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DIRECTOR'S STATEMENT vii

The Continuing Responsibility

For the Na t iona l Science Foundat ion,  year
1980 was one bo th of cont inued excitement and
achievement i n research as we l l as the beg inn ing of
some changes i n h o w NSF is l ike ly to address its
responsibilit ies i n coming years.  also marked the
departure of three h i g h l y successful and respected
leaders.

Richard A t k i n s o n , Direc tor of NSF since 1977
(and D e p u t y Director f o r 2 years before that) ,
became Chancellor of the Unive r s i ty of Ca l i fo rn i a at
San Diego on July 1, 1980. George Pimentel,
D e p u t y Director since 1977, returned to the
Un ive r s i t y of Ca l i fo rn ia at Berkeley to become
Direc tor of the Laboratory of Chemical Biodynamics ,
also on July 1. A n d N o r m a n Hackerman, w h o is Pres-
ident of Rice Un ive r s i ty , completed 12 years on the
N a t i o n a l Science Board, the past 6 as its Cha i rman.

N o r m a n Hackerman has been succeeded as N S B
C h a i r m a n by Lewis Branscomb, w h o is Chief
Scientist f o r  Corpora t ion . George Pimentel
is f o l l o w e d by Dona ld Langenberg (who also served
as A c t i n g Direc tor of NSF u n t i l m y arr ival) .

But periodic successions of
w h e n , coincidental ly, they occur i n a
not obscure the central characteristic of N S F : its
c o n t i n u i t y , over 30 years, as a unique source of broad
Federal suppor t f o r basic science and engineering
research. Cer ta inly , reading th rough this year's
AnnualKeport, w i t h its ove rwhe lming emphasis on
the results of basic research,  the r ich b o u n t y
of new knowledge resul t ing f r o m our t rad i t ion o f
i d e n t i f y i n g and encouraging i n q u i r y of the most
chal lenging questions b y the best minds.

N S F , of course, has impor tan t con t inu ing
responsibilit ies i n addi t ion to suppor t ing basic

 reflected, f o r example, i n the reports on

studies of innova t ion processes, r isk analysis, or inter-
nat ional cooperation i n science. A n d this year's
account of programs i n science education illustrates
h o w NSF stretches l imi ted resources to serve a diverse
and, u l t imate ly , very large clientele by suppor t ing
innovat ive projects whose success can inspire subse-
quent adaptation by others.

This past year has also seen heightened introspec-
t ion about the long- te rm con t inu ing health of science
and  what actions may be
desirable to ensure i t . I n the summer of 1980 NSF,
in con junc t ion w i t h the Depar tment o f Education,
prepared and submit ted to the President a s tudy
on Science and Engineering Education for the 1980s 
and Beyond. Th i s report documents shortages of
qua l i f ied f acu l ty i n many engineering disciplines—
notably the electrical and computer sciences.
Certainly one of the problems that w i l l concern the
count ry in coming years is h o w to meet the pressing
engineering education demands of the 1980s.

W e also devoted considerable e f f o r t to reassessing
the ways i n w h i c h we are organized to i d e n t i f y ,
evaluate, and suppor t research. As a result, several
s ignif icant changes w i l l occur at NSF i n f iscal year
1981.

T h r o u g h o u t much of the 1970s NSF has been
evolving a mechanism fo r supporting applied research,
and we learned and achieved a great deal th rough
such early programs as our ventures in to solar
energy and interdiscipl inary studies. M o r e recently
we have conducted applied research programs that
complemented the interests o f some basic research
programs and at the same time maintained a f lexible
mechanism f o r re fe r r ing proposals f r o m one to the
other when a better f i t was possible.

O u r experience w i t h basic and applied research
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teaches us that the differences are not nearly as great
as their names suggest.  NSF's po in t
of v iew, f u n d i n g decisions have been far less con-
cerned w i t h wha t a proposed project is called than
w i t h its potent ia l con t r i bu t i on to developing new
Icnowledge. Recogniz ing this, we in tend to merge our
applied research programs into the various research
directorates. W e expect that the somewhat wider
range of interests than represented w i t h i n d isc ip l inary
areas w i l l s t rengthen the programs and make i t
easier f o r p r inc ipa l investigators to pursue impor t an t
research topics even i f that pursui t takes them f r o m
one part of the basic-applied spectrum to another.
(Ac tua l ly , this precedent is wel l established at NSF .
Both engineering and materials science have long
accommodated a broad range of basic and applied
research w i t h i n their d isc ip l inary programs.)

The other major change we w i l l be m a k i n g is the
establishment of a separate directorate f o r the
suppor t of engineering research. W e take this step
p r i m a r i l y i n recogni t ion of the responsibi l i ty NSF has
to ensure the health o f engineering research as part of
our overal l mission. A t the same time we are
aware of the un ique linkages between engineering
research and indus t r i a l p roduc t iv i t y and innova t ion .
In terna t iona l  i n manu-
fac tured  become heated as other nations
strive to match the level of our o w n technological
strength. M a n y observers at tr ibute the sluggish U.S.
response to this compet i t ion at least i n part to
inadequate a t ten t ion to engineering. W e expect this
new directorate, by v i r tue of its increased v i s i b i l i t y

and autonomy, to help focus a t tent ion on the pressing
research agenda, on the role engineering can play i n
p roduc t i v i t y and innova t ion , and on strengthening
academic research capabilities.

1 must emphasize that such steps do not i m p l y any
major s h i f t i n the allocation of our resources
between basic and applied research or between the
tradi t ional and the engineering sciences. The House
Science and Technology Commit tee recently stressed
that our t radi t ional core research programs
"mus t be maintained as part of the Nat ion 's e f f o r t
to main ta in w o r l d technological leadership and
protect nat ional secur i ty ."

NSF plans no th ing to alter that emphasis. N e w
steps can, however, make us more agile i n dealing
w i t h engineering and applied research, and we w o u l d
hope to see a greater degree of mu tua l re inforcement
between applied and basic research i n bo th engi-
neering and scientif ic disciplines.

W e live i n a far more compet i t ive w o r l d today
than we d id 3 0 years ago when the Foundat ion was
born . But compet i t ion , and the challenges it
brings, is almost invar iab ly associated w i t h oppor-
tunities. Challenge, o p p o r t u n i t y , and the imagina t ion
and ingenui ty to make appropriate changes and

 are the very s t u f f of scientif ic and
engineering enterprise. W e as a N a t i o n have i n
f u l l measure all the requisite talents f o r pursu ing
and app ly ing scient if ic knowledge, and I am

 that we w i l l cont inue to do i t very wel l in the
years ahead.

John B. Slaughter
Direc tor
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Mathematical and Physical Sciences

Research i n the Mathematical
and Physical Sciences (MPS)
has the objective of develop-

ing improved understanding of phe-
nomena i n the physical universe and
providing the scientific base for f u -
ture technological, economic, and
social development of the Nat ion. To
further this objective, research, most
of which is basic in character, is sup-
ported across the disciplines of phys-
ics, chemistry, mathematics, com-
puter science, and materials.

Progress in other disciplines of the
natural sciences and i n engineering
has been and continues to be highly
dependent on the mathematical and
physical sciences. For example, ad-
vances i n modern "state-of-the-art"
instrumentat ion are subsequently
used i n a variety of sciences. Laser
technology and computer systems
are examples of developments that
have opened totally new possibilities
for the experimental sciences. The
mathematical and physical sciences
also provide the underpinnings for
theory in the other disciplines by for-
mula t ing new conceptual ap-
proaches to science.

The MPS disciplines continue to be
unusually exciting and vibrant. Ex-
amples of developments in each MPS
area fol low and are described i n
greater detail i n this chapter.

I n elementary particle physics,
quantum chromodynamics is the
most promising current theory of the
strong  of the four
fundamental forces of nature. Preci-
sion measurements of four states of

the bottom quark and its antiparticle,
carried out at the Cornell Electron
Storage Ring, are i n close agreement
w i t h the predictions of this theory.
A lively effort is under way to com-
bine quantum chromodynamics w i t h
the  model
of the electromagnetic and weak i n -
teractions into a "grand unif ied the-
ory" of three of the four fundamental
forces (gravity is the fourth) . This
development presents the challenge
for experimental physicists to devise
experiments that w i l l test the theory.

In chemistry, derivatives and
transformation products of naturally
occurring anticancer compounds,
which should show both improved
antitumor activity and reduced tox-
icity, are being synthesized w i t h i n -
creasing regulari ty. N e w laser-
excited matrix isolation fluorescence

procedures have made possible more
sensitive analyses of environmental
pollutants. Success i n these basic
areas of chemistry w i l l certainly lead
to advances i n our physical wel l -
being as the research applications are
developed fur ther i n industrial lab-
oratories.

A problem i n abstract algebra has
just been completed w i t h the con-
struction of the last 2 of the 24 pos-
tulated sporadic finite groups. One
of these, which is called the "Mons-
ter" because i t consists of  mem-
bers, has generated particular excite-
ment among mathematicians and has
led to surprising connections w i t h
other, previously unrelated, areas of
mathematics.

Modern submicron electronics
technology has ushered i n a new era
of challenge and opportunity i n com-

 1*
Mathematical and Physical Sc iences

Fiscal Year  and 1980

(Dollars in Millions)

 1978  1979 FY 1980

Number Number Number
of of of

Awards Amount Awards Amount Awards Amount

Physics 349 $59.86 379  408 $63.21
Chemistry 914 43.05 905 45.23 886 51.30
Mathematical Science 842 21.41 885 22.78 911 24.90
Computer Research 265 16.63 263 16.77 265 18.40
Materials Research 708 59.91 710 62.42 747 68.52

Total 3,078 200.86 3,142 208.86 3,217 226.33

 Table displays program activities as they existed in FY 1980, prior to the recent reorganization of Foundation
activities.

SOURCE: Fiscal Years  and  Budgets to Congress-Justification of Estimates of Appropriations (Quan-
titative Program Data Tables)
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puter science. A major effort was be-
gun i n 1980 to establish a modem
experimental research capability,
based on this technology, i n the Na-
tion's colleges and universities. A t
the same time an expanded com-
puter science research ne twork
(CSNET), which w i l l l ink these ca-
pabilities across a broad spectrum of
institutions, is being planned. Once
completed, CSNET should increase
the productivi ty of scientists and en-
gineers at academic, industrial, and
government laboratories and serve
as a model to other disciplines.

I n materials research, ultralow-
temperature experiments are being
refined toward the point at which
theoretical predictions of a new state
of matter can be tested. This "new"
state is comprised of systems of spin-
polarized hydrogen atoms that re-
main gaseous d o w n to the absolute
zero of temperature and condense
into gaseous superfluid states at suf-
ficiently h igh densities. A t the same
time, the fundamental aspects of
metallic glasses continue under i n -
vestigation. Because of their unusual
properties, these substances have
the potential for an eventual impact
on modern society comparable to
that of semiconductors.

The spectrum of support provided
across the 36 research programs i n
the Mathematical and Physical Sci-
ences ranges f r o m projects involving
one person to major facilities involv-
ing large numbers of investigators.
The mode of support depends on the
specific needs of each discipline and
the requirements of the research pro-
posed. Most awards assist ind iv idu-
als or small groups of faculty who,
together w i t h their graduate stu-
dents and postdoctoral research as-
sociates, carry out projects i n their
o w n laboratories. This is the tradi-
tional style of basic research i n the
Nation's universities. But other i n -
stitutional arrangements are neces-
sary in some disciplines; the increas-
ing cost of  sophisticated
research equipment and facilities

means that scientists must share their
use. NSF therefore supports a n u m -
ber of national user facilities, includ-
ing the Cornell Electron Storage Ring,
the Indiana University Cyclotron Fa-
cili ty, the  Radiation Fa-
cilities at Stanford, Wisconsin, and
Cornell, the National Magnet Labo-
ratory at Massachusetts Institute of
Technology, and the Small Angle

 Scattering Facility at Oak
Ridge National Laboratory. A t these
sites, scientists use equipment and
facilities that w o u l d be unavailable
on an individual basis. Most of the
research at these facilities is con-
ducted by university-based users who
travel to the national laboratories to
carry out experiments. I n addition
NSF supports 13 interdisciplinary
materials research laboratories, a 
number of nuclear physics research
laboratories, and other research i n -
stitutes.

Unsolicited research proposals to
conduct research are initiated by i n -
dividual or groups of scientists who
wish to undertake a specific project.
They are submitted on behalf of
these investigators by their insti tu-

Physics is at a stage where both
experimental and theoretical results
combine to suggest a new richness
i n our conceptions of the material
universe. The current generation of
high energy accelerators provides
opportunities to expand knowledge
of elementary particles, to explore
the characteristics of nuclear matter,
and to further elucidate electronic
processes i n close collisions. Great
numbers of people are involved i n
large-scale experiments at these ma-
jor facilities.

O n a smaller scale, improvements
i n laser technology are leading both

tions, primari ly colleges, universi-
ties, and nonprof i t research organ-
izations. Proposals are then reviewed
by members of the "peer" commu-
ni ty (drawn f r o m academic, indus-
trial , and government institutions)
who are expert i n the area of research
proposed. The principal criteria for
evaluation are the scientific merit of
the proposed research and the ability
of the investigators to carry out that
research. Dur ing 1980 some 5,300 re-
search proposals were received and
evaluated by more than 20,000 re-
viewers. Successful proposals u l t i -
mately resulted in support for the
research efforts of more than 4,000
scientists. I n addition, over 3,700
graduate students were given an op-
portuni ty to apprentice under the tu -
telage of some of the Nation's finest 
researchers. This involvement of our
highest quality graduate students in
research represents an important i n -
vestment for the future of this Na-
tion. NSF thus fills the dual roles of
supporting forefront research and fa-
cilitating the continued f l ow of ex-
pert scientists into the pivotal disci-
plines that i t serves.

to a new generation of precision
measurements i n atomic physics and
to the possibility of enhanced detec-
tors for gravitational radiation. In
theoretical studies, developments in
renormalized gauge theories dealing
w i t h the electroweak interaction and
i n quantum chromodynamics deal-
ing w i t h the stiong interaction seem
to presage a grand unification of the-
ories, w i t h noticeable consequences
even  the region of extiaordi-
narily h igh energies. Among the
themes emerging w i t h i n the sub-
fields and across subfield bounda-
ries, one can ident i fy the

Physics
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• I n particle physics, the most
promising theory of the strong
interactions is quantum chro-
modynamics (QCD). A lively ef-
fort is now being made to com-
bine the
Weinberg model (for which these
physicists shared the 1979 Nobel
Prize i n Physics) and QCD into
a "grand uni f ied theory" of the
weak, electromagnetic, and
strong  of the
four fundamental forces of na-
ture (gravity is the fourth) . Such
theories predict that the proton
is unstable and that the strong,
electromagnetic, and weak forces
all have the same strength at
energies of  GeV. To achieve
such high energy one wou ld
need a t ruly prodigious acceler-
ator; more likely, physicists w i l l
be able to look to astrophysical
evidence of the events that oc-
curred just after the Big Bang.

Experimental particle physics
is dominated by accelerators,
such as the Cornell Electron
Storage Ring where studies of
the " b " quark are currently em-
phasized. Detectors that record
the particle collisions i n such ex-
periments are large and compli-
cated, usually being fabricated
by collaborations of university
user groups. N e w accelerator
designs await development.
Giant, passive detectors for very
high energy cosmic rays i m -
pinging on the earth f r o m space
are also coming into use.

• Experimental nuclear science
uses a variety of accelerators.
New and upgraded facilities
provide beams of heavy ions
f rom 20 MeV/nucleon to several
hundred MeV/nucleon. These
accelerators permit studies of
nuclei under extreme conditions
and may yield new forms of
dense matter as wel l as new
configurations of nuclei. Con-
t inuing equipment development
w i l l lead to beams of higher en-

ergy definit ion and higher i n -
tensity, both for heavy particles
and for electrons.

Results of these experiments
are compared w i t h an equally
wide range of nuclear theories
and models. I t is particularly
challenging to bridge the gap in
theories between the short and
longer intranuclear distances.
Nuclei represent a microscopic
laboratory sensitive to the de-
tails of this transition region.

Significant progress is being
made i n the case of heavy ion
collisions and the statistical
treatment of the shell model.
Progress i n dealing w i t h the nu-
clear many-body problem has
implications as wel l for other
fields.

