil-
ities and to explore the impact of
weather modification on society. Hail
suppression, precipitation augmenta-
tion, improved weather for agricul-
ture, and inadvertent weather
modification are some of the areas
being investigated.

Climate and Food, a recently com-
pleted study by the National
Academy of Sciences/National
Research Council on the effects of
weather and climate on agricultural
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production, looked at climatic fluc-
tuations, water and land resources,
plant breeding, crop and livestock
management, pest management,
weather modification, and strategies
for developing countries. It found
that weather is a primary determi-
nant of agriculture and that weather
modification offers major economic
and production benefits.

Project METROMEX results in-
dicate that the St. Louis urban-
industrial area is an important source
of cloud condensation nuclei, which
form by the gas-to-particle conver-
sion of SO, and subsequent particle
growth processes. These aerosols are
a major contributor to the formation
of stable haze commonly observed
during air pollution episodes. The
two- to threefold increase in frequen-
cy of precipitation initiation events in
urban-influenced air is attributed to
the effect of the increased number of
large condensation nuclei on the
coalescence (warm rain) process.

Earthquake Engineering

This program, supporting research
to improve our understanding of the
physical and societal effects of earth-
quakes, concentrates on: (1) develop-
ing civil works design procedures
incorporating disaster-resistant pro-
visions, (2) investigating the social
and economic effects of earthquakes,
and (3) transferring the knowledge
and procedures to designers, decision-
makers, public officials, and the
general public.

A group at the University of
California, Berkeley, doing research
on soil responses to earthquakes, has
developed computer programs widely
useful in the design of earthquake-
resistant structures. The programs
are now used by virtually all
engineering consulting firms engaged
in earthquake analysis related to
construction. One of the programs
has been adopted by the Structural
Engineers Association of California

and is being incorporated in the
Uniform Building Code of the Inter-
national Conference of Building Offi-
cials. And the American Association
of State Highway Transportation
Officials incorporated standard tables
and curves developed in this research
into its design codes for bridges.

Results of NSF studies on tsunami
(earthquake-caused waves) behavior
will be wused by the Nuclear
Regulatory Commission in evaluating
applications for nuclear powerplants
in coastal areas. The President’s
Council on Environmental Quality
has also made use of the results of
these tsunami studies to estimate
potential oil spillage due to earth-
quake effects on structures in the
Gulf of Alaska and to estimate the
relative frequency of tsunamis on
various development plans. Other
organizations currently using these
results include the U.S. Army Corps
of Engineers, Pacific Gas and Electric
Company, and Puget Sound Power
and Light Company.

Two cooperative agreements in
earthquake engineering with the
Soviet Union are now in operation.
The first, on environmental protec-
tion, provides for joint research
programs in engineering seismology.
Projects are currently under way in
the areas of strong ground motion
and induced seismicity from reservoir
impoundment. The second agree-
ment, on housing and other construc-
tion, provides for joint research in the
seismic design and analysis of struc-
tures. A benefit already received from
this program is a sophisticated and
novel approach developed by the
Soviet Academy of Sciences to es-
timate building site seismicity due to
point, line, and distributed seismic
sources. Their computer programs
have been implemented at the
Massachusetts Institute of Technol-
ogy as part of a comprehensive
seismic risk project at the savings of
several man-years of research and
computer program development.

Fire Research

The objectives of this program,
transferred in 1976 to the Depart-
ment of Commerce, were to reduce
fire losses through the improvement
of the design of buildings to resist
and contain fires, the improvement of
flammability testing procedures, and
the determination of the factors
leading to more effective fire detec-
tion and control systems.

A third in a series of bedroom fire
tests was conducted jointly by Har-
vard University and Factory Mutual
Research Corporation with the
cooperation of the Norwood, Mass.,
Fire Department. The purpose of
these tests is to understand the
phenomenon of “room involvement,”
the sudden change from a small,
localized fire to the simultaneous
ignition of all the other combustibles
in the room. The first test, in 1973,
experienced rapid fire growth, or
“room involvement,” 17 minutes
after ignition; the second test, in
1974, using an identical room layout
but slightly different materials, ex-
perienced rapid fire growth in only 7
minutes after ignition. The third test,
identical in both layout and materials
to the second to determine the
reproducibility of such a realistic full-
scale test, was the most extensively
instrumented room fire test ever run.
“Room involvement” occurred just 20
seconds sooner than in the second
test, with only minor differences in
the preceding flame spread. It is
expected that these tests will lead to a
new approach to fire safety standards
and regulations based on realistic fire
tests. Small-scale flammability tests
currently available, unfortunately,
can lead to unwarranted conclusions
and the marketing of hazardous
materials, albeit unintentionally.

An elevator simulation investiga-
tion has shown that elevators,
properly equipped, can be used ef-
ficiently in the redistribution of
people within a tall building and for
the movement of people away from



fire danger zones through im-
provements in elevator dispatcher
logic design. Simultaneous elevator
cab assignments to the same floor,
zones with overlapping floors,
floating cabs, or cabs parked evenly
throughout the zone may give
superior means to handle emergen-
cies than the common practice of
taking all elevators to the lobby to
provide for fire fighter transport.

Societal Response to
Natural Hazards

This program seeks to accumulate,
analyze, and test knowledge about
individual, organizational, and in-
stitutional behavior associated with
major natural disasters for all rele-
vant time periods: preimpact, impact,
rescue, relief, restoration, rehabilita-
tion. This body of information will

permit development and testing of
procedures, techniques, customs,
structures, and policies for individual
and community preparation for
response to ‘and recovery from
natural disasters.

The Institute of Behavioral Sci-
ences of the University of Colorado
has completed a comprehensive
“Assessment of Research on Natural
Hazards.” This study will strongly
influence future research both at NSF
and in other Federal agencies. For
example, a recently established Com-
munity Preparedness Program in the
National Oceanic and Atmospheric
Administration was in part a
response to that agency’s participa-
tion in the University of Colorado
project. Also, through study of flood
losses, this project developed a
simulation model that has been
adopted by the Corps of Engineers.

Advanced Productivity Research and
Technology

One of the Nation’s most impor-
tant economic problems over the past
decade has been the declining rate of
productivity increase. The advanced
productivity research and technology
program provides a scientific and
technical basis to increase productivi-
ty through research on the effects of
public policies on productivity and on
the better use of human resources,
technology, and capital.

In fiscal year 1976 this program
emphasized studies to improve
productivity in the delivery of public
services, to assess the benefits and
costs of Federal assistance programs
to State and local governments, to
analyze the net effects of Federal and
State regulation on industry and the
public, and to facilitate the adoption
of technology to improve private
sector industrial productivity, with
particular attention to the joint
contribution of industry and univer-
sities.

Public Sector Productivity

This program supports research to
analyze and measure the effec-
tiveness, efficiency, and equity of
public service delivery systems. Major
projects are in the areas of the social
and economic effects of telecom-
munications innovations in providing
services, the potential of technology
for improving local government
operations, and the productivity of
health delivery systems through
improved medical instrumentation
technologies.

In 1976, the Cable Television
Information Center of the Urban
Institute conducted a national survey
of social service applications of cable
TV. The study demonstrated that a
vast range of applications has been
attempted over the past 10 years, but
that purely local initiatives have
proven very difficult to maintain. A
computer simulation, which models
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the costs of development and demand
for urban cable TV (CATV) services
and estimates the economic conse-
quences of alternative regulatory
CATYV policies, has been used by the
cities of Cleveland and Detroit for
planning CATV policies. Research on
the model, at Johns Hopkins Univer-
sity, was supported by the Founda-
tion and the Federal Communications
Commission.

Following a major conference on
children and television, supported by
the NSF, the Ford Foundation, and
the Markle Foundation, NSF initiated
support of eight research projects on
the social impacts of broadcast televi-
sion in areas including advertising,
role-learning, violence, and cultural
change.

During fiscal year 1976, the Foun-
dation supported research on alter-
native organizational arrangements
by local government for the delivery
of four urban services—police, fire,
public health, and solid waste
management. Extensive data have
been collected on the organizational
and legal arrangements involved in
the delivery of these services in
Standard Metropolitan  Statistical
Areas of less than 1.5 million popula-
tion; by fiscal year 1978 case studies
of the performance of these
organizational arrangements will be
completed.

The first phase of a project on
development of a productivity meas-
urement system for State govern-
ment has been completed. It includes
systems to assess the efficiency and
effectiveness of foster care and
nursing home services within the
State of Washington. A subsequent
phase will involve evaluating service
delivery and establishing the
transferability of the measurement
system to other services within the
State.

Research on the delivery of civil
law services includes studies of how
courts can be organized more ef-
ficiently, how technologies such as
videotape and computers can enhance
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court productivity without diminish-
ing the quality of justice delivered,
and how clients can organize more
effectively to acquire legal services. In
the latter area, the Futures Group of
Glastonbury, Conn., produced a
handbook entitled “Prepaid Legal
Services: How to Start a Plan” and a
policy-oriented reference book en-
titled “Prepaid Legal Services:
Socioeconomic  Impacts.” The
American Bar Foundation of Chicago,
Ill., produced a series of articles and
monographs dealing with types of
legal service plans, their organization,
purpose, and regulation.

In instrumentation technology,
University of California, San Fran-
cisco, researchers constructed a gas-
filled, proportional chamber camera
to show the spatial distribution of
radiopharmaceuticals labeled with
positron-emitting radionuclides. The
scientific announcement of this
device was listed as one of the
“Highlights of 1975” by the Society of
Nuclear Medicine. The camera is
being used in tests supported by the
National Cancer Institute to in-
vestigate its potential for improving
the monitoring of patient recovery
using minimum radiation exposure.

