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Director’'s Statement

About 100 years ago, Henry Le Chatelier studied
the thermodynamic behavior of disturbed systems.
He noted that a stable system which has one of its
conditions changed will adjust other conditions in the
system so as to accommodate the change. Social
systems tend to behave similarly. The National
Science Foundation, as any other social system, also
adapts in the face of change to reach a preferred
state of equilibrium. In a way, the Foundation’s
record of the past year may be thought of as a search
for new and better balances. Balance may be static,
but the search for it is dynamic, and we engage in
a continuous process of maintaining or adjusting
ongoing programs, eliminating programs which have
served their purpose, and initiating new programs to
meet changing priorities.

We start from the proposition that the principal
and unique mission of the NSF is to foster the health
of science in the United States. To fulfill that policy,
we help scientists search for answers to unresolved
questions about nature and its laws and we support
disciplinary research needed for future research appli-
cations and technology. We seek to maintain a base
of scientific competence in all fields of science and
to improve our national research capabilities by help-
ing to modernize instrumentation and other facilities.
During fiscal year 1972, obligations for scientific
research projects, National and Special Research Pro-
grams, and National Research Centers amounted to
more than $374.2 million, or 60 percent of the
total funds obligated by NSF. This represented an
increase of $106.8 million over the previous fiscal
year.

A scientist engaged in scientific research does so
primarily to gain a fuller understanding of the
subject studied. His interest may stem from a great
variety of reasons. To cite a specific example, one
such reason might be the observation of some pattern
of periodicity which attracts his attention and
curiosity. Some highlights from this year’s Annual
Report of the NSF will illustrate this particular
stimulus to scientific research.
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For many years we have known that a variety of
changes in the terrestrial upper atmosphere, particu-
larly magnetism, recur regularly. Many such changes
come about every 27 days—the solar period of
rotation—and are believed to be due to particle
beams coming from little-known sources on the sun

known as “M-regions.” Efforts to trace the particle

Lyrae stars observed outside our galaxy is interpreted
to indicate a narrow range of age, ie., a single
generation. .

When we turn to periodic motions on earth, we
find that notable progress was made last year toward
deciphering the complex motions of the sea, particu-
larly the familiar oscillation of the tides. It has now

beamis to their solar origin had been unsuccessful
until now because of the magnetic fields of the sun’s
corona and the spiral paths followed by the particles
in interplanetary space. From studies completed this
year, it now appears that “M-regions” are not cot-
related with solar activity per se, but are related
instead to local changes in the coronal plasma. Above
magnetically complex active regions, the lines of

magnetic force are closed, while above simple “quiet”

regions, the lines of force are more open and allow
an outward flow of gas. :
Periods of pulsation have also been used to tell us
something about distances in space and the problem
of galaxy development. Since the early 1900’s,
astronomers have used pulsating stars to serve as
brightness standards of space distance. These stats
expand and contract with a rhythmic regularity, and
as the dimensions of the star change there are corre-
sponding periodic changes of color and luminosity.
In short, the brighter the star, the longer the pulsation
period. From this relationship, it is possible to more
accurately calculate the distance between the star
and the earth. Pulsating stars which have a period
of less than a day, called RR Lyrae stars, have been
investigated at the Cerro Tololo Inter-American
Observatory in Chile, and two discoveries have been
made. First, thanks to better access to the southern
heavens at the Cerro Tololo observatory where the
large Magellanic Cloud can be observed, we have
been able to correct previous determinations of RR
Lyrae periodicity and improve our estimates of
galactic distances. Second, astronomers have found
some RR Lyrae stars outside our galaxy with a much
smaller spread in their period-luminosity relation
than the same types of stars in the Milky Way
system where we are located. Since the spread in
RR Lyrae stars of our galaxy is attributed to varia-
tions in the abundance of elements heavier than
helium—an indication of enrichment through suc-
cessive generations— the smaller spread in the RR

“been concluded that the North Atlantic Ocean has a

natural vibration period of 14.8 hours. In addition,
tidal dissipation rates have been shown to be ex-
tremely high, particularly along the continental
margin. Knowledge of resonance periods and dissipa-
tion rates are vital for oceanographic studies and at
the same time are potentially useful for predicting
storm tides.

The study of periodicity in space, the upper atmos-
phere, and oceans described above are all motivated
by the desire to understand natural phenomena. But
sometimes investigations of periodicity seek more
than understanding. They deliberately seek utility,
in contrast to the work on tides mentioned before
which has a potential practical value only incidental
to the main thrust of the research. A good example
of utility-oriented research is to be found in NSF-
supported investigations of chemical process dynamics
which are typical of the petroleum and chemical
industries. In this case, the object is not so much
to explain regularly recurring phenomena, but to
put them to use. By deliberate pulsing and cycling
of operating conditions, using specialized computa-
tional equipment for modeling and simulation,
dramatic improvements in plant performance and
efficiency may be possible.

Research, whether basic or applied, is not limited
to studies of periodic phenomena, of course. For
example, it may be focused on specific areas of
societal concern as in the case of the Research Applied
to National Needs (RANN) Program. In this pro-
gram, more direct and explicit consideration than in
our programs of scientific research is placed on
improving our ability to deal effectively with social
and environmental problems and on exploration of
technological opportunities that can lead to improve-
ments in economic growth and productivity and to
new products and services.

In fiscal year 1972, the RANN Program reached
a budget level of $53.8 million—more than 50



percent higher than the previous year when it was
established. During this period, the RANN Program
represented 9 percent of the total funds obligated by
NSF. With these augmented resources, research is
being focused across a broad range of projects with
principal emphasis on three problem areas. The first
is energy, because of its importance to national pro-
ductivity and economic growth, environmental con-
cerns, and the decline in reserves of preferred fossil
fuels. Energy studies supported by RANN have:

e Provided a start toward a complete picture of
the present and prospective U.S. energy prob-
lem; and

e Identified energy research completed, under
way, or still to be done in order to cope with
this problem.

Regional environmental systems are a second
major focus of RANN because of their importance
for the maintenance of life in terms of available
natural resources. Although the studies of environ-
mental systems in coastal areas, river basins, urban-
rural and semiprimitive areas are aimed at the
problems of specific regions, it is expected that the
results can also be transferred to similar regions and
problems elsewhere.

The third major thrust within the RANN Pro-
gram relates to municipal systems and services. The
population movement from farm to city has been
called the silent revolution. As city and suburban
populations grow and as people relate to one another
through a network of increasing complexity, it be-
comes ever more urgent to analyze municipal prob-
lems systematically. Among these problems are
delivery of municipal and social services in communi-
ties of varying sizes and in rural as well as urban
settings. Here, as in the case of environmental
systems, we expect that useful results from one city
can be used by other cities faced with similar
problems.

RANN is in a youthful phase of development as
a program. Synthesis of available information takes
time, and the determination of present day concen-
trations of pollutants and trace compounds in the
environment requires patient and careful effort.
Predictive models have to be debugged and tested,
and policy alternatives assessed. We have some useful
results, but much remains to be done.
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From the point of view of science education,
critical changes have taken place in the social en-
vironment. These changes include the movement
toward a service-oriented society, the increased desire
by greater numbers of students to broaden their edu-
cational experiences and career options, and the need
to enhance the versatility of our scientific and tech-
nological manpower. To cope with these problems,
a significant restructuring and revitalization is under
way in the Foundation’s science education program,
with particular emphasis on research and develop-
ment in science education. Support for NSF educa-
tion programs, excluding graduate student support,
remained fairly steady, amounting to $65.0 million
in fiscal year 1972—about 10 percent of the total
NSF obligation.

We will continue our long-practiced efforts to
improve course content, curricula, and instructional
methods. These efforts will concentrate, however,
on projects which are problem rather than discipline
oriented, and which place special weight on what
the student rather than the teacher does. We seek
flexibility by giving priority to course and curriculum
projects which can be fitted, unit by unit as conditions
permit, into existing educational niches. Similarly,
we are most interested in the development of new
training alternatives at the graduate level, particu-
larly where practical experience can be built into the
educational program.

Obviously, benefits can only flow from these
efforts if professional educators are informed about
them and can choose educational options wisely.
Institutes of various kinds are maintained for this
purpose, as is the NSF support for improving the
initial training for those preparing to become teach-
ers. In order to extend the benefits of new develop-
ments as widely as possible, we are also engaged in
experimental pilot programs for the improvement of
science education on a statewide or school system
basis.

Educational experiments are also beginning in a
variety of large-scale projects which could result in
major changes in the way undergraduate science is
taught. With Foundation support, the Illinois Insti-
tute of Technology is replacing traditional class-
room lectures by a program of project-oriented
studies; and at the Worcester Polytechnic Institute,
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traditional course and degree requirements for an
entire college have been eliminated and students are
required instead to show competence in a field by
completing study projects and undergoing a compre-
hensive evaluation.

Computer-assisted instruction in the classroom
advanced under a vigorous program of development
higher quality and less expensive education for
many sectors of our society.

As indicated before, our search for an effective
balance sometimes requires that programs be elimi-
nated which have served their purpose. Back in 1964,
NSF began a program of graduate traineeships to
add to the flow of highly talented individuals seeking
science degrees. This program—now being phased
out—has provided support for more than 35,000
man-years of graduate study.

Two new programs not described in the body of
the NSF Annual Report because only preliminary
planning and discussion took place during fiscal year
1972 deserve mention. I refer to the programs of
Experimental R&D Incentives and National R&D
Assessment. Through the Experimental R&D Incen-
tives Program we hope to learn how to help create
an environment in which invention and innovation
can flourish. To do this we anticipate experimenting
—on a small scale—with actual modifications of the
institutional or incentive structure involved in tech-
nological innovation. Participants in this program
will be expected to identify known or suspected
blockages of the overall innovation process and to
propose experimental changes by which the impor-
tance of the blockages can be ascertained and methods
of alleviating them tested.

The companion National R&D Assessment Pro-
gram represents a new effort to meet the needs of
policy-makers concerned with how science and tech-
nology contribute to the achievement of national
goals and well-being in the broadest sense. In this
program, national R&D patterns, incentive structures,
and decision points will be analyzed and the implica-
tions of alternatives will be assessed.

The exchange and accessibility of scientific knowl-
edge is an essential element of the total scientific
enterprise, and the Foundation has become a focal
point in the Federal Government for science com-

munications activities on both a national and global
basis. To meet these new responsibilities—under-
taken at the request of the President’s Office of
Science and Technology—the science information
activities of the Foundation have been reoriented to
concentrate more closely on the needs of the users.
Leadership responsibilities for NSF take on a

“variety of forms. The Federal Council for Science

and Technology has assigned to the Foundation the
responsibility to coordinate, nationally and inter-
nationally, the U.S. effort related to the 1973 solar
eclipse. This eclipse will be the most favorable for
scientific research for the remainder of this century.
The most suitable viewing sites are located in north-
western and eastern Africa, and contacts have been
made with representatives of foreign countries and
international scientific union representatives regard-
ing U.S. needs for studying the eclipse. Through these
and other coordinating efforts with interested Federal
agencies and private groups, scientists will be able to
take full advantage of the approximately 7 minutes
of total eclipse in order to observe solar features
otherwise masked during full daylight.

In still another remote area, the polar regions,
NSEF fulfills significant management and coordination
responsibilities. Beginning in fiscal year 1972, the
NSF has been funding the entire U.S. program in
Antarctica, except for icebreaker support. In the
Arctic region, where many Federal agencies conduct
research programs, NSF chairs an interagency coordi-
nating committee and in different ways coordinates
and extends U.S. research efforts in the Arctic.

Sometimes the solution to scientific problems re-
quires concerted efforts on a broad front, as was
recognized in the establishment of some of our
national and special research programs. An example
is the International Decade of Ocean Exploration
(IDOE), in which scientists from many universities,
often in cooperation with colleagues from other
nations, joined forces in an unprecedented long-term
study of the forces, the contents, and the influences of
the ocean realm. Preliminary results from IDOE
studies of the continental margin off the west coast
of Africa have identified several large geologic struc-
tures with great potential for future petroleum ex-
ploitation. In the Ocean Sediment Coring Program,
the drilling ship Glomar Challenger continued its



eminently successful probing of the ocean floor.
Among the recent highlights of this operation is the
delineation of the complex movements of continents
and sea floors in the Indian Ocean area.

Responsibility is not always the result of a formal
designation or agreement. Sometimes, as in the case
of the establishment of the Materials Research Divi-
sion, it is the consequence of a series of actions
designed to strengthen all parts of an endeavor. As
a result of assuming sponsorship of a dozen materials
research laboratories (founded by the Advanced
Research Projects Agency of the Department of
Defense) and the National Magnet Laboratory
(founded by the Air Force) and grouping several
research support programs from elsewhere in the
Foundation, the new division will be responsible for
more than 50 percent of the Federal support for
materials and solid state research at U.S. educational
institutions.

The circumstances under which NSF is called
upon and responds to the demands made upon it
reveal much about the character and goals of the
agency. As mentioned before, the NSF is the sole
agency of the Federal Government for which the
support of basic research is the principal and most
important mission. As such, it has a flexibility which
allows it to range broadly, free of the operational
limitations which are imposed on other agencies
by statute. In carrying out its functions, the NSF
emphasizes the concepts of coordination and support.
The Foundation gets things done through and with
others rather than attempting to do a job by itself.
In other words, we try to provide the means whereby
something important can be done; and we try to
keep people from duplicating the work of others
by helping them act together in a concerted way and
keeping the channels of scientific communication
open.

This statement highlights the cumulative impact
of the many changes and activities which have taken
place at NSF during the previous year. To sum-
marize these, the NSF has:

—Strengthened fundamental research to broaden
the base of understanding in all scientific fields
and disciplines and provided support for impor-
tant research no longer within the program
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priorities of other agencies. Particular emphasis
has been given to the biological sciences, engi-
neering, chemistry, oceanography, and the social
sciences.

—Expanded research focused on economic, en-
vironmental, and social problems. Results of
such research will be useful in efforts to improve
economic growth and productivity, enhance
environmental quality, and improve U.S. capa-
bility to deal with social issues.

—Redirected its science education programs to
broaden the specttum of students benefiting
from NSF programs and increase the career
options of science graduates.

—Increased and improved the exchange of scien-
tific knowledge nationally and internationally
for the benefit of the United States.

Having done all this and more, we are still con-
fronted with the question of whether a new and
better balance has indeed been reached at the end
of the year. Obviously, much analysis, careful assess-
ment and judgment, by many people, especially the
National Science Board, are involved in the decisions
which led to where we are now. But no matter how
carefully reasoned, well-intentioned, and sound the
decisions might have been, no course of action appears
“balanced” to everyone. How then to judge? It is
my view that any time we are not investing in a
reasonable proportion of basic science, we are neglect-
ing the long-term interests of science and the nation.
Any time we are not using to the maximum the
scientific knowledge we have already uncovered, we
are neglecting the short term. In science education
we need to invest a reasonable proportion in curricula,
in teaching methods, and in the upgrading of people
throughout the education chain. At the same time,
we have to prepare for a future with different kinds

~of students who have a wide range of needs in science

education. We have to find ways of providing con-
tinuing educational opportunities outside the formal
educational system for this country’s technologically
based society.

Obviously, the application of such criteria does
not yield an incontestable, single answer. Those to
whom we are accountable will make the necessary
judgment. They can do so with the knowledge that
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we do not stand rigidly on a previously accepted
doctrine, nor are we locked into positions that prevent
us from adjusting our current state of balance. On
the contrary, as this statement has highlighted, we
are sensitive to the prospect for change where needed
and alert for communications which tell us what the
American people want and expect from the scientific

For these and other reasons, it is necessary that
many of our changes be incremental and tailored
closely to circumstances. Concurrently, we remain
alert for the chance to apply useful leverage through
new initiatives which may be useful in the solution
of cutrent societal problems. In this way, we can
sustain the movement and momentum of the agency

community. Sos too, are-we receptive-to—judgments—toward-its statutory goals; and a new balance which

from the scientific community as to emerging research
areas of great yield. We receive this information
from many different sources, and it must be assessed
and reconciled.

is in equilibrium with its changing environment.
This, I believe we have done as the record of the
Annual Report indicates. This, we will continue to
try to do in the future.



Research
Project
Support

Activities

One of the major responsibilities of
the National Science Foundation is to
support and strengthen fundamental
research in all fields of science. The
Foundation has provided and will con-
tinue to provide strong support for
fundamental research in the biological,
physical, mathematical, environmental,
social, and materials sciences, and in
engineering. The Foundation fulfills
this responsibility by supporting efforts
of individual scientists and engineers
in their search to resolve scientific
questions concerning basic life pro-
cesses; natural laws and phenomena;
complex factors influencing man’s en-
vironment; and the physical, psycho-
logical, and other forces determining
the individual behavior of man as well
as the collective behavior of his soci-
eties, Within NSF, the Research Direc-
torate has ‘the principal role in provid-
ing the dynamics and organization of
this support. There are two principal
mechanisms by which it does this:
® Grants to academic institutions in
support of individuals or small
groups of scientists doing re-
search considered to have out-
standing potential for the develop-
ment of new scientific knowledge.

® Grants in support of programs
such as the International Biologi-
cal Program and the Global
Atmospheric Research Program.
(These programs are described
with other national programs on
pages 36-39).

Support is also provided to assist in:

® Obtaining specialized research

equipment, instrumentation, and
research facilities.

® Defraying the costs of travel for

individual scientists attending se-
lected scientific conferences.

* ® Convening conferences and sym-
posia.

® Supporting dissertation research

in the social sciences and certain
other sciences involving exten-
sive field work.

RESEARCH PROJECT SUPPORT

The support of basic research in the
United States has gone through sig-
nificant adjustments in the past few

years as a consequence of changing
national priorities. During fiscal year
1972, by virtue of a special increase
in its appropriation, the NSF was able
to respond to this problem by increas-
ing its support of research by an ap-
preciable fraction of the amount cut
back by other agencies. By this action,
the executive branch and the Congress
moved in concert to minimize the
adverse impact upon the nation’s
strength in the basic sciences of a
number of program changes by agen-
cies whose support of basic research
must, of necessity, be kept rather
closely attuned to shifting mission re-
quirements. This adjustment was made
in all affected science disciplines.

In fiscal year 1972, the Foundation
awarded 5,658 grants amounting to
$242.5 million for the support of
individual research projects. Compat-
able figures for fiscal year 1971 were
4,495 grants for a total of $180.3
million, The distribution, number, and
amount of grants according to field
of science for fiscal years 1970, 1971,
and 1972 are shown in table 1. Grants
were awarded to 471 institutions,
including 326 colleges and univer-
sities, in all 50 States, the District of
Columbia, and Puerto Rico; 94 pet-
cent of the funds went to academic
institutions. Of these, 232 received
two or more research grants, and 130
received $200,000 or more. Table 2
shows the average distribution in fiscal
year 1972 for approved cost items on
the 5,658 research grants.