Advances i n precision spec-
troscopy throughout the electro-
magnetic domain are returning
atomic physics to its former role
as a preeminent testing place for
the effects of relativity, quantum
electrodynamics, and electron
correlation. These and closely
related developments lead to a 
variety of tests for departures
f r o m wel l established funda-
mental symmetries and invari-
ances; they also provide new op-
portunit ies for determining
numerical values of fundamental
atomic constants.

O n the experimental side,
recent progress reflects rapid
utilization (or development) of
new technologies. Advances i n
laser
improved control over resolu-
t ion, stability, intensity, and
spectral  opened to-
tally new experimental possibili-
ties. Moreover, atoms, mole-
cules, and their ions can now be
stored for long periods, cooled
to low temperatures, and stu-
died individually and i n small
groups.

• In gravitational physics, broadly
based theoretical programs con-

tinue to explore the conse-
quences of general relativity.
Computer simulations model the
production of gravitational ra-
diation by stellar collapse to black
holes or neutron stars, by colli-
sions of black holes or neutron
stars, by collision of black holes
w i t h normal stars, and by su-
pernova explosions. Analyt ic
work i n relativistic astrophysics
studies black holes, the binary
pulsar, galactic structure, and
cosmology. A n especially i m -
portant collaboration is expected
to grow between gravitational
and particle theorists i n devel-
oping a quantum theory of grav-
itation. Creating such a theory
is the greatest challenge to the-
oretical physics during this cen-
tury.

Experimental programs con-
tinue to emphasize
detection w i t h resonant bars and,
increasingly, w i t h free masses
(laser interferometers). Other
experimental programs are i n -
creasing the precision of meas-
surements w i th in the solar sys-
tem. Examples include the
retardation of radar signals pass-
ing near the sun; advance of the
perihelion of Mercury, Venus,
and Mars; gravitational deflec-
t ion of microwave signals f r o m
space probes; solar oblateness;
and the variability of the gravi-
tational "constant" over space or
time.

Cornell Electron Storage
Ring

The most exciting results of 1980
in understanding new states of mat-
ter were obtained w i t h the newly
converted Cornell Electron Storage
Ring (CESR). Initial results include
observation of four states of the fam-
ily of particles made up of the  or
bottom, quark and its antiparticle,
the b. Precision measurements of the
energies of this f i f t h quark, which are
in close agreement w i t h predictions
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made for i t by  strong-interaction
theory, indicate the famil ial resem-
blance of the new quark (b) to the
four already  up (u),
d o w n (d), strange (s), and charm (c)
quarks. These far-reaching results
confi rm the importance of this re-
cently revamped Cornell research
program i n elementary particle
physics.

CESR is an 8 GeV x 8 GeV elec-
tron-positron colliding-beam accel-
erator. I n the summer of 1977 NSF
authorized Cornell to convert its 12-
GeV synchrotron to this new config-
uration under the direction of Boyce
D. McDaniel. This major upgrading
included installation of a second r ing
of bending magnets and power sup-
plies i n the tunnel housing the orig-
inal synchrotron, fabrication of a ma-
jor particle detector at one of the
intersecting regions, and new com-
puter capability for the laboratory.

Cornell shut d o w n its synchrotron
i n October 1977, and the entire lab-
oratory enthusiastically redirected its
efforts to the conversion, completing
the project about six months earlier
than planned. The faster schedule
resulted i n overall cost savings as
wel l .

First beams were injected into the
storage r ing on A p r i l 1, 1978, f o l -
lowed by adjustments to achieve col-
lisions between the electrons and
positrons circulating i n opposite d i -
rections i n the r ing. The research
program began i n October 1979 on
a part-time basis. Three states of the
f i f t h quark were seen dur ing this
phase, even whi le f inal conversion
was still under way. O n June 1, 1980,
less than three years after i t was au-
thorized, CESR was completed, pro-
v id ing a unique facility for studies i n
this energy range by physicists f r o m
throughout the Nation.

Search for Gravitational
Radiation

One of the profound, but as yet
unconfirmed, consequences of Ein-

stein's theory of general relativity is
the propagation of fluctuating grav-
itational forces i n the f o r m of waves.
Such gravitational radiation plays a 
part as wel l i n all alternative theories
of gravitation. I t is now f i rmly be-
lieved to be important i n determin-
ing the course of significant events
i n the evolution of the universe, such
as the formation of black holes.

The direct detection of gravita-
tional waves w o u l d dramatically
confi rm the dynamic nature of grav-
i tat ion, and closer study w o u l d
eventually provide a way to study
astrophysical processes wh ich are
not accessible to the usual tools: ra-
dio,  X-ray, or gamma-ray
telescopes. But gravitation is the
weakest of the four fundamental
forces of nature, and gravitational
waves are thus uniquely di f f icul t to

 most sophisticated and
sensitive equipment assembled has
not yet given unequivocal results.

Liquid
nitrogen-cooled
shield

The strength of a gravitational wave
is indicated by the momentary change
that i t wou ld cause i n the length of
an imaginary antenna consisting of
two massive, freely fal l ing bodies.
For example, the waves resulting
f r o m the formation of a black hole at
the center of our galaxy w i t h a mass
comparable to that of the sun might
change the antenna length by about
f ive parts i n  This "strain" is
equivalent to changing the distance
to the moon by 4 x  meter, or
about one thousandth of the wave-
length of light.

Surprisingly enough, i t appears
possible to make detectors sensitive
enough to detect such a faint effect.
The pioneering efforts of Joseph We-
ber at the University of Maryland led
i n 1974 to simultaneous observations
by several geographically separated
experimental groups whose massive
a luminum  attained strain
sensitivities of about  It is now

H e l i u m

Shield

Microwave
magnetometer

Liquid / 
helium
supply

Detector
Cryogenic receiver. Gravity  fundamental physical phenomenon predicted
by Einstein's theory of general  never been directly conf i rmed. This new,
low-temperature  in cutaway  operating at Stanford Uni-
versity is by far the most sensitive yet constructed and is setting interesting limits on
possible astronomical sources of this elusive radiation.
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recognized that although some grav-
itational wave events might have
been detected i f a sensitivity of
had been achieved, successful grav-
ity-wave astronomy w i l l almost cer-
tainly require detectors w i t h sensi-
tivities of about

Since the early seventies several
groups have been exploring the use
of l ow temperature techniques for
more sensitive detectors. L o w tem-
perature directly reduces one of the
most important sources of noise in
the detectors, the random thermal
fluctuations in the antenna itself. A t
low enough temperatures i t is also
possible to use the unique properties
of superconductors to bui ld almost
noise-free circuits and amplifiers w i t h
sensitivities approaching limits de-
f ined by the quantum mechanical
nature of the physical wor ld .

Such a detector, bui l t by Wil l iam
Fairbank and his group, is now op-
erating at Stanford University. The'
4800-kilogram antenna is cooled to
4.2°K by a surrounding l iquid helium
bath. The oscillations of the antenna
are detected by a novel resonant su-
perconducting transducer and a spe-
cially developed  Jo-
sephson-junct ion ampl i f ier . The
construction of the detector was a 
unique technical achievement, and
its sensitivity, 2 X  is approxi-
mately 50 times better than that of
previous antennas. The Stanford
group intends to carry out simulta-
neous observations w i t h other groups
when more antennas of comparable
sensitivity are operating.

Booster at Stony Brook
The processes that occur when two

atomic nuclei collide w i t h h igh en-
ergy pose a rich intellectual challenge
and suggest some tantalizing oppor-
tunities. Gentle collisions allow one
to probe the nuclear surface, whereas
more violent impacts involve the en-
tire nucleus. Nuclear states never
seen before may be formed when a 
few nucleons (particles in the nu -

cleus, such as protons or neutrons)
are transferred i n the collision.
Sometimes much energy is trans-
ferred but the impinging nucleus
reemerges intact. Strange patterns i n
the emission angles of l ight and heavy
fragments suggest nuclear hot spots
or jets. W i t h complete fusion of the
nuclei, properties of nuclear matter
such as viscosity and superfluidity
can be investigated. Changes i n nu-
clear shape occur, and the maximum
angular velocity that a nucleus can
have before fission may be found .
Exotic new nuclei may be produced,
and the intr iguing possibilities of
very heavy nuclei having a voracious
appetite for neutrons may be pur-
sued.

A power fu l booster accelerator is
being assembled at the State Univer-
sity of New  Brook for

 nuclear physics. When

completed i n 1982, i t w i l l be the
highest energy device of its type to
be operating and w i l l allow physi-
cists to extend their research over a 
wide range of phenomena i n nuclear
physics. New types of atomic phys-
ics and solid state physics experi-
ments w i l l also become possible.

The new part of the acceleration
system, called a superconducting
L I N A C , w i l l boost the energy of ions
(charged particles) coming f r o m
Stony Brook's 9-million-volt tandem
electrostatic accelerator to as much as
500 MeV. The energy is variable and
depends on the mass and charge of
the accelerated particles. Most of the
work  be done w i t h nuclei of
mass number up to 100 times the
mass of a proton. A t such masses,
achievable energies are great enough
to overcome the electrical repulsion
between projectile and target nu -

Accelerator booster. Scientists at the California Institute of Technology assemble a 
"spl i t- loop resonator" intended for use as part of an apgraded accelerator at the State
University of New York at Stony Brook. The unusual electricity-conserving device,
equipped with 37 of these superconduct ing resonators, will accelerate heavy atomic
nuclei to 10 percent the speed of light, permitting new types of experiments of important
physical phenomena.
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cleus so these may come w i t h i n range
of the enormous nuclear forces.

The superconducting split-loop
resonators which are the heart of the
booster accelerator were developed
by physicists at the California Insti-
tute of Technology i n collaboration
w i t h Stony Brook. Thirty-seven of
these resonators w i l l be set i n a row.
The frequency of oscillation and the
spacing of the gaps at the ends of the
loops are such that a short bunch of
high speed ions f r o m the tandem ar-
rives at each gap just i n time to be
pushed forward by the electric f ie ld ,
f inal ly achieving about 1/10 the ve-
locity of l ight.

To make this possible w i t h low
power usage, the entire resonator is
made of copper, plated w i t h lead,
and is r u n at l iqu id hel ium temper-
ature (4.2°K). The lead is supercon-
ducting at this temperature, so each
resonator requires only a few watts
of power. Many technical problems
had to be overcome to stabilize the
natural frequencies, to preserve su-
perconductivi ty, to achieve l ow
power loss, and to lock all resonators
to the same phase. The short pulses
(60 per second), variable energy,
variable ion species, and very small
beam size make this an ideal device
for nuclear experiments*.

Precision Measurement
of Electrons

Many advances i n our under-
standing of the fundamental laws of
science are inextricably l inked to ad-
vances i n precision measurement.
Such measurements provide a quan-
titative foundat ion for our basic as-
sumptions regarding the behavior of
matter and test their val idi ty over
wide ranges. Recently, Hans Deh-
melt, assisted by Robert Van Dyck,
Jr., and Paul Schwinberg, of the
University of Washington, measured
the key properties of the electron to
a new accuracy by isolating a single
electron f r o m the perturbations of

other particles or atoms. To do this
they insert one slow-moving electron
i n a " t rap" consisting of electric and
magnetic fields impressed on an u l -
trahigh vacuum container; the par-
ticle is then stored for several weeks
whi le i t is isolated f r o m virtually all
extraneous influences.

Once the electron is stored, its or-
bits w i t h i n the confining magnetic
f ie ld can be measured w i t h very high
precision. This yields a much i m -
proved value for the constant (termed
the  that relates the elec-
tron's magnetic moment to its mass,
charge, and spin. Dehmelt's new
value of g, accurate to eleven signif-
icant figures, is the most accurately
measured parameter of any elemen-
tary particle. A not inconsequential
corollary of this measurement is that,
at least to this accuracy, all electrons
really seem to be identical. The
quantity g also has a theoretical value,
calculated f r o m quantum electrody-
namics, the basic theory describing
the electron; that result agrees closely
w i t h Dehmelt's latest value. This

Chemistry continues to provide a 
steady stream of research accom-
plishments to support its pivotal po-
sition i n U.S. basic research. As the
scientific tools of the chemist have
increased i n scope and diversity, the
scientific skills of the chemist have
been challenged to search for the
most important problems to attack.
There is no end to the number of
problems; there is only the task of
establishing priorities as to which
deserve the init ial attention.

The answers that chemists seek
range f r o m questions concerning the
most microscopic detail of electrons
i n molecules to the development of
a strategy for the most efficient path

provides the most stringent check of
a prediction of any theory i n science.

The results of this measurement of
g can also be compared w i t h those
found by Ar thur Rich at the Univer-
sity of Michigan w i t h a different
method using  electrons.
However, this comparison requires
an adjustment for electron velocity
based on the theoretical framework
of special relativity. The agreement
then f o u n d between the two experi-
ments serves as the most accurate
check yet made of the assumptions
and predictions of special relativity.

The Universi ty of Washington
group is  on two extensions
of this experiment. One is studying
single positrons (the antiparticle of
the electron) to see i f their properties
are indeed those predicted by cur-
rent theory. First results show that
a positron is i n all respects similar to
an electron except for the sign of its
electric charge. The group also plans
to modi fy the trap itself to allow sev-
eral orders of magnitude of new pre-
cision to be achieved.

for the synthesis of a molecule of i m -
portant biological consequence
answers provide the foundations for
the synthesis of new molecules w i t h
predictable structure and funct ion
relations. NSF's programs in chem-
istry provide resources for more than
800 research groups. I n addition,
more than a thousand graduate stu-
dents and 600 research associates
also participate in these research ac-
tivities.

The ability of chemists to use the
complex molecules of nature as tar-
gets for synthesis is evident i n the
successful total synthesis of the com-
plex natural product streptonigrin
(described later in this section, as are
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the other research projects men-
tioned briefly i n this introduction).
The synthetic challenge i n this mol-
ecule lies i n the mutual incompati-
bil i ty of the functional groups that
are attached to the aromatic rings.
Because of this problem a careful
staging of the synthetic steps i n the
synthesis was crucial to its imple-
mentation.

Chemistry is not restricted to the
use of intricate or complicated mol-
ecules as targets of creative investi-
gation. Indeed, the small molecules,
especially the oxides of carbon, are
of fundamental significance i n the
use of coal as a raw material for pro-
duction of fuels and "petrochemi-
cals." The oxides of carbon are also
intrinsic to life-sustaining processes.
Even after a century of modem
chemistry the carbon-oxygen bond
remains a target for scientific inquiry
because i t is involved i n so many sci-
entific issues of direct relevance to
human needs. This is exemplified i n
the research on carbon monoxide as
a reducing agent in synthetic chem-
istry w i t h the aid of catalysts based
on i r i d i u m and r h o d i u m com-
pounds.

From these examples one can see
that the transformation of molecules
is the goal of the chemist, and the
success of chemistry depends on a 
steady stream of contributions f r o m
diverse research groups. Structure,
bonding, and theory provide the
basis for rational chemical synthesis.
The new types of multiple bonding
i n organometallic chemistry have had
a profound influence on the chemical
architecture of new catalysts. This
research of ten is a synergistic process
i n which progress i n one area com-
plements that i n another.

Finally, we wou ld be remiss i f we
did not point out the role of modern
instrumentation i n all areas of chem-
istry research. None of the projects
highlighted on these pages could
have  without the availa-
bi l i ty of wel l equipped modern lab-

oratories w i t h state-of-the-art instru-
mentation. Our f inal  toxic
substances in the
an example of research made possi-
ble by the availability of a new light
source, the laser, and the very fast
detection and t iming instrumenta-
tion of modern electronic devices.

The Total Synthesis of
Streptonigrin

Streptonigrin is an unusual fungal
metabolite which has shown consid-
erable promise as an anticancer agent.
This compound was first isolated
and characterized about 20 years ago
and was found to have a unique tet-
racyclic chemical structure. Clinical
studies on a variety of human tumors
have been conducted both in this
country and i n the Soviet Union.
Streptonigrin has been found active
against lymphoid malignancies when
administered either orally or intra-
venously and is as effective as the
nitrogen mustard chlorambucil for
treatment of lymphoid leukemia and
Hodgkin's disease. However, strep-
tonigrin shows a relatively high de-
gree of toxicity, which particularly
manifests itself i n the f o r m of severe
bone marrow depression in treated
patients. Considerable effort has been
expended by a number of research
groups over the past 15 years to pre-
pare analogs and derivatives of
streptonigrin having enhanced anti-
tumor activity and reduced toxicity.