Public Policy

Public policy research aims to
develop systematic assessments of
the effects of public policies on
national productivity in both the
public and private sectors. Projects
are intended to provide timely, rele-
vant information to assist policy-
makers in their deliberations on
specific issues. Research support
emphasizes productivity measure-
ment, regulation, distribution and
equity, and private-public sector
relationships.

Virtually all industries are subject
to broad regulatory statutes, such as
antitrust laws and the Consumer
Product Safety Act, and can be
subject to specific regulations that
may have significant effects on their

structure, behavior, and performance.
In fiscal year 1976, the Foundation
initiated research on the impact of
regulation in consumer financial serv-
ices, in ground beef production, and in
copper wire processing. These awards
were made to provide better un-
derstanding of the cumulative impact
of regulation at the Federal, State, and
local levels on the price, supply, and
quality of the goods and services
produced in these sectors. Such
information will be wuseful to
regulators, labor, business, and public
interest groups in making the
regulatory process more efficient and
equitable.

The economic consequences of
current ratemaking procedures used
by public utilities are being studied
and compared with alternative
procedures which might reflect prices
under competition. An NSF-funded
effort at the Rand Corporation
provided the Los Angeles Depart-

ment of Water and Power with an
analytical basis for the establishment
of new residential electricity rate
structures.

A two-volume Policy Analysis Source
Book, prepared by the National Plan-
ning Association, was published in
March 1976 by the U.S. Govern-
ment Printing Office and is currently
available there. The Source Book con-
tains about 3,750 abstracts of signifi-
cant books, articles, and reports
concerned with policy issues and the
analysis of social programs, and a list
of about 775 titles recommended by

experts as additional sources for
valuable policy information. The
Source Book is a comprehensive

reference work that can be available
at deskside to provide easy access to
the contents of many of the most
useful studies that assess means of
meeting the Nation’s social goals and
weigh social policy alternatives.

As part of a nationwide study of

Brain waves. At New York Medical College, an B-year-old boy is tested by a
computerized “neurometric” series to help diagnose whether he has a specific
learning disability. The technique may prove feasible for early identification of such
disabilities and also for diagnosing stroke and senile dementia.



information systems and their im-
pacts on cities and counties, the
Public Policy Research Organization,
University of California, Irvine, has
produced two directories, the County
Information Systems Directory and the
Municipal Information Systems Directory.
The guide to municipal computerized
information systems throughout the
United States includes 403 cities with
populations of 50,000 or more, and
the guide to county computerized
information systems includes 310
counties with populations of 100,000
or more.

A project at Duke University has
examined some of the issues raised by
demographic changes, such as the
decreased rate of population growth
and concomitant changes in age
distribution. A central question is the
relationship between age structure
and the economic security of the
elderly.

A policy report issued by a research
team at the University of Southern
California working on the “Cultural
Context of Aging” is concerned with
the transportation needs of the
elderly. The report concludes that the
elderly have substantial current
transportation needs and that a
demand-response system is probably
necessary if significant improvement
in transportation service to the
elderly is to be provided.

A project at the University of
Maryland has been investigating
better ways to determine cost-benefit
ratios for product safety standards.
The study concluded that the size
range 0-6X sleepwear flammability
standard, used as the exemplar case,
was a cost-effective means of
providing protection to the consumer.

Research at the Brain Research
Laboratory, New York Medical
College, has resulted in the develop-
ment of a new tool to diagnose
dysfunction of the brain. The method
uses computer averaging and analysis
of the brain waves produced as a
result of providing stimuli such as
clicks and light flashes. The research

has focused on the diagnosis of
learning  disabilities but shows
promise for the diagnosis of stroke
and senile dementia as well. The
technique shows promise for con-
sideration in mass screening and early
identification of children who will
develop learning problems, permit-
ting remediation before the problem
causes lasting harm to the child.

Private Sector Productivity

The private sector productivity
program emphasizes studies to iden-
tify and test technologies well suited
for productivity improvement in

5,
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areas where the private sector has
little incentive to invest in research.
During fiscal year 1976 progress
continued in increasing excavation
rates and reducing costs of subsur-
face construction. Field testing of a
water-jet-assisted  tunnel  boring
machine has been completed by the
Colorado School of Mines, and
designs for incorporation into com-
mercial units are now being con-
sidered by industry. Ground-probing
radar was used successfully by
ENSCO, Incorporated, Springfield,
Va, in a pilot tunnel of the
Washington, D.C., Metro to
delineate and locate geological and

Rock cutter. Research on high-pressure water jets mounted on a tunnel-boring
machine has shown them to significantly improve its performance. Commercial users
are assessing the jets for adoption on their boring machines.
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hydrologic features of a metamorphic
rock mass at ranges of up to 50 feet.
The Massachusetts Institute of Tech-
nology’s hard rock tunnel-cost model
is now being used in conjunction with
the construction of tunnels in New
Hampshire and Colorado. A study
was completed by the National
Academy of Engineering identifying
the Nation’s drilling R&D needs to
develop U.S. energy resources.

In production research and
technology, a computerized automatic
part recognition system has been
developed at the Stanford Research
Institute for automatically identifying
and determining the position and
orientation of each part in a set of
diverse parts, such as foundry
castings. The method relies on a
library of feature-measurement sub-
routines that compute characteristics
of potential value for identification. A
selection strategy uses examples of
particular parts to determine which
subroutines to call, and their se-
quence, so that each part can be
identified in less than one-half second.
This system also permits processing
images of objects on a moving con-
veyor.

Basic work on parts description at
the University of Rochester has
progressed far enough to permit the
design and implementation of a

AR

Parts recognition and handling. In a Stanford Research Institute experiment, a robot

arm moves to pick a part out of a box. Lights at the end of the moving conveyor
illuminate the objects for a television camera. The resulting image is processed by a
computer utilizing pattern recognition and decisionmaking algorithms. The part is
identified, its position is determined, and the arm is told how to orient the part for the
next assembly step. This is one of several projects aimed at improving the
productivity of American manufacturing processes.

system that may offer a break-
through in drafting as well as appli-
cation to automatic process planning
operations. Dimensioned drawings
are automatically produced by
providing the system with part
definition information.

Intergovernmental Science and Public
Technology

Activities in this area focus on the
public sector (State and local
governments) through the inter-
governmental program and on the
private  sector (primarily small
business) through the industrial
program. Elements of the continuing
experimental R&D incentives pro-
gram, which includes projects in both
the public and private sector, are now
integrated into either the inter-
governmental or industrial program.

Intergovernmental Program

The intergovernmental program
facilitates the integration of science
and technology into the policy for-
mulation, program planning, and
program execution activities of State
and local governments. During fiscal
year 1976, activities in the local
government program focused in-
creasingly on State, regional, and
national networks to aid the develop-

ment and interchange of solutions to
problems faced by cities, counties,
and other local governments. In
addition to the California Innovation
Group, the first State-based network,
which became a private, nonprofit
corporation during the fiscal year,
grants were made to plan and initiate
additional innovation groups, one in
Ohio and another in New England.
The Foundation continued to
emphasize activities to help local
governments build national networks
to develop and share technology. The
Urban Consortium for Technology
Initiatives (the 27 largest American
cities and six urban counties) was
strengthened by a grant to the U.S.
Conference of Mayors. Federal mis-
sion agencies such as the Depart-
ments of Housing and Urban Devel-
opment and Transportation and the
Environmental Protection Agency
helped to support the functional task
force activity of the Consortium. NSF
also initiated a special pilot program,



Emergency services. The California Innovation Group, a statewide network to provide
science advice to local governments, has performed the requirements analysis and
conceptual design for this computer-assisted dispatch system for a local police force.

involving both the Urban Consortium
and the Urban Technology System
(27 cities in the 50,000 to 500,000
population range), to develop better
ways to integrate direct local govern-
ment inputs into NSF activities to
define problems, set priorities, con-
duct research, and use results.

The State government (executive)
program, during fiscal year 1976,
focused on various aspects of policy
and resources management. In the
policy area, growth was selected as
the initial area for concentration, and
an award was made to the Com-
monwealth of Massachusetts to help
develop a comprehensive approach to
growth policy management. At the
same time, a grant was made to the
Council of State Governments to lay
the groundwork for more effective
use of science and technology for
growth management in other States.
In the resources management area,
budgeting and financial management
activities are the major foci for the

program, and NSF supported ex-
ploratory and developmental work
with the National Association of
State Budget Officers.

During 1976, the State government
(legislative) program continued to
emphasize the development of new
approaches to incorporating science
and technology into the legislative
process. An award was made to the
State of Minnesota to establish such
capability. The Foundation also
strengthened the new emphasis on
regionally based, functional activities
with grants to the Northeast Energy
Project and the Fort Union Coal
project, involving North and South
Dakota, Wyoming, and Montana.
Support was continued in 1976 for
the Committee on Science and
Technology of the National Con-
ference of State Legislatures. During
the year, the State legislatures of the
Nation displayed increasing interest
in heightened use of science and
technology.
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The fourth program area, science
and technology resources, focuses on
the institutional resource bases (such
as institutions of higher education,
Federal laboratories, private non-
profit organizations, and the private
sector) that offer potential for the
support of State and local govern-
ment. Most activity in this area
during 1976 involved exploratory
work on the issue of academic public
service and on the development and
strengthening of the Federal
Laboratory Consortium, a grouping
of more than 60 nondefense and
defense laboratories designed to help
Federal laboratories as a group con-
tribute to the amelioration of
domestic sector problems.