SPECIALIZED RESEARCH FACILITIES
AND EQuIPMENT

In fiscal year 1972, the Foundation
awarded $6.0 million to institu-
tions to assist in the purchase of
specialized facilities and equipment in
biology, astronomy, earth and atmo-
spheric sciences, physics, chemistry,
engineering, materials sciences, and
the social sciences. (Computing and
oceanographic facilities are discussed
in the chapter on National and Inter-
national Programs.) Table 3 shows the
distribution of funds over a 3-year
period. The nature of this support for
specialized equipment and facilities is
illustrated by the following examples.
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Table 1

Scientific Research Projects
Fiscal Years 1970, 1971, and 1972

(Dollars in millions}

Fiscal year 1970 Fiscal year 1971

Fiscal year 1972

Number Amount Number Amount Number Amount
Physics ) A, o
= Elemertary Particle Physics _. $11.24 $11.60 $13.69
Nuclear Physics 6.46 9.42 10.92
Atomic, Molecular & Plasma
Physics ... 2.72 2.75 3.20
Theoretical Physics 3.34 2.72 3.27
Gravitational -0- -0- 1.25
Subtotal ... 245 28.181 2590 26.49 267 32.33
Chemistry
Synthetic Chemistry 4.05 4,27 5.00
Structural Chemistry 2.80 3.07 3.01
Quantum Chemistry _ 3.40 3.50 4.05
Chemical Dynamics 3.58 3.52 4,10
Chemical Analysis ... 171 1.81 2.7%
Chemical Thermodynamics . 1.86 1.77 2.25
Chemical Instrumentation . -0- 1.70 1.69
Subtotal 449 17.40 488 19.64 593 22,85
Astronomy
Solar System Astronomy ___. 58 45 50
Stars and Stellar Evolution 1.45 1.59 1.77
Stellar Systems and Motions . _ 77 52 .57
Galactic and Extragalactic
Astronomy ... 1.26 3.17 3.96
Astronomical Instrumentation and
Development ... . 1.74 .94 .95
Subtotal _ ... ... 108 5.80 135 6.67 131 7.7
Mathematical Sciences
Classical Analysis and Geometry __.. 4.34 2.22 2.61
Modern Analysis and Probability ... - 2.36 2.62
Algebra .. 4.49 2.49 2.98
Topology and Foundations 2.22 2.27
Applied Mathematics and Statis ics 3.83 3.06 3.27
Special Projects . -0- 59 -0 -
Subtotal 489 12.66 535 12,94 693 13.75
Biological Sciences
Cellular Biology ... 8.68 8.92 11.80
Ecology and Systematic Biology 8.60 8.86 10.21
Molecular Biology 9.76 9,95 12.45
Physiological Processes 9.53 8.89 9.93
Neurobiology ... -0- 4.05 4.40
Psychobiology . 4.30 3.60 4.00
Subtotal . ... 1072 40.87 1,369 44,27 1,620 52.79
Atmospheric Sciences
Aeronomy 1.69 2,35 3.19
Meteorology 3.95 4,73 5.33
Solar-Terrestr| 2,28 2.36 2,90
Subtotal 118 7.92 143 9.44 211 11.42
Earth Sciences
Geology 1.42 1.64 1.75
Geochemistry . — 3.07 3.05 3.72
Geophysics 3.36 3.43 3.91
Subtotal ... - 169 7.85 225 8.12 253 9.38
Oceanography
Physical and Chemical
Oceanography o 2,07 2.70 3.95
Submarine Geology and
Geophysics 3.18 3.36 412
Biological Oceanography 3.66 3.92 4.38
Subtotal ..o 218 8.91 235 9.98 268 12.45
Engineering
Engineering Chemistry 2,83 3.04 7.37
Engineering Energetics . 2.86 2.79 3
Engineering Mechanics .. 6.55 5.77 10.12
Electrical Sciences
and Analysis ... ... -0- 1.48 6.89
Special Engineering 1.17 1.02 -0-
Subtotal ... 463 16.70 2 385 14.10 634 24.38
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Table 1—~Continued

Scientific Research Projects
Fiscal Years 1970, 1971, and 1972

(Dollars in millions)
Fiscal year 1970

Fiscal year 1971 Fiscal year 1972

Number Amount Number Amount Number Amount
Social Sciences
Anthropology $3.47 $ 3.56 $ 3.80
Economics . 4.35 4.56 5.20
Economic a -0- .65 80
Sociology 1.68 1.21 2.10
Social Psychology 1.68 1.42 2.10
Political Science 1.19 77 1.48
History and _Philo 83 .76 87
Special Projects ... 1.74 2.10 2.77
Law and Social Science -0- .69 90
Geography ______ 48 -0 - -0-
Social Indicators -0- 1.94 2.05
Subtotal ... 459 15.42 484 17.66 613 22.07
Materials Research
Engineering Materials ___ .. -0- 4.01 6.58
Solid State and Low

Temperature Physics ... ... . -0- 5.72 9.66

Solid State Chemistry and
Polymer Science ______ . -0- .93 2.07
Materials Research Laboratories ... -0- -0- 12,80
National Magnet Laboratory .. -0- 40 2.28
Subtotal . . -0- -0- 206 11.06 375 33.39
Total ... S 3,790 $161.71 4,495  $180.37 5,658 $242.56

1 Includes Solid State and Low Temperature Physics of $4.42. 2 Includes Engineering Materials of $3.29.

Tahle 2

Scientific Research Projects, Average Distribution of Funds by Type of Expenditure
Fiscal Years 1970, 1971, and 1972

Fiscal year 1970

Fiscal year 1971

Fiscal year 1972

Percent Percent Percent
Amount  of total Amount.  of total Amount  of total
Professional Personne!

Faculty 15.4 $ 6,560 15.0 $ 6,194 14.1
Research Associates 940 6.7 2,668 6.1 987 6.8
Research Assistants 6,275 14.3 5,510 12.6 4,877 11.1
Other Professional . 2,150 4.9 2,274 5.2 2,065 4.7
Total Professional Personnel 18,123 41.3 17,012 38.9 16,123 36.7
Other Personnel . 3,467 7.9 3,499 8.0 ,383 7.7
Fringe Benefits _. - 1,492 3.4 1,618 3.7 1,757 4.0
Total Salaries and Wages .. 23,082 52.6 22,129 50.6 21,263 48.4
Permanent Equipment . 2,677 6.1 2,756 6.3 2,724 6.2

Expendable Equipment and
Supplies 3,028 6.9 3,149 7.2 2,900 6.6
Travel . _— 1,273 2.9 1,356 3.1 1,318 3.0
Publication and Printing . 658 15 612 1.4 615 L4
Computing Costs 1,360 3.1 1,356 3.1 1,186 2.7
Other Costs ... 2,019 4.6 2536 5.8 3,778 8.6
Total Direct Costs ___ 34,097 777 33,894 71.5 33,784 76.9
Indirect Costs . . 9,786 22,3 9,840 225 10,148 23.1
Total Average Grant __.. $43,883 100.0 $43,734 100.0 $43,932 100.0

Table 3

Specialized Research Facilities and Equipment
Fiscal Years 1970, 1971, and 1972

{Dollars in millions)
Fiscal year 1970

Fiscal year 1971 Fiscal year 1972

Number Amount Number Amount Number Amount

Astronomy 5 $.190 3 $ .250 4 $ .253
Atmospheric Sciences . 4 .199 5 .290 7 .287
Biological and Medical Sciences ..._ 11 918 2 .904 24 1.214
Chemistry 63 1.697 58 1.700 40 1.673
Earth Sciences 3 .103 2 121 4 . .100
Engineering _ 28 .600 30 752 31 625
Oceanography _ . 1 1 067 5 100
Physics 12 2.499 5 1.444 4 949
Social Sciences . ... .. 1 ,298 6 272 6 .386
Materials R ch 17 425

Total . 127  $6.504 131  $5.800 142 $6.012

1Included in National and Special Research Programs in Fiscal Year 1970.
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As a result of growing enthusiasm
by researchers in several fields other
than physics to use synchrotron radia-
tion in their experiments, existing fa-
cilities for such radiation use were
expanded. These facilities provide a
unique source of intense and continu-
um X-rays which are of significant

value to solid-state physicists, chem- -

ing h;draulics Ph.D. thesis. Another
study investigated the mechanics of
ice jams and the conditions under
which fragmented ice accumulations
become unstable, giving rise to chan-
nel blockage and flooding. A project
of environmental interest is a study of
the effects on river ice of the thermal
~effluentfrom a_nuclear power—_plant.

ists, and atmospheric scientists, and
which promise in the near future to
be of use to biologists and radiolo-
gists as well. At this type of special-
ized facility, such varied projects are
carried out as the study of photoemis-
sion spectra of metals with chemi-
sorbed molecules (important in under-
standing the mechanism of chemical
action on surfaces of all types),
exciton fluorescence measurements on
aromatic compounds, and photoabsorp-
tion cross section measutements for
important atmospheric gases.

Another area where equipment and
facilities were improved is in the field
of noise research. NSF grants will
make possible continued and expand-
ed investigations in acoustical attenu-
ation, the effect of transient noise on
the auditory system, and research on
environmental noise created by vari-
ous sources such as residential air
conditioners, diesel engines, jet en-
gines, turbines, fans, air-moving de-
vices, compressors, and traffic noise.
This area of research has been increas-
ing in importance as population den-
sity and societal stresses increase and
environmental issues gain priority in
public attention.

A low temperature hydraulic flow
facility at the University of lowa,
constructed 2 years ago, has been
continuously used with outstanding
results on a number of basic and ap-
plied studies involving various hy-
draulic engineering characteristics of
ice and ice formation. One study
probed the stability of turbulent flows
past freezing and melting ice bound-
aries and the attendant formation of
ice ripples and their effects on flows
in ice-covered rivers. A part of this
research won the international 1971
Straub prize for the year’s outstand-

The length of the Mississippi River
that will be kept ice-free by this
effluent is being investigated analyti-
cally.

MATHEMATICAL
AND PHYSICAL
SCIENCES

Vigorous and exciting progress
characterize the four areas—physics,
chemistry, astronomy, and mathemat-
ics—that comprise the Mathematical
and Physical Sciences Division. These
traditional disciplines are highly de-
veloped in technique, theory, and pat-
terns of thought, They continuously
exchange new knowledge, techniques,
ideas, and problems among them-
selves and also enlarge, enrich, and
systematize their interactions with
other areas of science and technolo-
gy. The support patterns in these
fields have been strongly perturbed,
however, during recent years by the
withdrawal of many other Federal
agencies from the support of such
research.

The physics research  program
spans  natural phenomena  from
subatomic particles to the forces that
shape the universe. Continuous ad-
vances in understanding these phenom-
ena result in a steady transfer of
knowledge to chemistry, the environ-
mental sciences, engineering, the life
sciences, and other areas directly con-
cerned with finding ways to improve
man’s ability to live with and manage
his surroundings. A reflection of this
transfer was the assignment in 1972
of the Physics Program’s work in sol-
id state and low temperature physics
and corresponding components of
theoretical physics to the new Divi-
sion of Materials Research, thereby

relating knowledge from the forefront
of physics research to development of
new materials and materials process-
ing techniques.

Basic physics research is a source
of long-range technological progress.
For example, research into properties
of the atomic nucleus has led to the

—formation—6f-an-entire new technolo-
gy—nuclear power—which is already
2 billion-dollar industry and may,
within a few decades, alter our entire
approach to energy requirements. The
modern electronics, communication,
and computer industries are grounded
in basic physics. Physics contributes
to improved cancer radiation therapy
through the use of new types of radi-
ation, contributes to developing new
sources of power to meet growing
demands for energy, and contributes
to improved technologies in such areas
as lasers, magnetic materials, and spec-
trometry. The technological payoff
from basic physics research will
continue.

The chemistry research program
increases our knowledge of the com-
position, structure, and mutual inter-
conversion of substances. It seeks ways
of predicting, in general, which atomic
or molecular arrangement will pro-
duce 2 desired property, predicting the
optimum sequence of reactions to pro-
duce a desired molecule, and under-
standing the rates of chemical re-
actions.

The areas of modern chemical re-
search are interactive: Advances in
one area are closely tied to advances
in the others. For example, methods
of chemical analysis and quantitative
measurements, usually accomplished
with modern sophisticated instru-
ments, are indispensable to the solu-
tion of nearly any chemical problem.
Much of the progress made in under-
standing molecular processes rests on
the availability of instrumentation
that permits the separation and analy-
sis of complicated mixtures or that
measures the effects of subtle changes
in molecular properties.

Another area of major importance
is the development of an understand-



ing of the mechanisms by which cata-
lysts influence the rates of chemical
reactions without permanent change
to the catalysts. NSF not only sup-
ports ongoing research, but also re-
search that probes new areas of op-
portunity that may lead to commercial
application.

Research in astronomy deals with
methods and equipment to increase
our understanding of the objects and
phenomena in the universe, the laws
that govern them, and the relation-
ships among matter, time, and space.
Some of these objects are so remote
that they can be studied only by
means of electromagnetic radiation
and cosmic particles coming from
them and caught with instruments on
the earth. These instruments, in short
supply and exceedingly  expensive to
build, have benefited in recent years
by technological developments that
have increased the ability of astrono-
mers to record more data using new
instrumentation on existing tele-
scopes. The need for Federal support
of astronomy is large in comparison to
many other fields of science because
astronomy, though crucial in eluci-
dating theories concerning physical
laws, is not usually directly applicable
to problems that would merit indus-
trial or non-Federal support. NSF
supports about 90 percent of the total
U.S. effort in ground-based astrono-
my, the balance coming from private
and State sources.

The program in mathematical
sciences supports the creation of new
techniques, understanding of mathe-
matical structures already extant and
the relations between them, and the
construction of mathematical models
of physical, biological, or social
phenomena and their application to
the world in which we live. As we
develop more complex technologies in
which elements of the social and bio-
logical sciences are intermingled with
those of the physical and engineering
sciences, mathematics will play an in-
creasing role. The applications of math-
ematical research are generally not
immediate and, when they are made,
are apt to be widely diffused first into
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other sciences and then into technol-
ogy.

The recent past in mathematics has
been characterized by increasing ab-
straction and generalization, with the
effect of revealing unsuspected Kkin-
ships and confluence among tradition-
al mathematical disciplines. The result
has been the creation of tools of un-
precedented power for attacking
problems of great difficulty. For ex-
ample, the mathematical tools for a
sophisticated theory of guidance of
many kinds of vehicles, machines, and
industrial processes have been made
available through research in analysis
and topology, and have resulted in a
burgeoning of research in nonlinear
ordinary differential equations. This
research has also been responsible for
the development of those parts of
applied mathematics known as con-
trol theory, optimization theory, and
differential *“games.”

Examples of a few important re-
search projects in the mathematical
and physical sciences are described on
the following pages.

PHYSICS

Scaling and Partons—A
Substructure for the
Proton?

One of the most important and
stimulating findings in particle physics
in recent years is the discovery of scale
invariance—or “scaling.” Briefly, the
scaling property implies that certain
phenomena involved in reactions of
elementary particles have a very sim-
ple mathematical representation, de-
pending only on ratios of a few
measured quantities. These ratios,
which have no dimensions (like miles
per hour), are, in a sense, analogous
to the more familiar dimensionless
numbers, such as the Reynolds num-
ber in hydrodynamics which relates
turbulent to laminar flows, or the
Mach number in aerodynamics, which

characterizes the kinds of shock
waves that occur in supersonic
flow.

Initially suggested theoretically,
scaling was first observed in the deep
inelastic scattering of electrons on
protons (in which the proton is bro-
ken apart by the deep-probing elec-
tron) at the Stanford Linear Acceler-
ator Center (SLAC), and subse-
quently confirmed in more detailed
measurements at the Cornell Electron
Synchrotron. In these experiments,
some of the kinetic energy of the
incident electrons is converted to
mass, which is ejected in the form of
one or more elementary particles in
addition to the struck proton. A large
number of physical variables are
necessary to describe the resulting
complex multi-particle final states in
such reactions. The first scaling exper-
iments measured a quantity called the
“inclusive cross section,” which is the
probability of the electron scattering
through a given angle. To determine
it, only the incident and outgoing
electron need be dealt with, and all of
the additional particles can be ig-
nored. This cross section is computed
with the use of two so-called “struc-
ture” functions which depend on the
energy lost by the incident electron
and the momentum transferred by
that electron to the target proton. But
when the structure functions are cal-
culated for grossly different values of
both energy loss and momentum
transfer, their results fall along a
smooth curve indicating that, over a
wide range of energy and momentum
transfers, these structure functions de-
pend only on a dimensionless ratio of
the two variables,

The remarkable simplicity of this
behavior may have profound implica-
tions for understanding the structure
of the proton itself, and 2 number of
models have been adduced to explain
these results. In one, the so-called
“parton model” of R. P. Feynman at
the California Institute of Technolo-
gy, the nucleon (neutron or proton)
is envisioned as a noninteracting gas
of fundamental particles called “par-
tons.” Deep inelastic scattering can be
described as scattering of the elec-
trons from these pointlike partons.
This interpretation is reminiscent of
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STRUCTURE FUNCTIONS FOR DEEP-INELASTIC 0.6 —
ELECTRON-PROTON SCATTERING

15
o
 §

o
™~

40F

20k

Structure Function W,

Structure Function YW,
i
N

Scaling Variable w

0.0 b—at
>

4 6 8 10 20
Scaling Variable w

These experimental measurements show the “structure” functions that determine the inclusive cross section for deep inelastic scatter-
ings. Adjacent points on these graphs are measured at grossly different values of energy and momentum transfer, but at neighboring
values of their dimensionless ratio—the scaling variable w. The fact that these points define approximately smooth curves rather
than scatter uniformly over the graph is a verification of the scaling hypothesis.

Rutherford’s work at the turn of the
century, when his study of the behav-
ior of the scattering of alpha particles
from heavy atoms led him to con-
clude that these atoms were made up
. of diffusely distributed clouds of elec-
trons surrounding a pointlike, posi-
tively charged nucleus. Determining

specific details of the deep inelastic’

process will answer a host of ques-
tions about the partons if they really
do exist, and further experimental
studies are going on at both SLAC
and Cornell.

In addition, deep inelastic scatter-
ing experiments will shortly be ex-
tended to a new energy domain at the
National Accelerator Laboratory in
Batavia, Ill., where experiments in-
volving beams of elementary particles
known as muons (instead of elec-
trons) will investigate scaling behav-
ior in regions of energy and momen-
tum transfer an order of magnitude
larger than those accessible at SLAC
and Cornell. One of the first such
experiments, to be performed jointly
by NSF-supported groups from Mich-
igan State, Cornell, and the Universi-

ty of California, San Diego, will scat-
ter muons from heavy nuclei and in-
vestigate a wide range of variables. A
second, more elaborate experiment,
by a Chicago-Harvard-Oxford collab-
oration, will study a somewhat small-
er kinematical range, but will use a
liquid hydrogen (i.e., proton) target,
and make a detailed study of all the
outgoing particles as well.

Gravitational Radiation

Revisited
Three years ago, Joseph Weber of
the University of Maryland an-

nounced the detection of events that
he identified with pulses of gravita-
tional radiation from some distant
source. Although this interpretation
of his data was greeted initially with
skepticism by many members of the
scientific community, Dr. Weber has
continued to refine his techniques dur-
ing the intervening years. The addi-
tional” observations that he has been
able to obtain with these improve-
ments are consistent with the idea

that he is indeed detecting gravita-
tional radiation, although they pose
grave difficulties for theories of the
sources of this radiation.

Dr. Weber’s initial experiment con-
sisted of looking for anomalous exci-
tations  of  vibrations of two
1-1/2-ton aluminum cylinders, one
located at College Park, Md., and the
other at the Argonne National Labo-
ratory outside Chicago. A count was
made of the number of times both
cylinders were excited essentially si-
multaneously (an event termed a
“coincidence”), and it was found that
these coincidences occurred much
more frequently than could be ex-
plained on the hypothesis that the
bars were being excited by random
thermal oscillations. Subsequent ex-
periments have effectively ruled out
the possibility that these signals are
due to the earth’s seismic activity,
long wavelength electromagnetic dis-
turbances, or cosmic rays—the three
most popular alternative explanations.
In addition, the directional sensitivity
of the cylinders indicated a signal
source at either the galactic center or
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a point diametrically opposed to the
galactic center, not far from the Crab
nebula. In the past year, Dr. Weber
has instrumented a new disk-type of
detector, which has a directional re-
sponse different from the cylinder de-
tectors. This detector, when run in
coincidence with one of the old cylin-
der detectors, is capable of removing
the previous ambiguity of the source
direction. New experiments point to a
source of gravitational radiation at
the center of our galaxy, rather than
the anti-center.

These  remarkable  observations
have stimulated intense activity in
many segments of the scientific com-
munity. Theoretical physicists have
pointed out that if the events are
gravitational in origin, and if their
source is located in the center of the
galaxy and radiating energy with
equal strength in all directions, then
enough mass must be converted into
energy in the form of gravitational
waves near the galactic center to have
a noticeable -effect on the motions of
clouds of hydrogen gas near the solar
system. Radio astronomers have not
detected such motions, however, and
this has led one group of theorists,
under the direction of Charles Misner
(also at Maryland) to suggest a kind
of gravitational synchrotron radiation
as a possible source mechanism. In
this theory, gravitational radiation
from a very rapidly accelerated mas-
sive object orbiting near the galactic
center would beam its radiation pre-
dominantly into the plane of the
galaxy. Although this beaming would
relieve the stringent energy loss re-:
quirements mentioned above, no one
has yet proposed a convincing picture
of how the radiating masses could get
into their orbits.

On the experimental side, groups
are setting up apparatus to confirm
Dr. Weber’s results, including one in
the U.S.S.R., one in Germany, two
each in Italy and the United King-
dom, and one in Canada. In the
United States, the Foundation is sup-
porting two efforts in addition to Dr.
Weber’s. One detector system at the

Physicist Joseph Weber is here shown with his disk detector. This detector is least semsitive to
the kind of gravitational radiation predicted by Einstein’s theory when its flac face is perpen-
University of Rochester is quite simi-  dicular to the direction of the radiating source.