Investigators under Steven M .
Weinreb at Pennsylvania State U n i -
versity have now completed the first 
total synthesis of this complex nat-
ural product. This research is signif-
icant for several reasons. I t more
clearly defines the chemistry of
streptonigrin and related com-
pounds. Surprisingly, little work has
previously been reported regarding
various transformation products and
derivatives of the natural product.
This research also w i l l presumably
make available synthetic derivatives

of streptonigrin not otherwise read-
i ly obtainable that may conceivably
show improved clinical anticancer
properties. Some spinoffs of signifi-
cance i n the area of synthetic organic
chemistry have also resulted. I n par-
ticular, new reactions have been de-
veloped for use i n synthesis of a va-
riety of other medicinally useful
naturaUy occurring compounds.

Synthesis Gas as a 
Reducing Agent

The primary product of the indus-
trial gasification of coke (a coal resi-
due) w i t h steam and oxygen is a mix-
ture of carbon monoxide and
hydrogen of widely varying compo-
sition, depending on the conditions
used. Because many chemical pro-
cesses need hydrogen as a reducing
agent, this mixture , commonly
k n o w n as synthesis gas, can be fur -
ther treated w i t h steam over a metal
catalyst. In this way the CO com-
ponent of the mixture, combining
w i t h the steam's oxygen, is con-
verted to  and the steam's  is
freed (the water gas shift reaction);
the byproduct  is then separated,
leaving the hydrogen for fur ther use.

Catalytic reductions using  are
of course wel l known. Several years
ago Rowland Pettit of the University
of Texas demonstrated that i n certain
cases similar catalytic reductions can
be brought about w i t h CO and
as the reducing agent. He has now
discovered a homogeneous catalyst
system which, for certain reactions,
allows the direct use of commercial
synthesis gas as the reducing agent.
Furthermore, the reductions can
proceed using each component (CO
and  in proport ion to their init ial
partial pressures, thus al lowing the
direct use of any composition of syn-
thesis gas. This discovery constitutes
an important contiibution to basic
knowledge of chemical reactivity, and
it also provides the basis for greater
industrial utilization of coal as a pre-
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cursor of important chemical and
pharmaceutical intermediates.

The reactions studied are electron
transfer type  typi f ied by
the reduction of nitroarenes to ami-
noarenes, and the catalysts em-
ployed are metal carbonyls used i n
conjunction w i t h a base. I n the cat-
alytic cycle i t is presumably the an-
ionic metal hydride that is the pr in -
cipal electron-donating species. W i t h

 alone as the reducing agent, the
hydride is produced by one reaction
path; i f CO is used i t is produced by
a different reaction.

The objective of Pettit's work was
to obtain a system that uses both
paths simultaneously. He has found
that the various metal carbonyls,
wh ich were shown earlier to be ef-
fective catalysts for the reduction of
nitroarenes to amines w i t h CO as the
reducing agent, display wide ly d i -
vergent behavior when  or mix-
tures of  and CO are used. Thus,
one i ron compound, a very active
catalyst for reduction of nitroarenes
w i t h CO at 25°C, was completely i n -
active at this temperature when
was employed. Another , an os-
mium-based catalyst, was active w i t h
CO as the reducing agent and was
also active w i t h  i n the presence
of a base. Moreover, i t was also
f o u n d to be an active catalyst when
mixtures of CO and  were used,
each i n excess; unfortunately, anal-
ysis at the end of the reaction ind i -
cated that only the CO component
of the mixture was used for the re-
duction.

However, using 1:1 mixtures of
CO and  w i t h i r i d ium and rhod-
i u m catalysts, he f o u n d that reduc-
t ion of nitrobenzene to aniline oc-
curred w i t h use of both the CO and

 components. A t lower tempera-
tures w i t h each catalyst system, there
was a preference for use of the CO
component, but as the temperature
of the reduction was increased the
relative consumption of hydrogen

the i r i d ium catalyst there remained

a preference for CO consumption
even at 187°C, the rhodium catalyst
at 137°C produced almost equal use
of CO and  i n the reduction.

Strong
Bonds

Atomic elements are l inked to one
another, i n molecules, by chemical
bonds, and the strength, number,
and orientation of these bonds is a 
key determinant of molecular struc-
ture and chemical reactions. The most
highly multiple bonds k n o w n for any
chemical elements are quadruple
bonds, first recognized between pairs
of rhenium atoms by F. Albert Cot-
ton of Texas A & M University i n
1964. In recent years he has extended
our knowledge of the nature and
strength of these binding forces by
studies of very strong, multiple bonds
between atoms of the transition met-
als.

We now k n o w that such bonds, or
closely related ones, are formed by
a larger fraction of the transition ele-
ments than previously realized. A t
least nine of the transition metals
have now been shown to fo rm metal-
to-metal bonds w i t h at least partial
multiple character, and quadruple
bonds occur between atoms of chro-
mium, molybdenum, tungsten, and
technetium. There are hundreds of
compounds of molybdenum con-
taining such bonds and a consider-
able number of compounds of rhe-
n ium and chromium. Tungsten had
not previously yielded the abun-
dance of such compounds that might
have been expected by extrapolation
f r o m the chemistry of chromium and
molybdenum, which are the two
lighter elements in the same group
of the periodic table. Recently, how-
ever, through the synthetic work of
Richard R. Schrock and coworkers at
the Massachusetts Institute of Tech-
nology, a considerable number of
new compounds w i t h tungsten-
tungsten quadruple bonds have be-
come available.

The quadruple bonds between
chromium atoms are unique in their
sensitivity to the introduction of ad-
ditional ligands (chemical groups at-
tached to the central atom) in axial
positions. While this phenomenon is
interesting i n itself, and has been the
subject of a great deal of experimen-
tal and theoretical study, i t has
proved useful as a tool for examining
a phenomenon of still wider impor-
tance. Aliphatic chlorocarbons, such
as  (methylene chloride) and

 (chloroform) in particular, are
widely used as reaction solvents, and
it is presumed that their ability to
solvate at least certain solutes is a re-
sult of very weak donation of lone
pair electrons on the chlorine atoms.

Such donation has been suggested
f r o m time to time i n connection w i t h
reaction mechanisms, but, there
never been any direct evidence of i t .
N o w such evidence has been ob-
tained for the first time, for a d i -
chromium compound that crystal-
lizes w i t h methylene chloride. There
is i n this compound a pair of chlorine
and chromium atoms separated by
a distance of 3.35 angstroms. From
this distance alone one wou ld be un-
able to draw any conclusion; i t might
we l l be regarded as simply a non-
bonded contact. However, the Cr-Cr
distance i n this substance is i n -
creased by 0.07 angstrom, which is
nearly half as much as i t is increased
when the oxygen atom of an ether
molecule, wh ich is undoubtedly
bonded to the chromium atom, oc-
cupies the same position.

Thus, the Cr-Cr quadruple bond
acts as a sensor of electron pair do-
nation and signals that such dona-
t ion is indeed occurring. Substantial
theoretical advances have been made
i n the past few years whereby a de-
tailed and accurate understanding of
the electronic structures of these
strong, mul t ip le metal-to-metal
bonds has been evolved. Such infor-
mation is vital i f use of the transition
metals as catalysts of unprecedented
quality is ever to be realized.
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Laser-Excited
Fluorometric Analysis

The liquefaction and gasification of
coal for the production of petroleum
and natural gas substitutes, as wel l
as the combustion of fossil fuels,
produce as byproducts significant
quantities of chemical compounds
k n o w n as polycyclic aromatic hydro-
carbons (PAH). Unfortunately, a 
number of them are mutagens or car-
cinogens in animals, a problem com-
pounded by the diff icul ty of identi-
f y i n g P A H contaminants i n the
environment.

A promising technique for such
analyses is molecular fluorescence
spectroscopy, which has been widely
used i n the analysis of polycyclic hy-
drocarbons. However, fluorescence
methods, though they are capable of
detecting substances at the parts-per-
bi l l ion concentration level, are gen-
erally not selective techniques and
not easily applicable to analyses of
complex samples.

Recently,  Earl L . Wehry
and his group at the University of
Tennessee have been able to enhance
the selectivity of fluorescence analy-
sis wi thout sacrificing its inherent
sensitivity. A special f o rm of sample
preparation, called matrix isolation,
is used, and laser techniques are em-
ployed to excite the molecules to
high energy states. The sample mol-
ecules are vaporized by heating, then
mixed w i t h a large excess of an " i n -
ert" gas, such as nitrogen. The gas-
eous mixture is deposited onto a cold
w i n d o w (at a temperature of -435°F) ,
the sample excited by the laser, and
the fluorescence (the l ight emitted by
the excited molecules as they return
to their original states) of the depos-
ited solid measured.

The beauty of the laser tech-
 this case a tunable dye

 that i t emits intense light
whose exact energy can be chosen.
By carefully selecting this wave-
length to excite the fluorescence, the
chemist can obtain a highly charac-

teristic and reproducible spectrum
that serves as a "f ingerpr int" for i n -
dividual  i n com-
plex mixtures containing as many as
50 different P A H . This extremely
high sensitivity permits both identi-
fication and quantitative measures of
individual PAH's.

When fluorescence emissions of
individual compounds i n complex
mixtures overlap, time-resolution
procedures frequently can resolve
individual sample components. This
technique is based on the fact that
the excited states responsible for flu-
orescence often have different l i fe-
times. Hence, i f two overlapping flu-
orescences reflect excited states w i t h
different lifetimes, then measure-
ment of the spectrum as a funct ion
of time w i l l reveal the presence of
multiple fluorescences. 

The measurement of time-resolved
molecular fluorescence spectra is very
challenging, because the lifetimes of
fluorescent-excited states of P A H are

The mathematical sciences pro-
gram has two major subdivisions:
core mathematics and applied math-
ematical sciences. Core mathematics
differs f r o m the physical sciences in
that it does not deal directly w i t h ob-
jects and events  physical wor ld .
Rather, i t is a structure dealing w i t h
objects of its o w n perception, these
being created i n the human mind
and transmitted to the extemal wor ld
by graphic symbolism. App l i ed
mathematics is a more ambiguous
term. I t is used by some to refer to
mathematics created w i t h the end of
understanding the wor ld around us.
But a second usage is to  mathe-
matics applied whenever it is used
to further our understanding of spe-
cific phenomena which we observe

typically i n the range of billionths of
a second. But such transient signals
can now be directly studied as a re-
sult of a decade's basic research that
has led to development of lasers w i t h
Ught pulses shorter than the fluores-
cent Ufetime. The use of such a laser
source, coupled w i t h very fast Ught
detection devices, make the mea-
surement of time-resolved spectia
feasible.

In addition to enhancing the selec-
tivity of fluorescence analysis, both
matiix-isolation and time-resolution
techniques have increased the sen-
sitivity of the method such that con-
centrations of fluorescent species i n
the  range are
detectable. In favorable cases, quan-
tities of individual compounds less
than a trilUonth of a gram can be de-
tected by these techniques. Thus, the
laser-excited matrix-isolation of flu-
orescence procedure is appUcable to
some of the very diff icul t problems
i n environmental poUutant analysis.

in the real wor ld . Thus the term ap-
pUed mathematical sciences has come
to refer broadly to areas of scientific
knowledge heavily saturated w i t h
mathematical structures, such as
classical mathematical physics, op-
erations research, statistics, certain
elements of computer science, math-
ematical economics, and mathemat-
ical biology.

Mathematical analysis began w i t h
the invention of the calculus i n the
17th century and continues to attiact
more mathematicians, both pure and
appUed, than any other single field. 
Some continue to work on classical
problems w i t h techniques that would
not have surprised an 18th-century
mathematician; others bring to bear
tools f r om modern algebra and to-

Mathematical Sciences



10 MATHEMATICAL AND PHYSICAL SCIENCES

pology. Geometry runs the gamut
f r o m differential geometry, which
has applications i n relativity theory
and general f ie ld theory, to the study
of planes having only finite numbers
of points (which has, among other
applications, relevance to the design
of magnetic core memories for com-
puters). The f ie ld of foundations
comprises mathematical logic, w i t h
obvious relevance to computing ma-
chines, and the axiomatic theory of
sets, the apparent paradoxes of which
have stimulated some of the finest
mathematics of the 20th century. A l -
gebra and topology are inextricably
mixed; tools f r o m each have been
applied i n the other, and the quest
for fur ther tools has then inspired
substantial advances i n the f ie ld being
applied. Modern algebra is con-
cerned w i t h the study of mathemat-
ical structures such as groups, mod-
ules, and rings. These structures,
and techniques involved i n their
study, are used to provide insight
into other areas of mathematics such
as algebraic geometry, theory of vec-
tor spaces, and number theory. To-
pology is, so to speak, a refined k ind
of geometry that is concerned w i t h
geometric properties that do not de-
pend on distance or angle.

I n terms of dollar obligations, core
mathematics represents about 75
percent of the NSF mathematical sci-
ences program and applied mathe-
matics about 25 percent. I n the i n -
stance of core mathematics, NSF
provides most of the Federal support
for research. While i t is dif f icul t to
obtain precise estimates of the total
support by NSF relative to that of
other agencies because of adminis-
trative and definit ional differences,
available data indicate that NSF ac-
counts for about 70 percent of the to-
tal Federal support of the mathemat-
ical sciences, and about 98 percent of
the support of core mathematics.

The health of mathematics i n the
Uni ted States is good. Research i n
this country continues on at least as
high a level i n quality and probably

higher in quantity as at any time i n
our history. Major trends i n research
that have gradually emerged i n re-
cent times include the confluence of
older fields to produce new and dy-
namic fields of research, the solution
of important problems of ancient
vintage, and the increasing impor-
tance of algebraic methods i n the ap-
plications of mathematics.

Finite Group Theory
A n important chapter in the de-

velopment of abstract algebra has
seen enormous progress in the past
few years. The area under study is
the theory of finite groups, and we
seem to be witnessing the reaching
of a monumental milestone i n its ev-
olution.

Group theory was put forward i n
1832 by a 20-year-old French math-
ematician, Evariste Galois, i n the 60-
page letter to a f r iend wri t ten the
night before Galois was shot to death
i n a duel over a woman. Galois had
been concerned w i t h f ind ing a way
to solve equations of the f i f t h or
higher powers. Galois f o u n d that
each solution could be related to one
of the members of what he called a 
"group ."

Put formally, a group is a collec-
t ion of objects (such as numbers) to-
gether w i t h an operation (such as
addition or multiplication) by which
these objects can be combined. For
example, the collection of the whole
numbers and the operation of addi-
t ion is a  this case an i n f i -
nite group.

Similarly, the symmetries of a reg-
ular polygon such as a triangle and
its rotation or fl ips f o r m a group. I n
the case of the triangle, i t is a finite
group of only six elements.

Over the past 40 years a class of
examples of finite groups, the "sim-
ple f ini te groups," has attracted some
of the best people and the strongest
efforts i n mathematics. The simple
groups are distinguished by the fact

that they cannot be collapsed, as
other groups can be, into smaller
groups. They are the basic building
blocks of groups, analogous to the
presumed  that combine to
fo rm subatomic particles.

Most finite simple groups f i t into
one or another of an infinite family
of such groups, but there are some
that defy such classification. Those
work ing i n group theory have be-
lieved that there are exactly 26 i n this
special class, and they have given
them the name " f in i t e sporadic
groups." I f they can prove that there
are exactly these 26 sporadic groups,
they w i l l have completed, they be-
lieve, the classification of the basic
groups, thereby creating a f i r m foun-
dation for further work i n other areas
that rely on group theory.

A t the beginning of 1980, 24 of the
sporadic groups were known to ex-
ist. This past year has seen the an-
nouncement of the construction of
what are presumably the last two , of
which one, the "Monster," has gen-
erated unusual excitement.

The Monster itself is almost i n -
conceivably large, w i t h 808,017,242,
794,512,875,886,459,904,961,710,757,
005,754,368,000,000,000 members. In
fact, the magnitude of this number
is such that i t is roughly comparable
to the mass of the
pressed i n grams! The construction
of the Monster was performed by
Robert Griess of the University of
Michigan and was partially sup-
ported by NSF.