Industrial Program

The industrial program is designed
to stimulate increased non-Federal
investment in research and develop-
ment and accelerate the commercial
application of research results. To
reach these goals NSF supports work
to help identify, test, and evaluate the
incentives that can be used to en-
courage R&D investment and the
barriers that might impede it.

The premise for the industrial
program is that new and improved
processes, products, and services are
important elements of technological
progress through which advances in
economic status and standard of
living take place. Since innovation
and invention are most likely to occur
in small (rather than large) firms, the
program places an emphasis on small
business.

The industrial program has achieved
considerable success in the area of
entrepreneurial education and the
initiation of new business ventures
through Innovation Centers at the
Massachusetts Institute of Technol-
ogy, Carnegie-Mellon University, and
the University of Oregon. The
necessary practical experience is pro-
vided by continuing interactions with
individual investors and businessmen.
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This creative atmosphere has already
led to the development of 27 new
products, and 24 businesses have
been initiated or assisted through
Center activities, These include a
detector of precious metals being
manufactured by Hetra Corporation,
a capacitance meter produced by ECD
Corporation, and security devices
marketed by Compu-Guard, Inc. A
total NSF investment in specific
projects of $221,750 has already
stimulated private sector investment
of $791,800 and generated sales in
excess of $30 million over 3 years.
Over 800 new jobs (including subcon-
tractor suppliers) have been created.
This alone is expected to produce
annual Federal tax revenues twice the
$3,000,000 total NSF expenditure for
all Innovation Center efforts for 5
years.

Fragmented industries have been
coupled to university and industrial
resources through the Cooperative
Research Experiment, and the
industry-directed research has
resulted in new or improved products
with immediate user acceptance. An
arrangement with North Carolina
State University and eight furniture

companies has developed a new
construction technique—the Clark
chairframe—which conserves wood
by using small pieces and is 30 to 40
percent lighter in weight than con-
ventional construction. It reduces
costs by 20 to 44 percent, and the
joint strength has been doubled. Fox
Furniture Company in North
Carolina and Noritage, Inc., in
Wisconsin, have already adopted this
technology in their production lines.
In another area, the Mitre Corpora-
tion is cooperating with the electrical
utility industry to modify steam
boilers to allow stable and efficient
turbine-generator operation in the
range of 135 to 185 megawatts rather
than only at full-load conditions.
Also, MIT’s participation with five
companies in the polymer industry
has led to a newly developed, low-
cost injection molding technique for
polyurethane for which licensing
arrangements are currently being
made. Each of these industry-
identified projects involves a high
degree of cost sharing. Both the
number of participating industries
and the degree of private cost sharing
are increasing for these experiments.

Exploratory Research and Technology
Assessment

The exploratory research and
technology assessment program sup-
ports studies on selected problems
that have potential for major national
impact. Gaps in the spectrum of
existing research relevant to national
needs are approached through prob-
lem assessment and definition stud-
ies, exploratory research projects, and
technology assessments.

NSF continued its emphasis in 1976
on studies of the full range of societal
effects that may stem from the
introduction, extension, or modifica-
tion of a technology, with the overall

objective of developing a better
information base for policymaking
and decision processes at all levels of
society.

Some of the areas reported on in
this past year include:

e Electronic funds transfer.
Significant changes in the finan-
cial industry. and the regulatory
system under which it operates
are probable with the use of
electronic funds transfer (EFT)
technology, according to a
report prepared by Arthur D.
Little, Inc. The report, The

Consequences of Electronic  Funds
Transfer: A Technology Assessment of
Movement Toward a Less Cash/Less
Check  Society, deals with the
possible consequences of move-
ment toward an EFT-based
society. An analysis was carried
out to determine how the im-
pacts can be changed or
mitigated, depending upon
which path to EFT is chosen.
The study proposes means for
monitoring EFT activities and
suggests institutions for the
resolution of issues as they
arise. In addition to assessing
the impacts on the financial
industry, the study team in-
vestigated the possible effects of
EFT on business in general, on
the government, and on in-
dividuals, with particular atten-
tion paid to the issues of per-
sonal privacy, freedom of-choice,
crime, consumer behavior, and
methods of information han-

dling.
Geothermal energy resource
development. Some potential

futures for geothermal energy
in the United States were
studied and evaluated by a team
at the Futures Group, which

made recommendations con-
cerning exploration, use of
geothermal resources, and

research and development that
can help policymakers in Con-
gress and in Federal agencies
capture the desirable aspects of
this energy resource while
avoiding its pitfalls. Recom-
mendations include: the use of a
single environmental impact
statement for large blocks of
land; adoption of the lead agency
concept to minimize Federal,
State, and local government
overlap of regulations; the
building and operation of
demonstration plants; the crea-
tion of “resource longevity in-
surance” to minimize risk of
early field depletion, and the



creation of a data exchange
center.

Additional results in the ex-
ploratory research and technology
assessment program included a
report, Toward a National Ocean Policy:
1976 and Beyond, produced by the
Ocean Policy Project of the School of
Advanced International Studies at
Johns Hopkins University. The report
analyzes the results of the 1975
Geneva session of the United Nations
Law of the Sea Conference; presents
alternative treaty outcomes in the
1976 Law of the Sea Negotiations;

outlines options for U.S. ocean
policymakers in such fields as
national security, commercial naviga-
tion, marine environment, fisheries,
mineral resources, and scientific
research; and stresses the need for a
comprehensive  management  ap-
proach to ocean uses, both nationally
and internationally.

As part of NSF's effort to improve
the use of the research the RANN
programs support, the Research
Triangle Institute reported on 30 case
studies concerning the use of RANN-
supported research results. The proj-

RESEARCH APPLIED TO NATIONAL NEEDS 99

ects were selected as representative
of efforts that have received good
use. It was found, for example, that
use of research results was influenced
by such factors as: the stature and
commitment by the principal in-
vestigator; adequate funding for
utilization; good timing for the in-
terests of the user community; con-
tinuing professional liaison; user
participation in the project; high
quality of the research and convincing
research results; and involvement of
the project team in communication and
use of project results.
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Scientific, Technological and
International Affairs

he Foundation’s programs in

I Scientific, Technological and
International Affairs address a

broad range of scientific and
technological issues of concern to
policymakers. Through these pro-
grams NSF collects data, supports
research, conducts studies, ad-
ministers international science ac-
tivities, and undertakes science and
technology policy analysis. The pur-
pose of these endeavors is to provide
analysis and options or direct assist-
ance to the scientific and
technological community in better
meeting national and international
economic and social objectives. The
three main areas of activity are: (1)
science and technology policy; (2)
scientific and technological data and
information; and (3) international
‘scientific and technological activities.
The policy research and analysis
program supports policy formulation
by analyzing options for enhancing
the contribution of science and
technology to national issues. For
example, during this past year, the
staff prepared working papers for the
Government Task Force on Inadver-
tent Modification of the Atmosphere.
These are now being used by the
Federal Coordinating Council on
Science, Engineering, and Technology
to develop new Federal R&D pro-
grams on the biological and climatic
effects of stratospheric ozone. On
another important national issue, the
Foundation’s working group on
energy, resources, and environment

sponsored a workshop on long-range
energy demands. Government, in-
dustry, and academic participants
addressed such topics as forecasting
electricity demand, comparing future
energy use in major consuming
sectors, and possible directions for
national energy conservation policies.

In the science resources studies
program, which maintains the
national data base for planning and
policy formulation in the area of
science and technology resources,
special emphasis is placed on R&D
funding and science manpower. NSF
carries out periodic surveys and
studies of all elements of the national
science and technology enterprise in
support of decisions regarding the
allocation of national resources. Dur-
ing this past year, the President
released the seventh annual report of
the National Science Board, Science
Indicators 1974, a report prepared with
the assistance of this program and
other NSF staff. This report presents
the quantitative data needed to assess
our entire national science and
technology effort. It deals principally
with changes in the support of
innovation in the United States and
other major developed nations and
with the role of research and develop-
ment in innovation. NSF also sup-
ported various reports on scientific
manpower. For example, the Summary
Report, 1975 Doctorate Recipients from
United States Universities, published by
the National Academy of Sci-
ences/National Research Council,

showed that the proportion of science
and engineering doctorates awarded
to women continues to increase. It
stood at over 15 percent in fiscal year
1975, compared to 14 percent in 1974
and 7 percent in 1965.

NSF's planning and evaluation
program also conducts science plan-
ning and policy analyses of issues of
special concern to the NSF Director
and to the National Science Board, as
well as evaluations of selected NSF
programs. Studies in 1976 concen-
trated heavily on NSF’s peer review
system for evaluating proposals. The
Foundation also initiated a series of
regional forums, which provide in-
creased opportunities for scientific,
professional, and citizen participation
in Foundation program planning.

NSF’s science information program
fosters the interchange of informa-
tion among scientists in the United
States and with those in foreign
countries, stimulates services leading
to more effective dissemination of
information, and supports the
development of improved methods of
making science information readily
available.

During this past fiscal year, infor-
mation exchange and joint activities
were arranged in bilateral agreements
between U.S. information services
and similar groups from India, Japan,
the Soviet Union, and Egypt. On a
global scale, the Foundation
represented the United States at
meetings of the Office of Science and
Technology of the United Nations,
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UNISIST, UNESCO, and at the
Conference on National and Regional
Planning for Scientific and Technical
Information Systems and Services in
the Arab countries. In addition, a
variety of research projects, reports,
and workshops encouraged greater
effectiveness in the transfer and use
of scientific information. Over 1,000
copies of an Innovation Guide for the
publishing industry were distributed
to interested parties. An experiment
initially supported by NSF in four
California public libraries to provide
searching services of scientific and
technical information data bases has
spread without further support to
nine additional large public libraries
in other parts of the country.