491-718 0 - 13 -2
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TIME DISTRIBUTION OF WEBER PULSES
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past two decades for study of the
extremely fast and energetic processes
that occur in flames.

Foundation grantees are working
on many projects to understand these
processes. ‘Thomas Vickers of the
University of Florida is studying the
changes in light absorbed and emitted
when trace amounts of heavy metals
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Original experiments to detect gravitational radiation recorded coincident

“events” measured by

cylinders at two widely separated locations. They revealed a source of radiation at either the
center or anti-center of our galaxy (left). (The earth is essentially transparent to gravitational
radiation, so the data are combined into half a day’s time.) Recent experiments (right) using
one cylinder and one disk detector (which is least sensitive to radiation when its flat face is
pointed towards it) show the fewest coincidences when pointing toward the galactic center—
confirmation that the center is the source of the radiation.

lar to Dr. Weber’s, and will be run in
coincidence with a detector being
constructed at the Bell Telephone Lab-
oratories. Superconducting detectors
to achieve maximum isolation from
all sources of thermal noise will be
run at Louisiana State University and
Stanford University. Through collabo-
rative efforts such as these, physicists
in the next few years hope to gain
new insights into the nature of the
surprising phenomenon discovered by
Dr. Weber, which, if it is not gravita-
tional radiation, is likely to be even
more significant.

CHEMISTRY
Chemistry and Combustion

What happens in flames is a matter
of great practical concern. From the
simple hydrogen-oxygen flame, now
being reexamined as a possible major
source of energy, to the complex
combustion of wood, chemists are de-
voting increasing effort to trying to
understand the details of the combus-
tion process. This work is possible as
a result of instruments and techniques

that have become available in the

are present in hydrogen flames. At
Pennsylvania State University,
Howard Palmer has recently observed
light from an excited form of sulfur
dioxide for the first ‘time when carbon
disulfide or carbon oxysulfide is
burned in oxygen. At the State Uni-
versity of New York at Binghamton,
Walter Kaskan may provide informa-
tion useful in assessing the potential
of ammonia as a fuel from his
measurements of the formation and
destruction of nitrogen oxide in am-
monia flames.

Tn those examples, flames are being
studied directly. It is possible, howev-
er, to learn a great deal about flames
by generating the reactive species
present in flames by processes other
than combustion and studying their
reactions. For example, direct studies
have shown that many flames contain
a number of reactive fragments, in-
cluding oxygen and hydrogen atoms
and hydroxyl radicals (the product
from combination of one hydrogen

- and one oxygen atom). These species

can be produced in a number of
ways. Frederick Kaufman at the Uni-
versity of Pittsburgh simply heats hy-
drogen gas with a tungsten filament to
create hydrogen atoms; he then
studies their reaction with each other
in the presence of other gases such as
carbon dioxide, water vapor, or
methane. At lllinois Institute of Tech-
nology, David Gutman uses mi-_
crowave or radiofrequency discharges
to dissociate oxygen molecules into
oxygen atoms. A stream of these
atoms is then made to collide with a
crossed beam of “fuel,” such as acety-
lene, and the unstable products of the
collisions are detected. This method
has already been used to show that
the inferences about these products
from previous experiments in which



RESEARCH PRO JECT SUPPORT ACTIVITIES 9

In this reaction of hydrogen gas containing methyl borate burning in air, the brighter low
region is the flame or reaction zone, and the middle and upper region is the burned gas (the
metal screen above the flame gives hydrodynamic stability). The vertical streaks on the sides
are clouds of condensed boric oxide particles and mark the hot/cold boundary. A spectogram of
the flame shows the light emitted by the boric oxide bands, with the brighter portion of the
spectrum at the bottom in the flame zone and the darker portion above in the burned gases.
(Photo by Walter Kaskan, SUNY-Binghamton)

they could not be detected directly
were wrong. Ultraviolet light can also
cause dissociation of molecules into
atoms or larger molecular fragments,
both in the laboratory and in the
atmosphere. In fact, the work of both
Drs. Kaufman and Gutman is equally
important in understanding smog and
upper atmosphere chemistry as it is
for explaining combustion.

Another technique that produces
temperatures, fragments, and light
emission very similar to flames is to

pass shock waves through a mixture
of gases. Dr. Guiman also used this
method to study the acetylene-oxygen
reaction. In the first experiment, the
crossed beams, he learned what un-
stable fragments are initially formed.
He was then able to deduce some-
thing about how fast they form and
react from the nature of the light
emitted from the shock tube. Ralph
Kern at Louisiana State University is
now using a modification of the shock
tube technique to learn how methane

decomposes when it is heated. Among
other things, it turns out that one of
the intermediate products is acety-
lene, which immediately links this
study with Dr. Gutman’s.

The reactions discussed so far were
intentionally chosen by the investiga-
tors to be as simple as possible. Still,
the acetylene-oxygen reaction proba-
bly involves at least 20 intermediate
compounds before the final stable
products, water and carbon dioxide,
are formed. The techniques being
used in these relatively simple com-
bustions would produce hopelessly
complicated results if they were ap-
plied to a process such as the combus-
tion of the cellulose of which cotton
consists. Yet, understanding this pro-
cess is at least as important as know-
ing how acetylene burns. The ap-
proach being used by Fred Shafizadeh
at the University of Montana, and at
the University of California’s State-
wide Air Pollution Research Center
in Riverside, is called pyrolysis. This
involves heating cellulose below flame
temperatures and/or in the absence
of oxygen and collecting and identify-
ing the gaseous products formed. At
the California laboratories, cotton
treated with sugar containing radioac-
tive carbon produces cellulose con-
taining radioactive “labels.”” Pyrolysis
of this material will help determine
the exact source of the carbon mon-
oxide and carbon dioxide produced.

None of the experiments discussed
here is spectacular in itself. Yet, all of
them, and a much larger body of
research on the chemistry of reactive
fragments, are providing a base of
scientific  understanding which s
crucial to the solution of the practical
problems of fire prevention and air
pollution, as well as a host of other
problems of economic and environ-
mental importance.

Potential Surface for the
F+ H. Reaction

Powerful theoretical techniques are
now being brought to bear on reac-
tions similar to those which occur in
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combustion. An important goal is the
prediction, from first principles, of
chemical reaction rates, and a great
deal of effort has been expended on
this problem since the early 1930’.
Basically, quantum mechanics is em-
ployed in the calculation of points on
2 “hill-and-valley-like” surface rep-
resenting the potential energy-of a
system of atoms and molecules in a
particular configuration. Low regions
shaped somewhat like narrow valleys,
representing relatively low potential
energy, correspond to compounds. The
passage of a point from one valley
over a saddle point (or pass) into
another valley represents a chemical
reaction, and the shape of the surface
determines the rate of the reaction
and the energy disposition among the
products.

The surface for the system of
three hydrogen atoms (the same sys-
tem being studied experimentally by
Dr. Kaufman) is the simplest to treat
theoretically. It has received extensive
study, from which principles useful
in more complex situations have
emerged. Development of computa-
tional techniques and the availability
of high-speed computers now makes
possible reliable calculations for sys-
tems containing larger atoms.

Henry F. Schaefer III, of the Uni-
versity of California, Berkeley, with
the aid of a Foundation grant and in
collaboration with several other scien-
tists, has recently carried out calcula-
tions for the potential energy surface
for the fluorine plus hydrogen mole-
cule system. The chemical reaction
F + H, — FH -+ H has been stud-
ied experimentally by a number of
techniques related to those used by
Drs. Kaufman and Gutman, and fairly
detailed information is available about
the reaction dynamics.

In preliminary work, about 350 in-
dividual calculations were carried out,
each referring to a particular ar-
rangement of the three atoms. A
great deal of information was ob-
tained about the potential surface and
about the usefulness of various the-
oretical approaches. It was found that

the minimum energy path for the
reaction involved an arrangement in
which the F-H-H atoms lie along a
straight line. Further refinements pro-
duced a potential surface which is
thought to correspond fairly closely
to reality and is considered to be
of chemical accuracy. The barrier

--height - (which represents the energy

difference between the saddle point
and the separated reactants) and the
exothermicity (the energy released
when the reaction occurs) agree quite
well with experimental quantities. It is
expected that this potential surface,
calculated from first principles, will
be useful for dynamical studies (clas-
sical  trajectories, semiclassical and
quantum treatments) that will allow
comparison of additional theoretical
results with information obtained by
experiment. Dr. Schaefer is also ap-
plying this kind of analysis to reac-
tions involving hydrogen and oxygen
species, which should provide a the-
oretical base with which to compare
and refine the experimental studies of
simple flames.

ASTRONOMY
Standard Candles

One of the most difficult and yet
one of the most fundamental observa-
tional problems which astronomers
must solve is that of identifying stars
of known intrinsic brightness to serve
as basic indicators of distance to the
systems in-which they are found. Over
the past half century pulsating varia-
bles (e.g., Cepheids) have been these
standards. Early research indicated a
linear  relation between intrinsic
brightness and period of pulsation,
though upon closer inspection the
relation has required extensive modifi-
cation. Each change has produced al-
terations in-the distance scale of our
own and distant galaxies.

Variable stars that pulsate in less
than a day, the RR Lyrae stars, have
been the subject of two observational
programs at the Cerro Tololo Inter-
American Observatory (CTIO). John
Graham, a CTIO staff member, is

now completing a study of §2 RR
Lyrae stars in the Large Magellanic
Cloud, a small satellite of our own
galaxy. Dr. Graham has discovered
that the RR Lyrae variables in this
nearby companion form a very homo-
geneous group having a much smaller
spread in their period-luminosity rela-
tion than-is-found-for the same types
of stars in the main Milky Way sys-
tem, where we are located. The dis-
persion found in our own galaxy is
attributed to variations in the abun-
dance of elements heavier than heli-
um. Dr. Graham’s observations.
therefore, indicate that the RR Lyrae
stars in the Large Cloud have a very
small range in heavy-element abun-
dance. His result is further interpreted
as meaning a narrow range of age,
i.e., a single generation, for stars in
the Large Magellanic Cloud, as op-
posed to the several generations
present in the Milky Way. Each suc-
cessive generation is richer than the
preceding one in carbon, nitrogen, ox-
ygen, and heavier metals because nu-
clear reactions in older stars slowly
fuse these elements from hydrogen
and helium, enriching the raw materi-
al for new stars,

A similar study of RR Lyrae stars
in our own Milky Way system has
been made jointly by F. D. A. Hart-
wick and Graham Hill, guest investi-
gators at CTIO, and James E. Hesser
of the CTIO staff. Although the very -
central regions of our galaxy are
effectively blocked from our view by
heavy interstellar obscuration, there is
a small, relatively clear region toward
the galactic center in which Walter
Baade discovered over 100 RR Lyrae
stars many years ago. Using these
objects as “‘standard candles,” Dr.
Baade was able to make an estimate
of the distance to the center of our
galaxy and thus set the scale for all
galactic structure studies. The region
studied by Dr. Baade is in the south-
ern sky and he could observe it only
for a very short time, since it never
rises more than about 20° above the
horizon at the Mt. Wilson Observato-
ry in California. Dr, Hesser and his
colleagues have demonstrated that in
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The nearest neighbor of our own Milky Way galaxy, the Large Magellanic Cloud, passes nearly
overhead at the Cerro Tololo Inter-American Observatory in Chile. Excellent observations of its
constituent stars can be made there, as the chart below, the distribution of RR Lyrae stars,
shows. The narrow width of the distribution indicates that these stars formed from the inter-
stellar medium at nearly the same time, as opposed to the several generations in the Milky Way.
(Photo by John Graham, CTIO; chart by Kitt Peak National Observatory)

84 percent of the 38 wvariables
checked by the observers in Chile, the
observing conditions imposed on Dr.
Baade at Mt. Wilson, coupled with
the limitation that the periods of pul-
sation of RR Lyraes are some frac-
tion of a day, led to erroneous deter-
minations of periods. New determi-
nations of the characteristics of these
stars—their periods and metal abun-
dances—will lead to an improved es-
timate of the size of our galaxy.

Very Long Baseline
Interferometry

Digital Very Long Baseline (VLB)
interferometry is an observing tech-
nique used at the National Radio As-
tronomy Observatory (NRAO) and
certain other observatories. Record-
ings of a celestial radio source are
made simultaneously at two or more
widely separated sites, using atomic
clocks for synchronization. Later, in-
tercomparison of the recorded data
from all sites involved permits con-
struction of a model of the spatial
structure of the radio source with
extremely high angular resolving
powet.

One of the most exciting finds to
come from the new technique is the
discovery of “‘super-relativistic” ex-
pansion in radio sources. During a
series of transcontinental observations
made from 1970 to the present, the
visibility patterns of several sources
were found to change with time, indi-
cating that the parts of the sources
were separating as seen from the
earth. The sources are thought to be
very distant, so the simplest interpre-
tation of the effect required very high
apparent expansion velocities within
the sources—in one source, nearly ten
times the speed of light.

Since the possibility that matter is
really moving with velocities in excess
of the speed of light is not taken
seriously by the experimenters, other
alternatives have been explored. Da-
vid DeYoung at NRAO has proposed
an explanation in terms of the dis-
tribution of synchrotron radiation in a
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Very Long Baseline interferometry, in which widely separated radio telescopes view the same object simultaneously to produce very
high resolution, has used instruments in three continents in the past 2 years.

source expanding at nearly the speed
of light. (Synchrontron radiation, first
discovered in the accelerators bearing
the same name, is produced when a
charged particle moving at a speed
very close to the speed of light passes
through a magnetic field.) He found
that sources with apparent expansion
velocities in excess of the velocity of
light can result from natural geome-
tries and reasonable expansion rates
due to the tricks played on the ob-
server by the arrival time of light
traveling from the source.

William Dent of the University of
Massachusetts has proposed a motion-
free model using data on source vari-
ability obtained from the Haystack
Radio Telescope in Tyngsboro, Mass.,
supported by the Foundation’s univer-

sity research grants program. In his
explanation, the central component of
an aligned triple source gradually
weakens and disappears. The mean
spacing within the source, as
measured by the interferometer, thus
appears to increase without any mass
motions taking place at all.

These and other models are
presently being tested using further
observation with new VLB systems
recently completed at NRAO. If none
of these “optical illusion” models can
be confirmed, a possible alternative is
that the sources are much closer than
previously thought, so that the speed
required for the source to move
through the angle seen from the earth
is less than the speed of light. In any
event, it is clear that further study of

this phenomenon will lead to a better
understanding of the origin of radio
galaxies and quasars.

Quasars

Quasars are one of modern astron-
omy’s most challenging puzzles. They
appear as starlike points, rather than
as extended galaxies, even in the
largest optical telescopes. Their radio
wavelength emission is no different
from that of more normal-appearing
radio galaxies. However, their light is
strongly displaced toward the longer
wavelengths, producing a redshift, Es-
tablishing the cause of quasar red-
shifts is a controversial, fundamental
problem facing astronomers.




The controversy arises because all
of the major theories interpreting the
redshifts lead to situations beyond our
current comprehension of physics.
Two proposed explanations hold that
motion of the quasar away from us
causes the shift via the so-called Dop-
pler effect. In the first case, the mo-
tion is part of the overall, general
expansion of the universe and the
large shifts indicate that quasars are
extremely distant and extraordinarily
luminous. This is the cosmological in-
terpretation. Since they appear as
points, quasars must be relatively
small compared to galaxies, even if
they are far away. The problem in
accepting this idea is that there is no
known way to confine such strong
energy sources in the small volumes
apparent for quasars. The second the-
ory holds that the high speeds result
because the quasars were shot out of
other nearby galaxies. Thus, the qua-
sars themselves would not be exces-
sively bright because they would be
closer to us, On the other hand, there
is no known way to eject anything at
such high speed from a galaxy. A
third suggestion is simply that the
redshifts result from some unknown
physical phenomenon, having little or
nothing to do with motion,

For several years, it has been real-
ized that a crucial observational test
of the cosmological interpretation
would be provided if a quasar could
be found in a cluster of galaxies, and
if it could be demonstrated that the
redshifts of the “ordinary” galaxies in
the cluster were the same as that of
the quasar, Such a finding would,
first, confirm the association of the
quasar with the cluster of galaxies
and, second, confirm the cosmological
interpretation of the quasar redshift,
since the cosmological interpretation
of the redshift of “‘ordinary” galaxies
is widely accepted. The quasar PKS
2251411, which is surrounded by a
small, compact cluster of galaxies,
represents such a test case. L. B.
Robinson and E. J. Wampler of the
Lick Observatory recently measured
redshifts for the two brightest ordi-
nary galaxies in this cluster of galax-
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ies and found them to be essentially
equal to that of the quasar. One of
the two galaxies is the faintest ordi-
nary galaxy for which a redshift has
ever been measured. The results of
these difficult observations provide
strong support for the cosmological
interpretation of some quasars’ red-
shifts.

These observations were made pos-
sible by the development of an image
tube spectrum scanner by Dr. Wam-
pler for use on the Lick Observatory
120-inch telescope. The development
and application of state-of-the-art
electro-optical  detectors, sponsored
jointly by NSF and NASA at the Lick
Observatory, represents an important
and exciting trend in contemporary
astronomy. This trend emphasizes de-
tector efficiency rather than telescope
size, and is making intermediate-sized
telescopes competitive in some re-
spects with the present abilities of the
world’s largest telescopes.

MATHEMATICS
Finite Group Theory

One of the simplest and most use-
ful of algebraic structures is the
group. This concept has found appli-
cations in many branches of mathe-
matics, as well as physics and chemis-
try. For example, the theory of finite
groups has applications in crystal-
lography, in the theory of inorganic
complex ions, and in spectroscopy.

For a typical example, consider the
ordinary plane, which we may think
of as the surface of a very large
table. A “move” consists of shifting
the table and also pivoting it around
its center. Two such moves may be
combined by carrying out one after
the other. If we first perform move M
and then move N, the resulting com-
bined move is called the composition
MN of moves M and N. Composition
of moves has interesting formal prop-
erties. There exists a move I, called
the identity or neutral move, which
consists of not displacing the table at
all. For this move, I, we have
MI = M = IM. For each move M

there also is the inverse M* of M,
which undoes what M did, that is,
such that MM* == L. There is also the
so-called associative rule for composi-
tion: M(NP) = (MN)P.

These formal properties of moves

occur also in other situations and, by
the process of abstraction from these
various examples, algebraists have ar-
rived at the notion of a group. A
group is any set of elements with a
composition law that has the formal
properties described above. Thus, the
moves described above form a group,
but there are also many other groups
which may occur under completely
different circumstances. Perhaps the
most familiar example of a group is
the set of all integers where the oper-
ation to be performed is addition.
’ Groups are either finite or infinite,
according to whether the set has a
finite or infinite number of elements.
A basic problem in the theory of
finite groups is the determination of
the structure of all finite groups. (For
example, given a number n, how
many groups with n elements are
there?) In order to attack this prob-
lem, mathematicians have introduced
the notion of a group which is, in
some sense, indecomposable, the sim-
ple group. Simple groups are in a
sense the building blocks for all
groups. A classification of all finite
simple groups would constitute deci-
sive progress in the subject.

A major breakthrough in this area
occurred in 1963, when W. Feit and
J. Thompson showed that essentially
every simple group has an even num-
ber of elements. There are now indi-
cations that Dr, Thompson has taken
another great step: He seems to have
succeeded in classifying all simple
groups such that the number of ele-
ments is not divisible by three.

There are some finite simple groups
that may be called classical. By the
carly 1960°s, these had been thor-
oughly sorted out. Thus, the remain-
ing task is to find all the nonclassical
finite simple groups (called sporadic
groups). As long ago as 1861, E.
Mathieu discovered five such groups.
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For over 100 years it was thought
that these were the only ones. How-
ever, in 1965, Z. Janko startled the
mathematical community with the
discovery of a new sporadic group
and, shortly thereafter, contributed to
the discovery of an additional two. At
present, there are 20 known sporadic

groups. One of the large groups, .

Coy, is, incidentally, quite remark-
able in two ways. One, it arose from
a study by J. Leech of close packing
of spheres in 24 dimensions (a prob-
lem related to the theory of error-
correcting codes). Two, this group
surprisingly contains copies of many
others on the list.