This f inal step i n the program to
classify all f ini te simple groups rep-
resents a remarkable achievement
but, surprisingly enough, also seems
to be the beginning of another chap-
ter. I n the process of discovering the
Monster, certain startling and still
mysterious connections wi th other,
ostensibly unrelated, areas of math-
ematics were found. These connec-
tions are certain to be the major focus
of future important research, and ex-
citing results are anticipated.
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Hyperbolic Manifolds
In the past few years there has oc-

curred an extraordinary confluence
of several large streams of mathe-
matics, e.g., classifical funct ion the-
ory, differential geometry, l ow-d i -
mensional topology, and several
other fields. Many are embodied i n
the work of Wil l iam Thurston of
Princeton University and are con-
cerned w i t h what are k n o w n as hy-
perbolic manifolds. HistoricaUy, the
story goes back to the centuries of
fut i le attempts to derive f r o m the
other axioms of EucUdean plane ge-
ometry the famous f i f t h (or parallel)
postulate, wh ich asserts the exis-
tence of one and only one line pass-
ing through a given point and faiUng
to meet a given line not containing
the given point. These efforts were
definit ively laid to rest by the con-
struction i n the nineteenth century
of models of non-EucUdean geome-
tries, i n particular Gauss, Bolyai, and
Lobachevski's hyperboUc geometry,
i n wh ich inf ini tely many distinct Unes
through a given point fai l to meet a 
given Une.

A particularly elegant model of the
hyperboUc plane (known as  con-
sists of a circular disk in the ordinary
Euclidean plane minus its bounding
circle and endowed w i t h a new no-
t ion of distance which grows so rap-
id ly along radii that the (missing)
boundary points are inf ini tely far
f r o m the center. The hyperboUc
straight lines, i.e., shortest paths i n
the new hyperboUc distance, tu rn
out to be arcs of circles which meet
the bounding circle at right angles,
f r o m which i t is not too hard to see
that EucUd's f i f t h postulate is vio-
lated as claimed.

Bizarre as i t may appear at first en-
counter, hyperboUc geometry has a 
natural role to play i n the study of
functions of complex numbers (num-
bers which are the sum of a real part
and an imaginary part involving the
square root of minus one). More-
over, functions of complex numbers

are ubiquitous, arising i n such ap-
parently unUkely places as electrical
engineering and solutions of equa-
tions by integers (whole numbers).
The particular, stiU classical, theorem
which advances our tale states the
fol lowing:

Theorem  two-sided
surfaces (aU but the sphere and
the torus or doughnut) can be
endowed w i t h a not ion of dis-
tance in which the geometry of
any smaU region is Uke that of
a smaU region of the model of
described above.
I n fact, the study of the great va-

rieties of different ways i n wh ich this
can be done has given rise to an elab-
orate theory of the so-caUed Teich-
muller spaces, named after a briUant,
fanatical Nazi who died on the Rus-
sian f ron t i n Wor ld War I I .

N o w just as the EucUdean plane
can be extended to EucUdean three-
dimensional space, so too can the
hyperboUc plane  be extended to
a hyperboUc three-dimensional space
H 3 . Since Theorem A has been ex-
ceedingly  i n studying sur-
faces, one might hope for a three-
dimensional analog to use i n study-
ing three-dimensional manifolds
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(geometric objects i n wh ich points
have three-dimensional instead of
two-dimensional neighborhoods).
Only a few examples of hyperbolic
3-manifolds were k n o w n un t i l re-
cently, and what is k n o w n as the
Mostow rigidi ty theorem discour-
aged hopes for more by showing
that, i n striking contrast to the two-
dimensional case, a 3-manifold can
be given a local hyperbolic structure
like  i n at most one way.

I t is the genius of Thurston to have
suspected the existence of many more
hyperbolic 3-manifolds, to have con-
structed large families of new hyper-
bolic 3-manifolds, and to have de-
r ived the r igh t condi t ions and
succeeded i n proving by a host of
novel methods that these conditions
on a 3-manifold ensure that i t can be
given a hyperbolic structure. The u l -
timate theorem has probably not been
achieved, for his examples go further
than his currently best general con-
ditions, suggesting that the methods
may yield still more when they are
better understood. However, there
has already been at least one dra-
matic breakthrough by use of his re-
sults. A notorious 40-year-old con-
jecture of the late Paul Smith has
been settled i n the affirmative: A 
smooth, orientation-preserving, pe-
riodic transformation of the 3-sphere
cannot have a knotted curve of fixed
points. Mathematicians interested i n
3-manifolds, i n Teichmuller spaces
and related matters, i n surfaces of
min imal area for a f ixed boundary,
i n certain aspects of dynamical sys-
tems and ergodic theory, all have
been inspired to undertake learning
what Thurston has achieved. Some
even dare hope that we may be
closer to settling the most notorious
conjecture i n topology, a conjecture
the great French mathematician,
Henr i Poincare, made at the tu rn of
the century concerning the 3-sphere:
specifically, that no other 3-manifold
besides the 3-sphere has the same
four homology groups and the same
fundamental group.

Fluids in Permeable
Media

Many fundamental physical pro-
cesses, f r o m the transfer of heat i n
a nuclear reactor to the propagation
of seismic waves, are appropriately
formulated i n terms of partial differ-
ential equations. Such formulations
permit the study of the physical phe-
nomena of interest through the study
of the behavior of the solutions of
these equations. Very often, such
partial differential equations are the
basis on which , through the use of
a digital computer, numerical simu-
lators are constructed to imitate a 
phenomenon of interest; w i t h such
simulators i t is possible to investigate
the behavior of the phenomenon u n -
der different circumstances i n a much
more economical and flexible man-
ner than through experimentation,
which also is sometimes impossible.

Partial differential equations have
been, for a long time, the subject of
intensive study not only because of
their applicabihty as appropriate
mathematical descriptions of a wide
variety of physical phenomena, but
because of their inherent beauty as
mathematical objects w i t h a complex
structure. Their study has also mo-
tivated and animated the develop-
ment of large segments of abstract
mathematics, i n particular i n analy-
sis, functional analysis, and operator
theory. The advent of the digital
computer has given impetus to the
numerical analysis of partial differ-
ential equations, the process by which
these equations can be approximated
digitally w i t h i n carefully defined
bounds of accuracy.

Dur ing the very recent past there
has been considerable progress i n
the study of a particular set of partial
differential equations and their nu -
merical analysis. These are the equa-
tions that mathematically model the
f low of multiphase fluids i n porous
media. The motivation and the u l t i -
mate application of such studies is i n
the simulation of the f lows of f luids

i n rock  i n -
clude secondary and tertiary oi l re-
covery by waterflooding; simultane-
ous production of o i l , gas, and water;
groundwater exploitation; and
chemical leaching of precious min-
erals. The oi l and mineral industry
has invested heavily i n the devel-
opment of numerical simulators to
study these processes since experi-
mental measurements are extremely
expensive, i f not impossible.

The partial differential equations
that abstractly describe these phe-
nomena are only recently beginning
to be thoroughly understood. These
equations are  (mathemat-
ically very diff icul t ) and, appropri-
ately, they allow shock
solutions that are discontinuous at
the moving interfaces between the
several fluids or gases. Theoretical
questions of existence, uniqueness,
and stability are still being pursued.

There is also great activity i n the
numerical analysis of these coupled
systems of hyperbolic and elliptic
equations w i t h the aim of developing
approximating methods and appro-
priate computer codes that, i n spite
of the discontinuous nature of the
solutions, w i l l accurately and w i t h i n
a predetermined level of precision
reproduce the physical phenomena.
Discontinuous solutions are typical
of hyperbolic systems of partial dif-
ferential equations; shocks appear
and are vital not only i n multiphase
flow theory, but i n combustion the-
ory and i n aerodynamics.

Discontinuous solutions of hyper-
boUc equations have generally proved
to be very di f f icul t to compute digi-
tally. Most standard techniques, such
as finite differences and finite ele-
ment methods, tend to smear the aU-
important shock fronts, leading to
the phenomenon caUed numerical
dif fusion. Moreover, i n some cases
this smearing leads to quaUtatively
incorrect solutions. For example, i n
secondary and tertiary oi l production
by waterflooding the phenomenon
of fingering occurs; as the term i m -
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 the moving boundary between
the fluids is not a smooth one, but
one i n which one f l u i d intrudes in
the other by highly fingered shocks.
Most standard numerical techniques
tend to obscure this phenomenon, all
important f r o m a mathematical and
economic viewpoint .

The inherent mathematical impor-
tance of the study and numerical
analysis of the equations of mul t i -
phase f low i n porous media have at-
tracted a number of mathematicians
whose work not only is intellectually
exciting but involves significant co-
operation and interaction w i t h ap-
plied industrial research organiza-
tions.

A m o n g many, a group of re-
searchers led by Jim Douglas and
Todd Dupont of the University of
Chicago, Bruce Darlow and Mary

I n its early stages, science dealt
w i t h simple situations or w i t h sub-
systems separated f r o m more com-
plex interactions. Later, systems w i t h
more and more informat ion content
were introduced; now scientists deal
w i t h incredibly complex chemical,
biological, and social systems.

Furthermore, these systems are ir-
reducibly complex i n the sense that
their actions cannot be reduced to
simple laws. Molecular biology and
quantum chemistry are cases in point.
Un t i l the advent of the computer
there had been a great gap between
the handling of simple systems and
work ing w i t h some of the more com-
plex ones that occur i n nature. That
gap is the region of the irreducibly
complex; computer science spans this
interval.

Computer science is concemed
w i t h algorithms, the constructive
defini t ion of a process, rather than
the laws governing the behavior of

Wheeler of Rice University, and
Richard Kendall of Exxon Production
Research Company have actively and
successfully pursued modifications
of the f ini te element method for the
numerical simulation of such prob-
lems. Keith Miller of the University
of California, Berkeley, has devel-
oped similar methods w i t h adaptive
grid changes to preserve the shock
structures. James Gl imm of Rocke-
feller University and his associates at
the Courant Institute of Mathemati-
cal Sciences have developed a novel
"random choice method" to com-
pute multidimensional shocks accu-
rately. Interestingly, this numerical
method of great promise is an out-
growth of a strictly theoretical tech-
nique developed by G l i m m to prove
existence theorems for hyperbolic
partial differential equations.

components or of large aggregates.
It is a new methodology about which
there is much to learn. In fact, the
computer system itself is a compli-
cated object, i n complexity some-
where between the phenomenologi-
cal models of the earth sciences and
the biological sciences.

Unlike the mathematical sciences,
which have a long and rich tradition,
computer science is barely 30 years
old. I t sprang f rom a remarkable f u -
sion of abstract logic and electron-

 work of mathematicians, lo-
gicians, philosophers, and engineers.
It has been force-fed by strong com-
mercial demands for service and a 
revolution i n electronics technology
that continues to this day. So strong
has been the demand for the prod-
ucts and applications of computers,
in fact, that i t nearly swamped the
field; i t has been a struggle for the
discipline to reassert its scientific
origins.

NSF's programs i n computer sci-
ence assume that the science is of
fundamental importance and must
be fostered, both because of its i n -
trinsic interest and its potential con-
tribution to our future. The research
programs i n computer science,
growing and changing as the com-
muni ty of computer scientists has
grown and changed, have consist-
ently emphasized basic research and
the application of computers to re-
search. This has not been an easy
task; technology and development
are much more visible, more com-
monly appreciated, and easier to de-
scribe. Nevertheless, i t has been pos-
sible to evaluate basic research i n
computer science and to select a set
of programmatic activities that pro-
vides scientific balance i n the face of
the relentless technological and com-
mercial pressures bearing upon the
field.

Experimental Computer
Science

I n recent years academic computer
science has moved toward more the-
oretical studies and away f r o m the
experimental research that character-
ized the early development of ma-
chines, operating systems, and lan-
guages i n campus research
laboratories and computer centers.
Experimentalists have been moving
f r o m academia to industry i n large
numbers, and academic computer
science has witnessed a decline i n
graduate enrollment and i n Ph.D.
production. Many persons associate
these trends w i t h the poor present
academic environment for experi-
mental computer research.

A development that parallels these
tiends is the changing role of the
university computer center. From
1958 to 1972 NSF awarded approxi-
mately $80 mi l l ion to universities and
colleges to stimulate the develop-
ment of academic computing cen-
ters. These centers served as tools for
research in all fields of science and

Computer Science
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engineering, but importantly, the
centers were also the focus of exper-
imental research for the newly
emerging discipline of computer sci-
ence. However, as research and i n -
struction i n other fields of science
came to depend heavily on com-
puters, the university computer cen-
ter assumed more of a service role.
Today we f i n d i t no longer able to
provide the facilities and staff nec-
essary for experimental computer re-
search. This situation could not have
developed at a worse time. The tech-
nological impact of microelectronics
on computing and communication is
creating an intense industrial de-
mand for both new research results
and trained scientists at a time when
the universities' capacity for reacting
to these demands has been seriously
eroded.

The problems of academic com-
puter science are being addressed i n
a new NSF emphasis on experimen-
tal research. The goal of this program
is to provide the Critical core support
needed to establish viable computer
research programs. Emphasis wiU be
placed on stimulating experimental
computer science research.

Understanding that each computer
science department w i l l have unique
problems associated w i t h undertak-
ing an expanded effort i n experimen-
tal research, NSF has placed no con-
straints on the kinds of proposals
that w i l l be considered by this pro-
gram. Awards w i l l be of five-year
duration (depending on availability
of funds) to provide enough time to
establish soUd research programs.
Support levels may be substantial or
modest depending on institutional
needs. I t is expected that support for
equipment, technicians, and pro-
grammers w i l l be available. Grants
may cover single, large projects or
mult iple projects, perhaps spanning
several departments or even cam-
puses.

The first award under this pro-
gram was made i n 1980 to the U n i -
versity of Washington. That five-year. 

$4.1 milUon project is concerned w i t h
the development and design of a 
power fu l computing environment to
facilitate communication and coop-
eration among researchers i n its
computer science department. When
completed, the faciUty wiU be an ex-
cellent resource for computer re-
search. Its development wiU stretch
knowledge i n a variety of subfields
such as computer languages, archi-
tecture, operating systems, distrib-
uted computation, networking, and
personal computing. For this

i t w i l l be at once both the object of
and the tool for a variety of impor-
tant research projects.

Computer Science
Research

The pioneering work in network
research initiated by the Defense De-
partment's Advanced Research Proj-
ects Agency i n the 1960's, especiaUy
the development of the so-caUed
ARPANET, spurred the growth of
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Gateway Gateway

Host

Terminal
interface ARPANET
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Mult iplexor
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Supernet. Taking advantage of the development in recent years of many different
kinds of computer networks to expand research capabil it ies of individual users, com-
puter scientists have begun a grand interconnection of many U.S.-based systems. The
project, scheduled for complet ion in five years, should lead to increased productivity
in public and private sector research.
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numerous private and public com-
puter networks th roughout the
wor ld . One result of these early ef-
forts is that i n the United States to-
day these networks are rapidly be-
coming an integral part of scientific
research projects involv ing com-
puter-aided modeling, analysis, and
design.

Computer networks are of several
types. One places all network activ-
i ty under the control of a centralized
computer connected directly to all
users. I n another configuration, called
the homogeneous network, two or
more interconnected, similar com-
puters run the same operating sys-
tem. Such compatibility permits easy
interface between the user and the
host and facilitates load sharing.

The most versatile type of network
system is heterogeneous i n charac-
ter. I t makes a range of services
available through geographically dis-
persed computer systems, called
hosts, which may have different op-
erating systems, accounting algo-
rithms, architectures, and program-
m i n g languages. A l t h o u g h the
connection of host to the network
requires significant effort, a distrib-
utive system provides many advan-
tages, including the sharing of locally
available software and hardware, data
bases, and research personnel. Re-
mote scientific collaboration is also
enhanced through file transfers, de-
vice-independent graphics, inter-
process communications, and net-
work mail facilities.

The use of network mail facilities
is already widespread. The impedi-
ments to communication posed by
differ ing work schedules and time
zones, conventional mail delivery
delays, and the high costs of long
distance telephone calls are al l
avoided. When used w i t h editing
and document-preparation systems,
network mail systems also can facil-
itate the preparation and dissemi-
nation of research results.

Experience so far suggests that
there is an immense payoff to i m -

proving meaningful collaboration
among research teams. NSF, as a 
step toward upgrading computer sci-
ence research equipment throughout
the country, is now i n the process of
helping connect existing networks to
fo rm a logical supernet, called Com-
puter Science Network (CSNET).

The under lying assumption of
CSNET is that no single network is
completely adequate for all hosts and
users. Therefore, a multiple network
environment must be created to ac-
commodate extreme requirements,
f r o m stand-alone hosts to very rapid
interprocess communication among
several hosts, all at the same time
and independently of local network
traffic.