As a result of the Foundation’s
international programs, cooperative
scientific research projects, joint
seminars, and exchange visits are
carried out under bilateral arrange-
ments with some 40 different coun-
tries. The Foundation also par-
ticipates in the scientific and technical
components of new Joint Com-
missions for Economic Cooperation,
established by the Executive Branch
to achieve national foreign policy
objectives.

During 1976, 55 cooperative
research projects involved more than
200 U.S. and Japanese scientists.
U.S. experts also undertook joint
work in electrometallurgy, chemical
catalysis, and computer applications
in management systems with Soviet
specialists in more than a dozen
projects. U.S.-owned excess foreign
currencies in Poland, Pakistan, Egypt,
and India supported other cooperative
research efforts, and the Foundation
also used these foreign currencies to
have foreign scientific journals and
monographs translated into English.
In addition to bilateral activities, NSF
supported U.S. participation in such
multilateral activities as the Inter-
national Council of Scientific Unions,
the International Institute for Applied
Systems Analysis, and the Pacific
Science Association.
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Table 10
Scientific, Technological, and International Affairs
Fiscal! Years 1974, 1975, 1976
and Transition Quarter (July 1-Sept. 30, 1976)

{Dollars in Millions)

Fiscal Year 1974 Fiscal Year 1975 Fiscal Year 1976 T Quarter
Number  Amount  Number  Amount  Number  Amount Number  Amount
International Cooperative
Scientific Activities ......... 757 $ 627 719 $ 793 690 $ 753 224 $3.04
Science Information
Activities ................. 62 8.08 75 5.38 102 5.89 33 0.76
Science Assessment, Palicy,
and Planning ... .. . 114 8.05 172 11,57 218 8.99 71 235
Total .......ooiiiiinn 933 $22.40 966 $24.88 1,010 52241 kri ] $6.15

Science Assessment,

Policy, and Planning

Policy Research and Analysis

The policy research and analysis
program is responsible for in-
vestigating and analyzing the
magnitude and directions of scientific
and technological research and its
ability to meet the Nation’s domestic
needs and international com-
mitments. Also, this program
provides analytical support to various
groups within the Executive Office of
the President such as the Office of
Management and Budget, the Council
of Economic Advisers, the Domestic
Council, and the Office of Science
and Technology Policy.

Policy research and analysis aids in
science and technology policy for-
mulation through internal analyses
and external studies of relevant
existing and emerging national issues.
These issues are roughly divided into
six categories, with responsibilities
assigned to the NSF working groups
whose activities are described below.

The Effects of Public Policy on
Science and Technology

In studies of public policies directed
to social and €conomic goals that
influence the science and technology
environment, attention is directed
towards better understanding of (1)
the incentives government can use to
stimulate socially desirable tech-
nological innovation in the private
sector and (2) the incentives for
technological innovation created by
policies directed to other public con-
cerns.

Projects .supported during 1976
included:

e A review of the history of
technological diffusion in
hospitals to suggest a model of
such diffusion. The model, now
being developed further, should
provide improved information
about the Federal Government’s
increasing role in health care.



® A study completed under the
Federal Council for Science and
Technology to help Federal
agencies set policies and
procedures for repayment to the
Government for its R&D expen-
ditures that lead to profitmaking
goods and services in the private
sector.

Analysis of Emerging Science
and Technology

The rapid development of science
and technology raises such important
issues as: (1) the adequacy of federal-
ly supported basic and applied science
to meet national needs; (2) the
adequacy of the science and
technology base for Federal
regulatory activity; (3) “spin-off im-
pacts” of Federal science and
technology programs; and (4) the
adequacy of Federal mechanisms for
monitoring the potential impacts of
U.S. and foreign Government
policies on the health of the domestic
science and technology enterprise.

Projects supported during 1976
included:

® A series of reports titled Halocar-
bons:  Environmental  Effects  of
Chlorofluoromethane Release/Effects on
Stratospheric Ozone. Supported by
NSF in joint sponsorship with
NASA, EPA, NOAA, and FAA,
this series was prepared under
the auspices of the National
Academy of Sciences. It points
to the need for selective regula-
tion of chlorofluoromethane and
evaluates the extent to which
stratospheric ozone will be
affected by man.

® An analysis of improved
climatological information for
agricultural decisionmaking, co-
sponsored by NOAA. This proj-
ect will help determine the value
of better climatological forecasts
for agriculture.
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¢ A case study in Boston examin-
ing the planning process under-
lying the national wastewater
treatment facilities construction
grants program administered by
EPA.

The Analysis of International
Science and Technology Policy

Analyses are made of: (1) the
impact of international science and
technology programs on the U.S.
scientific community; (2) the impacts
of international science and tech-
nology transfer, through Govern-
ment and private channels, on the
foreign partners; (3) appropriate
institutional arrangements for U.S.
involvement in international coopera-
tive activities; and (4) the purpose and
value of U.S. participation in the
science and technology programs of
international organizations.

Projects supported during 1976
included:

® A comparative study of past and
proposed U.N. science con-
ferences, highlighting lessons
relevant for U.S. involvement
in future U.N. conferences.

e A review of postwar U.S.
policies toward the transfer of
U.S. technology across national
boundaries, entitled Technology
Transfer and U.S. Foreign Policy.
Results of this project are being
used by NSF and the
Departments of State and Com-
merce.

The Socioeconomic Effects of
Science and Technology

Areas being investigated include:
(1) the socioeconomic variables affect-
ing technology policy options; (2)
distribution of public versus private
costs and returns from innovation;
(3) effects of science and technology
on the individual; and (4) effects of

science and technology on productivi-
ty.

Projects supported during 1976
included:

® An assessment of the effects of
technological change on the
supply and demand of raw
materials.

* Examination of how foreign
subsidiaries and investment of
U.S.-based firms spread U.S.
technology abroad.

The Processes of Innovation and
Their Management

Analyses are made of the incentives
and roadblocks that influence innova-
tion in science and technology. By
comparing how various organizations
use technological innovations, this
program can help the Federal
Government and private manage-
ment improve their utilization of
technology.

Projects
included:

supported during 1976

® An assessment of the impact of
rapid innovation on standardiza-
tion and mass production in the
automobile industry.

® A review of how State and local
governments have introduced
technological innovation in their
services, and the factors that

lead to their success or failure.
L 4

Policy Aspects of Energy,
Resources, and Environment

Responsibilities in this area include
analysis of (1) energy technology
research; (2) environmental health
issues related to energy; and (3) the
relation of science and technology to

renewable and nonrenewable re-
sources.
Projects supported during 1976
included:
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e A series of open workshops to
promote discussion between
government, industry, the gen-

eral public, academia, and special
interest groups on issues such

as: “Public Participation in
Energy Related Decision-
making,” “Legal and In-

stitutional Problems of Energy
Facility Siting,” and “In-
stitutional ~ Alternatives  for
LMFBR Development and Com-
mercialization.”

e Independent studies on alter-
native fission reactor strategies
for the United States, long-term
energy alternatives for auto-
motive  propulsion,  biocon-
version, and alcohol fuel tech-
nology.

In addition to the extramural
projects highlighted under the six
categories noted above, in-house
projects were also undertaken by
program staff to analyze the scientific
and technological aspects of national
issues on the premise that.a better
understanding of such questions may
improve Federal policies. The policy
research and analysis program draws
on the expertise of the basic and
applied research programs within
NSF, providing them in turn with
access to information from the user
agencies and with assistance in defin-
ing policy problems.

Science Resources Studies

The Foundation’s program of sci-
ence resources studies encompasses
the collection, analysis, interpreta-
tion, and dissemination of data
relating to the Nation’s scientific and
technological activities. The main
objective of the program is the
development of information for plan-
ning and policy formulation in the
area of science and technology re-
sources. The information developed
through these studies is made
available to a wide audience through
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publication of reports. Some repre-
sentative examples of science re-
sources studies carried out during the
year are described below.

Periodic Studies of the Funding
of Science and Technology

Expenditures for research and
development in the United States are
estimated at $38.1 billion in 1976, an
8-percent increase over 1975. For the
first time in 3 years, total R&D funds
are also expected to increase in terms
of constant dollars—2 percent—
assuming a 6-percent rate of inflation
for 1976. In 1976 the Nation is
expected to devote 2.2 percent of its
gross national product to R&D ac-
tivities. This ratio has declined steadi-
ly from its peak of 3.0 percent in
1964, primarily as a result of the
slowdown in growth of Federal R&D
spending. These and other data are
published in National Patterns of R&D
Resources: Funds and Manpower in the

R&D funding trends: 1967-76
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United States, 1953-1976, which con-
tains analyses of the national R&D
effort in terms of types of research
and development, performer, and
source of funds.

Data based on the President’s Fiscal
Year 1977 Budget indicate that
Federal obligations for research and
development are expected to total
$23.5 billion, a record high and an
increase of 8.6 percent over 1976.
This growth is ahead of anticipated
inflation, although in terms of con-
stant dollars the estimated 1977 total
is approximately 20 percent below
that for 1967. Energy development
and conversion is expected to be the
leading growth area in Federal R&D
funding for 1977, with obligations
expected to increase by 24 percent
over the previous year. Education,
development of the science and
technology base, and national defense
also show growth well ahead of
anticipated inflation. These and other
data were published in preliminary
form in the Science Resources Stud-
ies Highlights series. Two full
analytical reports, An Analysis of Federal
R&D Funding by Function, Fiscal Years
1969-1977 *and Federal Funds for
Research, Development, and Other Scientific
Activities, Volume XXV, are in prepara-
tion for publication early in fiscal year
1977.