Tt is clear that finite simple groups
exist in greater abundance than had
recently been suspected. It remains to
be seen whether the list of sporadic

groups can be shown to have only
finitely many isolated members or, if
there are- infinitely many new simple
groups to be found, whether they will
form a natural family with a sensible
structure. Many mathematicians are
working on these and related ques-
tions in this active area of research,
some of which is_being carried out by
a skillful combination of handwork
and large, high-speed electronic com-
puters.

BIOLOGICAL AND
MEDICAL SCIENCES

Research programs continue to
study complex biological systems so
as to increase our understanding of
the structures and functions of living

things and their relationships and in-
teractions with other organisms and
their environment. Such research is
relevant not only to our basic liveli-
hood but also to major societal prob-
lems such as environmental pollution,
population levels, food production,
physical and mental health, and effec-
tive use of resources.

Although a significant portion of
the increased funds for biological re-
search in fiscal year 1972 replaced
support which had previously been
provided by other Federal agencies,
support was also increased in several
areas of special need or opportu-
nity.

One such area is research on learn-
ing and memory. A new program was
established for neurobiology, which
will work closely with the Psychobiol-

THE TWENTY KNOWN SPORADIC GROUPS

GROUP DISCOVERED NUMBER OF ELEMENTS
My, 1860—MATHIEU 243%5-11 . = 7,920
M. 1860 ” 20-3%5+11 = 95,040
Maze 1861 ” 27:3%5-7+11 = 443,520
Mg, 1861 7 27.3%5-7-11-23 = 10,200,960
Mo, 1861 ” 210.3%5-7-11-23 = 244,823,040
Ja 1965—JANKO 2°-3-5-7-11-19 = 175,560
HaJ 1967—HALL, JANKO 27-3%5%7 = 604,800
HJM 1968—HIGMAN, McKAY, JANKO 27.3%5-17-19 = 50,232,960
HHM 1967—HELD, HIGMAN, McKAY 21%.3%5%7%17 = 4,030,387,200
HiS 1967—HIGMAN, SIMS 2°:3%5%7-11 = 44,352,000
Mcl 1968—MCcLAUGHLIN 27-3%5%7-11 = 898,128,000
Suz 1967—SUZUKI 24%3756%7+11+13 = 448,345,497,600
Co. 1968—CONWAY 2%1.3%5%7%1113-23 = ' 4,157,771,806,543,360,000
Co: 1968 ” 21%.3%5%7-11-23 = ‘\42,30’5,421 ,312,000
Cos 1968 ” 210.37-5%7-11:23 = 495,766,656,000
Fizz 1969—FISCHER 217.3%5%7-11+13 = 64,561,751,654,400
Fizs 1969 ” 21%.3'%5%7+11+13-17-23 = 4,089,470,473,293,004,800
Fizs 1969 ? 2%1.31%5%7%11+13-17-23-29 = 1,252,205,709,190,661,721,292,800
LyS 1971—LYONS, SIMS 2%.37+5%7-11-31-37+67 = 51,765,179,004,000,000

RCW

1972—RUDVALIS, CONWAY, WALES

214.3%5%7+13-29 =

145,926,144,000




ogy Program. Increased support was
provided for research projects ranging
from those dealing with the molecular
basis of sensory and neural processes
to those which examine integrated
cognitive processes. Steps have also
been taken to support coherent ap-
proaches to particular aspects of
learning. Scientists at the University
of Colorado are working on verbal,
conceptual, and semantic factors in
complex human learning, memory,
thinking, and comprehension. At the
University of Minnesota, the Center
for Research on Human Learning has
a broad program which combines ba-
sic research on learning with an ap-
plied approach to educational prob-
lems. For the first time, the Founda-
tion has also provided major support
for a project to examine genetic fac-
tors in human learning. This research
will be conducted at the University of
Hawaii with the collaboration of
scientists from the University of Col-
orado.

A new progtam for Human Cell
Biology was established to strengthen
the application of the knowledge and
methods of molecular biology and
genetics to research on human cells in
tissue culture. The problem of making
cultured cells available in large quan-
tities is critical to progress in this
field, and the need for production
centers has received much attention.
Efforts in the coming year will be
directed to stimulating collaborative
efforts to make more economical and
effective use of common production
facilities.

The Foundation has also substan-
tially increased its support of the re-
search collections of museums and
herbaria during fiscal year 1972. Sup-
port for biological research resources
has been provided in many ways.
Only in the case of genetic stock cen-
ters, however, supported through the
Genetic Biology Program, has a con-
sistent effort been made to ensure the
existence of resources considered es-
sential for research in an area of
biology. Private, State, and local
funds have provided for the housing
and care of the collections of plants
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and animals essential for research in
systematic biology. 'These sources
have become increasingly inadequate
as research activities have grown, and
will become increasingly so as envi-
ronmental research expands. Al-
though the need for building, renova-
tion, and care of collections far ex-
ceeds the present financial capabilities
of the Foundation, a program of cu-
ratorial support was initiated with 13
grants in fiscal year 1972 in order to
make particularly significant collec-
tions more available for research, and
to maintain records of biota which
are changing rapidly as the result of
man’s environmental interventions,
The Foundation has entered this ven-
ture in a limited way, anticipating
that the maintenance of collections
will remain a shared responsibility of
local, State, and Federal Government
and private philanthropy.

Substantially increased support has
also been provided for research on
the biological regulation of pest popu-
lations. Much of this research is dis-
tributed among the interests of sever-
al BMS programs, but a miajor plan
for integrated research on pest man-
agement was also developed within
the International Biological Program.
This project, titled Principles, Strate-
gies and Tactics of Pest Population
Regulation in Major Crop Ecosys-
tems, is being jointly supported by the
Foundation, the Department of Agri-
culture, and the Environmental Pro-
tection Agency. Research will be con-
ducted on six crop and forest systems,
and will involve scientists from 19
universities, as well as those from
State and Federal agencies, and pri-
vate sectors. In the view of those who
have planned this research, the pro-
gram conforms in all its essentials to
a major recommendation of .the Third
Annual Report of the National
Science Board Environmental
Science—Challenge for the Seventies
(1971), which urged greater interde-
partmental and interdisciplinary re-
search and a more effective use of the
talents of industry, government, and
universities in new types of research
organizations,

Evolution of a Molecule

At first glance, a clam, a worm,
and a horse would seem to have little
or nothing in common. Actually, their
chemical machineries have important
similarities at the molecular level,
particularly in the way they obtain
energy by combining food molecules
with oxygen by use of a protein, cyto-
chrome c.

A variant of cytochrome ¢ exists in
each organism that uses oxygen for
respiration. In higher forms of plants
and animals, including man, approx-
imately 104 amino acid units are
linked together and folded into a spe-
cific three-dimensional structure. In
primitive organisms such as yeasts
and molds, the three-dimensional
structure of cytochrome c is essential-
ly the same as for higher organisms,
but the numbers and sequence of ami-
no acids are different. Fortunately,
the molecule is comparatively small
and readily purified so that detailed
diagrams have been made of the
structure and composition of cyto-
chrome ¢ in more than 40 different
organisms.

A molecule that is ubiquitous, vital
to life, and shows variations between
advanced and primitive organisms has
obvious advantages for evolutionary
studies. These advantages are enhanced
by the fact that the degree of differ-
ence between the cytochrome ¢ mole-
cules in different species correlates
with the degree of difference in their
evolutionary development.

Considering the wide distribution
of the cytochrome ¢ molecules in all
living organisms, we might ask to
what  extent has it remained
unchanged during the course of evo-
lution? Or what features of the struc-
ture have remained unchanged, and
are they important in preserving the
functional properties of the molecule?
In comparing locations of the 104
amino acid units on cytochrome ¢
from various organisms, researchers
have found 35 identical amino acids
in identical positions. At 19 other
positions the amino acids differ only
in a relatively minor way. One can
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CYTOCHROME C MOLECULE

limited variation. These regions are
probably involved in reactions with—
the cytochrome oxidase and cyto-
chrome reductase molecules which
are required for oxygen utilization.

Tt now appears that there was some
primitive ancestor of both plants and
animals which derived the major

Within almost every living person, animal, and plant is a variant of the protein molecule
cytochrome ¢ consisting of 104 amino acid units of various types and in various locations
according to the species. Scientists have found that the degree of difference between the mole-
cules in different species correlates with the degree of difference in their evolutionary develop-
ment. This particular diagram is of horse cytochrome <.

infer that amino acids at these invari-
ant or relatively invariant positions
play a key role in the chemical work
of the molecule. However, a direct
test can only be provided by examin-
ing the three-dimensional structure of
cytochrome ¢, with particular refer-
ence to the clustering of amino acid
side chains around a group of carbon,
nitrogen, and iron atoms called the
heme group.

Richard E. Dickerson and associ-
ates at the California Institute of
Technology have been working on the

X-ray diffraction analysis of the cyto-
chrome ¢ structure since about 1963,
with grants from the National Science
Foundation and the National Insti-
tutes of Health. Through high resolu-
tion diagrams of cytochrome c, they
showed that the constant amino acids
which always occupy the same posi-
tion in the chain are those that allow
the molecular chain to fold around
the heme group and bring certain ami-
no acids into the environment of the
heme. They also show regions of the
exterior surface with amino acids of

“portion of its eriergy from oxygen and

which had cytochrome ¢ as a part of
its metabolism. The gene for this cy-
tochrome ¢ would periodically under-
go mutation due to some change in
the DNA, and a different amino acid
would be inserted at some point in
the molecular chain. If an amino acid
were introduced at a position which
produced a nonfunctional cytochrome
c, the mutant organism would, in
effect, suffocate because it would be
unable to use oxygen and, therefore,
would disappear. If, however, the mu-
tation produced an altered amino acid
in a less critical position, the new
cytochrome ¢ might function about as
well as the normal form. Such a mu-
tant would live, produce progeny, and
become fixed in the population. Sub-
sequent mutations might occur in the
gene for the original cytochrome c, or
in the new form. On the basis of this
hypothesis, one should be able to de-
cide whether a more highly modified
form of cytochrome ¢ came from the
original parent or from the first mu-
tant form. Development of diverging
branches in the evolution of molecules
can be determined in this way, and
“phylogenetic trees” constructed. It is
possible to conclude that it has taken
about 20 million years to produce a
change of 1 percent in the amino acid
sequence of cytochromes and that
plants and animals took their separate
paths in evolution some 1.2 billion
years ago.

An evolutionarily stable molecule
like cytochrome ¢, serving a critical
role in an essential process such as
respiration, however, cannot be ex-
pected to give an insight into broader
aspects of molecular evolution. Other
protein molecules, which have less
stringent  functional requirements,
have evolved more rapidly, and differ-
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DIFFERENCES IN AMINO ACID SEQUENCES IN THE CYTOCHROMES C
FROM SELECTED SPECIES OF ANIMALS AND PLANTS

2
el 3 S| 5| ¢
El 5| Bl | Bl 2|2l 5|55
I 2| T ol x| ol | | K] = >
Human 0
Monkey 1 0
Horse 12| 11 0
Dog 11 10 6 0
Kangaroo 10 11 7 7 0
Chicken 18| 12| 11 10] 12 0 _
Rattlesnake| 14| 15| 22| 21] 21| 19 0
Turtle 15 14| 11 g 11 8| 22 0
Fish 21 21 19 18| 18 17| 26| 18 0
Moth 31 30| 29| 25| 28| 28| 31 28 | 32 0
Yeast 45| 45| 46| 45] 46| 46| 471 49| 47 | 47 0

By comparing the differences of types and positions of amino acid units on the cytochrome ¢
molecules of different species, researchers have found the number of these differences between
species corresponds to evolutionary differences. For example, there is only a single difference
between man and monkey, 12 between man and horse, 14-15 between man and reptile, 21
between man and fish, and 45 between man and yeast. Other differences exist between species.
For example, there are 11 differences between a chicken and a horse, 26 between a fish and a

rattlesnake, and 47 between yeast and a moth.

ences in the structure of proteins can
be found between individuals of the
same species which are otherwise not
notably different. These differences
between and within populations are
the material upon which natural se-
lection operates. However, the rela-
tions are so complex and the molecu-
lar basis of structure and function so
poorly understood that many other
approaches to the study of molecular
evolution are needed.

Nitrogen Fixation

The ability of certain plants to take
their required nitrogen from the at-
mosphere instead of from chemical
fertilizers is vital to the present and

future nutritional and ecological

needs of the world’s growing popula-
tion. To meet these needs, enormous
increases must be made in production
of protein-rich crops such as wheat
and grains and other food crops such
as corn and rice. The major factor in
increasing these crops is the presence
of nitrogen, a substance essential for
their life processes.

At present, nitrogen is supplied to
plants in two ways—through the ni-
trogen fixation process by which cer-
tain leguminous plants as peas, beans,
and soybeans “fix” or take into their
systems nitrogen from the atmosphere
by means of symbiotic soil microorga-
nisms. The other method is by the
application of inorganic chemical fer-
tilizers. It is anticipated that increases
in crop output through increased ar-
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tificial fertilizer wuse will reach a
plateau in about § years for several
reasons. Costs are increasing to the
point of diminishing returns and,
more significantly, the availability of
nitrogen in this form does not corre-
spond to the varying needs of the
growing plants, with the result that
only about half of the nitrogen ap-
plied as fertilizer is used by the plant.
The excess nitrogen is dissipated as
runoff and is creating one of our ma-
jor and increasingly costly pollution
problems. While chemical fertilizers
provide about 7 million tons of nitro-
gen a year, worth $0.42 billion, the
nitrogen fixation process provides the
major source of nitrogen: a minimum
of 12 million tons of nitrogen a year,
worth about §$1.3 billion.

Fundamental studies of biological

nitrogen fixation supported by NSF
include biochemical, physiological,
and genetic aspects, all bearing on the
entire area of nitrogen fixation re-
search, Two projects in particular take
different attacks, one having immedi-
ate practical application of basic
scientific discoveries and the other
having future implications for solving
many nutritional problems.

A research group at Oregon State
University has provided new informa-
tion about the fungus-induced decay
in the heartwood of white fir trees,
estimated to be a loss of over 1.2
billion board-feet each year. Up to
now, efforts to cope with the problem
were not very effective. Since wood
does not contain much nitrogen, it
was not clear how the nitrogen-
requiring fungus thrives in trees, By
joint experimental efforts, an atmo-
spheric nitrogen-fixing bacterium—
probably a new species—was found
living in symbiotic relation with the
fungus, providing the wood-destroying
fungus with necessary nitrogen. Now
the problem of controlling this decay
can be based on a specific approach
rather than on previous expensive and
inadequate approaches.

Another nitrogen fixation research
is somewhat more complex, and its
full implication has yet to be ex-
plored. In studying the- development
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Nitrogen-fixing bacteria have been discovered supplying essential nitrogen to fungi that cause
decay in living fir trees of the Northwest. This picture of a cross section of white pine shows
the cankers and decay caused by the thriving fungus within the tree’s heartwood. (Photo by
Paul Aho, U.S. Forest Service)

of hybrids between nitrogen-fixing
plants and nitrogen-consuming plants,
a research team performed an experi-
ment of moving a piece of nitrogen-
fixing genetic material from Klebsiella
bacteria into E. coli, an intestinal
organism, which then itself began
to fix nitrogen. The implication of
such an experiment is important, for
it demonstrated the future feasibility
of inserting critical genetic material
into economically important plants
such as corn, wheat, rice, and other
food and fiber crops to enable them
to fix atmospheric nitrogen on their
own, hence reducing the need for
chemical fertilizers.

Information Systems

of Cells

A biological problem of major sig-
nificance is intracellular ecology. The
fact is that the information bits inside
a cell are precisely ordered. But how

did the order originate, how is it per-
petuated as cells are replicated, and
what is its meaning? Classical experi-
ments indicate that specific signals,
originating in the cytoplasm, eventu-
ally determine the course of develop-
ment of a cell. The targets of such
signals are the genes. Two current
investigations start with existence of
specific signals and aim at discovering
the cytoplasmic organelles from which
these originate, the nature of the
signals, and the manner in which
the genes receive and accurately in-
terpret the information provided to
them.

Polar granules, found in the eggs of
insects and of certain vertebrates, are
organelles which send signals instruct-
ing the cells in which they reside to
develop into germ cells. If the gran-
ules are removed or damaged—by ul-
traviolet radiation for example—then
an adult which lacks germ cells is
formed. If these granules are reinject-

ed into a previously operated orga-
nism, the germ cells will be formed.
What researchers are trying to find is
the mechanism, at the molecular
level, by which the polar granules sig-
nal the genes in the cells in which
they reside and thus determine their
fate.

The-first step- towards this--goal is
clear. Polar granules need to be iso-
lated and purified by the “bucketfull”
and then analyzed chemically. Antho-
ny P. Mahowald at Indiana Universi-
ty has had continuing support from
the National Science. Foundation to
tackle this fundamental problem. His
favorite material is Drosophila be-
cause of the fact that exceedingly
large numbers of individuals can be
raised for analysis, and also there is a
wealth of background genetic and de-
velopmental work on this organism.
With zonal centrifugation through
shallow sucrose gradients, pelleted
material has been obtained, about 10
percent of which is polar granules,
representing a thousandfold enrich-
ment. Progress in this research has
been slow, yet it has been gratifyingly
steady.

The same broad problem of signal-
ling, from cytoplasmic organelles to
the nucleus, is under investigation by
Noel De Terra at the Institute of
Cancer Research in Philadelphia. Her
material is the ciliate, Stenfor. The
special advantages of this cell are its
large size and its capacity for wound
healing, permitting both detailed in-
tracellular localization by autoradiog-
raphy and microsurgery. The basic
observation is that changes in the nu-
cleus which prepare the cell for divi-
sion by duplicating the DNA content
are precisely geared to changes in the
cell cortex, particularly the oral
region, which is also readying the cell
for division. When two cells in differ-
ent stages of oral differentiation are
grafted together, they very soon be-
come synchronized with respect to
their nuclear events. This result and
others show that the nuclear cycle is
initiated and controlled by a *‘back-
bone” mechanism located in the or-



ganelles comprising the cell surface.
Signals are transmitted from the cor-
tex to the nucleus either by extremely
short-range diffusion or by means of
structural ~connections between the
cell surface and the nucleus. Attempts
to distinguish these two hypotheses
are under way.

ENVIRONMENTAL
SCIENCES

Environmental phenomena of the
solid earth, the oceans, and the atmo-
sphere surrounding the earth and in-
cluding the energy-producing sun
have substantial impact on man and
other living creatures. Understanding
natural forces, learning what causes
them and how they affect the liveli-
hood of man, and perhaps trying to
forecast or even control them, are
some of the objectives of environmen-
tal research.

Research studies concerning atmo-
spheric, earth, and oceanographic
science may relate to local geographic
areas or may be of such broad scope
that extensive international coordi-
nation of planning, management, fund-
ing, and logistic support are essen-
tia. In some cases, large-scale field
operations are undertaken requiring
the use of ships, aircraft, satellites,
and other facilities. This year, U.S.
scientists were increasingly involved
with scientists from many nations in
planning international programs and
carrying out research projects of mu-
tual interest. Studies of environmental
phenomena are primarily based at
universities, oceanographic institutes,
and at the National Center for Atmo-
spheric Research at Boulder, Colo.

Studies of weather and climate on
medium and global scales continued
to receive major attention in the a2-
maospheric sciences, as did investiga-
tions in atmospheric chemistry, inad-
vertent weather modification, atmo-
spheric electricity, and the physics of
water transformations within clouds.
Many aeronomy research projects of
the upper atmosphere dealt with in-
teractions between ionospheric constit-
uents and energetic particles and ra-
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diation. The solar atmosphere and so-
lar wind, and the reaction of the lat-
ter with the earth’s magnetic field and
ionosphere, were subjects of numer-
ous research projects. To study the
total eclipse of the sun in June of
1973, research projects are being
planned for Africa where the greatest
part of the eclipse will take place.

University research aimed at un-
derstanding the dynamics of world-
wide weather and its prediction is
supported through the Global Atmo-
spheric Research Program (GARP).
One immediate objective of this inter-
national program is to determine the
types, frequencies, and density spac-
ing of observations needed to create
models of atmospheric behavior. A
major international experiment,
known as the GARP Atlantic Tropi-
cal Experiment (GATE), is planned
for the summer of 1974 in the eastern
part of the equatorial Atlantic Ocean,
as well as in a belt across the ocean
and including parts of Africa and
South America. This experiment is
particularly important because the
tropical oceans receive the major part
of the solar energy that ultimately
controls worldwide weather sys-
tems.