A team led by researchers at the
Universities of Wisconsin and Wash-
ington has been investigating ways
to achieve these objectives. The pr in-
cipal means of interconnection be-
tween nets is a "datagram"

The diverse materials research ac-
tivities supported by NSF share a 
common goal to understand the be-
havior and properties of materials i n
terms of (1) microscopic interactions
between their fundamental constit-
uents and (2) their bulk- and micro-
chemical composition and structure.

Support for the materials-related
areas of metallurgy, ceramics, poly-
mers, solid state physics, solid state
chemistry, and low temperature
physics is geared toward both theo-
retical and experimental disciplinary
research. In addition, through its
materials research laboratories pro-
gram, NSF encourages strong inter-
disciplinary approaches as wel l .

The past year witnessed major ad-
vances on many fronts. Synchrotron
radiation facilities expansions at
Stanford, Wisconsin, and Comell

which accepts intemet packages, or
packets, of information. These pack-
ets incorporate an internet identifier,
or header, wrapped i n the local
packet format. The gateway exam-
ines the internet header and re-wraps
the packet for forwarding to the next
network. This internet architecture
is being planned to operate between
many different U.S.-based network
systems (e.g., ARPANET and com-
mercial networks, w i t h the possibil-
ity of expansion to Canadian and Eu-
ropean nets).

It is anticipated that CSNET w i l l
require five years to develop, at which
time i t w i l l become self-sustaining.
Once completed, it should increase
the productivity of scientists at un i -
versities, industries, and govern-
ment laboratories and help develop
unity among computer scientists
throughout the Nation. I t w i l l also
serve as a model for other disci-
plines.

were either completed or nearly
completed i n 1980. The
Neutron Scattering facility at Oak
Ridge National Laboratory became
operational early i n 1980. These na-
tional user facilities provide sophis-
ticated experimental capabilities crit-
ical to forefront research, not only i n
materials research, but i n chemistry,
physics, engineering, and the bio-
logical sciences as wel l .

One of the more interesting and
exciting research areas involves the
study of systems of reduced dimen-
sionality. I n the past, most materials
research dealt w i t h the bulk (i.e.,
volume) properties of matter. It is
now possible to prepare and study
specimens whose dimensions i n one
or two directions are so small (e.g.,
monomolecular layers) that the nor-
mal properties and phenomena of

Materials Research
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the bulk no longer obtain. The con-
sequences for conductivity of reduc-
ing the diameter of a metal wire
(making i t essentially one  dimen-
sional) are fur ther described later i n
this section.

Considerable interest has been fo -
cused on two-dimensional
which have had a traditional role i n
physics of providing solvable models
f r o m which three-dimensional be-
havior might be inferred. These sys-
tems are now of interest i n their o w n
right , and a new phenomenology is
developing that affects surface and
interfacial physics, chemistry, and
metallurgy.

The melt ing of th in f i lms is a case
i n point. According to the recent the-
ory of Bertrand Halperin and David
Nelson of Harvard University, two-
dimensional melt ing requires two
distinct phase transitions. First, dis-
locations unbind at a certain temper-
ature into a phase w i t h no long-
range translational order, but w i t h
persistent correlations i n the orien-
tations of bond angles. Paired discli-
nations (which are defects i n which
an atom does not have the normal
number of neighbors) i n this phase
ultimately separate at a higher tem-
perature, resulting i n a second tran-
sition to an isotropic l iquid .

The theory is applicable to a wide
variety of experimental systems, such
as adsorbed monolayers, electrons
on a hel ium surface, and l iqu id crys-
tal f i lms. A recent experiment by
David Moncton and Ronald Pindak
of Bell Laboratories and George
Brown of the Stanford Synchrotron
Radiation Laboratory shows evi-
dence of the postulated intermediate
phase i n th in l iquid crystal f i lms. I n
addition, Robert Birgeneau of the
Massachusetts Institute of Technol-
ogy has developed a technique (also
using synchrotron radiat ion) to
measure the decay of positional co-
herence dur ing these phase changes.
Peder Estrup of Brown University
has observed surface reconstruction
on single crystal surfaces of tungsten

and molybdenum using low energy
electron diffraction. These structures
undergo order-disorder transitions
analogous to monolayers.

A t Northwestern University, John
Hil l ia rd and John Ketterson are ex-
ploring the properties of materials
called compositionaUy modulated al-
loys. A th in f i l m , consisting of two
elements such as copper and nickel,
is vapor-deposited so that the com-
position varies i n a continuously
modulated manner across the thick-
ness of the film. The "wavelength"
of the modulation is typicaUy 2 to 5 
nanometers, or 20 to 50 atoms. Such
films have unusual mechanical and
magnetic properties. Both the elastic
modulus and magnetization of the
modulated stiuctures are appreciably
greater than those of either element.
A possible explanation for the en-
hanced magnetization is that the
modulation alters the spacing be-
tween atoms and, in turn , the elec-
tron interactions. These init ial obser-
vations suggest a number of
interesting technological possibih-
ties, such as improved superconduc-
tors, membranes w i t h a h igh mod-
ulus of stiffness, or bulk materials
w i t h enhanced elastic modul i or cor-
rosion resistance.

The inferences to be drawn f r o m
these and other recent developments
are far-ranging and suggest that prior
theories of reactivity, crystal growth,
alloying, and defect dynamics i n -
volving surfaces or interfaces that
did not allow for the two-dimen-
sional thermodynamic behavior of
the  se w i l l require major
modification.

When is a Metal not a 
Conductor?

A n ordinary metal, such as copper
or gold, is a good conductor of elec-
tricity. I n addition, as the tempera-
ture of the metal is lowered, i t be-
comes a better conductor; the
resistance of a piece of metal de-

L im i t s of c o n d u c t i v i t y . Recent exper i -
ments confirm the surprising theoretical
predict ion that very thin metal
350 angstroms thick in this
very poor conductors of electricity, even
at low temperatures where larger wires of
the same metal are superconducting. This
micro-effect may become critical in the
cont inued miniatur izat ion of electronic
circuitry.

creases as the temperature is de-
creased, and i t approaches a finite 
value as one approaches the lowest
temperature attainable. However,
there is increasing evidence that this
typical "metallic" behavior does not
occur when the sample is made into
the f o r m of a very long, very th in

 " t h i n " refers to the d i -
ameter of the wire . David Thouless
of Yale University and now at the
University of Washington has pre-
sented theoretical arguments to show
that at low temperatures the resis-
tance of a th in wire should increase
and not decrease at the lowest tem-
peratures. Thus, a very th in wire
w o u l d be an insulator as opposed to
a "large" sample of a metal, which
w i l l be a conductor at zero temper-
ature. This peculiar behavior of th in
wire is caused by a basic physical
phenomenon called

Nicholas Giordano and his collab-
orators at Purdue University have
conducted experiments aimed at ob-
serving the effects of localization in
t h i n wires. These experiments are
dif f icul t because the temperature at
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which the effects are observable re-
quires that the wires must have d i -
ameters of less than a thousand atom
spacings. Making wires this small is
a major experimental problem, but
has been overcome by using a shad-
owing technique. A glass microscope

 half-covered w i t h a metal f i l m ,
is bombarded perpendicularly w i t h
a beam of argon ions, which "mi l l s "
a ridge into the surface. The metal
f i l m is then removed chemically,
leaving a step i n the glass. A second
metal f i l m is next deposited, and the
surface is then mil led again w i t h the
ion beam, but this time at an angle
such that the metal on the side of the
step is in the "shadow" and is thus
protected. The result is a wire that
runs along the step. A gold/pallad-
i u m wire made i n this way is only
100 atoms across.

Giordano has measured the resis-
tance of these wires at different tem-
peratures and diameters. His results
are i n qualitative accord w i t h the
predictions of Thouless: The resis-
tance of a wire increases as the tem-
perature is lowered, and this resis-
tance rise increases as the diameter
of the wire decreases. He notes too
that the resistance of th in fi lms also
increases as the temperature is low-
ered. This appears to be due to the
effects of localization i n two-dimen-
sional systems, which confirms ear-
Uer results obtained at BeU Labora-
tories on th in f i lms. While the results
for the th in wires are i n good quaU-
tative agreement w i t h the theoretical
predictions, the actual magnitude of
the resistance rise and its tempera-
ture dependence do not agree w i t h
the original theoretical estimates of
Thouless. Very recently, some new
theoretical ideas have been pro-
posed, and the latest predictions are
i n better agreement w i t h the experi-
mental results.

These results for very t h i n metal
wires and their fi lms are quite star-
tUng. Metallic behavior and electrical
conductivity i n bulk metals have al-
ways been assumed to be synony-

mous. The use of metals i n the elec-
trical and electronic technologies
depend on this conductivity. The
discrepancy has not been a problem
to date because the dimensions for
wires and films presently available to
technology are gross on the scale of
atomic dimensions; they behave Uke
"real" metals. However, as dimen-
sions shrink and tolerances become
more restrictive, the effects of d i -
mensional constraints in microstruc-
tures wiU become increasingly Im-
portant.

Polymeric Ionic
Conductors

 the search for more effective en-
ergy storage systems, renewed at-
tention has been focused on storage
batteries w i t h high efficiency, power
density, reUabiUty, and stabiUty. To
have aU these attributes, i t wou ld
seem that a ceU should be based on
a soUd, rather than l iquid, electro-
lyte. Most of the past work on soUd
electrolytes has been devoted to ce-
ramic materials, which are stable and

 They have several dis-
advantages, however, including very-
high operating temperatures and
brittleness.

Brian Papke, a graduate student
working i n the Materials Research
Center at Northwestern University,
has recently been exploring a differ-
ent type of soUd electrolyte, one
based on a polymer. Polymers have
several advantages, including Ught
weight, ease of fabrication, low cost,
and good thermal stabiUty. The ma-

 dif f icul ty is that they are generally
very poor conductors, rendering
them useless as electrolytes. Papke's
work was stimulated by the results
of a French study which showed that
poly(ethylene oxide) can be made
into an ionic conductor (electrolyte)
if i t is combined w i t h  metal
salts such as sodium thiocyanate.
Papke has prepared a number of
complexed poly(ethylene oxide) ma-
terials and has characterized them by

their conductivities and thermal
properties.

One unusual feature of Papke's
work has been the preparation of
th in- f i lm polymeric electrolytes. For
ceU apphcations, this is a consider-
able advantage, since the overall re-
sistance can be lowered either by
raising the conductivity or by reduc-
ing the distances over which current
must f low. Papke's films are clear,
thin, stable, conductive, and forma-

 I n coUaboration w i t h four Nor th -
western faculty members (Duward
Shriver, Mark Ratner, Donald Whi t -
more, and Morris Brodwin), Papke
has investigated the structures of
poly(ethylene oxide) salt complexes
to understand the origin of fast ion
transport in polymers. His structural
model for the ion-containing poly-
mer indicates considerable rear-
rangement f r o m the native
(ethylene oxide) conformation.

These structural results imply a 
conduction mechanism i n which the
ions migrate along the heUcal poly-
mer by a series of random jumps that
are directed by the electrode poten-
tial difference i n the ceU. These jumps
can be faciUtated by raising the tem-
perature, but the films perform sat-
isfactorily even at room temperature
(in contrast to ceramic conductors,
whose appUcations are l imited to
high-temperature batteries). Spec-
troscopic and conductivity studies
also show that the mobile ion can be
trapped by ion pair formation. H o w -
ever, various stiategies are now being
pursued to enhance the mobiUty of
the ion by minimizing this trapping
mechanism.

The structural information also
suggests that flexible polymer hosts
are desirable because they can rear-
range to accommodate mobile ions.
This premise is being used to guide
the synthesis of new
materials based on different poly-
mers and w i t h various  salts, i n
an attempt both to increase the con-
ductivity and to understand what
processes (t iapping, collective
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chain  can lead to differ ing
temperature-dependent and den-
sity-dependent features i n the con-
duction.

Spin-Polarized Atomic
 New State

of Matter?
Unt i l recently i t was generally be-

lieved that all matter condenses as
the temperature is reduced. W i t h the
exception of hehum, the condensed
state is ultimately a solid (helium
forms a Hquid at 4.2K, but resists so-
lidification under its o w n vapor pres-
sure d o w n to absolute zero). N o w ,
however, i t is predicted that some
systems w i l l remain gaseous at ar-
bitrarily low temperatures. As the
temperature is reduced these sys-
tems w i l l condense into a new state
of matter, a quantum gas displaying
such unique phenomena as Bose-
Einstein condensation and gaseous
superfluidity.

Studies to date center around one
 hydrogen

 gas of hydrogen atoms i n
which the electron spins are all par-
allel. Interest i n  is technological
as wel l as scientific. A system of
has the highest chemical energy stor-
age per uni t mass of any k n o w n sub-
stance. As a rocket fue l  wou ld
have a specific impulse four times 
that of hquid hydrogen and oxygen.
A t the moment, practical apphca-
tions for H f are  distant.

From a fundamental point of view,
the experimental observation of Bose-
Einstein condensation i n a gaseous
f l u i d w o u l d open research into an
entirely new state of matter and offer
the opportuni ty to study some of the
most interesting many-body effects
i n a simple and wel l characterized
medium. Static and dynamic critical
phenomena, finite occupation of a 
single quantum state, long-range or-
der, and the density dependence of
the collective interaction could all be
studied i n a gas of H f .

Liquid
helium

 K)

Copper rod  °K)

Superconducting
magnet

Thermometers

Stabilized spin-
polarized hydrogen

 stage

Hydrogen gas

Radio-frequency
dissociator

New state of matter? Using devices such as this, scientists have produced a gas of
atomic hydrogen in which all electron spins are parallel.  gas, which  the highest
chemical energy content of any known substance, is also ideally suited for the study of
the phenomenon of superfluidity. The equipment introduces molecular hydrogen gas
to the system, cools it to  then dissociates it into atomic hydrogen by a radio fre-
quency discharge. Intense cool ing in a strong magnetic field produces the unique gas,
which can be maintained for more than an hour.

To observe the predicted Bose-
Einstein condensation i n spin-polar-

ized atomic hydrogen, one needs to
obtain a stable, spin-polarized gas
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w i t h a density of about  atoms
per cubic centimeter and cool i t to
below 0.2K. The availability now of
successfully interfaced supercon-
ducting solenoids and di lut ion re-
frigerators of  coohng power
may finally make possible reahstic
search for a Bose-Einstein conden-
sation in H f . Thomas Greytak, Dan-
iel Kleppner, and colleagues at the
Massachusetts Institute of Technol-
ogy were able to stabilize four cubic
centimeters of H f at a density of
atoms per cubic centimeter for longer
than one hour at a temperature of

 The key to achieving this rather
long lifetime was the use of a film of
superfluid hel ium to coat the inside
wal l of a sample chamber, thereby
preventing recombination of the hy-
drogen atoms at the walls.

Thus i t appears that we are on the
verge of being able to unambigu-
ously test theories of Bose-Einstein
condensation and its relation to the
occurrence of superfluidity. Another
research group at Cornell University
headed by David Lee and Jack Freed
is pursuing similar studies.

Metallic Glasses
I n the late 1950's, when Pol Duwez

and his students at the Cahfornia I n -
stitute of Technology first developed
the "splat-cooling" technique for u l -
tra-rapid sohdification of molten
metal, they were primarily interested
i n a basic understanding of maxi-
m u m sohd solubiUties of metaUic al-
loys. Their original objective is now
of minor importance compared to the
new industry which is being spawned
as a result of their efforts. When cer-
tain molten aUoys are quenched at a 
rate of 100,000 to l,000,000°C/sec,
there is inadequate time for crystal-
hzation, and an amorphous (non-
crystalline) soUd is formed. Impor-

tant glass formers currently consist
of transition metals and metaUoids
such as carbon and boron.

These Duwez glasses are unusual
i n a number of important aspects.
They are metaUic, and at several
compositions have ferromagnetic
characteristics. Several alloys of
chromium-iron-boron are far more
corrosion-resistant to attack f r o m sea
water than commercial  steels
w i t h similar compositions. Iron-bo-
ron metalhc glasses have yield
strengths much i n excess of those for
commercial steels. The major advan-
tages ferromagnetic glasses have over
existing crystaUine magnetic mate-
rials are very low coercive forces
coupled w i t h h igh values for satu-
ration magnetization. Such alloys are
being studied for use i n high-per-

 - energy - consumption
transformers.