Preliminary data on 1975 industrial
R&D funding showed that total R&D
expenditures in the industrial sector
were over $23 billion in 1975, an
increase of 4 percent over the
previous year’s level. However, when
measured in constant dollars, there
was a 4-percent decrease between the
two years. The Federal Government
funded one-third of the total, four-
fifths of the Federal share being
concentrated in two industries, air-
craft and electrical equipment. Total
energy R&D spending increased by
15 percent to a level of $1.4 billion.
Industry employed the full-time-
equivalent of 360,000 scientists and
engineers in January 1976, about the
same number as a year earlier.



Periodic Studies of Scientific
and Technological Manpower

The Foundation’s Manpower Char-
acteristics System, instituted in 1972,
had produced by 1976 comprehensive
data that makes possible a national
appraisal of the employment, work
activities, and professional charac-
teristics of the scientific and
engineering population. Estimates of
the characteristics of U.S. scientists
and engineers in 1974 were released
in the Science Resources Studies
Highlights series. A full analytical
report, U.S. Scientists and Engineers: 1974
Characteristics, is in press. These
reports present data describing a
population of almost 2 million, 1.1
million of whom were engineers.
Slightly less than 10 percent of the
population were women. Racial
minorities accounted for less than 5
percent of the population. The
representation of both women and
minorities was substantially greater
among scientists than among
engineers. The data also show that
research and development was the
principal work activity of scientists
and engineers. Basic and applied
research were dominated by scien-
tists; development was the primary
work activity of about one-third of
the employed engineers.

Special Studies

During the year two special reports
dealing with projections of science
and technology resources were
released. One, R&D Funding Projections,
projected a 3-percent annual growth
in constant dollar R&D spending
between 1974 and 1985. Another,
Projections of Degrees and Enrollment in
Science and Engineering Fields to 1985,
projected additions to the supply of
scientists and engineers, with empha-
sis on doctorate production. The
projections indicate that there will
probably be an adequate supply of
science and engineering doctorates
during the next decade even though
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the ratio of science and engineering
doctorate degrees to 30-year-olds, the
traditional reference group, will
decline to the level of the early
sixties. Both reports describe in detail
the methodology used.

RAD Expendilures
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To supplement the in-house projec-
tions, the Foundation announced a
new program to support studies in
the field of scientific and technical

manpower forecasting. Proposals
were invited in three categories:
improvement of projection

methodology, development of infor-
mation needed to fill existing data
gaps, and projections of science and
engineering manpower supply and
demand.

Two special studies dealing with
academic faculty in science and
engineering were completed during
the year. One of these indicated that
the proportion of young faculty (i.e.,
those who had held doctorates 7
years or less) in doctorate-level
departments was expected to fall
from 28 percent in 1976 to 25 percent
by 1980, a level which nearly one-half
of the department heads consider
undesirable. The other study
reported that more than four-fifths
of the full-time doctorate faculty
spent at least 20 percent of their time
in research and that two-thirds of
these had external, separately
budgeted research support. Nearly a
tenth, however, had research support
in an area other than that in which
they preferred to work. These studies
were two of a series of Higher
Education Panel Surveys conducted
for the Foundation, the National
Institutes of Health, and the U.S.
Office of Education by the American
Council on Education.

NSF Planning and Evaluation

Policy studies on Foundation-wide
issues and concerns are carried out by
both NSF staff and under contract for
the use of the Director and the
National Science Board in planning
and policymaking. Studies originate
from needs perceived by the Founda-
tion and the science community and
from requests made by the Office of
Management and Budget and by the
Congress.

The “steady state” of academic
employment forecasts for the next
two decades has occasioned a series of
policy discussions concerning likely
consequences for the health of sci-
ence and possible approaches to
mitigate negative effects. Two ex-
tramural awards have been made to
assess the areas of voluntary early
retirement and mid-career change
opportunities for college and univer-
sity faculty. The first of these studies
reviews existing and newly collected
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survey material on faculty age dis-
tribution by scientific field, including
data relating to possible faculty
interest in early retirement and mid-
career changes. The second
documents existing institutional prac-
tices in universities, government, and
industry relating to early retirement
and mid-career change. Together the
studies will identify a series of
options for university and college
faculty, paying special attention to
costs and benefits for both individuals
and institutions.

Internal staff studies have included
an analysis of NSF’s Science Educa-
tion programs, relating them to areas
of national needs and identifying the
NSF role in science education in the
context of the larger role of Federal,
State, and local government.

A related extramural study was
designated to assist the Foundation
by devising ways to utilize existing
information resources both within
NSF and in other science agencies for
policy analyses. The object of the
research is to develop a formalized
description of the research system
that will serve as a framework for
relating disparate data sources and
organizing data in ways most useful
for discussions and analyses of sci-
ence policy issues.

Concern with the processes and
consequences of peer review has
come to the fore in the past year—
both in Congress and in the scientific
community. The Foundation has
launched three major studies in this
area: an award to the National
Academy of Sciences to compile a
detailed description of the way the
NSF peer review system works; a
survey of the attitudes toward the
functioning of peer reveiw held by
proposal reviewers and by recent
applicants for NSF funding; and a
series of studies related to peer
review as part of the Congressional
studies mentioned below.

In 1975 oversight hearings on peer
review, a number of issues were
raised which the House Subcom-

mittee on Science, Research, and
Technology felt required more exten-
sive study and analysis. To this end
the Subcommittee directed the
National Science Board to study eight
specific issues, as follows:

® Support of innovative research.
e Support of young scientists.

e The funding of research at
undergraduate-teaching in-
stitutions  without graduate
departments (colleges).

e The extent to which the Foun-
dation should rely on peer panel
review.

¢ Establishment of an internal
Foundation program to monitor
problems arising from the mis-
match between the size of the
scientific community and the
amount of Foundation funds
available for support of that
community.

® The question of whether the

National Science Foundation
should have formal procedures
for considering appeals of
decisions made on award
applications.

¢ The effects of publication of the
list of reviewers used by the
Foundation.

e Further information concerning
effects on the peer review
system of the level of confiden-
tiality in which peer reviewers’
names and verbatim comments
are held.

In developing responses to these
questions the Foundation has pre-
pared a detailed analysis of the
hearings, awarded eight extramural
study contracts, and initiated a series
of internal staff studies to deal with
the Subcommittee’s questions—e.g., a
study that looks at innovations and
scientific reputations in four fields of
science (chemistry, astronomy,
mathematics, and earth science).

To meet the Congressional man-
date to facilitate public participation
in the formulation, development, and
conduct of NSF’s programs, policies,
and priorities, the National Science
Board in 1976 initiated a program of
regional public meetings designed to
encourage the expression of views by
the general public on scientific and
science education issues. The first
such forum was held in June 1976 in
Atlanta. Approximately 200 in-
dividuals representing a broad section
of society—including business, State
and local governments, public interest
groups, citizen organizations, and
academia—from seven States
{Alabama, Florida, Georgia, Mississip-
pi, North and South Carolina, and
Tennessee) were in attendance. The
four topics discussed—energy,
natural systems, food systems, educa-
tion, and knowledge—were selected
by a planning group that was repre-
sentative of the Southeastern United
States. A second forum was held in
Seattle in early November 1976.

The Foundation regularly conducts
in-depth studies of major programs to
provide the NSF Director with infor-
mation on program results, impact,
effectiveness, and conformance with
legal authority. In fiscal year 1976
Battelle Columbus Laboratories com-
pleted an evaluation of three of the
five major biome studies conducted as
part of the International Biological
Program. The biome programs were
intended to increase understanding of
large ecological systems through
integrated research efforts. Battelle’s
evaluation focused on the extent to
which the results were integrated or
integrable. The evaluation concluded
that the biomes were a well managed
and Dbalanced effort. However,
because research results are still
being produced, this evaluation did
not attempt to assess the primary
product of the biome programs,
increased understanding of the eco-
systems. Two additional program
evaluations, those of the Inter-
national Decade of Ocean Exploration



and science information activities,
were under way during the year and
are scheduled for completion in early
fiscal year 1977. In another area,
attention was given to studies of the
published literature as a means of
assessing research output. This
resulted in a monograph, Evaluative
Bibliometrics, completed under a con-
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tract with Computer Horizons.

The Foundation continued to sup-
port and use the analytical and
advisory services of the National
Academy of Sciences’ Committee on
Science and Public Policy (COSPUP)
and the National Academy of
Engineering’s Committee on Public
Engineering Policy (COPEP).

Science Information Activities

The science information programs
support activities to improve the
accessibility and increase the use of
scientific and technical information.
During 1976, projects were carried
out in four program areas: informa-
tion science, access improvement,
user requirements, and management
studies and coordination.

Information Science

Information science is an emerging
field oriented toward understanding
the processes of information transfer.
The Foundation supports theoretical
and conceptual research in this field,
building upon advances in related
disciplines such as behavioral science,
computer science, and linguistics.
Particular attention is given to
research for accessing knowledge
about more useful and effective ways
of applying new technologies for
improving access to and use of infor-
mation.

During 1976 the program con-
tinued to support work to enhance
the theoretical foundations of infor-
mation science. Case Western
Reserve University explored the
possibility of integrating various
competing paradigms into a general
theory of information transfer. New
York University was given further
support to investigate the infor-
mational properties of scientific texts;

in particular, the repeated informa-
tion structures of science language by
subdiscipline were investigated to
provide the basis for natural language
processing.