In the earth sciences, concepts of
seafloor spreading and plate tectonics
continue to be tested and studies
made on their role in mountain build-
ing, seismic activity, volcanism,
sedimentation, and the postpaleozoic
history of the continental plates.
Research projects now exploring con-
tinental drift and geologic history
include studies on stratigraphy, paleon-
tology, geophysics, and the geochem-
istry of igneous rocks. Also, since the
damaging San Fernando earthquake of
February 1971, investigators have
become more interested in techniques
that might lead to increased under-
standing and possible prediction of
earthquakes.

Major support for oceanographic
research continued to be in physical
and chemical oceanography, geology
and geophysics of the ocean basins,
and biology and ecology of marine

organisms. Of particular interest in
geological research were the core
samples produced by the Ocean Sedi-
ment Coring Program.

Studies of Lake Ontario by univer-
sity scientists were initiated under the
International Field Year for the
Great Lakes., This is a cooperative
program between the United States
and Canada, with several agencies of
both countries involved. The ultimate
aim of the program is to improve the
scientific basis for management of
Great Lakes resources.

ATMOSPHERIC SCIENCES

The NCAR Global
Circulation Model

Numerical simulation of the global
atmosphere provides a framework
within which the many physical pro-
cesses that function as components of
complex atmospheric systems can be
assembled and their relative impor-
tance in the large-scale behavior of
the atmosphere can be tested. At the
National Center for Atmospheric Re-
search (NCAR), a2 major effort in
numerical simulation is centered
around the global circulation model
(GCM). During fiscal year 1972, de-
velopment continued on the standard
version of the GCM, which has a
network for the entire globe with a
vertical grid spacing of six levels at
3-kilometer intervals plus the surface
level, and a horizontal grid spacing of
either §5° or 2.5° in latitude and
longitude. This model allows for vari-
ations in cloudiness, soil moisture, and
snow cover. Recent GCM studies of
the effects of mountains have indi-
cated that mountain ranges are of
little importance in simulating large
features of the atmosphere, although
they can be quite important on the
regional scale.

The NCAR global circulation mod-
el has a unique modular design that
permits its use in a variety of experi-
ments by substituting different com-
ponents for those used in the standard
GCM. Thus, it can be made available

for a number of joint studies with
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other scientists at NCAR, universi-
ties, and other institutions, Some re-
cent joint projects have involved:

® Investigations of cumulus con-
vection, by scientists at Florida
State University, that should lead
to improved studies of latent

heat release in the tropics in-

global-scale numerical simulation.

® A complex photochemical treat-
ment for the production of
ozone, to be tested in the GCM’s
stratospheric version, being de-
veloped by scientists from the
University of Colorado and from
the Swiss Federal Institute of
Technology.

® A study of possible effects of
thermal pollution on global cli-
mate, undertaken at the request
of Oak Ridge National Labora-

tory,

Encouraged by their success in de-
veloping a tropospheric model, NCAR
scientists began designing a strato-
spheric  global circulation model.
Because the troposphere is a major
source of energy for the stratospheric
circulation, it was necessary to have a
good tropospheric model before at-
tempting to model the stratosphere. It
appears that an intricate interaction
between the troposphere and the stra-
tosphere may play an important role
in climatic fluctuations.

Numerical experiments related to
the design of observing systems for
the Global Atmospheric Research
Program (GARP) continued at
NCAR (see pages 38 to 39).

Identification of
Solar M-Regions

The interdisciplinary field of solar-
terrestrial physics deals with interrela-

between solar activity, the solar wind,
and geomagnetic activity.

The synthesis of this new material
with recent theoretical advances from
NCAR’s High Altitude Observatory
has thrown new light on the identity
of so-called solar *“M-regions” or
sources emitting solar particles, For

-many-—years, it has—besn—recognized. -

that phenomena in the terrestrial up-
per atmosphere, notably ' changes in
the magnetic field, tend to be period-
ic, repeating with the solar rotation
period of about 27 days. These distur-
bances were widely attributed to
beams of particles emitted from some
long-lived solar sources. However, the
location and nature of the solar *“M-
regions” producing these beams were
not clear. The principal difficulties in
tracing the solar-particle beams back
to their origin on the sun lay in the
possible deflection of the particles by
coronal magnetic fields and in the
spiral paths traced by the beams in
interplanetary space. The latter effect,
produced by solar rotation, could be
understood only when direct measure-
ments of the particle speeds became
available.

Three lines of evidence developed
by NCAR scientists point toward a
resolution of this problem. A detailed
theoretical model treating the forma-
tion of the solar wind in the presence
of a corohal magnetic field indicates
that the magnetic lines of force are
open above magnetically simple “qui-
et” regions on the sun, allowing an
outward flow of gas. But the lines of
force are closed above magnetically

" complex active regions, preventing

tionships among solar, interplanetary,

magnetospheric, ionospheric, and at-
mospheric  phenomena. In recent
years, measurements made by space-
craft have provided direct knowledge
of the magnetosphere and interplane-
tary space that offers a new and dif-
ferent picture of the relationships

any outward flow, The spiral beam
configurations deduced from observed
particle speeds and the magnetic
characteristics of the beams also im-
ply an origin in the open magnetic
field lines. Finally, a strong correla~
tion of open magnetic field configura-
tions with geomagnetic activity has
been found. These three studies argue
strongly that “M-regions™ are related
to the magnetic channeling of the
outward-flowing coronal plasma, and
are not associated with solar activ-

ity.

Magnetospheric
Electric Fields

The magnetosphere—that portion
of space influenced by the earth’s
magnetic field—contains a wide vari-
ety of particles with energies ranging
from thermal energy to tens of mil-
lions_of_electron volts. These-particles
are charged (ionized) and form a
state of matter called plasma. Be-
cause the plasma in the magneto-
sphere is fairly accessible, undergoes a
wide range of natural disturbance
levels, and is not dominated by energy
losses for short lengths of time, it is
perhaps the best magnetized plasma
in which to study little known or un-
known processes in electric field gen-
eration and particle acceleration.

Particles in the magnetosphere are
controlled by magnetic and electric
fields in addition to the gravitational
forces and gas pressure laws that are
the dominating effects in the lower
atmosphere. During the past year, a
number of electric field measurements
have been made on the magneto-
sphere, with the majority of the data
applying to its low altitude boundary,
the ionosphere. Despite these addi-
tional measurements, existing models
of the magnetosphere have not been
able to provide an accurate extrapola-
tion of electric fields measured near
the pole to those fields at great dis-
tances several thousand kilometers
from earth. Yet, by assuming that
magnetic field lines are electrical
equipotentials, researchers at the Uni-
versity of California, Berkeley, and
the University of Alaska have calcu-
lated electric fields in space above the
equator. The resulting estimates are
reasonably compatible with values
presently known from spacecraft ex-
periments.

One technique for deducing magne-
tospheric electric fields is the observa-
tion of specific motions of very low
frequency whistler waves—radio sig-
nals which arch out into space along
the lines of the earth’s magnetic field
from pole to pole some 60,000 to
80,000 kilometers toward the sun.
Other techniques include the use of
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Released from rockets, barium vapor moves at high speed along the earth’s magnetic field, thus
making the field line “visible” for a great distance, as shown in this series of photographs
tracing the barium. Plasma instabilities cause the streak to break into multiple striations, as
clearly seen at E + 13 minutes. (Photos by Geophysical Institute, University of Alaska)
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OCEANOGRAPHY
The Sea in Motion

Central to physical and chemical
oceanographic research is understand-
ing of the physical processes that keep
the sea in motion. Some important
driving forces are the tides, the wind

dently measure high frequency inter-
nal motions within the sea without
having many influencing effects from
variations in sea levels. Second, storm
surges due to barometric pressure and
winds often cause abnormally high
tides along coastal areas of the
United States. Adequate prediction of

feet. Visual observations of these ex-
ceedingly transparent organisms re-
quire a strong sunlight contrast, avail-
able in this deep blue environment.

During more than 100 hours of
underwater studies, Dr. Hamner’s re-
search team has observed remarkable

and variations in atmospheric pres-
sure and in water densities. Notable
progress in understanding the re-
sponse of the ocean to these forces
was made last year by Carl Wunsch
of the Massachusetts Institute of
Technology. He studied 8 years of sea
level records that were taken at the
Bermuda Biological Station, in an at-
tempt to resolve the various sea level
oscillations into components ranging
from one cycle per 8 years to one-
half cycle per hour.

He concludes that the North Atlan-
tic Ocean has a natural vibration peri-
od of 14.8 hours. He also found that
the dissipation rate for the tides is so
strong that if the forces affecting tides
were to cease, the amplitude of the
tides would decrease by one-third in
10 hours. This latter conclusion estab-
lishes the need for greater under-
standing of the dynamics of the ocean
near the continental margins, for it is
here that the energy of the tides is
either being dissipated or converted to
other motions.

storm—tides requires lxuuwflcdsc of—the
deep sea tides and continental shelf
modifications to these tides. This
work has established several premises
that all future studies on tides must
contain. Particularly, adequate knowl-
edge of the resonance period and dis-
sipation rate is required in all tidal
computer models. The high dissipa-
tion rate found for the tides and the
discovery that simplified -equations
can be used to describe deep sea tides
will greatly improve modeling and
other prediction programs.

Behavior of Marine
Organisms

For years, Dbiological oceanog-
raphers have been constrained from
observing the behavior of live marine
organisms by relatively crude collec-
tion techniques. Although millions of
biological samples have been fished
from the sea by conventional nets,
traps, bottles, and trawls and placed

biological—pherorerrs—for —the first
time, such as the feeding behavior of
the pteropod Gleba, previously con-
sidered rare. This organism secretes a
free-floating mucus web as wide as
1.2 meters in diameter to collect mi-
croplankton upon which it feeds. The
Gleba maintains contact with this net
with its extensile proboscis, while
drifting plankton become enmeshed
on its sticky surface, then it retrieves
and ingests the entire mass of net and
prey. Ten to 15 animals have been
sighted simultaneously spreading their
webs and fishing in this extraordinary
manner. Previously, only 17 badly
damaged specimens have been col-
lected from the Mediterranean and
Sargasso Seas.

Often, a behavioral sequence must
be observed many times before it can
be quantified. Another new technique
of studying behavior of marine orga-
nisms in real life is that of using film
holography. By taking a series of
frames with a holographic micromov-

in laboratory tanks and tubes for ob- ie, John Beers of the Institute of

" " Dr. Wunsch further concludes that,

excluding the lunar and solar tides,
the sea level is dominated by atmo-
spheric pressure variations for periods
shorter than a year. At longer peri-
ods, the forcing due to wind stress
was dominant. The effect of atmo-
spheric temperature was found to be
negligible.

In addition, Dr. Wunsch used data
taken from the ship Panulirus, sam-
pling at a regular position near Ber-
muda, to interpret the consequences
of internal motions on the sea level,
with the conclusion that internal
waves have a negligible effect on sea
level.

This study has several major links
with other programs. First, it demon-
strates that it is possible to indepen-

servation, many fragile, soft-bodied

specimens are damaged and are unable
to behave as they normally would in
their natural habitats.

Several NSF-sponsored investiga-
tors are experimenting successfully
with new techniques for observing
without distorting or damaging the
little known behavior patterns of
zooplankton (floating or weakly
swimming animals) in their natural
environment.

William Hamner, University of
California, Davis, is using scuba div-
ing techniques for direct observation
of the plankton community in the
deep blue waters of the Florida Cur-
rent near Bimini in the Bahamas,
where water clarity often exceeds 150

Marine Resources at La Jolla, and
Michael Mullin of Scripps Institution
of Oceanography can observe motions
such as the “violent leap” of the co-
pepod Eucalanus in three dimensions.
The rapid and unpredictable motion
of this Eucalanus is difficult to ob-
serve under standard microscopic
conditions. With cineholography, Drs.
Beers and Mullin plan to study feed-
ing habits of copepods, including their
selection of prey, methods of capture,
and ingestion. Such information is im-
portant for understanding food chain
dynamics and for developing com-
puter models on the subject. Cineho-
lography may become important for
visualizing the ecologically important
environment of zooplankton interac-
tions.
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Observed for the first time in motion, this fragile marine organism Gleba secretes a free-floating
mucous web 1.2 meters in diameter to capture microorganisms on which it feeds; it then re-
trieves and ingests the entire net and prey.
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ENGINEERING

A basic motivation of an engineer
is problem-solving. In the process, the
engineer translates basic knowledge
into practice and develops informa-
tion or methodology where needed.
Automobiles, the highways they drive
on, waste treatment and disposal, col-
or television, nuclear power stations,
and the multitude of home appliances
are only a few examples of the
accomplishments of  engineering.
Though at one end of the gamut
engineering interfaces with the pure
sciences, two factors distinguish engi-
neering research from the basic
sciences. First, the work of engineer-
ing researchers is more closely tied to
Government or industry programs;
second, engineering projects must in-
creasingly take into account a variety
of public needs and concerns.

The Engineering Division supports
research programs, primarily at uni-

The “violent leap” of the living marine organism FEucalgnus is observed by a new technique for studying animal ‘behavior—the
holographic movie. This series of slides, shown at 20 millisecond intervals at a magnification of 1%X, focuses on the antennules of the
microscopic animal. Movements of other appendages may be observed by examining the cineholograms at different depths of focus

and with greater magnification.




versities, that are aimed at the gener-
ation of engineering information, de-
velopment of methodologies for anal-
yses and design, assessment of the
effects of engineering projects, and
the translation of basic technology
into a form which can be used in
practice. Early in fiscal year 1972, the
division’s activities
search — including research activities
in both superhard materials for metal
processing and  biomaterials—were
transferred to the newly formed Divi-
sion of Materials Research (see
pages 31 to 35).

A special activity in the general
research support effort is the Research
Initiation Program, which has been
conducted since 1963. This program,
designed to assist young engineering
faculty members in establishing a re-
search career, has been of particular
value in engineering, where engineer-
ing faculties have undergone wvast
changes from the *“art of engineer-
ing”-oriented groups of 25 years ago
to highly versatile and research-
oriented groups today. In 1972, a new
feature was introduced in the pro-
gram, “Option B,” which made provi-
sion for a faculty member to spend
two summers involved with industry,
engineering offices, Government labo-
ratories, or with a governmental unit
of some level (city, county, State,
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activities to real-world problems.

General research support covers all
areas of engineering; many of those
efforts are interdisciplinary. Among
these organized areas of research are
such diverse concerns as optical com-
munications, advanced automation,
chemical process dynamics, wind and
natural disaster engineering, and plan-
ning and design of tall buildings.

Most of the research in the orga-
nized areas is still fairly fundamental
in nature. But some of it is coordi-
nated and oriented toward a particu-
lar problem area which may be of
unusually important national signifi-
cance; and some may be in areas of
research that have mnot received
sufficient attention for a variety of

in Thaterials te--

reasons. The latter includes, in partic-
ular, various problems related to the
civil economy that are of importance
to national productivity and competi-
tive position.

Another feature of the Engineering
Division’s programs has been the uni-
versity-industry workshops, involving

borne by the shipping industry, and in
some situations those unreturned costs
can run several times the direct vessel
and cargo losses. The time now ap-
pears ripe for the development of
methods for preventing vessel col-
lisions in harbors and their ap-
proaches. The basic idea is to adapt

fepresentatives of
both to define the present state of the
art and to identify important future
directions for research, During fiscal
year 1972, " workshops were held
in:
® New Directions in System
Science and Engineering — The-
ory and Practice
® Computers in Biomedicine
® Effects of Magnetic Fields on
Communication Processes

® Industrialized  Building  Pro-
cesses
® Jower Cost Housing Prob-
lems
® Engineering Software Coordi-
nation

® Glass Processing

The reports produced by these work-
shops are valuable reference documents
to those interested in the area.

Ship Traffic Control

Each year there are about 9,000
marine accidents involving ships over
500 gross tons. Total claims arising
from these accidents run at about
$800 million per year, The admittedly
very rough estimates include only the
direct losses to the shipping industry.
With the increasing size of bulk carri-
ers and the rapid increase in the vol-
ume of trade in dangerous cargoes,
marine accidents contain an increas-
ing potential for imposing costs on
third parties through pollution and
damage to the ecology.

Moreover, a significant proportion
of the accidents involve collisions in
high traffic density areas—primarily
harbors and their approaches. For
these accidents, near valuable coastal
zone regions, there is a particularly
high peril of third party costs. At
present, most of those costs are not

organizations of

the most desirable elemerits of the
familiar air traffic control system in
developing a ship traffic control sys-
tem. The initial phase of this work,
which is being done by several investi-
gators at the Massachusetts Institute
of Technology, is limited to harbors
and their approaches, but the idea
could be extended to a worldwide
routing system for the optimal sched-
uling of shipping.

Ship control schemes, of course,
have many constraints different than
those of air traffic control. Most of
the existing supertankers have an op-
erational speed of approximately 16
knots, and it takes an hour or more
to reach that speed under full power
settings and with “ideal currents. Re-
sponses to a change of heading or an
attempt to come to a full stop are
sluggish. It should be no surprise,
then, that vessel collisions occur when
two shipmasters try to out-guess each
other in a fog with tricky currents
and no communication link open be-
tween the vessels.

J. N. Newman is concentrating his
work on the effects of shallow and
restricted water on ship hydrodynam-
ics, A vessel with a 30-foot draft in an
80-foot harbor may be considered as
being in deep water, but a 60-foot-
draft ship in the same harbor is defi-
nitely in shallow water. Unfortunately,
most of the available hydrodynamical
data are applicable for deep water, so
these important effects of finite depth,
as well as the restrictions of channels
are not available. Dr. Newman is
translating ship maneuvering charac-
teristics into needed hydrodynamical
coefficients related to the environ-
mental conditions.

In another allied project, J. Devan-
ney and a Swedish visiting professor,
N. Norrbin, are developing a traffic
controller that can provide course and



speed information to all ships within a
specified area in real time. To do this,
they must study the maneuvering
characteristics of vessels, develop a
computer program for simulating the
vessel harbor system, and analyze
various  harbor  control  systems
through that program. The heart of
the computer program will be a de-
scription of ship maneuvering charac-
teristics as a function of specified
physical attributes of the vessel and of
environmental conditions such as
wind, current, and channel dimen-
sions. This program will then take as
input the description of the harbor
under investigation, the physical char-
acteristics and the initial conditions of
the véssels in and approaching the
harbor and their desired tracks, and
also the characteristics of the harbor
control scheme currently under analy-

sis — including  individual = vessel-
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operator response. The program will
be run for a number of combinations
of vessel scenarios and harbor control
systems, and the results analyzed to
indicate for which control systems the
expected reduction in collision inci-
dence outweighs the cost of the sys-
tem.

Plant Growth

Scientists searching for a funda-
mental understanding of the process
of growth in plants have turned in
recent years to such engineering con-
cepts as stress, plastic deformation,
strain rates, and the effects of irrever-
sible deformation. This led to the use
of concepts from continuum mechan-
ics in several key areas of plant
physiology. Hypotheses formulated in
terms of continuum mechanical con-
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Based on actual maneuvering characteristics of two vessels—one a large tanker and the other
a fleet oiler—this computer simulation shows their widely different responses to the identical

command—a 30° steady turn.

cepts are now being tested in diverse
experiments.

It has become clear that many con-
tinuum mechanical concepts and sim-
ulation techniques are applicable to
behavior at different levels of plant
organization—single cells, cells in-
teracting in tissues, growth of a vast
cell complex such as a whole leaf, and
even the interaction of many organs
in the growth of a whole tree. At the
University of Massachusetts, Robert
Archer, a civil engineer, and two
plant physiologists, James Lockhart
and Brayton Wilson, are studying
three aspects of plant growth, namely
vector growth field analysis, mathe-
matical-mechanical models in tree
growth studies, and cell wall mechan-
ics. Vector growth field analysis is a
first step in studying plant growth by
providing a description of the dis-
tributions of growth rates in the orga-
nism being studied. Knowledge of this
pattern can assist in subsequent analy-
sis of the controlling factors of the
growth and its results. The analysis
begins with experimentally measured
growth rates at a number of “mark-
er” points in the organism; from these
data it attempts to determine the ve-
locity field—growth rates for different
points on the surface being studied—
and its properties as a function of
space and time. To do this, Drs. Ar-
cher and Wilson develop mathemati-
cal mapping functions working direct-
ly from marker-point data on a pho-
tograph of a growing surface (such as
a leaf). As a check on the method, it
has been applied very successfully to
analyzing the growth of specific
leaves.