Many corporations are actively de-
veloping these materials for com-
merciaUzation. Because so many me-

 glasses have useful properties,
the search for new glass formers is
intense. A t Northeastem University,
Wil l iam Giessen and his colleagues
have discovered that alloys contain-
ing calcium are excellent glass for-
mers. AUoys of calcium-aluminum
have unusuaUy high electiical resis-
tivities for metalhc glasses, ap-
proaching those typical for electron
transport via a hopping mechanism.
Giessen is developing correlations
between the properties of the glass
formers and those of the underlying
crystaUine materials so that a more
systematic search can be conducted
for new glass formers. MetaUic glass
formers consisting of Ught elements
such as calcium and a luminum are
particularly interesting because of
their potential as high-strength/low-
weight structural materials. Use of
these alloys i n aircraft, for

could substantially improve energy
efficiency or performance.

A t M I T , Ronald Latanision and his
colleagues are studying the corrosive
behavior of metaUic glasses. One ex-
planation for the observed superior
corrosion resistance is that these ma-
terials have no grain boundaries to
aUow rapid transport of corrosive
constituents to the material's inte-
rior. Also, their homogeneous com-
positions preclude galvanic ceU for-
mation.

Latanision finds, however, that
certain metallic glasses, such as cop-
per-zirconium, do not have signifi-
cantly improved corrosion resistance
over devi t i i f ied alloys of the same
composition. There is selective an-
odic dissolution of zirconium and
hydrogen generation at the cathodic
copper. Iron-based metalUc glasses,
although more corrosion resistant,
are subject to hydrogen embrittle-
ment. These glasses absorb consid-
erable quantities of hydrogen during
electrolytic charging experiments and
then fracture catastrophically. Crack-
ing initiates at traps for molecular
hydrogen, such as at microvoids.
One possible explanation for the i m -
proved corrosion resistance i n other
environments is that the smoother
glasslike surfaces, compared to
rougher crystalUne surfaces, reduce
the exchange currents needed for
cathodic evolution of hydrogen.

In summary, the useful properties
of metalUc glasses are rapidly being
exploited by industrial develop-
ments. Many fundamental aspects of
these materials remain a mystery and
could l imi t applications, but the po-
tential for these materials is enor-
mous. I t is conceivable that the me-
talUc glasses w i t h broad-range, useful
properties w i l l have at least as great
an impact on modern society as d id
the advent of
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Astronomical, Atmospheric, Earth,
and Ocean Sciences

Astronomical, Atmospheric ,
Earth, and Ocean Sciences
(AAEO) programs are the

prime focus for geophysical sciences
w i t h i n NSF. These research pro-
grams ascertain the how, when,
where, and w h y of terrestrial and
extraterrestrial events whose conse-
quences have a bearing on the qual-
i ty of life on Earth. Subjects range
f r o m the microphysics of cloud drop-
let processes to the macroscale of i n -
tergalactic relationships; the time
scales involved vary f r o m microsec-
onds to eons and the distances f rom
a fraction of a millimeter to millions
of l ight years. The f o r m of support
for this research ranges, also, f r om
grants to universities for individual
investigators, to grants to groups of
such individuals working together
on a major project, to the support of
national research centers and facili-
ties.

NSF is the predominant source of
support for ground-based astronomy
i n the United States. Research grants
are made to more than 140 univers-
ities, private observatories, industrial
f i rms, and Federally owned observ-
atories. In addition, NSF funds the
development, operation, and use by
staff, visit ing scientists, and graduate
students of advanced observing fa-
ciUties at the National Astronomy
Centers. The newest of these faciU-
ties, the Very Large Array (VLA) ra-
dio telescope and its 27 antennas
along a wye-shaped track in Socorro,

New Mexico, is now complete. The
V L A provides high-resolution radio-
frequency observations of a variety
of celestial objects.

Astronomical studies are continu-
ing of the recently discovered mul -
tiple quasars, of the unique steUar
object SS 433, and of violent events
i n other galaxies. These observations
are made across a broad spectrum of
wavelengths, ranging f r o m the radio
and infrared through the optical and
into the ultraviolet and X-ray re-
gions, w i t h highly advanced instru-
ments and data-handling tech-
niques. A t the same time, NSF also

supports theoretical studies of the
phenomena that are being observed.

Atmospheric sciences, through its
project support programs and
through the National Center for A t -
mospheric Research (NCAR) i n
Boulder, Colorado, and the Nation
al Scientific Balloon FaciUty (NSBF)
in Palestine, Texas, funds basic re-
search i n aeronomy, atmospheric
chemistry, climate dynamics, mete-
orology, weather modification, and
solar terrestrial research. NCAR and
NSBF are operated by a consortium
of 47 U.S. and 2 Canadian universi-
ties. Important  i n 1980 i n -

Table 2*
Astronomical, Atmospheric, Earth, and Ocean Sc iences* *

Fiscal Year 1978, 1979, and

(Dollars In Millions)

 1978  1979 FY 1980

Number Number Number
of of of

Awards Amount Awards Amount Awards Amount

Astronomy 227 $15.65 248 $16.34 244 $17.66
Atmospheric Sciences 434 29.74 475  433 34.48
Earth Sciences 442 34.07 503 24.92 491 25.48
Ocean Drilling ***  0 11.62 0 19.47
Ocean Sciences 655 58.18 662 62.39 624 66.31
U.S. Antarctic  132 48.45 140 51.09 126 55.84
Arctic Research 78 5.34 87 5.97 67 5.82

Total 1,968 191.43  204.31 1,985 225.06

 displays program activities as they existed in FY 1980, prior to the recent reorganization of Foundation
activities.

** Excludes National Research Centers (See Table 3)
*** Included under Earth Sciences.
SOURCE: Fiscal Years  and  Budgets to Congress-Justification of Estimates of Appropriations (Quan-
titative Program Data Tables)
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 the Global Atmospheric Re-
search Program's Monsoon
Experiment, wh ich completed its sci-
entific f ie ld studies w i t h significant
research results. A number of studies
have been completed relating to the
effect on chmate of the predicted i n -
crease i n wor ldwide atmospheric
carbon dioxide. The recent eruptions
of M o u n t St. Helens i n southern
Washington afforded new opportun-
ities for research on the possible ef-
fects of volcanoes on climate and
weather. NSF participated w i t h
N A S A i n support for observational
activity dur ing the peak in solar ac-
t ivi ty that occurred i n 1980.

Propelled by two decades of rev-
olutionary ideas and discoveries, the
earth sciences entered the 1980's ad-
vancing rapidly along many fronts.
The importance of earth science re-
search, dramatized by the explosive
eruptions of M o u n t St. Helens, was
intensified by growing concern over
natural resources, geologic hazards,
and sohd waste disposal. Majo r
achievements i n 1980 included dis-
coveries about mantle composition
and dynamic behavior, deep conti-
nental structure, and trace element
distributions i n the sedimentary rec-
ord.

O n October 1, 1980, the ocean sed-

iment coring program, which for
many years had been a part of NSF's
programs i n earth sciences, became
an independent uni t designated the
ocean dri lhng programs (ODP). ODP
consists of the deep sea dr i lhng proj-
ect (DSDP) and the ocean margin
dri l l ing project (OMDP). O M D P
begin a major cooperative effort be-
tween universities, private industry,
and the U.S. Government i n 1981
under a 50/50 cost-sharing agreement
between the Government and the oi l
industry for the init ial phase of the
project. This init ial phase is a scien-
tific and engineering design effort , at
the conclusion of which w i l l be the
major go/no-go decision point .

A major discovery dur ing 1980,
attributed i n part to operations of the
on-going deep-sea dr i l l ing project
aboard the D/V Glomar Challenger, i n -
volves the mysterious extinction of
the bulk of the surface-dwelling life
forms i n the world's oceans some 65
milhon years ago. This was syn-
chronous w i t h the equally mysteri-
ous extinction of the dinosaurs. I t
has been hypothesized that this event
may have been caused by the impact
on the Earth's surface of a large as-
teroid; such a colhsion could have
created a large dust cloud that de-

creased photosynthesis enough to
affect all life on Earth.

Activities supported i n ocean sci-
ences improve the understanding of
the nature of the ocean, its influence
on human activities, and, con-
versely, society's impact on the ma-
rine environment. These studies are
addressed through oceanographic
research grants i n biology, chemis-
try, geology and geophysics, and
physical oceanography. NSF sup-
ports the operation and maintenance
of the oceanographic facilities needed
to conduct that research. Two new
coastal zone research vessels were
under construction by June 1980 and
should begin research operations i n
late 1981. These ships, modern and
cost-effective, w i l l allow scientists
year-round opportunities for ocean-
ographic research.

Scientists on the research sub-
mersible Alvin have discovered hy-
drothermal vents that account for
very large heat fluxes i n the deep
ocean and may provide a model for
how mineral deposits are formed.
The vents are also characterized by
a unique biological ecosystem
source of energy is derived f rom
chemical reactions other than sun-
hght-driven photosynthesis.

NSF is one of several sources of
Federal fund ing for research i n the
Arctic and is solely responsible for
the f u n d i n g and management of the
U.S. program i n the Antarctic. Re-
search and maintenance of facilities
and logistics for i t provide a U.S.
presence i n Antarctica. Because of
fuel price increases and increases i n
the charter cost of aircraft and ships,
i t was necessary i n 1980 to reduce
f u n d i n g for both research and some
support components of the program.
However, a number of notable ac-
complishments occurred this year,
including a major geological and gla-
ciological investigation of Antarc-
tica's Ellsworth Mountains, a here-
tofore l i t t l e -known area of that
continent. I n the Arctic a 901-meter
core was recovered f rom the Green-

Table 3*
National Research Centers

Fiscal Year 1978,  and

(Dollars in Millions)

FY FY FY

Amount Amount Amount

Kitt Peak National Observatory $9.13 $9.70 $10.50
Cerro Tololo Inter-American Observatory 3.88 4.35 4.83
National Radio Astronomy Observatory 22.15 22.70 17.03
National Astronomy and Ionosphere Center 5.48 4.63 4.99
Sacramento Peak Observatory 1.50 1.66
National Center for Atmospheric Research 24.90 25.26 26.59
National Scientific Balloon Facility 1.77 1.87 2.20

Total 68.60 70.01 67.80

 displays program activities as they existed in FY 1980, prior to the recent reorganization of Foundation
activities.

SOURCE; Fiscal Years  and 1982 Budgets to Congress-Justification of Estimates of Appropriations (Quan-
titative Program Data Tables)
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land Ice Sheet for reconstruction of
paleoclimate, and the th i rd season of
work on the structure and functions

Astronomy continues to change
rapidly and profoundly. The pace of
new discoveries persists unabated
and makes i t , the oldest of all sci-
ences, one of today's most intellec-
tually stimulating and rewarding
fields. New observational techniques
exist at many wavelengths, and the
modern astronomer can now study
most celestial objects at X-ray, ultra-
violet, optical, infrared, or radio
wavelengths. The progress i n astro-
nomical instrumentation that has
made this possible has gone hand i n
hand w i t h advances i n our under-
standing of the fundamental prob-
lems of astronomy. Astronomers i n -
creasingly deal w i t h questions
involving the very structure of the
universe, its origin, and its ultimate
future .

Our galaxy is only one among
countless similar galaxies observed
to the farthest distances radio and
optical telescopes penetrate. I t exists
i n a universe f i l led w i t h such bizarre
objects as quasars, pulsars, black
holes, and neutron  wel l as
w i t h ordinary stars, gas, and dust.
Numerous types of organic mole-
cules exist i n the depths of interstel-
lar space. The cataclysmic death of
a star i n the f o r m of a supernova can
lead to the b i r th of new stars. A n d
space is f i l led w i t h radiation that
dates back to the very origin of the
universe itself. Seemingly inexplica-
bly violent events are observed i n the
regions w i t h i n and surrounding
many galaxies. Observations of a b i -
nary pulsar indicate the existence of
gravitational radiation. Double and
triple quasars make it appear likely

of the marine ecosystem on the con-
tinental shelf of the southeastern
Bering Sea was completed.

that gravitational lenses exist i n
space. Strange sources of X-ray ra-
diation are observed i n the depths of
globular clusters. Cosmic rays w i t h
extraordinarily high energies are de-
tected, but their origin remains a 
mystery. New types of stellar objects
are discovered, but satisfactory ex-
planations are still lacking as to what
they might be. These are only a few
of the many topics i n astronomy that
indicate its scientific frontiers and
make it a f ie ld that continues to at-
tract the broad interest of the general
public.

NSF funds research into these and
many other areas of astronomy at
more than 140 universities, private
observatories, industrial firms, and
federally owned observatories. Sup-
port comes i n the f o r m of research
grants and allotments of observing
time at national or regional observ-
atories. Ground-based and theoreti-
cal studies of the solar system, the
Sun, stars, the motion of stars, the
composition and evolution of stars,
the composition and structure of the
interstellar medium, and the struc-
ture of this and other galaxies, clus-
ters of galaxies, and intergalactic
space are all supported by NSF. I n
addition, there is an active program
to develop new instiumentation and
computational capabihties.

Astronomers who do not have ad-
equate observational facilities at their
o w n institutions have access to five 
National Astronomy Centers sup-
ported by NSF: the National Astron-
omy and Ionosphere Center, Ki t t
Peak National Observatory, Cerro
Tololo Inter-American Observatory,

the National Radio As t ionomy Ob-
servatory, and Sacramento Peak Ob-
servatory. These centers are a na-
t ional resource available to
astronomers at universities, indus-
trial organizations, and other Federal
laboratories. The centers' telescopes,
instruments, and facihties are among
the most advanced i n the w o r l d for
investigations i n radio, millimeter,
infrared, optical, and solar astion-
omy. The staff at these observatories,
i n addition to providing assistance to
visiting astronomers, also maintain
active research activities of their own .

Multiple Quasars
Since the discovery of the law of

gravitation by Isaac Newton, much
of the behavior of a mass under the
influence of gravity has been we l l
understood. Einstein's later insight
predicted that a particle of "pure en-
ergy" (i.e., hght) should also be i n -
fluenced by  this case, de-
flected by the gravitational field of a 
massive object. One of the key tests
of general relativity, i n fact, is to
compare Einstein's precise predic-
tion of the amount of this deflection
(as starhght passes near the sun, for
example) w i t h the measured amount,
a test which is still occupying the at-
tention of experimental physicists.

There is a fascinating consequence
of the deflection of hght, wh ich was
appreciated and investigated by Ein-
stein and by many others. Under or-
dinary circumstances, hght travels i n
a straight hne. However, i f there is
an intervening massive object at some
point along the hght path to deflect
the beam, then i t is possible for the
light to take several distinct alternate
routes (each being deflected by dif-
fering amounts). From the observer's
point of view, the beams of hght ap-
pear to be coming fiom shghtly dif-
ferent directions and therefore give
the i l lusion of several distinct Hght
sources. A slight focusing effect of
the deflector  also tend to make
some of the images abnormally

Astronomy
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Triple quasar or triple image? Although appearing to be three objects in this photo-
graph, these quasars are probably one, with the two faint images being produced by a 
gravitational lens in space. A spectrum of the bright central object (tracing A) is virtually
identical to that of either apparent companion (companion B is  unlikely
for truly separate objects. This phenomenon, predicted from the general theory of relativity,
has only been conf i rmed in the past two years.

bright; this phenomenon has come
to be k n o w n as a "gravitational lens."

Quasars are starlike objects of tre-
mendous luminosity and distance,
beheved to be centers of violent ac-
t ivi ty i n the nuclei of galaxies. Their
starlike appearance and vast distance
make them the most hkely objects i n
which a gravitational lens  might
be seen. I n the spring of 1979 (as de-
scribed i n NSF's Annual Report for
1979) two British astronomers, Den-
nis Walsh and Robert Carswell, and
an American, Ray Weymann, dis-
covered a close optical pair of quas-
ars whose properties were so iden-
tical that i t appeared to them
inescapable that the images were
produced by the same light source.
Subsequent observations seemed to
conf i rm that these t w i n quasars do

indeed represent a gravitational lens
i n action.