In the area of information systems
evaluation, results from work sup-
ported at Ohio State University led to
a general simulation capability for
research in the underlying method-
ology of system performance
measures, Further support in 1976
extended this simulation capability
from the basic computer configura-
tion to such areas as the efficiency of
data base structures relative to the
underlying computer system and to
the cost allocation of computer re-
sources to information system serv-
ices.

The information science program
continued its joint support of
networking problems with the Foun-
dation’s computer science program.
One project, a large-scale simulation
and gaming effort under the auspices
of EDUCOM, involves some 20
academic institutions. Exploration of
the economics of computer com-
munications networks is the object of
a long-term project at Stanford
University. Two other projects, at the
Massachusetts Institute of Technol-
ogy and at the University of Illinois,
are intended to ease the problems of
access by users of on-line, interactive
science information network systems.

Access Improvement

The access improvement program
supported 33 projects to improve the
transfer of scientific information
from originators to users. One such
project continues to survey technical
and organizational innovations in
scientific and technical communica-
tion, and results are regularly dis-
tributed to more than 1,000 persons
in position to take advantage of such
innovations. Other projects were
concerned with effectiveness of
abstracting and indexing services in
providing access to scientific and
technical literature. Projects com-
pleted this year resulted in a descrip-
tion of some 1,800 abstracting and
indexing services, an analysis of the
article overlap in 14 abstracting and
indexing services, and a compilation
of some 26,000 terms used to index
literature on energy.

Since 1973, NSF has supported
research on the editorial processing
center (EPC), a mechanism to help
small journal publishers use computer
technology to create the primary
record of scientific accomplishments.
Tests conducted with a small-scale
EPC prototype showed the feasibility
of several methods for processing
manuscripts. A second series of tests,
initiated in 1976, uses a more ad-
vanced prototype and will lead to a
full-scale operational demonstration.

Also in 1976, a test facility for the
experimental investigation of elec-
tronic information exchange was
completed. Several small research
communities will experiment next
year with this innovative method of
communication.

User Requirements

The user requirements program
continued to fund research designed
to encourage more effective use of
scientific and technical information
by scientists and engineers. This
program sponsored empirical studies,
analyses, and field experiments on
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the development of more user-
responsive services. Other projects
were aimed at improving the
organizational conditions affecting
the use of scientific and technical
information.

The influence of information use
on the conduct of research and the
management of research and develop-
ment was a principal area of concern
during 1976. One study identified the
information-use habits of highly

productive researchers and suggested
how to design new information
products to fill this group’s needs.
Several technology forecast proj-
ects in 1976 attempted to find the
effects of information/communication
technology on the delivery, cost, and
use of scientific and technical infor-
mation. One’ study assessed the
feasibility of electronic storage and
delivery of engineering handbook
data and concluded that this would

require computerized design aids.
Another study determined that
technology will not be the prime
inhibiting factor in the improvement
of information service.

Management Studies and
Coordination

Management studies continued to
support the collection and analysis of
economic data on the production,
distribution, and use of scientific and
technical information. Studies were
initiated on the interaction of law,
economics, and technology in the use
of copyrighted materials; the impact
of photocopying on libraries and
publishers; the development of
models to predict and assess use of
library materials; and methods to
weigh the costs and benefits of the
different kinds of information serv-
ices.

Two reports from the first year’s
research on statistical indicators of
scientific and technical communica-
tion were recently completed. One
provides the data compiled and a
statement of research undertaken,
resources examined, and methods
used for projection and estimation;
the second report provides an
analysis of the data.

Support for communication and
coordination among U.S. science
information services was continued,
as was the interchange of scientific
information with international organ-
izations. During 1976 NSF arranged a
series of meetings among managers
of Federal scientific and technical
information services on such topics as
Federal and private sector problems
in scientific and technical informa-
tion, international information policy,
and directions for future research and
development.

The Foundation also participated in
bilateral international science infor-
mation activities during the year.
Cooperative activities were carried
out with the Soviet Union, Japan,
Mexico, and Egypt.



Through an exchange agreement,
the Government of India will help set
up a seminar on information sources
related to energy, environment, and
natural resource problems, and
arrange for a seminar the following
year on the education of science
information specialists. NSF con-
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tinued to serve as the focal point for
UNESCQO'’s UNISIST activities in the
United States. With support from the
Foundation, the National Academy of
Sciences continued its review of U.S.
participation in international science
information programs and worked
toward establishing U.S. goals.

International Cooperative Science Activities

NSF has sole, or Executive Agency,
responsibility for binational
agreements relating to international
cooperation in science between the
United States and 14 foreign coun-
tries, and major involvement with
seven other agreements. Research
conducted under these agreements
obtains for scientists in the United
States the benefits of international
collaboration, including exchanges of
information and access to unique
talents and facilities. For example,
under the U.S.-Italy Cooperative
Science Program, NSF assisted in the
support of a joint study of the
dramatic physicochemical changes
that occur in the lungs of newborn
mammals. The experimental concepts
came from Italy and were refined in
the United States. And under a
cooperative arrangement with the
Soviet Union, both countries have
benefited from joint projects in the
field of electrometallurgy. The
Soviets are advanced in extractive
metallurgy and in the techniques of
reduction, purification, and casting;
U.S. expertise lies in materials
science and materials engineering.

Each bilateral agreement has its
own modes of cooperation, suited to
the needs of the United States and its
partner nations. The commonest
forms are cooperative research proj-
ects, seminars, and the visits of
scientists to teach or perform
research in the other country.

The U.S. Government also has
agreements with several countries,
most of them in the Middle East, for
economic cooperation. NSF continues
to contribute to the programs out-
lined by the several Joint Commissions
for Economic Cooperation that were
established under these agreements.
For example, on February 29, 1976,
NSF agreed to assist, on a reimbur-
sable basis, Saudi Arabia to establish
a National Center for Science and
Technology (SANCST). SANCST, a
central science agency, will enhance
Saudi Arabia’s ability to use science
and technology for economic and
social development. NSF has es-
tablished a Joint Commission Staff to
serve as a principal channel of
communication on Joint Commission
programs between the Foundation
and other organizations. NSF also
coordinates program evaluation to
assure benefits to science in the
United States and support for the
objectives of the Joint Commission
agreements.

The Foundation continues to seek
opportunities for international
cooperation in selected regions of the
world, outside the framework of
formal agreements. In Latin America
these opportunities have involved 29
activities in six “nonagreement”
countries. In 1976 a new program
made seven awards in cooperation
with four East Asian countries:
Thailand, Malaysia, Indonesia, and

the Philippines. U.S. scientists will
work with their East Asian colleagues
to study the productivity and utiliza-
tion of tropical forests, equatorial
swamps, and other resources of the
region that are subject to severe
ecological stress.

Under an award to the National
Academy of Sciences, the Foundation
continued to support exchanges of
scholars with the People’s Republic of
China. From July 1975 to September
1976, seven U.S. delegations visited
China for discussions with Chinese
colleagues, which they subsequently
reported to the U.S. scientific com-
munity. The fields of interest includ-
ed insect control, solid state physics,
pure and applied mathematics, wheat
studies, the Liaoning earthquake,
steroid chemistry, and biochemistry.
Eight Chinese delegations visited the
United States. They represented the
following technical areas:
petrochemical industry, industrial
automation, earthquake engineering,
tumor immunology, agricultural
mechanization, natural gas, environ-
mental sciences, and interdisciplinary
studies. Other awards to the
Academy enabled the United States
to participate in international scien-
tific organizations, including the
International Institute for Applied
Systems Analysis and the Inter-
national Council of Scientific Unions.

Under the special foreign currency
(SFC) programs, NSF can use U.S.-
owned local currencies instead of
dollars in several countries. These
funds, which must be used abroad,
are declared by the Department of
the Treasury to be in excess of the
immediate needs of the U.S.
Government. The SFC research and
related activities program funds
collaborative science projects in-
volving U.S. scientists in Egypt,
India, Pakistan, Poland, and Tunisia.
Engineers of Colorado State Univer-
sity were able to test classical theories
of flow and sedimentation in alluvial
channels by working with colleagues
of the Water and Power Development
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Water research. As part of a U.S.-Pakistan joint research project, scientists (left) meter the water surface level of a Link Canal and
take a soil core (right) to determine particie size of bottom sediments. The Link Canals, built to redistribute scarce water among
Pakistan's rivers, are part of one of the world’s most ambitious water development projects. Their size and variety make them
valuable for research on the design of modern irrigation channels. (Photos by Kahlid Mahmood/George Washington University.)

Authority in Pakistan, where
binational teams had access to the
celebrated Link Canals of the Indus
Valley for collecting their data. In
Egypt, local currencies were used to
fund projects in historical geology,
nutrition, the improvement of science
teaching, and the physiological adap-
tation of large mammals to desert
conditions. In Egypt and in India, local
currencies are used to fund the U.S.
portions of projects designated by the
Joint Commissions to be of high
priority to the participating countries.
The SFC science information pro-
gram procures translations into
English of foreign technical
publications. Those translations are
requested by various U.S. Govern-
ment agencies and are made available
to non-government scientists.
Because of its broad legislative
authority and its professional con-

tacts with the U.S. scientific com-
munity, the Foundation sometimes
responds to requests to manage
programs that are authorized and
funded by other U.S. Government
agencies. One example is the Scien-
tists and Engineers in Economic
Development (SEED) program,
operated by NSF for the Agency for
International Development. In 1976
the SEED program supported
teaching and research activities of
U.S. scientists in 13 different coun-
tries of Africa, Asia, and Latin
America. Among the subjects studied
were energy resources in Pakistan,
child nutrition and family planning
attitudes in Kenya, forest insect pests
in Chile, and the natural resources of
the Amazon basin.