In the late 1800’s and early 1900’,
considerable work was done on the
influence of stress on tree form. Much
of this early interest in stress de-
veloped because of observations that
stem form changed when trees were
grown under conditions of low stress,
and that stems become oval under
unidirectional stress. In particular,
tilting a stem results in compression
wood being formed on the underside
of the stem, causing the stem to bend
back into a near vertical position.
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Drs. Archer and Wilson have de-
veloped a mechanical-mathematical
model to obtain stress distributions
and changes in slope during compres-
sion wood formation as tilted young
pine stems become righted. Using this
model they hope to develop a simple
“feedback control” model to relate

gravitational stresses and _wood. reac-——

tion.

The development of the shoot and
root systems of a tree depends on the
interaction of the different organs
within each system and also to in-
teractions between the shoot and root
systems themselves. Once established,
the components of a tree may com-
pete with each other for light and
water and for internally supplied nu-
trients moving from other parts of the
tree. Thus, the development of the
whole plant is the final integration of
the mechanical and biological pro-
cesses that are acting at the cell, tis-
sue, and organ levels of plant growth.
Drs. Archer, Lockhart, and Wilson
are now constructing computer simu-
lations of growing shoot and root sys-
tems based on these interactions. Pre-
liminary simulations using only num-
bers of organs (not including lengths
or geometrical information) have
been successful. Later, by suitable
modification of variables, it should be
possible to isolate the differences in
growth algorithms that result in the

s of oaks., or elms
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Chemical Process
Dynamics

The techniques of centinuous pro-
cessing that evolved 20 to 30 years
ago in the chemical and petroleum
industries were linked to relatively
slow mechanical control systems. As a
result, stability became the ideal of
large-scale plant operation, and tradi-
tional chemical process research has
stressed steady-state analysis and op-
eration of laboratory and plant equip-
ment. Today, however, increasing at-
tention in research is being directed
at the dynamic phenomena that occur

during startup, shutdown, and insta-
bilities in plant operation. Theoretical
studies indicate that prediction and
control of these phenomena may pro-
vide the key to dramatic improve-
ments in plant efficiency. In some
cases, optimum production may even
call for deliberate pulsing and cycling

of—operating-conditions. - Stimulated-

and aided by recent advances in ap-
plied mathematics and electronic
computation, analytical research in
this area stresses dynamic modeling
and simulation of process units and
configurations. The research utilizes
high-speed electronic controls and
specialized computational equipment
for “real time” acquisition and analy-
sis of data. Such equipment is now
available at reasonable cost.

NSF supports several significant
projects in this new field of chemical
process dynamics. These include math-
ematical analysis of coupled systems
and theoretical and computational in-
vestigations of chemical reactor con-
trol. Especially notable is the pioneer-
ing research of James Douglas at the
University of Massachusetts. By ap-
plying the theory of nonlinear oscilla-
tions to analysis of chemical reactors,
he has discovered that properly con-
trolled periodic operation of chemical
processes may enhance their per-
formance well beyond conventional
steady-state design, His current exper-

N\

iments with stirred-tank reactors,
crystallizers, and pipelines under oscil-
lating conditions show promising re-
sults.

Another key project is the work of
Roger Schmitz at the University of
Ilinois. He is coupling experimental
and theoretical studies of steady-state
multiplicity;-stability;- and eentrol in
three types of continuous-flow chemi-
cal reactors. New computing equip-
ment in his laboratory will be used
for direct control and real-time simu-
lation of experiments. Other grantees
are investigating dynamic behavior of
various specific types of plant equip-
ment, such as distillation towers and
extraction networks. Two of these
principal investigators, Dr. Schmitz
and Dale Rudd at the University of
Wisconsin, are recent recipients of the
Allan P. Colburn Award for signifi-
cant research publications by young
chemical engineers.

SOCIAL SCIENCES

Research supported by the Division
of Social Sciences has as its primary
goal the advancement of scientific
knowledge about the interactions of
men both with one another and with
the physical and biological world and
the functioning of institutions which
men have created. This, of course,
covers a very wide range of subject

PULSED OR CYCLED
OPERATION
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The advent of better control systems and theory may make it possible to increase the produc-
tivity of chemical and petroleum processing plants by deliberately pulsing or cycling the

operation.



matter, from the studies of human
evolution by anthropologists, which
form a bridge to the biological
sciences, to the advanced models of the
economy by econometricians which,
similarly, link with the mathematical
sciences. Particular emphasis is on the
construction of scientific theory and
improvement of research methods.

This year saw the establishment, as
a separate program, of Research in
Law and Social Sciences, an activity
aimed at reexamining major com-
ponents of the legal system in terms
of social science findings. One inter-
esting program now under way at
Stanford University aims at determin-
ing if courts perform different func-
tions in society depending on where
they’re located: urban versus rural,
and in States with varying levels of
economic development. If courts are
found to be functionally heterogene-
ous in the sense they are optimized
for different litigant classes and activi-
ties, the legal community will need to
reassess its expectations of courts’ so-
cial utility in various environmental
settings.

The field of social psychology has
also begun to shift directions, moving
away somewhat from predominantly
laboratory activities into field obser-
vations, and becoming involved more
with allied professional disciplines.
Examples of some types of field
studies begun recently by social psy-
chologists include the effects of crowd-
ing and overuse of State and national
park facilities; the effect of hope on
longevity in hospital patients; responses
of teachers to verbal aggression in
the classroom, including its impact on
grades; verbal communication pat-
terns of couples seeing marriage
counselors; and more effective meth-
ods for maintaining medical regi-
mens.

The methods of research by social
scientists differ from those used by
casual observers and commentators
on social behavior in that they seek to
establish reliable and reproducible re-
sults, quantified when possible. The
objective is a cumulative growth of
scientifically established knowledge.
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Of special interest to the Founda-
tion is work on science as a human
activity and social institution. Science
and technology are being studied as
an economic force, as a social system
organized both formally and in-
formally, and as individual intellectu-
al achievements. Historians and sociol-
ogists of science are trying to discern
the degree to which major scientific
accomplishments are dependent on
personal characteristics of outstanding
scientists or on the intellectual “cli-
mate” of the time.

Economic Diffusion
of Science

Economists have been engaged for
more than two decades in an effort to
expand our knowledge of how new
processes and products are invented,
commercialized, and accepted. The
nature of the diffusion process in the
more  research-intensive  “science-
based” industries is the subject of an
important ongoing study by Edwin
Mansfield of the University of Penn-
sylvania. Specifically, Dr. Mansfield
disputes the view of some distin-
guished scientists and engineers that
the diffusion process goes on differ-
ently in such industries than in others.
To help resolve this question, he has
carried out a very detailed study of
the rates of diffusion of 18 important
process innovations in one of the na-
tion’s most research-intensive indus-
tries, chemicals. For each innovation,
data had to be gathered concerning
the rate of growth of chemical firms
using the innovation, the growth of
each chemical firm’s output produced
with the innovation, and the growth
of the chemical industry’s total output
produced with the innovation.

A number of significant conclusions
emerged from this inquiry. First, it
appears that the same sort of model
applies very well in this science-based
industry as in the less research-
intensive industries. The pattern and
course of growth in the number of
firms using an innovation and in the
increase of output produced with the

innovation is much the same. And the
profitability of the innovation is, as
before, a key determinant of the rate
of diffusion. Second, although the
same kind of model seems to fit, the
parameters in the chemical industry
differ from those in less research-
intensive industries, Thus, when the
profitability of the innovation and the
size of the investment are held con-
stant, innovations seem to spread
more rapidly in the science-based
chemical industry. Third, there is evi-
dence that innovations tend to spread
more rapidly if the firms in the indus-
try are relatively equal in size, a
finding which has special interest
from the point of view of industrial
organization and public  policy.
Fourth, Dr. Mansfield investigated the
determinants  of  various  other
measures of the rate of diffusion in
addition to the rate of imitation. His
results indicate that the same sorts of
factors are operative. Fifth, he looked
in detail at the characteristics of the
firms that have been relatively fast—
or relatively slow—to adopt each of
these innovations, embodying the re-
sults of explanatory econometric
models. Although his present models
offer some basis for technological
forecasting, Dr. Mansfield emphasizes
that we need to know much more
about the mechanisms and the costs
of transferring technology from orga-
nization to organization and from
country to country,

The Scientific
Development of
Albert Einstein

Twenty-two years ago, Albert Ein-
stein challenged historians of science
to find “a means of writing (history
of science) . which conveys the
thought processes that lead to discov-
eries.” Recent studies of Einstein’s pa-
pers by Gerald Holton of Harvard
University have enabled that historian
of physics to provide new insights into
one of the great conceptual revolu-
tions of all time—the development of
relativity theory.
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Albert Einstein to Hale October 14,
1913.
*My very dear Colleague:

A simple theoretical consideration
.. makes plausible the assumption that
FA : p o :
’ light-rays experience a deviation with-
in a gravitational field

Grav. Field

_ Mf“‘ Atge Lo — ~ Lightray
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‘l”—l" 7

On the edge of the sun the deflection
should be 0.84" and asl diminish

Afl‘.c' - . R

(R=Distance from the center of the

dfl_(;‘e‘:! sun)

Therefore it would be of the greatest
interest to know within how great a
proximity to the sun bright stars could
be seen by daylight [without a solar
eclipse] with the help of the largest
magnification.

Upon Prof. Maurer’s recommendation
| write to you, and beg you to let me
know what the chances are to obtain
results with the present-day equip-
ment and your vast experience in this
field.

*Addressed to Prof. George E. Hale,
Pasadena, Calif., by Dr. Albert Ein-
stein, Zirich, Switzerland.

The Hale Papers. Transiation by Er-
win Morkisch.

Hoveober 8th, 1913.

Profemsor Dr. A. Einstein,
Teohnische Hoohsohule,
Kirioh, Sritserland.
Dear Profeasor Einatein:«

I have dealyod Teplying to your kind letter
of Qotober l4th until I oould consult Dirsotor Oarpbell of the Liok
Obsermtory, who I knew %o be interested in tha problem you desoribe.
He writes ne that I» has undertaken to ssoure eclipse photographe of
stare neer ths sun for Dooter Freundlich of the Berlin Observatery,
who will zeasure than in the hepe of detecting differential defleotions.
Doubtless he vill san2 you furthsr partioulare, as I requested him to
copmunioate direotly with you.

I faar thm:a 1s no pomaibility of deteoting ths effect in full
sunlight, for the folloving reasons:

1. The sky increases greatly in brightnees near the eun, sven
undsr good observing oconditions. I oannot now eay et what distanoe
bright stars would be visible, tut will havs observations nade to
daterzine this. ,

2. On Howrt ¥ileon the best definition of the solar image is
obtained only for about an hour in the early morning. Henge the

atnospheric refraoction, chansing rapiily with the hour angle, would be

Professor Dr. A. Einstein. =2-

a troublesope obataala.

in distange of the ster from ths sun's limb, whioch would be diffioult
bacauss of tiz low precision of miorometer settings on the limb, and
the lerge distance (probably mush beyond the range of an ordinary

microneterd.

as it eliminatos mll of theee diffioultiem, and the use of photography
would allow a large nunber of stars to be neasursd. I therefore stiongly

recormend that plan.

I 7ish to ask your opinien regeriing the theory of the general molar
nagnetio field which I have recently detsoted by obmervation of the

Zeozen effect.

8. It would be nogessary to measure ths differential change

The eclipse method, on the ocontrary, appears to be vsry promising,

In a snort tire, as socn as sompe mdditional data are available,

Balleve ns, with kind regarde to Profeesor Wenrer,

Yours very sinecerely,




The Einstein collection includes
thousands of private papers, letters,
notebook, and scientific manuscripts.
While some of the letters have ap-
peared in various collections, the
great bulk of the material has never
been published. The papers include
material documenting some of the
factors contributing to the develop-
ment of a scientific genius. They tell
of a child whose inability—or un-
willingness—to speak until the age of
three led him to develop an extraordi-
nary capacity for nonverbal conceptu-
alization. In the view of Dr. Holton,
such use of abstract concepts, rather
than words, persisted into Einstein’s
adult life. For the great scientist
noted, “the words or the language, as
they are written or spoken, do not
seem to play any role in my mecha-
nism of thought.”” He said that he for-
mulated his .ideas in “physical entities

. certain signs and more or less
clear images which can be “voluntari-
ly’ reproduced and combined.”

The controlling factors of Einstein’s
development, Dr. Holton has pointed
out, include early training, family in-
fluences, personality, philosophical out-
look, and placement among colleagues.
In later years, Einstein said that
two objects played a special inspira-
tional role in his life. One was a
geometry book that sent his mind rac-
ing off in new directions as a boy.
The other was a compass: The myste-
rious, all-pervading “field” of magnet-
ic force that controlled the compass
needle fascinated the child.

This fascination ultimately led him
to challenge contemporary concepts
of magnetic fields and to develop an
entirely new formulation of gravita-
tional fields. Dr. Holton believes that
Einstein’s habit of thinking in con-

This correspondence between Einstein and
American astronomer George Ellery Hale dis-
cusses an early (and not quite correct) result
of general relativity. The letters were found
by Charles Weiner (of the American Institute
of Physics) at the Hale Solar Laboratory in
. Pasadena, Calif. (Reprinted with permission of
the Carnegie Institution of Washington and
the Einstein Estate)
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cepts rather than words played a key
role. He cites a comment by Einstein
to a friend when they were discussing
the genesis of his ideas. “These
thoughts,” he said, ““did not come in
any verbal formulation. I rarely think
in words at all. A thought comes, and
I may try to express it in words after-
ward.”

This habit of conceptualization
made it easier for Einstein to break
free of the methods of thought that
prevented his contemporaries from
recognizing the limitations of the con-
cepts of space, time, light, mass, and
energy that are rooted in the limited
capabilities of direct human experi-
ence.

Evaluation of
Accomplishment

Why do women seem to achieve
less success than men? One reason
commonly given is that of male prej-
udice against women and subsequent
devaluation of female accomplish-
ments. It is also possible that women
themselves, although the targets of
prejudice, may share the attitudes of
the dominant male group. This un-
derevaluation could reduce women’s
efforts to try to achieve and thus fos-
ter an actual lack of achievement.

A recent study by Sara Kiesler at
the University of Kansas has shown
that under certain circumstances
women value the professional work of
men more highly than that of women.
She asked 120 college women to evalu-
ate abstract modern art paintings by
unknown artists. Fictitious biographies
of the artists, half portraying males
and half females, accompanied the
slides of eight paintings. The paintings
were identified as either a contest entry
or a recognized winner, Students com-
mented on the technical competency,
creativity, quality of painting, emo-
tional impact, and the painter’s prob-
able artistic future,

Responses to questions revealed
that paintings ostensibly entered by
males (but not yet evaluated by ex-
perts) were judged by the subjects in

the study to be better than identical
ones credited to female artists. Evalu-
ations of paintings which had been
judged winners by the experts, howev-
er, were evaluated by the subjects to
be equal regardless of the painter’s
sex.

Bias against women occurred in
evaluations of technical competence
and predictions of the artist’s future,
areas in which men are expected to
excel. Evaluations of creativity, emo-
tional impact, and quality revealed no
discrimination against women. This
finding is consistent with common sex
stereotypes which hold that although
women may be expected to be less
competent and have fewer accom-

plishments than men, they are not.

expected to be less creative. Because
the paintings were abstract and diffi-
cult to judge on the dimensions re-
quested, it is probable that evalua-
tions reflect attitudes held prior to the

-study.

These findings have far-reaching
implications. Although women favor-
ably evaluate females’ work which
has received special distinction, lack-
ing such information, they judge work
by women to be inferior to equivalent
work of men. It would thus be diffi-
cult for women to achieve recognition
when placed at the competitive disad-
vantage revealed by these data. To
appreciate the strength of this finding
fully, one must recognize that it
is based on a sample of women ex-
clusively, a group which might be
considered more sympathetic than a
mixed one or one composed of all
men.

MATERIALS
RESEARCH
The field of materials is a fas-

cinating amalgam of ancient and
modern.  Archeological times - are
marked by such terms as “Bronze
Age” and “Stone Age,” but the rela-
tively modern systematic variation
and control of properties has been
studied scientifically for only a few
decades. Perhaps the first great step

forward in sophisticated understand-
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ing of structure-sensitive properties
came with the postulate of “the dislo-
cation” independently by Orowan,
Polanyi, and Taylor in 1934. The
dislocation, or misregistry in the crys-
tal lattice, is only one of a number of
types of defects. Other defects were
soon proposed and the number grew
enormously; - the - best- -experiments—
varied one type of defect indepen-
dently of all others to isolate the re-
sulting property changes.

After World War II, the remark-
able acceleration in electronic materi-
als came when zone refining made a
suitably pure host lattice available for
many interesting variations in com-
position and resulting properties. In
addition, theory was able to maintain
a predictive role in these materials
and, consequently, the electronics in-
dustry ran away in sophistication
from the traditional industries, which
depended on less well understood
mechanical and chemical proper-
ties.

About 1960, a major decision was
reached to attempt to improve our
knowledge of materials by providing
significant research support at select-
ed universities. The result was the
establishment of materials science
centers by the Advanced Research
Projects Agency (ARPA), Atomic
Energy Commission, and National
Aeronautics and Space Administra-
tion. Throughout the 1960’, much
outstanding work in materials was
sponsored in individual grants both
from NSF and other agencies. Efforts
are now being made to strengthen
programs in the engineering aspects
of materials while further extending
the strong science base already
present to include studies of nonelec-
tronic properties.

In 1970, NSF was asked to assume
sponsorship of the 12 ARPA labora-
tories, and also of the Air Force-
supported National Magnet Laborato-
ty (NML) at the Massachusetts Insti-
tute of Technology. In 1971, NSF’s
Division of Materials Research was
created with responsibility that in-
cluded the former ARPA laboratories
(now called Materials Research Lab-

oratories, or MRLs), the NML, and
NSPF’s existing grants in solid-state
and low-temperature physics, solid-
state chemistry, and engineering ma-
terials. Polymer science was added as
part of the Solid State Chemistry
Program. The Foundation now pro-
vides over 50 percent of the Federal

-support for-materials research—at 1S~

educational institutions.

The National Magnet Laboratory is
unique in this country, It exists to
provide ultrahigh magnetic fields for
all qualified users and to develop new,
advanced magnets. Meanwhile, the
laboratory staff conducts research in
magnetic phenomena and provides a
number of innovative ideas for appli-
cations of very high and very low
magnetic fields.

Over the past year, the Solid State
and Low Temperature Physics Pro-
gram continued and strengthened its
support in such areas as resonance
physics; superconductivity; magne-
tism; and electronic and optical prop-
erties of metals, semimetals, and in-
sulators. Also, in response to a num-
ber of proposals received and the rec-
ommendations of reviewers, research
in surface physics, liquid crystals, and
the application of light scattering
techniques to various fields was em-
phasized. Activity increased, too, in
low-temperature physics; this well-
established area now appears to have
great relevance to some of
recent and interesting aspects of sur-
face physics.

A broad range of topics was fund-
ed in the Solid State Chemistry and
Polymer Science Program, ranging
from the synthesis of new polymeric
and inorganic substances to the de-
tailed structure determination of com-
plex polymers and intermetallic com-
pounds. In general, the chemical syn-
thesis was directed toward novel
methods to prepare polymers with
improved properties. In the solid-state
chemistry area, new compounds were
prepared using high-pressure tech-
niques. In the continuing effort to
understand  the structure/property
relationships which are essential to
the ultimate improvement of materi-
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als’ performance, new methods of
polymer characterization are being
investigated using laser Raman spec-
troscopy, dynamic X-ray diffraction,
and new rheological instrumentation.
Similar refinements of analytic pro-
cedures for the inorganic systems are
being encouraged, and careful work
involving—effects —of impurities and
defect structures is continuing., Theo-
retical work, including configuration-
al statistics of polymer chains and
electronic band structure of inorganic

-systems, is a necessary underpinning

to the experimental program in solid-
state chemistry and polymer science.