The theory has been further ad-
vanced i n the past year. I n March
1980 Weymann, along w i t h David
Turnshek and Richard Green, was
carrying out a study of the spectral
properties of a set of quasars. While
viewing the image of one of the
quasars prior to recording its spec-
t rum, Turnshek and Weymann no-
ticed that the image actually con-
sisted of a bright image and two very
close but much fainter images. Since
the l ikelihood of two ordinary stars
appearing by chance so close to the
bright image is small, they reahzed
that the two fainter images were
likely to be of considerable interest.
Further observations were carried
out at the Mult ip le Mirror Telescope,

a joint project of the University of
Arizona and the Smithsonian Insti-
tut ion. The critical and diff icul t ob-
servation was to obtain a spectrum
of one of the faint companion i m -
ages: I f a gravitational lens were op-
erating, the spectra of the images
should be identical, since the same
source of Hght is responsible. I n fact,
the spectra they recorded appear
identical, w i t h i n the accuracy of the
observation, thus lending strong



ASTRONOMICAL, ATMOSPHERIC, EARTH, AND OCEAN SCIENCES 25

Mysterious beacon. Measurements of shifts in wavelength of  are considered to indicate velocity relative to the E a r t h -
show astounding, opposite fluctuations over time for the object SS 433. SS 433 may be rotating as it emits opposing beams of gas at
very high speed, but the mechanism involved is unknown. This is the only star with this behavior ever observed by astronomers.

support to the existence of another
gravitational  this case pro-
ducing a triple image.

The Peculiar Star SS 433
Although there are many objects

w i t h strange properties i n the un i -
verse, it is usually possible to classify
them i n some manner. This has not
been the case w i t h the pecuhar star
k n o w n as SS 433, located i n the con-
stellation Aquila. The star was first 
discovered optically more than 15
years ago, but in 1978 three groups
noted independently that i t coin-
cided w i t h a region of strong and
variable radio and X-ray emission.
The position of SS 433 was almost
exactly i n the center of a prominent
diffuse radio source k n o w n as W50.
This radio source was thought to be
the remains of a supernova, and it
was originally thought that SS 433
and W50 were physically related.

However, a study of the visible

hght spectrum f rom this object had
more surprises i n store. It was found
that the spectrum contained several
strong, broad emission lines at
wavelengths that d id not coincide
w i t h any of the common chemical
elements which can usually be iden-
tified i n astronomical spectia. I t was
also f o u n d that these lines varied i n
wavelength by a significant amount
on a time scale of 24 hours.

Usually such variations i h wave-
length result f r o m a Doppler
changes i n relative motion between
a wave source and the observer. I f
so, the measured velocities and
changes observed i n SS 433 were
greater (by a factor of 100) than any-
thing that had been observed i n any
other stellar object. Of even more i n -
terest is that pairs of lines are seen,
one displaced toward shorter, the
other toward longer wavelengths.
This wou ld imply that there must be
some gas moving toward the ob-
server while there are other parts of

the gas that are moving away f r o m
the observer. I n both cases the ve-
locities are very high, and measure-
ments have now been made that
show that these emission hnes orig-
inate i n a gas moving at a velocity
exceeding one-quarter the speed of
hght.

The question remains as to what
this pecuhar object really is. Bruce
Margon of the University of Cahfor-
nia, Los Angeles (who is now at the
University of Washington), found
that the moving emission hnes cycle
through a repeating pattem every
164 days. This change has been i n -
terpreted as being due to two linear
but opposing beams of gas ejected i n
opposite directions f r o m SS 433 at a 
speed of 80,000 kilometers per sec-
ond, while the axis of these beams
rotates once every 164 days. Fur-
thermore, as the inclined axis sweeps
past us, we see parts of both beams,
w i t h one of the beams creating red-
shifted lines f r o m gas moving away
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1919+479  MHz

Right Ascension (1950.0)

Long tails. Stretching three mill ion light years away from this relatively motionless supergiant galaxy (seen as a radio image on the
right), the radio-emitt ing tails cannot be explained by existing theories of galaxy tail format ion. The detailed radio contour map (left)
was made with the newly operational Very Large Array Radio Telescope; the galaxy's optical image is marked by the cross. The
object lies one bill ion light years f rom the Earth.

f r o m us, and the other causing blue-
shifted hnes f r o m gas moving toward
the Earth. Under this interpretation,
the change observed i n the emission
wavelengths is not caused by a 
change i n the velocity of the gas; i t
is caused by a change i n the orien-
tation of the gas as seen f r o m the
Earth.

There are still other questions that
remain unresolved. We do not know
the source of energy i n this system,
nor do we understand the mecha-
nism that keeps the beams
It is even possible that we are ob-
serving surface phenomena on a very
compact object, such as a neutron
star. Finally, this is the only object of
its type observed, and the question
remains whether other similar ob-
jects exist i n our galaxy.

A  Radio Galaxy
I n the past decade, radio fre-

quency observations of clusters of
galaxies have resulted i n the discov-

ery of a class of sources k n o w n as
 radio galaxies. These ra-

dio sources have intense "heads" of
emissions that coincide w i t h ind iv id -
ual galaxies i n the clusters, and "tails"
of emission w i t h intensities that de-
crease to one side of the galaxies. The
sources have an overall tadpole-like
appearance.

The galaxies associated w i t h head-
tail sources are thought to be moving
about the gravitational center of the
clusters at enormous velocities. I t is
hypothesized that these active gal-
axies eject large quantities of plas-
ma f r o m their nuclei as they travel
throughout the clusters. This ten-
uous plasma, after having escaped
f r o m the local confines of the galaxy,
is decelerated by encountering the
relatively dense intracluster medium
that exists between the galaxies. This
pressure eventually causes the
plasma to come to rest w i t h re-
spect to the cluster gas. The galaxies
themselves continue unimpeded
through the cluster, leaving behind

a trail of radio-frequency-emitting
material.

There is a category of tailed sources
k n o w n as "wide-angle tailed radio
galaxies." These sources contain t w o
separate tails w i t h angles between
the tails greater than ninety degrees.
The sources resemble "L ' s " w i th the
galaxy at the apex. These wide-angle
tails are  associated w i t h
massive galaxies at the centers of
clusters.

Recently, Jack Burns of the Na-
tional Radio Ast ionomy Observatory
mapped the source 1919 +479 w i t h
the Very Large Array at a wave-
length of 20 centimeters. It is esti-
mated that this object Hes at a dis-
tance of one biUion Ught years f r o m
the Earth, and the length of the tails
i n this source is about three miUion
light years. This makes i t the largest
k n o w n source of this type. The source
also contains a long
hght-year) curved jet of radio emis-
sion which extends from one side of
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cleus. The tails and jet extend far be-
yond the optical image of the galaxy.

The combination of the extremely
long radio tails, the curved jet, and
the nature of the galaxy seem to pose
a strong argument against the tradi-
tional model of tail formation by mo-
tion through an intracluster gas. The
source is associated w i t h a giant gal-
axy at the center of a rich cluster.
Such supergiant galaxies are ex-
tremely massive and do not move
significantly away f r o m the cluster
centers. However, the galaxy must
move at least the length of the tails
(three mi l l ion light years) through
the cluster to f o r m a source such as
1919 +479.

The contradiction between the
k n o w n properties of the galaxy (sta-
tionary i n the cluster) and the pre-
dictions of the model (rapid, pro-
longed motion through the cluster)
w o u l d seem to rule out motion
through an intracluster gas as a 
means of creating the tails i n
1919+479. Al though the radio tail
model successfully explains the char-
acteristics of the tadpole head-tail
sources, a rethinking of our ideas on
forming the L-shaped wide-angle
tailed sources is needed. Several
models are now being proposed that
do not involve galaxy motion. Per-
haps one of these w i l l provide a sat-
isfactory explanation of these phe-
nomena.

Masses of Galaxies
Galaxies of stars appear i n a wide

variety of forms, the main classes
being ellipticals and spirals. We have
long k n o w n that the amount of ro-
tation or angular momentum deter-
mines the forms, at least for spiral
galaxies. If we can measure the
changes i n rotat ion velocity at
changing distances f rom the center
of the galaxy, not only can we see
how rotation varies for galaxies of
different structures, but we can also
determine the masses of the galaxies.

Very few galaxies rotate like r ig id

 is, w i t h a rotational ve-
locity proportional to the distance
f r o m the center. Their inner parts ro-
tate like r igid bodies, but farther out
the rotational velocity increases very
little, and the rotational velocity be-
comes almost independent of dis-
tances f r o m the center or actuaUy be-
gins to decrease. The total mass can
be estimated only when we can
measure the rotation out far enough
so that the rotation velocity begins to
fall off.

To measure the rotational velocity,
the sUt of a spectrograph is placed
across the galaxy along its major axis.
The hot ionized gas i n the galaxy
gives rise to emission lines of hydro-
gen and other elements. By measur-
ing the wavelengths of these Unes as
a function of the distance f r o m the
center, we are able ( f rom the Doppler
effect) to measure the velocities.

The observational problem of de-
tecting and measuring Unes becomes
very hard when one gets very far
f r o m the center. I n recent years Vera
Rubin of the Carnegie Institution of
Washington, using the 4-meter tele-
scopes and the new, more efficient
spectrographs at Ki t t Peak and Cerro
Tololo, has made a major advance by
studying many spiral galaxies and

 that the rotation curves tend
to show increasing velocities as far
out as one can measure. The rotation
curves start to decrease only in very
few cases, as had been noted earlier
f rom radio observations. Even earlier
results using older optical telescopes
and less effective spectrographs led
us to beUeve that rotation curves d id
turn over i n the inner parts of gal-
axies. This led to an underestimation
of the mass of the galaxy i n question.

This research has shown that gal-
axies i n general are very much more
massive than we had ever thought
before. Since the mass must be pres-
ent i n the fo rm of matter that does
not radiate appreciably, there is much
hidden mass i n galaxies of stars.
Whether i t is present i n the fo rm of
highly evolved stars Uke white

or neutron stars, or i n black holes, or
in some other fo rm, we do not know.

Kitt Peak National
Observatory

Kit t Peak National Observatory
(KPNO), headquartered i n Tucson,
Arizona, was estabUshed i n 1958 to
strengthen basic  and edu-
cation i n astronomy in the United
States. The observatory supports ob-
servational and theoretical research
programs i n stellar, solar, and pla-
netary astronomy by visit ing scien-
tists. Engineering design and con-
struction of telescope instrumentation
also comprise a significant port ion of
KPNO's activities.

KPNO is operated by the Associ-
ation of Universities for Research i n
Astronomy, Inc., under contract w i t h
NSF. The observing faciUties on Ki t t
Peak, a 2,000-meter (6,875-foot)
mountain 90 kilometers (56 miles)
southwest of Tucson, include ten
stellar and four solar telescopes.

KPNO scientists and engineers are
playing a major role i n the planning
for the next generation of optical and
infrared telescopes. I n January 1980
they organized an international con-
ference i n Tucson on telescopes for
the 1990s. A t that meeting, new and
radical designs for very large (ap-
proximately 15-meter aperture) tele-
scopes were discussed. Several
groups both i n the United States and
abroad are carrying out studies that
may lead to the construction of such
a telescope in the next few years.

Cerro Tololo Inter-
American Observatory
As the only Southern Hemisphere

as t ronomica l f a c i l i t y of any k i n d
available to the U.S. scientific com-
muni ty at large, Cerro Tololo Inter-
American Observatory (CTIO) pro-
vides a broad range of observational
instruments for optical and infrared
astronomy. These include a 4-meter
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Operational. In the past year the final ten antennas have been installed, bringing to
27 the number operating together at the Very Large Array Radio Telescope in New
Mexico. This view shows  of them clustered around the apex  wye configuration;
they can be spread over 24 ki lometers for high-resolution studies.

reflector, the Southern Hemisphere's
largest telescope.

Operated by the Association of
Universities for Research i n Astron-
omy, Inc., under contract w i t h NSF,
the observatory headquarters are lo-
cated i n La Serena, a coastal t o w n
475 kilometers (295 miles) nor th of
Santiago, the capital of Chile. CTIO's
eight telescopes are on Cerro Tololo,
a 2,200-meter (7,200-foot) peak on
the western slopes of the Andes, 80
kilometers (50 miles) inland f r o m La
Serena.

The por t ion of sky observable f r o m
CTIO includes the central bulge of
our galaxy and various objects dis-
tr ibuted about the galactic center.
A m o n g these are the globular clus-
ters, fossil remnants of an early ev-
olutionary period of the M i l k y Way,
and the Large and Small Magellanic
Clouds, the closest external galaxies
to our o w n .

National Radio 
Astronomy Observatory
The National Radio Astronomy

Observatory (NRAO) is operated by
Associated Universities Inc., under
contract w i t h NSF. N R A O has tele-
scopes at three sites and its head-
quarters and a main data-processing
center i n Charlottesville, Virginia. I n
the past year the f u l l y steerable 43-
meter telescope at the Green Bank
observing site i n West Virginia has
been equipped w i t h a new low-noise
5- to 25-GHz maser receiver. This
wide band system improves the ef-
ficiency of the telescope, al lowing
new searchs for molecular species
and observation of extragalactic
sources by the techniques of very
long baseline interferometry. The 91-
meter telescope at that site received
a traveling feed track able to carry the
new cryogenic-cooled maser receiv-
ers i n the 300- to 1,000-MHz range.

A t the  millimeter wave

telescope on Ki t t Peak, Arizona, low-

receivers have been developed w i t h

particular application to the obser-
vation of X-ray quasars. Dur ing the
past year the Very Large Array i n
Socorro, New Mexico, has grown
f r o m 17 antennas on an 18-kilometer
baseline to the fuU complement of 27
antennas on a 24-kilometer baseline.
W i t h the delivery of the second an-
tenna transporter, formal scheduling
of the array into different configu-
rations has begun.

National Astronomy and
Ionosphere Center

The National Astronomy and Io-
nosphere Center (NAIC) has its ma-
jor observing facility located near
Arecibo, Puerto Rico. The main i n -
strument is the 305-meter (1,000-foot)
diameter  world's larg-
est radio/radar telescope. N A I C is
operated by Cornell University un-
der contract w i t h NSF.

Scientific activities are conducted
i n radio astronomy, radar astron-
omy, and atmospheric science. New
equipment and systems are contin-
ually being developed to meet the

needs of in-house and visiting sci-
entists. The telescope surface has re-
cently been surveyed and faired to
bring the entire surface (about 8 
hectares) w i t h i n a few millimeters of
being a true spherical surface.

Dur ing 1980 N A I C completed the
construction of a major new faciUty
for atmospheric research located
about 16 kilometers (10 miles) north
of the Arecibo Observatory. This fa-
ciUty, the high-frequency heating fa-
ciUty, includes four transmitters de-
livering a total of 800 kilowatts to an
array of log periodic antennas. The
faciUty is now operational and is
being used to study the ionospheric
plasma i n conjunction w i t h the 430-
megahertz radar system of the 305-
meter telescope.

Dur ing 1980 a major program was
the mapping of the surface of Venus
w i t h the high power S-band plane-
tary radar system. Because of its
dense cloud cover, i t is impossible to
see the surface of Venus by optical
means. N e w equipment and tech-
niques aUowed  mapping a signif-

 pornon  tne  reso-
lutions as precise as 4 kilometers.
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Sacramento Peak
Observatory

Sacramento Peak Observatory
(SPO) is one of the world 's major
centers for research dealing wi th the
physics of the Sun. Located at an ele-
vation of  meters (9,055 feet) in
the Lincoln National Forest in New
Mexico, SPO has a number of unique
solar research facilities and is com-
mit ted to the application of the most
advanced technology to research on
the Sun.

The very-high-spatial-resolution
images of the vacuum tower tele-
scope can be directed to an impres-
sive array of instruments especially
designed to reveal details of the
magnetic fields and gas f lows in the
solar atmosphere. The scope and
riety of the observations carried

Atmospheric sciences is a disci-
pline in which knowledge of physics,
chemistry, biology, and other sd-
ences is combined to improve the
understanding of the Earth's atmos-

 the planet's surface to
outer space. Through seven grant
programs and support of the Na-
tional Center for Atmospheric Re-
search and the National Scientific
Balloon Facility, NSF supports basic
research on a wide range of subjects.
They include the physics, chemistry,
and dynamics of the Earth's upper
and lower atmosphere; the acquisi-
t ion of data on physical processes i n
the troposphere and stratosphere that
w i l l aid i n understanding the general
circulation of the atmosphere and the
physical basis of climate; and climate
processes and variations, as well as
smaller-scale, shorter-term phenom-
ena leading to greater knowledge of
weather processes.

I n 1980 NSF put special emphasis

during the past year can be appre-
ciated f r o m the fo l lowing sample of
observing programs: velocity fields
in solar flares and sunspots; depend-
ence of the amplitude of the solar
five-minute oscillation on height i n
the solar atmosphere; limb bright-
ness oscillations; flare bui ldup stud-
ies; and mass ejection i n active re-
gions.