The international travel support
program has enabled U.S. scientists

to attend international scientific
meetings, obtain or exchange infor-
mation on Dbasic research, and
cooperate in international scientific
activities. Approximately 450 inter-
national travel awards were made
during 1976.

Science studies undertaken during
the past year to develop and widen
the international role of NSF are
continuing, with initial emphasis on
establishing methodologies to
evaluate the Foundation’s inter-
national programs. A related pro-
gram, dealing with selected
transnational issues of importance to
the United States, will help provide
policymakers with information for
decisionmaking on  transnational
problems. It will also improve the
application of research and other
scientific activities to these problems.
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Bilateral Science and Technology Agreements Special Foreign Currency Program
Number of Approved Activities in FY 1976 and Summary of Projects by Country in FY 1976
the Transition Quarter (July 1 to Sept. 30, 1976) and Transition Quarter
Cooperative Active
Research Translation
Visiting Scientists Projects Research Grant Travel Grant Projects
US. Foreign Geminars Awards Awards Contracts
FY FY FY FY EY FY FY
Country 1976 TQ 1976 TQ 1976 TQ 1976 TQ Country 1976  TQ 1976 TQ 1976 TQ
Argentina ......... - - = = 1 k= 3 2 Burma 0 0 0 0 1 1
Australia .......... 13 7 - - 7 — 11 8 Egypt 12 1 3 2 2 2
Brazil ............. 2 1 —_ —_ — s 10 ~ India 1 1 30 2 2 2
Rep. of China ..... 12 3 - - 3 2 12 3 Pakistan ............ 2 1 9 1 1 1
France ............. 19 2 16 — — — 5 1 Poland ............. 8 2 29 4 1 1
Hungary 8 — — — — — 4 1 Tunisia .......0vu.... 1 0 o] 0 1 1
{:adl;j ;g g = 8 T = S Total ........... 2 5 71 9 8 8
Japan 8 2 3 1 25 7 21 11
Mexico 3 — — — 2 8 5
New Zealand ...... — — 1 — 2 - — -
Romania ........... 1 — 6 3 b1 5 —
Spain ......iie..l. — - 14— — 16
USSR. ........... 24 5 — — 6 1 57" 2*
129 25 56 5 52 11 158 37 U.S.-U.S.S.l.l.. and East Europe Academy Exchange Programs
Visits Each Way Funded During FY 1976
* Includes awards made by other NSF components under U.S.-U.S.S.R. 5
Joint Commission on Science and Technology. UT"tEd States Foreign
Country Scientists Man-Months Scientists Man-Months
USSR. ........... 44 131 32 82
Bulgaria ........... 20 27 6 25
Czechoslovakia .. ... 17 56 11 55
Hungary .......... 10 36 14 35
Poland ........... - 18 43 5 40
Romania ........... 8 26 6 25
Yugoslavia ......... 12 36 8 35
Germany .......... 5 5 5 5

Total .......... 134 360 87 302
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Appendix A

APPENDICES 13

National Science Board, NSF Staff

Advisory Committees and Panels

NATIONAL SCIENCE BOARD

Terms Expire May 10, 1978

W. GrLEnNN CamesiLL, Director, Hoover Institution on War,
Revolution, and Peace, Stanford University

T. MARrsHALL HAHN, JR., President, Georgia-Pacific Corporation,
Portland, Oreg.

ANNA J. HarrisoN, William R. Kenan, Jr., Professor of
Chemistry, Mount Holyoke College

WirLiam H. MEeckLING, Dean, The Graduate School of
Management, The University of Rochester

WiLLiaAM A, NIERENBERG, Director, Scripps Institution of
Oceanography, University of California, San Diego

*RusseLr. D. O'NEAL (Vice Chairman, National Science Board),
Consultant, KMS Fusion, Inc., Ann Arbor, Mich.

Josern M. REevNoLps, Boyd Professor of Physics and Vice
President for Instruction and Research, Louisiana State
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Appendix B

Patents and Inventions Resulting from Activities Supported
by the National Science Foundation

During fiscal year 1976 and the transition quarter, the
Foundation received 186 invention disclosures and made rights
determinations in 40 inventions. The determinations, made in
accordance with NSF Patent Regulations, included decisions to
dedicate the inventions to the public through publication in 10
cases, to transfer rights to other interested Government agencies in
7 cases, Lo permit retention of rights by the grantee or inventor in
22 instances, and acquisition of rights by NSF in one case. At the
end of the [iscal year NSF had entered into two additional

Institutional Patent Agreements for a total of 13, under which 23
inventions were selected for exploitation. Licenses were received
by the Foundation under four patents and 67 patent applications
filed by grantees and contractors who had been allowed to retain
principal rights in their inventions.

The following U.S. Patents issued from research supported by
the Foundation:

Institution

No. Title

3,892,839 Process for Forming Nitrosyl Tetrafluoroborate

3,895,361 Method and Apparatus for Reliably Parallel Self-Shifting
Information in a Plasma Display/Memory Panel

3,902,096 Method of and Apparatus for Exciting Luminescence in a
Cathode Ray Tube Having an Image Screen Composed of a
Material that is Both Cathochromic and Cathodoluminescent

3,902,848 Liquid Chromatography Detector and Method

3,902,994 High Gradient Type Magnetic Separator with Continuously
Moving Matrix

3,904,501 Fluorine Plasma Synthesis for Carbon Monofluorides

3,911,315 Cathode Ray Tube Whose Image Screen is both Cathodochromic
and Fluorescent and the Material for the screen

3,916,905 Method and Means for the Repair of Severed Peripheral
Nerves

3,921,445 Force and Torque Sensing Method and Means for Manipu-
lators and the Like

3,922,299 Vinylic Substitution Reactions

3,982,592 Process for Preparing Cathodochromic Sodalite Having
Enhanced Coloration Properties and a Cathode Ray Tube
Employing Same

3,934,192 Method of Detection of Ions in Solution that are Sus-
ceptible to an Applied Force Field and Apparatus
Therefor

3,934,922 Aerodynamic Drag Reduction Devices for Surface Vehicles

3,935,457 The Production of Radiation-Induced Thermally Activated
Current Devices by Selective Purification of Dielectric
Solid Material

3,935,592 Recording Instrument Adapted for Use in Remote Unattended

Locations

Massachusetts Institute of
Technology

University of Illinois
Massachusetts Institute of
Technology

Arizona State University

Massachusetts Institute of
Technology

Massachusetts Institute of
Technology

Massachusetts Institute of
Technology

University of Cincinnati
Stanford Research Institute
University of Delaware
Massachusetts Institute of

Technology

Massachusetts Institute of
Technology

Aerovironment

University of Wisconsin

Massachusetts Institute of
Technology



3,944,732
3,946,381
3,947,622
3,949,320

3,950,789
3,951,689

3,952,880
3,954,585
3,961,102
3,961,997

3,962,586

3,962,706
3,963,698
3,963,858

3,964,273
3,965,116
3,966,492

3,967,515
3,970,474

3,973,167
3,976,503
3,980,076

3,983,398

3,983,507

Methods of Improving the Sensitivity of an Acoustically
Scanned Optical Imaging Device

Graphic System Apparatus Utilizing Plasma Display/
Memory Devices with Direct Electrical Read-Out

Vacuum Insulated AC Superconducting Cables
Miniature Crystalline Laser

Dry Ice Cooling Jacket
Alkali Metal/Sulfur Cell with Gas Fuel Cell Electrode

Force and Torque Sensing Method and Means for Manipu-
lators and the Like

Synthesis of Trifluoromethly-Substituted Compounds
Scanning Electron Microscope Fabrication of Optical
Gratings

Fabrication of Polycrystalline Solar Cells on Low-Cost
Substrates

Sensitization of Radiothermoluminescence in Dosimetry
Grade LiF by Simultaneous Appealing and Ultraviolet
INlumination

Data Processing Apparatus for Highly Parallel Execution
of Stored Programs

Alkylations Employing In Situ Generations of Diazoalkane
Alkylation Reagents

High Voltage Electrical Insulator

Compact Absorption Refrigeration Apparatus ,
Multioxymacrocycles

Sodium Sulfur Battery or Cell with Improved Ampere-Hour
Capacity

Apparatus for Controlling Vibrational Chatter in a
Machine-Tool Utilizing an Updated Synthesis Gircuit

Method and Apparatus for Electrochemical Generation of
Power from Carbonaceous Fuels

Spark Source with Electronic Switching Tubes
Process for Recharging Secondary Batteries

Method for Measuring Externally of the Human Body
Magnetic Susceptibility Changes

Method and Apparatus for X-Ray or Gamma-Ray 3-D Tom-
ography using a Fan Beam

Tunable Laser Systems and Method
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Stanford University
University of Hlinois
Massachusetts Institute of

Technology

Massachusetts Institute of
Technology

Kansas State University

Ford Motor Co.

Stanford Research Institute

Massachusetts Institute of
Technology

Cornell University

Southern Methodist
University

University of Wisconsin

Massachusetts Institute of
Technology

Massachusetts Institute of
Technology

Massachusetts Institute of
Technology

Arkla Industries
University of California

Ford Motor Co.

Purdue University

Stanford Research Institute

University of Wisconsin
Ford Motor Co.

Stanford University

Stanford University

Cornell University
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Appendix C

Financial Report for Fiscal Year 1976

{In Thousands of Dollars)

Salaries and Expenses Appropriation

Fund Availability
Fiscal year 1976 appropriation ... ...........eeuceeiiiiniiieriiiiniians
Unobligated balance carried forward from fiscal year 1975 .-
Deferrals carried forward from fiscal year 1975 .........
Adjustments of prior year costs ................