The Engineering Materials Pro-
gram supports research in the follow-
ing areas: materials preparation and
characterization; electronic, magnetic,
and optical behavior; mechanical be-
havior; physical and extractive
(chemical) metallurgy; materials pro-
cessing; and biomaterials, Continued
growth is expected for programs in
materials  processing and  process
characterization (which includes met-
al removal through cutting and grind-
ing, powder conversion, and forming
and joining) as well as for non-
destructive characterization and de-
sign of failure-free materials.

Magnetic Filter

At the Francis Bitter National
Magnet Laboratory at MIT, some note-
worthy advances in the art of purifi-
cation and filtration using magnetic
fields have emerged as a byproduct of
an esoteric physics research project—
a search for the magnetic monopole.
The monopole is an elementary parti-
cle whose existence had been sug-
gested by Dirac, but which has as yet
not been found. It was hypothesized
that these high-energy particles might
enter the environment of the earth in
cosmic ray showers, be subsequently
moderated by the oceans, and ulti-
mately be trapped by the magnetic
constituents of the ocean bottom sedi-
ments. But the job of separating the
magnetic components of the sedi-
ments from the nonmagnetic was un-



feasible with the magnetic separators
available when Henry Kolm began his
research project a few years ago. To
overcome that limitation, he de-
veloped a new type of magnetic filter
that could handle large volumes of
sediments at rapid flow rates.

His filter employed a matrix of
steel wool magnetized in a high mag-
netic field. The combination of high
field gradient and high background
field acts to exert strong forces on the
magnetic particles of the sediments
and trap them on the strands. The
relatively open nature of the structure
makes for low flow resistance to the
background slurry and, consequently,
high filtration rates. Flow rates of 30
gallons per minute per square foot
are typical and are by no means an
upper limit.

Although basically simple in con-
cept, the new filter has found applica-
tion far beyond its original purpose.
It proved to be a readymade solution
to the problem of removing the yel-
lowish titanium dioxide impurities in
kaolin, a clay product used for white
paper coating, and replaced a more
expensive chemical form of treatment.

It was at once clear that the filter
was a potentially useful tool for sepa-
rating out fine weakly magnetic mat-
ter. What was not immediately evi-
dent, and came somewhat as a sur-
prise, was the discovery that it could
be applied to the filtration of non-
magnetic matter, including bacterial
and algal matter. This process uses a
finely divided iron oxide seed material
to scavenge the nonmagnetic matter,
which presumably attaches itself to
the seed by chemical bonding
mechanisms. The combination parti-
cles are then removed magnetically.
In some tests conducted on water
from the Charles River Basin, follow-
ing a single pass through the separa-
tor, the coliform bacterial count was
reduced from something on the order
of 10,000 to zero; biological oxygen
demand, suspended solids, and turbid-
ity were also greatly reduced. Signifi-
cant reductions in these indicators
were also obtained with some samples
of primary sewage effluent, indicating
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that magnetic treatment can have a
place in more sophisticated treatment
schemes of the future. The treatment
of industrial effluents appears to be
one of the promising areas for imme-
diate application. As an outcome of
this work, a team of Magnet Labora-
tory scientists, H. H. Kolm, E.
Maxwell, J. A. Oberteuffer, D. R.
Kelland, and C. de Latour, are inves-
tigating these and further applications
of the magnetic separation process
under sponsorship of the Foundation’s
Research Applied to National Needs
program.

Preparation of
Pure Compounds
Faced with a reaction that refuses

to yield the desired end-products, or-
ganic chemists sometimes dream of

holding the reacting molecules tight

with microscopic tweezers and forcing
them to give the right products. While

such “tweezers” are obviously a fan-
tasy for reactive molecules moving
freely in fluid solutions, in solids the
surrounding molecules can “hold”
reacting molecules and control their
motion so as to give products quite
different from those obtained in
fluids. Although instances of the use
and study of such control by chemists
have been rare, there are many prac-
tical examples of organic reactions
that occur under the influence of very
viscous or rigid surroundings. These
include reactions in biological mem-
branes and in enzymes, reactions
causing decay of frozen foods, and
reactions involved in the synthesis and
in the fatigue and aging of plastics
and other synthetic and natural poly-
mers,

There are many instances in which
groups that would be of identical
reactivity in solution are different in
the solid state. For example, acetyl
benzoyl peroxide (ABP) is decom-
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Two of the reaction products of this ABP molecule react with each other to form new com-
pounds. Experiments in which one of the available oxygen atoms is distinguished from the
other by a slight weight difference reveal that in liquid either of the two oxygens will react

with equal probability; in solid, the reaction
ABP halves together.

occurs with the oxygen that held the original
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posed by light into three fragments: a
carbon dioxide molecule and two very
reactive free radicals (A and B). In
fluid ABP these two radicals undergo
a bewildering variety of further reac-
tions to give more than a dozen low-
yield products. In solid ABP, howev-
er, only two products are formed.

The unique features of the solid
state reaction are most evident by
comparing the product from coupling
the two radicals, A and B, in the solid
with that from the same reaction in
solution. When the oxygen atoms of
radical B are made distinguishable by
incorporating a heavy oxygen isotope
(O*) in the oxygen bridge of ABP,
we can show that coupling in solution
occurs through the two oxygens of B
with equal probability, as would be
expected from the symmetry of the
radical. J. Michael McBride at Yale
University has shown that the solid
can hold radical B in a way that
preserves a difference between its ox-
ygens, and the great majority of the
solid state coupling occurs through
the oxygen which initially bridged the
fragments in the ABP molecule. In
this manner, products consisting es-
sentially of a single species can be
obtained without the additional pro-
cess of purification needed when the
reaction results in several species.

Homogenization of
Powder Compacts

Powder fabrication could become a
superior method of producing many
metals and alloys. Some techniques
have been employed for many years,
and the powder fabrication of mill
shapes (sheet, forgings, bars, ex-
trusions) is currently receiving con-
siderable attention. The advantages of
powder fabrication are: (1) a mini-
mum amount of metal working and
material loss in achieving a final pro-
duct; and (2) a great potential for
producing structures not attainable by
casting techniques. The major deter-
rent to the development of this pro-
cess lies in the economics of produc-
ing the high purity powders necessary

as starting materials. Moreover, alloys
are usually desired, and alloy powders
produce the greatest problem.,
Numerous investigations have been
carried out on the blending of ele-
mental powders to achieve the desired
alloy composition, followed by a long
diffusion treatment at high tempera-

ture to achieve therequired-—alloy-ho-

mogeneity. But such diffusion treat-
ments are economically unfeasible.
Thus, the basic materials problem to
be solved is to devise a means of
predicting the effects of fabrication
on the homogenization process. This
would permit tailoring the fabrication
conditions to minimize the time needed
to homogenize the material. Basic
research in diffusion theory in past
years, coupled with more recent de-
velopments in numerical methods and
computer techniques, have provided a
means of analyzing the homogeniza-
tion and fabrication process.

Both mathematical model analysis
and experimental studies have been
carried out under NSF support by R.
W. Heckel (at Drexel University and
more recently at Carnegie-Mellon
University) on the homogenization
behavior of compacts in two-metal
alloy systems. These studies have
shown the value of analyzing the ho-
mogenization problem in terms of
specific parameters such as diffusion
coefficients and solubilities for each
phase, powder particle size, compact
composition, and  homogenization
time, It has been shown that the ac-
curacy of the model improves as the
blend approaches an ideal distribution
of particles, Moreover, the results to
date have shown that even in poorly
blended compacts, the model can be
used to predict the relative effects of
changes in processing parameters and
conditions necessary for the most
effective homogenization process.

The analysis is general and can be
extended to investigate the diffusion
bonding of metals, the structural sta-
bility of high temperature alloys, the
stability of composite materials, and
the formation of coatings for elevated
temperature oxidation protection.

Ultra-Low Temperature
Nuclear Phase Transitions

Individual atomic nuclei possess a
spin and, consequently, a magnetic
moment which enables them to orient
themselves in a magnetic field. Thus,
individual nuclear moments can, un-
der—certaimr—conditions, give rise to
magnetic effects similar to, though
much weaker than, those produced by
electrons in solids. The effects of this
nuclear magnetism are best observed
at ultra-low temperatures. The less
abundant, natural isotope of helium
(He?) is a good example of such a
nucleus which has a rather sizable
nuclear magnetic moment. In addi-
tion, it is of special interest since it is
a simple nonreactive system with no
electronic magnetism; thus the mag-
netism of the nuclei will play a domi-
nant role.

The magnetic properties of both
liquid and solid He® at ultra-low
temperatures depend directly on the
way the nuclear spins couple to each
other and to the outside world
through the electronic system in
which they are located. Some physi-
cists expected a specific arrangement
of nuclear spin coupling in He?® at
temperatures about 2 milli-degrees
Kelvin in the solid, even in the ab-
sence of an applied magnetic field.
This expected arrangement of a type
known as anti-ferromagnetic would
consist of alternating directions for
these nuclear spins.

However, no direct experimental
evidence of any spontaneous regular
ordering of the nuclear spins in He®
had been observed. During fiscal year
1972, a low-temperature physics
group at Cornell University made im-
portant new observations which en-
hance our understanding of nuclear
magnetic coupling in He?, by using
a pressure cell proposed in 1950 by a
Russian scientist, I. Pomeranchuk.
He suggested that one could achieve
extremely low  temperatures by
squeezing a mixture of solid and lig-
uid He®. The observations by the
Cornell group were made at ultra-low
temperatures with the apparatus



shown. A moderate He? pressure in
the upper chamber is used to solidify
the He® in the lower chamber. The
He® melting curve can then be
studied precisely down to tempera-
tures as low as 2 milli-degrees Kelvin.
Any nuclear magnetic ordering would
show up as a pressure anomaly at low
temperatures in such a cell. Using this
apparatus, D. D. Osheroff, R. C.
Richardson, and D. M. Lee have re-
cently discovered two heretofore
unobserved phase transitions in pure
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He®. These transitions manifest
themselves as abrupt pressure changes,
producing kinks in the temperature-
pressure curve, both during pressuriza-
tion and subsequent depressurization

of the cell.

This result is the first evidence for
phase transitions in a mixture of solid
and liquid helium. Further experi-
ments carried out at Cornell indicate
that at these pressure anomalies, the
magnetic properties of the liquid part

of their sample changed dramatically.
Experiments do not yet confirm the
existence of anti-ferromagnetism in
the solid. They do indicate the
presence of some kind of spin order-
ing, as yet not fully explored, which is
taking place in the liquid. Related
work is presently under way in sever-
al laboratories to gain a fuller under-
standing of these newly observed
transitions, one or both of which may
be the only known examples of nu-
clear magnetic ordering.
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Using the pressure cell on the left, in which very low temperatures are attained, Cornell scientists discovered two pressure anomalies
(during both pressurization and depressurization) that correspond to what may be nuclear magnetic ordering.




National and
International

Programs-

The Directorate for National and
International Programs has the re-
sponsibility for agency management
of those major programs and research
centers of the Foundation having one
or more of the following characteris-
tics:
operational

® significant ‘con-

® coordinated and  continuing

scientific information activity;

® major computer science in-

volvement.

Among the diverse activities which
are administered by this directorate
are three major oceanographic pro-
grams; two large polar research and
support operations; five national ob-

tent;

® major logistic requirement;

® substantive and continuing in-
ternational involvement

servatories and ceqdters; the Founda-
tion’s programmatic computer activi-
ties; the science information service;
and the coordination and support of

® facilities for joint use of academ- NSF international research involve-
ic investigators; ment.
Tahle 4

National and Special Research Programs Awards
Fiscal Years 1970, 1971, and 1972

(Dollars in millions)

Fiscal year 1970

Fiscal year 1971 Fiscal year 1972

Number Amount

Number Amount Number Amount

International Biological Program ... . 24 $ 4.00 37 $ 7.50 38 $ 944
Global Atmospheric Research Program ._ 19 1.49 31 1,90 37 2.39
International Decade of Ocean Expluratlon 0 0 44 15.00 102 19.67
Ocean Sediment Coring Program . 25 6.55 8 7.13 8 9,26
Arctic Research Program _.___ . _ 0 0 32 2.00 61 3.54
U.S. Antarctic Research Program __ 128 7.41 121 7.76 139 27.00
Oceanographic Facilities and Support .. 31 7.60 21 8.57 65 14.52
1973 Solar Eclipse Logistic Support ... 0 (i} 0 0 0 .06

Total .. 227 $27.05 294 $49.86 450 $85.88

NATIONAL AND
SPECTAL RESEARCH
PROGRAMS

N T T A
ALJ iE \L\'[‘.l 'u"i[‘.!_.-

BIOLOGICAL PROGRAM *

The International Biological Pro-
gram (IBP) for which the National
Science Foundation is the lead agency
in the United States, was initially or-
ganized to study the biological struc-
ture and function of ecosystems and
determine man’s relation to them.
One of the goals is to predict the
consequences of possible natural or
man-induced changes brought on spe-
cific ecosystems.

* Although administered by the Research
Directorate, IBP is included here because of
its identification as one of the Foundation’s
National and Special Research Programs.

Since these studies had to be under-
taken on a large scale, it was necessary
to mobilize large numbers of scientists
from varlous fields. The research work

di
ed into !arge p"",“‘cts V.’lth—

wa.

in five dlstmct kinds of life zones
called biomes—grassland, desert, conif-
erous forest, deciduous forest, and
tundra.

Most of the work on these ecosys-
tems ‘accomplished to date has been
involved with the production of mod-
els and the development of the neces-
sary basic information to verify those
models. Substantial progress has been
made during this past year in de-
velopment of validated segments of
these models concerning interrelation-
ships between plants and animals, for
instance. Some semblance of predicta-
bility is beginning to emerge, though
as yet no predictive model for an
entire ecosystem exists,
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Much of the value of the modeling
work to date has been heuristic, and
scientists have had to synthesize
meaning out of what might otherwise
appear to be an assortment of nonre-
lated data. For instance, scientists
working on grasslands were able to
predict from modeling efforts that the
root biomass would diminish with
moderate or heavy grazing. This sug-
gested that the grazing animals,
though not particularly significant in
terms of flow of energy in the food
chain, were very important in terms
of controlling factors with possible
effects on the diversity and distribu-
tion of vegetation. Another example
of amassing various data into signifi-
cant meaning can be seen in the
desert biome, where scientists ob-
served a strong interaction between
the production of annual seed-bearing
plants and populations of birds and
mammals. Since nonliving factors
such as temperature, water, and min-
erals affect the seed production, scien-
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This diagram of the hydrologic and chemical
cycles of a typical Eastern deciduous forest
watershed shows the interactions between soil,
vegetation, and water.

Researchers are beginning to ob-
serve similar phenomena among the
various biomes. Animal populations
are now being considered as control-
ling agents in every type of ecosys-
tem, rather than as links at the top of
the energy flow. Another point was
raised in grassland areas, where re-
searchers observed that soil phos-
phates appear to be greater in more
arid regions of the biome and at cer-
tain seasons. In other words, there are
more stores of phosphates in areas of
less precipitation and during the late
fall and winter when plants are not
absorbing the phosphates. This raises
questions on a possible relationship
throughout all biomes among soil
phosphate deposits, amounts of pre-

e

COW BIOMASS
N SEASONAL GRAZING

/

\

/

ROOT BIOMASS

A 3-year computer simulation of an area below ground in the grasslands shows a decrease of
root biomass from about 900 to 800 grams per square meter with moderate grazing by cattle.
During the time of grazing each season, the cattle biomass increased approximately 12 to 21
grams per square meter. The decrease in the root biomass corresponds to a long-term decrease
in the vegetation above ground.

tists drew a formerly undefined con-
cept that nonliving factors ultimately
may control densities of animal popu-
lations.
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cipitation, and the whole rhythmic
pattern of biological changes with
changing seasons.

Another project included in the
U.S. section of IBP is the Conserva-
tion of Ecosystems in which research-
ers are cataloging private natural ar-
eas such as tall grass prairies on pri-
vate ranches, natural rivers not yet
harnessed for power, and private
seashore areas not yet modified or
developed.

The Human Adaptability Studies
include research of the genetics and
nutrition of certain Indian tribes of
North and South America. Studies on
the patterns of moving from one vil-
lage to another, mating, and produc-
ing offspring in the large South Amer-
ican Yanomama tribe are producing
evidence that may revise theories of
heredity and gene flow from an as-
sumption of nonrandom pattern of
gene flow to that of a random flow.
Archaeological and ecological studies
tracing populations of the Aleutian
Indians may change theories of the
migration of people to North Ameri-
ca from the mass migration concept
to that of a very gradual population
“drift.”

During the past year, a large re-
search project was started on biologi-
cal control of pests. Under the direc-
tion of Carl Huffaker, University of
California, Berkeley, some 19 institu-

tions and several hundred scientists
are working toward establishing tac-
tics for regulations of pest popula-
tions. The project uses an integrated
approach to analyze crop ecosystems,
insect pests that feed on these crops,
and predators and diseases that affect
the pests.

GLOBAL ATMOSPHERIC
RESEARCH PROGRAM *

During the year, the greatest em-
phasis, nationally and internationally,
continued to be concentrated on plan-
ning and designing the GARP Atlan-
tic Tropical Experiment (GATE) to
be conducted in the summer of 1974,
The objective of GATE is to extend
our knowledge of the meteorological
aspects of the equatorial belt, essen-
tial for a better understanding of cir-
culation patterns of the entire earth’s
atmosphere.

Work on Observing Systems Simu-
lation Experiments (OSSE) has been
delegated to NCAR. These experi-
ments are designed to assess and im-
prove individual observing systems by
means of numerical simulation using
global circulation models. In a set of

* Although administered by the Research
Directorate, GARP is included here because of
its identification as one of the Foundation’s
National and Special Research Programs.

numerical modeling experiments in
which temperatures are updated every
12 hours, it has been shown that a
wind field can be produced. The ac-
curacy of this wind field is a function
of the accuracy of the temperature
data and the frequency with which it
is updated. On the other hand, if the
wind—field—is- - periodically-—updated,
then the temperature field can be pro-
duced. Temperature updating is ex-
tremely important in forecasting wind
fields on a global scale. In the tropics,
wind observations are the most im-
portant variable to be measured.
When tropical winds are updated at a
few, but not all, levels in the model,
the forecast results are observed more
rapidly in the vertical than in the
horizontal direction.

One of GARP’s objectives is to
understand the factors that determine
the statistical properties of the gener-
al circulation of the atmosphere
which would lead to better under-
standing of the physical basis of cli-
mate. During the year, studies were
initiated to identify climatic regions
and boundaries around the Northern
Hemisphere by means of plant species
and other biological indicators.
Changes in the climate, past and pres-
ent are most pronounced and most
easily detected in the vicinity of
climatic boundaries. Evidence of cli-
matic change over periods of time can
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The GARP Atlantic Tropical Experiment covers almost 40 percent of the global equatorial belt. Observations of weather conditions
will be obtained from a variety of observational platforms, including land stations, ships, aircraft, and satellites. In the B-scale area
of the Eastern Atlantic Ocean (2 polygon indicated by a dashed line), very detailed analyses will be obtained by 2 concentration of

ships and aircraft.



usually be interpreted in terms of
movement of climatic boundaries.

GARP is associated with the fol-
lowing field experiments that have
taken place, are occurring, or being
planned throughout the world. The
countries listed in parentheses indicate
those that initiated the experiment.

MONSOONEX~—Monsoon Experi-
ment (India)

AMTEX — Air-Mass Transforma-
tion Experiment (Japan)

POLEX — Polar
(US.SR.)

NORPAX — North Pacific Experi-
ment (U.S.A.)

LIE — Line Island Experiment
(US.A))

TROMEX — Tropical Meteorolo-
gy Experiment (International)

FGGE — First GARP Global Ex-
periment (International)

AIDJEX — Arctic Ice Dynamics
Experiment (U.S.A./Canada)

WAMFLEX — Wave Momentum
Flux Experiment (U.S.A.)

BDSP — Basic Data Set Project
(International)

VIMHEX — Venezuela Interna-
tional Meteorological and Hydrologi-
cal Experiment (U.S.A.)

Experiment

IFYGL — International Field
Year of the Great Lakes
(U.S.A./Canada)

BOMEX — Barbados Oceano-

graphic and Meteorological Experi-
ment (U.S.A.)

ATEX — Adtlantic Tropical Exper-
iment (International)

JASIN — Joint Air Sea Interaction
(United Kingdom)

GATE — GARP Atlantic Tropical
Experiment (International)

CAP — Continental African Pro-
ject (U.S.A.)