Fiscal year 1976 availability ..............coieriiiiiiiiiiiia

Obligations
Mathematical and physical sciences, and engineering:
Mathematical sciences
Computer research ...
Physics ............
Chemistry ............
Engineering ...........
Materials 1€58ATCN . ... .o iuiii i e

Subtotal, mathematical and physical sciences, and engineering .............

Astronomical, atmospheric, earth, and ocean sciences:
ASErONOMICAl SCIBNTES ... oo vveeervereienearneren s eananaeranneres
AtMOSPHEric SCIENCES . ....vvverrenercneenenns
Earth SCIENCES ........ovvvnirrninnenannnenns
0CBAN SCIBNCES .. .cvvveenenvinerneirmeaenens
US. Antarctic research program ..
Arctic research Program ... ......c..oeuvernreeunsrnnarioniiies

Subtotal, astronomical, atmospheric, earth, and ocean sciences

Biological, behavioral, and social sciences:
Physiology, cellular and molecular biology
Behavioral and neural sciences ................
Environmental biology .
S0CIA] SCIBMCES .1 evvvvesvenerncnaeneanaanininnranenersnaransess

Subtotal, biological, behavioral, and social sciences ...................unt

Science education:
Science Manpower IMPrOVEMENt . ...........coocerarieeireiiiieninien.
Science education resources improvement ........
Science education development and research
Science and SOCIETY .....cviiiiiiieiieiiiaeeas

Subtotal, science education . .............eiiiiiiii i

Research applied to national needs:
Resources
Environment ..
Productivity
Intergovernmental science and R&D incentives
Exploratory research and technology assessment ...................coiens

Subtotal, research applied to national needs ..................ccoiee

Scientific, technological, and international affairs:
International cooperative scientific activilies ................ccooiiiinit
Science information activities ......................
Science assessment, policy, and planning

Subtotal, scientific, technological, and international affairs .................
Program development and management ...l
Subtotal, obligations .............c.oiiiiiiiine
Administration deferrals carried forward to transition quarter
Unobligated balance carried forward to transition quarter .....................
Total, fiscal year 1976 availability .................ccoiiiiiininn

Special Foreign Currency Appropriation

Fund Availability
Fiscal year 1976 approprigtion ... ...........ccoiiiiieieiiiiiiiiiiin,
Unobligated balance carried forward from fiscal year 1975 ...
Adjustments of prior year costs

Fiscal year 1976 availability

1 $300,000/year Man-in-the-Arctic Program, transferred to the Biologica!, Behavioral, and Social Sciences Activity.

$711250

4,868
20,000
2,803

$17.257
13216
45,171
34,650
35,848
46,123

$48,635
44527
27,121
47,082
48,585
13,621

$43,694
19,689
26,838
118,814

$24,882
24,325
10,932
2,342

$15201
26,982
24,108
4,336
1,400

$7,529
5895
8,986

$738,921

$192,265

$219,571

$109,035

$62,481

$72,027

$22,410
$42,226
$720,015
$10,000
$8,906
$738,921

$5,302



Obligations
Special foreign currency activity:
Research and related activities program .................................
Science information program
Sublotal, obligations ..................... e

Trust Fund
Fund Availability

Unobligated balance carried forward from fiscal year 1975 ....................

Receipts from non-Federal sources

Fiscal year 1976 availability

Obligations
Astronomical, atmospheric, earth, and ocean sciences:
Kitt Peak National Observatory ..................ccccovivinnnnnnnn. .,
Ocean sediment coring program ..........................

Subtotal, astronomical, atmospheric, earth, and ocean sciences
Gifts and donations ..................oci
Subtotal, obligations
Unobligated balance carried forward to transition quarter
Total, fiscal year 1976 availability ................................

Salaries and Expenses Appropriation

Fund Availability
Transition quarter appropriation ..................cccciiiiiiinrinnnn,
Unobligated balance carried forward from fiscal year 1976 ...
Deferrals carried forward from fiscal year 1976 ..........
Adjustments of prior year costs ......................

Transition quarter availability

Obligations

Mathematical and physical sciences, and engineering:
Mathematical sciences
Computer research .........
Physics ...
Chemistry .
Engineering
Materials research .. ,..........coouiieriiiiiinenoiiiaieaieenears
Subtotal, mathematical and physical sciences, and engineering

Astronomical, atmospheric, earth, and ocean sciences;

Astronomical SCIBMEES .......... ... ..iiiiiiian i,
Atmospheric SCiences ...............cooiiiiiiiiaiiiiiii.., .
Earth sciences ............ ..o
Ocean sciences ............. v
U.S. Antarctic research program ..........
Arctic research program ................... ...l

Subotal, astronomical, atmospheric, earth, and ocean sciences .............

Biological, behavioral, and social sciences:
Physiology, cellular and molecular biology
Behavioral and neural sciences ........
Environmental biology ................ ...
Social SCIBNCES ... . ... e

Subtotal, biokegical, behavioral, and social sciences ......................

Science education:
Science manpower improvement .......
Science education resources improvement .
Science education development and researc
Science and society ...........................

Subtotal, science education .......... ... ...

Research applied to national needs:
RESOUTCES ...\ ettt e
Environment
Productivity
Intergovernmental science and R&D incentives . ..
Exploratory research and technology assessment . .

Subtotal, research applied to national needs ...........................

Scientific, technological, and international affairs:
International cooperative scientific activities ..............................
Science information activities ...............
Science assessment, policy, and planning

Subtotal, scientific, technologicel, and international affairs .................
Program development and management ...................cc.ooiiiiiie....
Subtotal, obligations ...................

$4,163
23
$4.402
$900
$5302
$2,569
1605
$4.174
$40
3092
$3,132
$
$3,136
$1,038
174
$167,555
8906
10,000
997
$187,458
$4,695
2982
10,563
9252
9210
8280
$44,982
$12321
7728
8919
13435
1299
$53359
$11,995
5474
7146
5113
$29728
$535
321
2601
200
$3657
$3,260
5383
6355
1,015
407
$17420
$3,042
759
2,348
$6,149
$10518
$165813
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Unobligated balance fapsing from fiscal year 1976 ......... $183
Administration deferrals carried forward to fiscal year 1977 $10,000
Unobligated balance carried forward to fiscal year 1977 o $11,462
Total, transition quarter availability ................ooooieeiiiinns $187,458
Special Foreign Currency Appropriation
Fund Avsilabllity
Transition quarter appropriation ...............cecciiiiiiisiiiianiannaaes
Unobligated balance carried forward from fiscal year 1976
Transition quarter availability ... $1,400
Obligations
Special foreign currency aclivity:
Research and related activities program .............cooviiiiiiieaiiianns
Science information program . EHi
Subtotal, OIAHONS ... .....everrerrieiii e $1,011
Unohligat{d balance lapsing from fiscal year 1976 .............ccooevviiinns $5
Unobligated balance carried forward to fiscal year 1977 ..............coouneee $384
Total, transition quarter avaifability ..........cooiiiiaiaiiiiinnay $1,400
Trust Fund
Fund Avallability
Unobligated balance carried forward from fiscal year 1976 . cvvvveenrianieas $1,038
Receipts from non-Federal sources 1,302
Transition quarter availability $2,340
Obligations
Astronomical, atmospheric, earth, and ocean sciences:
Ocean sediment COMNE PrOGIAM . ... ...vvureeennrrernemaiennasnansenine ___'87_27
Subtotal, OblIgAtioNS .........eueeiiiiii ___L
Unobligated balance carried forward to fiscal year 1977 ............c.ocovnne _Sl_,ﬁl_?.___
Total, transition quarter availability ...................ooiin __LMO__

SOURCES: FY 1978 Revised Supplementary Budget Schedutes to OMB.
FY 1978 Budget to the Congress—-Justification of Estimates of Appropriations.
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National Research Centers Contractors

Associated Universities, Inc. (AUI )
Gerald F. Tape, President

National Radio Astronomy Observatory
David 8. Heeschen, Director

AUI Member Universities:

Columbia University

Comell 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)
Gilbert Lee, President

Cerro Tololo Inter-American Observatory
Victor M. Blanco, Director

Kitt Peak National Observatory
Leo Goldberg, Director

AURA Member Universities:
University of Arizona
California Institute of Technology
University of California
University of Chicago
Harvard University

Indiana University
University of Michigan

Ohio State University
Princeton University
University of Texas at Austin
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.
Harold D. Craft, Director, Observatory

Operations, Arecibo, P.R.

University Corporation for Atmospheric Research (UCAR)

Francis P. Bretherton, President

National Center for Atmospheric Research
Francis P. Bretherton, Director

UCAR Member Universities:
University of Alaska

University of Arizona

California Institute of Technology
University of California

The Catholic University of America
University of Chicago

Colorado State University

University of Colorado

Comell University

University of Denver

Drexel University

Florida State University

Harvard University

University of Hawaii

Iowa State University

The Johns Hopkins University
University of Illinois at Urbana-Champaign
University of Maryland

Massachusetts Institute of Technology
McGill University

University of Miami

University of Michigan

University of Minnesota

University of Missouri

University of Nevada

New Mexico Institute of Mining and Technology
New York University

State University of New York at Albany
Ohio State University

University of Okalahoma

Oregon State University

Pennsylvania State University

Purdue University

The Rice University

Saint Louis University

Stanford University

Texas A&M University

University of Texas

University of Toronto

Utah State University

University of Utah

University of Washington

University of Wisconsin

Woods Hole Oceanographic Institution
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