JONSWAP II — North Sea Air
Sea Interaction Experiment (Ger-
many)

ASCENA — Niger River Project

(Africa)
CAENEX — Complex Atmo-
spheric Energetics Experiment
(U.SSR.)
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INTERNATIONAL
DECADE OF
OCEAN EXPLORATION

The Office for the International
Decade of Ocean  Exploration
(IDOE) entered its second year with
programs continuing in environmental
quality, environmental forecasting,
and seabed assessment. The programs
were expanded during the year, and a
fourth program — living resources —
was added.

Concern for the environment is a
major consideration in IDOE, and the
staff has worked closely with the
oceanographic community to develop
research programs leading to the as-
sessment of the quality of the marine
environment, the potential utilization
of marine resources, and the predic-
tion of the state of the world’s oceans
and their impact on global weather.
In particular, the Baseline Data Ac-
quisition Project completed studies on
concentrations and distribution of
chlorinated hydrocarbons, petroleum
hydrocarbons, and heavy metals in
the Atlantic and Pacific Oceans, the
Gulf of Mexico, and the Caribbean
Sea. Significant results included the
detection of polychlorinated biphenyls
in most marine animals studied and
petroleum  hydrocarbons in open
ocean biological communities. The re-
sulting data were evaluated at an in-
ternational - conference in May 1972,
and the conference report was made
available to the U.N. Conference on
the Human Environment. During the
evaluation conference, research prior-
ities on studies of the effects of pollu-
tants were recommended. They are
now being used as a guide to subse-
quent IDOE program development.

A Pollutant Transfer Processes
Project was designed to determine the
pathways of pollutants to and within
the ocean and the factors affecting
pollutant transfer within those path-
ways. Knowledge in these critical ar-
eas will be essential for subsequent
studies on effects and fates of pollu-
tants.

Preparations were completed for
the Geochemical Ocean Sections

Study (GEOSECS), a program of
measuring oceanic constituents at all
depths along sections from the Arctic
to the Antarctic in the Atlantic and
Pacific Oceans. The first major cruise
began in July 1972. Trace constituent
and radioisotopic data are being used
to establish geochemical baselines and
for quantitative studies of oceanic
mixing and descriptive models of
ocean circulation. These studies and
models are important for research in
marine environmental quality and en-
vironmental forecasting.

The Environmental Forecasting
Program consists of the Mid-Ocean
Dynamics Experiment (MODE), a
study of the nature and role of medi-
um-sized eddies in ocean circulation;
the North Pacific Experiment (NOR-
PAX), a long-term study of large-
scale ocean-atmosphere interaction in
the North Pacific; and the Climate:
Long-Range Investigation, Mapping
and Prediction (CLIMAP) program,
a study of changes in current patterns
and water mass properties during the
Quaternary period. Research results
of the programs will provide a basis
for improved and extended weather
forecasts and lead to a better under-
standing of climate and ocean circula-
tion. Important environmental fore-
casting studies also are under way in
the Living Resources Program (physi-
cal aspects of coastal upwelling) and
in the Environmental Quality Program
(water mass circulation in the deep
ocean).

MODE, begun in 1971, involves 12
U.S. and three foreign institutions in
a complex program of theory, numer-
ical modeling, and field experiments.
Preliminary field work and instrument
development are being carried out si-
multaneously. The first full experi-
ment starts in March 1973.

The NORPAX staff will spend
several years examining historical
data, developing a numerical model,
constructing buoy network hardware,
and doing preliminary field work. By
1976, NORPAX will be using 18
telemetering buoys across the north
Pacific Ocean.
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Sea Surface Temperatures (°C) 17,000 Years Ago in Summer
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CLIMAP scientists are constructing maps that will indicate sea surface temperatures for' different periods thousands of years ago.
The map to the left shows surface temperatures (°C) 17,000 years ago during the summer in the Atlantic Ocean. The map to the
right shows present-day temperatures during the summer for the same area.

RECOVERABLE LAUNCHERS TRACK . g
EXPENDABLE UPWARD-PROFILING- FLUATS

The Mid-Ocean Dynamics Experiment (MODE) is a complex program of theory, numerical
modeling, and field experiments to study the nature and role of medium-sized eddies in ocean
circulation. The experiment is part of IDOE’s Environmental Forecasting Program.

CLIMAP scientists will produce
sea surface temperature maps for
periods 6,000, 17,000, 120,000, and
700,000 years before present (B.P.).
The 17,000 years B.P, map has been

completed.

The Seabed Assessment Program is
designed to improve knowledge of
resource potentials of the world
oceans in order to plermit better man-
agement of marine exploration and
exploitation and to assist industry in

planning more detailed investigations.
The program includes geological and
geophysical investigations of continen-
tal margins, ocean mineral deposits,
and mid-oceanic ridges. The Eastern
Atlantic Continental Margins Study,
now 50 percent complete, may out-
line potentially valuable oil provinces
and mineral accumulations. Mid-
Atlantic Ridge studies have been the
subject of workshops in the United
States and abroad. A cooperative pro-
gram on the mechanisms of seafloor
spreading and on the generation of
heavy metal deposits along the ridge
crest has been proposed.

When an IDOE workshop on deep
ocean manganese deposits disclosed
the existence of considerable unan-
alyzed data in oceanographic institu-
tions, IDOE supported an analysis to
report on deficiencies, state of the
art, and priorities in the study of such
deposits.

In the Living Resources Program,
experimental verification of physical
oceanographic hypotheses and coastal
upwelling numerical models took
place in mid-1972. The experiment
was the first step in a comprehensive
Coastal Upwelling Ecosystem Analy-
sis Program designed to combine the



physical oceanographic and numerical
modeling capabilities with existing bi-
ological oceanographic and ecosys-
tems modeling techniques.

The National Oceanic and Atmo-
spheric Administration’s (NOAA)
Environmental Data Service (EDS)
provides centers for correlation and
storage of data from IDOE pro-
grams, EDS staff and IDOE investi-
gators agree on format and schedules
for data transmission to the centers,
and the data flow from ongoing pro-
jects has already started.

Instrumentation devices developed
under IDOE projects were tested and
calibrated by NOAA’s National
Oceanographic Instrumentation Cen-
ter., In addition, laser Raman spec-
troscopy is being evaluated for ocean-
ographic analyses.

The United States formally
presented its IDOE program to the
Intergovernmental Oceanographic
Commission (IOC) in October 1971.
The commission endorsed the pro-
gram and called on member nations
to present their programs to the TOC
Executive Council. By the end of
fiscal year 1972, the contributions of

about 30 foreign countries — in the
form of ships, laboratories, and per-
sonnel — to NSF-initiated programs

exceeded $3 million, and there was
promise of even greater participa-
tion. |

In fiscal year 1972, $20 million in
program funds were distributed in the
following proportions: environmental
forecasting, 45 percent; environmen-
tal quality and seabed assessment, 2§
percent each; general support and liv-
ing resources, 5 percent. Other gov-
ernment agencies continued to play
an important role in the IDOE pro-
gram. Within the four programs, al-
most 15 percent of the funds went to
Federal laboratories; the remainder
went to academic institutions and in-
dustry.

POLAR PROGRAMS

Research in the Arctic supported
through the Office of Polar Programs
centered on two large projects. A pi-

NATIONAL AND INTERNATIONAL PROGRAMS 4]

lot study for the Arctic Ice Dynamics
Joint Experiment was carried out in
March and April 1972, when 80 uni-
versity and government scientists
from the United States, Canada, and
Japan occupied three manned stations
in the Arctic Ocean pack ice
northeast of Barrow, Alaska. Five un-
manned buoys provide supplemental
data. The objective of the experiment
is to improve techniques of fore-
casting ice conditions and to deter-
mine the influence of sea ice on the
heat exchange between ocean and at-
mosphere, The University of Wash-
ington is coordinating the project,
which is funded by NSE as well as
other United States and Canadian
agencies.

The Tundra Biome project contin-
ued in the Arctic with scientists from
40 institutions. Two successful years
of research have been completed at
Point Barrow, Prudhoe Bay, and Ea-
gle Summit, Alaska, and comparative
studies of alpine tundra are being
made at Niwot Ridge, Colo. About
200 investigators have been involved
in interrelated field research and ex-
tensive computer modeling on terres-
trial and aquatic ecosystems. The

goal is to develop models that can be
used to predict the effects of natural
and artificial changes on the tundra
ecosystems.

Beginning with fiscal year 1972, the
Foundation assumed responsibility for
funding the entire U.S. program in
Antarctica except for icebreaker sup-
port. Under an interagency agree-
ment, the U.S. Navy continues to
provide the major portion of logistic
support for the program. The loss to
the program of two of the five ski-
equipped aircraft used in Antarctica
is putting a heavy strain on the logis-
tics operations, and two of the remain-
ing aircraft must be retired soon.
Despite these handicaps, research in
many disciplines continued year-round
at four stations. In the austral summer,
142 investigators carried out §1 re-
search projects at U.S. stations and in
the field. Other investigators were
aboard the research ships Elfanin and

" Hero and on two icebreakers. As in

past years, the U.S. Navy and the U.S,
Coast Guard supported the program
logistically.

Byrd Station, an under-snow instal-
lation in Marie Byrd Land that had
been occupied continuously since its

The icebreaker Sowthwind anchored near Palmer Station on the Antarctic peninsula shortly
before researchers began the survey of seals inhabiting the pack ice of the Bellingshausen and
Amundsen Seas. (Photo by U.S. Navy)
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completion in 1962, was closed in
January 1972. Siple Station in
. Ellsworth Land, which is strategically
located for studies of the upper atmo-
sphere, will become a year-round sta-
tion next year.
‘Working from the icebreaker
Southwind, researchers from the Uni-

versity of Idaho and the University of .

Minnesota took a census of seals and
other animals inhabiting the pack ice
of the Bellingshausen and Amundsen
Seas, an area of about 140,000 square
kilometers. Early analysis indicates
that nearly a million seals inhabit the
area. This and similar information
from other areas of the southern
ocean contribute to policy-making in
the field of conservation, as exem-
plified by the Conference for the
Conservation of Antarctic Seals, held
in London in February 1972.

Field work was carried out to se-
lect the best sites for two drilling
projects to begin next summer — one
in the sea and the other on land.
Eltanin cruised the Ross Sea to obtain
essential preliminary information for

the deep sea drilling ship Glomar
Challenger, which will begin the first
of three seasons of Antarctic drilling
in January 1973. Seismic and magnet-
ic properties of the ice-free valleys of
southern  Victoria  Land  were
measured in preparation for a drilling
project to be carried out jointly by
Japan, New.. Zealand; and the United- .
States.

OCEANOGRAPHIC
FACILITIES
AND SUPPORT

Ocean sciences research is support-
ed in three of the directorate’s offices,
with different objectives, while gener-
al support for the academic oceano-
graphic fleet is provided through the
Office for Oceanographic Facilities
and Support (OFS). In fiscal ‘year
1972, OFS functions were expanded
to include: (1) operations support for
facilities (other than ships), techni-
ciatt pools, data processing groups, and
University National Oceanographic

These crabeater seals are the

Navy)

most numerous species in the antarctic waters. (Photo by U.S.

Laboratory System (UNOLS) staff
activities; and (2) acquisitions sup-
port for ship construction, shared ship-
board and shore laboratory equipment,
and ship staging facilities. Support
provided through OFS was approxi-
mately doubled to include these ex-
panded services.

The increased—activity under OFS
primarily results from efforts to de-
velop a broadly based management
approach to the acquisition, oper-
ation, and use of large research facili-
ties for the academic oceanographic
community. The cooperative associa-
tion of institutions, UNOLS, was
chartered by 18 federally funded ship
operator institutions in September
1971 to bring about better methods
of sharing oceanographic facilities.
This coordination structure involves
the two principal supporting agencies
— NSF and the Navy — and other
interested agencies. OFS undertook
the responsibility for planning, coordi-
nating, and managing the Founda-
tion’s share of support for the
UNOLS staff office and serves in a

liaison capacity with the community

organization,
An advisory council representing
the entire academic oceanographic

community provides an overview of
all UNOLS activities. Through the
advisory council, UNOLS monitors
and evaluates how effectively the fa-
cilities are s the current
and future needs for adding or phas-
ing out facilities, and provides reports
and recommendations to the Federal
funding agencies.

During the year, a. contract was
made with Woods Hole Oceanograph-
ic Institution to construct a ship ap-
proximately 170 feet long. Another
NSE-funded ship, R/V Columbus
Iselin, was launched in March and
will be operated by the University of
Miami under UNOLS agreements.

Other awards included 21 grants
for about $1.5 million for updating
and improving oceanographic materi-
als such as shipboard scientific equip-
ment and facilities and specialized in-
strumentation for data processing,
communications, and navigation.
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The project’s activities for the past
4 years of deep ocean drilling and
coring (August 1968 to August 1972)
were designed for 25 cruises or legs,
each of which lasts approximately 2
months. During the first 23 legs,
which ended in May 1972, 349 holes
had been drilled at 230 locations in
the Atlantic, Pacific, and Indian
Oceans, and in marginal seas. Ap-
proximately 66,000 feet of core have
been recovered. The maximum pene-
tration into the bottom sediment
achieved so far is 4,265 feet; max-
imum water depth in which drilling
has been accomplished is 20,483
feet.

The typical scientific staff on board
The research vessel Columbus Iselin splashes into the sea March 1, 1972, at the University of the drilling ship consists of 10 or 11
Miami Rosenstiel School of Marine and Atmospheric Science. specialists in sedimentology, paleon-
tology, and marine geophysics. Partic-

OCEAN SEDIMENT
CORING PROGRAM

The Ocean Sediment Coring Pro-
gram is an exceptionally important
effort to further our understanding of
the world in which we live. It comes
at a time when technology is available
to do the monumental task of drilling
beneath the floor of the deep ocean
basins, when geological sciences have
just achieved a unifying and global
perspective of the history of the
earth, and when social and economic
interest in the oceanic realms is
greater than ever.

The Deep Sea Drilling Project,
which at present constitutes the
Ocean Sediment Coring Program, has
been in operation since August 1968.
Its objective is to explore the age,
history, and development of the ocean
basins and their marginal seas by
means of drilling and coring the
ocean floor. Operations are conducted
from the specially designed drilling
ship Glomar Challenger, owned and
operated by Global Marine, Inc., of
Los Angeles under a subcontract to
the University of California. Scripps

Institution of Oceanography at La  This sonar positioning beacon being inspected aboard D/V Glomar Challenger during Leg 19 in
Jolla is responsible for management the Bering Sea is used as a reference on the ocean bottom in the system that keeps the vessel
over a drilling and coring site. (Photo by Scripps Institution of Oceanography)

of the project.
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ular subjects — such as geochemistry
— may be emphasized on certain legs
and require stronger representation in
that field.

Foreign scientists contribute sub-
stantially to work conducted aboard
Glomar Challenger. To date, 66
scientists from 17 foreign countries

have participated: Natiomatand inter=—ing—the—Melanesiz—area; —the—Indian—

national scientific guidance to Scripps
is coordinated through the Joint
Oceanographic Institutions for Deep
Earth Sampling (JOIDES). This con-
sortium, consisting of five major U.S.
oceanographic institutions, advises on
drilling itineraries, site selection, ini-
tial core descriptions, and other aspects
of the operation.

Initial descriptions of the cores and
interpretations of scientific results
from each leg undertaken by Glomar
Challenger are published in a series
of reports called Initial Reports of the
Deep Sea Drilling Project. Each vol-

ume gives a description of the cores -

and an overall scientific synthesis of
the cruise.

During the past year, the Founda—
tion extended its contract with the
University of California to cover 3
additional years of drilling and coring
activities. Thus, the services of Glo-
mar Challenger are now contracted
for until August 1975.

" Two major departures from prior
work are planned for the extended
project. Drilling in seas surrounding
Antarctica will be done during three
austral summers, and attempts will be
made to increase gradually the capa-
bility to drill and take cores of the

hard igneous rock below the sedimen-
tary layer. A computer-based data re-
trieval system is being developed to
aid scientists in selecting samples.
Recent cruises of Glomar Chal-
lenger have traversed the
northeastern Pacific Ocean, Bering
Sea, the western Pacific Ocean includ-

Ocean, and the Red Sea. Data ob-
tained from these cruises will assist in
determining the magnitude and direc-
tion of both horizontal and vertical
crustal motion. There are indications,
for instance, that the Pacific sea floor
has moved horizontally across the
Equator in a northerly direction. In
addition, a widespread hiatus in the
sedimentary record has been found
that is particularly evident in the Aus-
tralia-New Zealand region. This gap
in the record suggests that a “circum-
polar” ocean current flowed north of
Australia until Oligocene time when
Australia  had - drifted far enough
away from Antarctica to transfer the
current to its present course.

Indications of vertical motion come
from the Ninetyeast Ridge in the In-
dian Ocean, now about a mile below
sea level. It was found to have been
above sea level at one time and to
contain coal, lagoonal deposits, and
oyster beds.

NATIONAL
RESEARCH CENTERS

The National Research Centers
have the equipment, the facilities, and

the expertise to support large-scale
and complex investigations that could
not have been undertaken by individ-
ual universities. They represent large
investments in capital equipment and
operating costs. Furthermore, each
major discovery or the attainment of
the threshold of a new breakthrough

- increases—the—demand for-larger, bet=——

ter, and more sophisticated equip-
ment. In astronomy, for example, the
progress in recent years has been
spectacular. Each increment in obser-
vational capability, in the form of
more powerful instruments and
proved  observational  techniques,
brings us one step closer to under-
standing two of the great mysteries of
mankind — the origin and eventual -
fate of the universe.

NATIONAL ASTRONOMY
AND IONOSPHERE
CENTER

The National Astronomy and Iono-
sphere Center (NAIC), operated un-
der contract with the Foundation by
Cornell University, has its headquar-
ters on the Cornell campus, Ithaca,
N.Y. The observing facilities are lo-
cated in Puerto Rico at a site 12
miles south of Arecibo. The principal
observing instrument is a spherical
antenna, 1,000 feet in diameter, that
can function either actively as a radar
telescope or passively as a radio tele-
scope.

During fiscal year 1972, steps were
taken to upgrade the reflector by in-
stalling a highly precise surface that

Table 5

National Research Centers’
Fiscal Years 1970, 1971, and 1972

Fiscal year 1970

Fiscal year 1971

Fiscal year 1972

Research Research Research
operations operations i operations
Capital and support Capital and support Capital and support
obligations  services Total obligations  services Total obligations  services Total
National Astronomy and lonosphere Center $ 150,000 $ 1,400,000 $ 1,550,000 $ 3,755,000 $ 2,343,600 $ 6,098,600 $ 1,900,000 $ 2,787,500 $ 4,687,500
Kitt Peak National Observatory . ______ ,000 ,379,000 6,425,000 127 2 600 7,199, 600 '35 6 000 7 243,881 7, 699 881
Cerro Tololo Inter-American Observatory 365,000 1,535,000 1,900,000 313 000 1,967,000 2,280,000 385 000 2,115,000 2,500,000
National Radio Astronomy Observatory ____ 675,000 5,125,000 5,800,000 -0 - 6,837,400 6,837,400 80, 000 6 ,589,900 6,669,900
National Center for Atmospheric Research 117 840 11, 323 960 11,441, 1800 270,990 14 224,614 14, 495 1604 1,000,000 17, 177, 416 18,177,416

Total _.

$ 1,353,840 $25,762,960 $27,116,800

$ 4,465,990 $32,445,214 $36,911,204

$ 3,821,000 $35,913,697 $39,734,697




will allow research to be conducted at
wavelengths shorter than the present
limit of about 50 centimeters. Com-
pletion of the resurfacing program is
scheduled for May 1974. It will pro-
ceed in stages that will allow the ob-
servatory to maintain it§ research ca-
pabilities and  observational pro-
grams.

Another major Arecibo program
initiated during the year was the de-
sign and development of an S-band
radar transmitter. This project is
being supported by the National
Aeronautics and Space Administra-
tion, When this new transmitter is
installed in early 1974, it will be pos-
sible to map the surfaces of planets at
wavelengths in the 10-centimeter
range. Radar astronomers will be able
to study the details of the cloud-
covered surface of Venus with a reso-
lution of 2 to 5 kilometers, equaling
the quality of the best earth-based
optical photographs of the moon. In
addition, the planet Mercury will be
subject to mapping by radar techni-
ques. Investigations of the moons of
Jupiter can be conducted and, using
the