Observations i n the fo rm of mag-
netograms, spectral line measure-
ments, and coronograph and polar-
imeter measurements are used to
study active regions of the Sun and
the structure and dynamics of the
solar corona. Scans of the green co-
ronal line and maps of the solar mag-
netic fields are made daily  sup-
plied to such agencies as N O A A ,
N A S A , and the A i r Force for use i n
prediction of solar events that may
affect geomagnetic activity.

on research in mesoscale meteorol-
ogy, atmospheric chemistry, inco-
herent scatter radar, and the vari-
ability of past and present
as wel l as on init ial analyses of data
collected dur ing the Monsoon Ex-
periment (Winter and Summer

 of the largest inter-
national weather observing program
ever conducted, the Global Weather
Experiment under the Global A t -
mospheric Research Program).

One of the objectives of the Global
Weather Experiment, recently com-
pleted, was the acquisition of a de-
tailed set of observations on the be-
havior of the global atmosphere, w i t h
particular emphasis on the tropics
and Southern Hemisphere. This
global data base w i l l now make pos-
sible new theoretical, experimental,
and diagnostic studies on weather
and climate. In particular, this three-
dimensional , w o r l d w i d e atmos-
pheric data is needed to test and i m -

prove the mathematical models of
global circulations used for forecast-
ing and research.

MONEX, the largest and most am-
bitious scientific f ie ld program ever
mounted to study the Asian mon-
soons, was completed early i n 1980.
It is sponsored joint ly by the Wor ld
Meteorological Organization of the
United Nations and the International
Council of Scientific Unions. More
than 20 nations participated i n the
yearlong f ield phase of MONEX, i n -
cluding the Uni ted States, the Union
of Soviet Sociahst Repubhcs, and the
Peoples Repubhc of China, and most
of the Asian nations of the monsoon
regions. NSF had the lead agency
responsibility for U.S. participation
in MONEX.

Monsoons are important for sev-
eral reasons. They are the most en-
ergetic regional circulations of the
Earth's atmosphere and affect
weather and climate on a global scale.
They also exert tremendous i n f l u -
ence on the agriculture, economy,
politics, and health of a major por-
tion of the Earth's population. Fore-
casting the monsoon's behavior, i n
particular the onset of the monsoon,
is, therefore, one of mankind's most
important single predictions.

In most years the onset of the I n -
dian monsoon is accompanied by the
formation of an intense vortex, or
storm, over the Arabian Sea. A de-
tailed examination of the onset vor-
tex and the commencement of heavy
monsoon rains over central India has
revealed that the kinetic energy of
the winds over the Arabian Sea i n -
creases tenfold about one week prior
to the occurrence of the rains. Using
data f r o m a variety of M O N E X ob-
serving platforms, Tiruvalam N .
Krishnamurti of Florida State U n i -
versity calculated the day-by-day
changes i n the atmospheric kinetic

 measure of the w i n d
speed. As expected, he f o u n d that
the w i n d speeds increase over the
Arabian Sea prior to the beginning
of rains over India. What was unex-

 Sciences



30 ASTRONOMICAL, ATMOSPHERIC, EARTH, AND OCEAN SCIENCES

pected was the sharp and intense i n -
crease and the fact that it occurred a 
week before the rains. I f this f ind ing
for the 1979  proves to hold
i n general, i t may provide a means
of predicting, about a week in ad-
vance, one of the major weather sys-
tems on Earth.

Climate Modeling
Climate

 important i n i m -
proving our knowledge of the Earth's
chmate system, wh ich consists of the
atmosphere, oceans, ice, snow, and
surface of the Earth itself. The sys-
tem is driven by the differential i n -
cidence of solar radiation. A hier-
archy of climate
simphfied ones designed to model
the basic energetics of the system to
complex ones intended to reproduce
detailed atmospheric and oceanic cir-
culations, ice movement and devel-
opment, and interactions w i t h each
other and w i t h the surface of the

 been or are i n the pro-
cess of being developed.

Currently, chmate modelers are
attempting to determine what effect
the predicted large increases i n at-
mospheric carbon dioxide w i l l have
on climate. I f present rates of fossil
fue l consumption and deforestation
continue, i t is estimated that the car-
bon dioxide concentration  dou-
ble i n less than 100 years. Because
carbon dioxide is a very efficient ab-
sorber of radiant energy i n certain
longer (infrared) wavelengths, i t re-
tards the loss of long-wave radiation
f r o m Earth back to space and keeps
the lower atmosphere warmer than
it w o u l d be i n the absence of carbon
dioxide. Hence, i t is to be expected
that an increase i n carbon dioxide
w i l l lead to a warming of the tropo-
sphere. But the question is: H o w
much and how rapidly?

A number of so-called "equilib-
r i u m " models agree i n predicting
that
ature w i l l increase by 2 to  if car-

bon dioxide is doubled. Partly be-
cause of the concomitant melting of
Arctic sea ice, the increase i n the
Nor th Polar region is predicted io be
much larger, up to 11°C according to
one model. But all of these model
results assume that the oceans, which
play a dominant role i n regulating
the temperature of the climate sys-
tem, have zero capacity to absorb
heat and to buffer this change. I n
other words, the models treat them
as  swamps which adjust i m -
mediately to changed radiant energy
conditions. While such an assump-
tion may possibly represent
tions to be expected after complete
thermal equ i l ib r ium has been
reached, the period of time required
for the deep oceans, w i t h their slow
circulation and large heat capacity,
to adjust to the new radiational con-
ditions is unknown.

Stephen Schneider of N C A R and
Starley Thompson of the University
of Washington have continued to ap-
ply their energy balance model to the
problem of the transient response of
the surface temperature to carbon
dioxide increases. Previously, they
pointed out that the vertical mixing
between upper and lower oceanic
layers w o u l d increase the effective
long-term heat capacity of the ocean,
thereby delaying for decades the ap-
proach of the global average surface
temperature toward its equihbrium
response. They have now considered
the approach toward equil ibrium of
individual latitude zones under two
different assumptions for the ocean
mixed-layer depths: (1) a un i fo rm
global value and (2) values depend-
ent on latitude.

Under both sets of assumptions
(but particularly for the second as-
sumption) they found that various
latitude zones approached their
equil ibrium responses for a given
carbon dioxide increase at different
rates. For example,  wh ich is all
ocean, approached its equihbrium

equator. These results imply that dif-

ferent regions of the Earth w i l l have
different tiansient responses to car-
bon dioxide increases. Conse-
quently, regional climatic anomahes
predicted f r o m the equilibrium re-
sponse of a climatic model driven by
a doubling of carbon dioxide are
hkely to be significantly different
f r o m those given by the transient re-
sponse driven by a more realistic
time-dependent, exponential i n -
crease in carbon dioxide. The study
suggests that considerably more at-
tention must be paid to the charac-
teristics of the atmosphere/ocean/ice
system that govern the tiansient re-
sponse of the surface temperature to
external forcings over decadal time 
scales.

Another important aspect of the
fossil-fuel/climate problem concems
the early detection of a surface
warming due to carbon dioxide i n -
crease, i f and when i t occurs. Roland
Madden and Veerabhadran Raman-
athan at the National Center for A t -
mospheric Research (NCAR) exam-
ined this question and concluded,
judging from analysis of interannual
variability of surface temperatures at
60°N, that the warming predicted by
current climate models should be de-
tectable between now and the year
2000. They also discussed the feasi-
bi l i ty of using satellite measurements
to isolate carbon dioxide effects. Ra-
manathan, w i t h Robert Cess and
Ming-Shih Lian of the State Univer-
sity of N e w York at Stony Brook, has
described the radiative heating of the
troposphere and surface (due to i n -
creased carbon dioxide) as a funct ion
of latitude and season and inferred
the resultant latitudinal and seasonal
warming of the surface using an en-
ergy-balance climate model.

Atmospheric Effects of
Mount St. Helens

When the M o u n t St. Helens vol -
cano i n southern Washington be-

a long quiescent period, i t caused a 
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Atmospheric effects. In Apri l  NCAR scientists, responding to the early volcanic
activity of Mount St. Helens, made aerial surveys to study the plume, shown here prior
to an erupt ion. Further studies were carried out after the major explosion on May 18, in
which material rose into the stratosphere.

f lu r ry of interest among scientists
across the country. This initial activ-
i ty , scientifically interesting by itself,
also gave  of a possible major
eruption (which, of course, d id occur
two months later). Such an eruption
can have global atmospheric effects
i n addition to the trauma to the i m -
mediate area caused by earthquakes,
mudf lows , and heavy ash  For
that reason, scientists at the National
Center for Atmospheric Research
sampled the ash cloud (plume) of
Moun t St. Helens i n A p r i l 1980 using
a specially instrumented aircraft.
Those and later results should help
clarify theories concerning the pos-
sible effects of volcanoes on climate
and weather.

I t is wel l k n o w n that volcanic
eruptions can have significant effects
on the chemical balance of the strat-
ospheric ozone layer, which protects
the Earth f r o m solar ultraviolet ra-
diation. Sulfur dioxide f r o m erup-
tions can combine w i t h hydroxyl
radicals to fo rm sulfuric acid in the
stratosphere. Other chemicals, such
as carbonyl sulfide, may also enter
the lower atmosphere (troposphere)
and work their way upward into the
stratosphere, eventually reacting w i t h
light to fo rm more sulfuric acid. Lo-
cal toxic effects might be caused by
such gases as mercury vapor.

There is considerable evidence that
volcanoes may also have long-term
climatic effects. Backscattering of light

by very fine ash particles and sulfuric
acid can cause a reduction i n the
amount of Ught reaching the Earth,
w i t h concomitant changes i n precip-
itation and coohng patterns.

Retired NCAR scientist Richard
Cadle flew i n an N C A R Queen A i r
through the Moun t St. Helens plume
i n A p r i l , gathering particle and gas
samples. The plane was outf i t ted
w i t h evacuated canisters to gather
samples of the gases for chromato-
graphic analysis, special filters for
collecting particles, a water sampler
developed by the U.S. Geological
Survey to determine how much of
the water in the volcano's cloud orig-
inated f rom groundwater and how
much f rom the Earth's mantle, a 
quartz  impactor for de-
termining the size distribution and
composit ion of particles ( f r o m
N A S A ) , and filters for collecting
larger ash particles ( f i o m Michigan
Technological University). Photos of
the plume were also taken.

Al though a weak odor of sulfur
dioxide and hydrogen sulfide could
be detected i n the aircraft cabin, only
neghgible amounts of sulfur com-
pounds were measured. Cadle be-
lieves that the volcano's low sulfur
output was because its eruptions
were phreatic, caused by ground
water hi t t ing hot magma, rather than
magmatic, characterized by hot gases
f r o m molten lava. Magmatic erup-
tions are more likely to inject sulfur
compounds into the atmosphere. A t
the time of the NCAR flights, the
eruptions from Moun t St. Helens
reached only sbc kilometers above
sea level. Because of the lack of sul-
fu r dioxide and the large size of the
ash particles i n the plume, which
were too large to rise into the strat-
osphere, that eruption was not likely
to have much impact on weather and

The major eruption on May 18
reached stratospheric levels, and
preliminary results f r o m samples
taken by another research group at
the University of Washington ind i -
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Equator ia l ba l loon ing . Scientists f rom the National Scientific Balloon Facility launch
a balloon f rom a rural area in Juazeiro do Norte, Brazil, to begin a high-altitude study
of sources of trace gases in the atmosphere.

cated the presence of hydrogen sul-
fide i n the plume. Cadle strongly
suspects that the presence of a sulfur
compound indicates that the May 18
eruption may have been magmatic;
i t was also a much hotter eruption
than w o u l d be expected from a typ-
ical phreatic event, and particle sizes
i n the cloud were much smaller than
previously. A "bulge" that devel-
oped i n the mountain before the May
18 eruption was also indicative of a 
bui ldup of magma.

The May 18 eruption provided
other unique opportunities for re-
search on the impact of volcanic
emissions on the atmosphere.
J. H o f m a n n and James M . Rosen of
the University of Wyoming flew bal-
loon-borne instruments into the vo l -
canic plume over Laramie, Wyo-
ming, and detected condensation
nuclei throughout the lower strato-
sphere up to an altitude of 26 ki lo-
meters. This is believed to be the first 
direct observation of particles of this
small size i n volcanic injections to the
stratosphere. Particles i n this size
range act as condensation centers
and precursors of larger aerosol par-
ticles capable of scattering sunlight
and affecting the heat balance of the
Earth. The finding of volcanic injec-
tion of condensation nuclei directly
into the stratosphere provides an i m -
portant new step toward the under-
standing of natural versus man-made
influences on the Earth's climate.

Solar Maximum Year
NSF and N A S A are jo in t ly sup-

port ing the 1979-81 Solar M a x i m u m
Year (SMY), wh ich reached a peak
i n observational activity correspond-
ing to the maximum i n the solar cycle
i n 1980. N A S A is responsible for the
spacecraft observations of the Sun,
most of wh ich are provided by a 
dedicated  Solar Maxi-
m u m Mission (SMM). NSF is re-
sponsible for the ground-based re-
search at universities and the
National Centers. One of these cen-

ters, NCAR, is also participating d i -
rectly i n S M M , which carries seven
scientific instruments, including the
N C A R coronograph/polarimeter. I t
was launched into earth orbit on
February 14, 1980, to study flares on
the Sun dur ing the 1979-81 peak of
its  sunspot cycle. The NCAR
instrument wiU help to study the ev-
olution of the Sun's corona and the
transient activity associated w i t h
flares.

Like the instrument used on the
ApoUo Telescope Mount of the Sky-
lab orbit ing solar observatory (which
took measurements during the solar
activity " m i n i m u m " i n 1974), the
N C A R telescope makes it possible to
view the extremely thin corona by

using an external occulting technique
to create an artificial echpse. The sat-
eUite is complemented by associated
observing programs at more than 100
ground-based observatories, includ-
ing a new telescope system at the
N C A R H i g h Alt i tude Observatory
observing station on Mauna Loa in
Hawan.

The ground-based observations
have already shown significant re-
sults. In 1979, for example, obser-
vations at the South Pole dramati-
caUy confirmed previous measure-
ments made at Stanford University
by John WUcox that the Sun does i n -
deed osciUate w i t h a period of ap-
proximately 160 minutes. These os-
cillations result f r om motions inside



ASTRONOMICAL, ATMOSPHERIC, EARTH, AND OCEAN SCIENCES 33

National Center for Atmospheric Research . NCAR headquarters and laboratories
are located in Boulder, Colorado. Separate facilities are maintained for large field
experiments.

the  region not easily acces-
sible to direct observation. Thus, we
have an important new diagnostic
tool which should greatly improve
the understanding of the internal dy-
namics of the Sun and the impact of
such dynamics on solar activity, such
as the 11-year variation. Observa-
tions at the Big Bear Observatory
(operated by the Cahfornia Institute
of Technology w i t h NSF support)
have confirmed for the first time that
solar flares are associated w i t h large,
rapidly changing magnetic fields. 
Furthermore, recent results at Mount
Wilson Observatory show that the
sun is undergoing torsional oscilla-
tions. Thus, the SMY is proving to
be a very successful program, wi th

discoveries of unprecedented ac-
curacy and resolution. Even the Sun
has cooperated by providing one of
the most active maxima ever seen.

National Center for
Atmospheric Research
The National Center for Atmos-

pheric Research (NCAR) is a major
research facility devoted to large-scale
atmospheric research projects in co-
operation w i t h universities and other
organizations. The National Scien-
tific Balloon Facility (NSBF) provides
the necessary support for scientific
research requiring extended high-al-
titude experiments. These two facil-
ities are operated under contract w i t h

NSF by the University Corporation
for Atmospheric Research, a consor-
t ium of 47 U.S. and 2 Canadian un i -
versities that have doctoral programs
in the atmospheric sciences.

N C A R research is aimed primarily
at improving climatic analysis and
knowledge related to weather pre-
diction; obtaining better understand-
ing of atmospheric chemistry, air
quality, and severe convective storms;
and studying the interactions be-
tween the Sun and the Earth's at-
mosphere. I n addition to a variety of
other facilities, N C A R also provides
computing resources for the atmos-
pheric sciences, including a CRAY-1,
one of the world 's fastest computers,
thus enabling scientists to develop
and use complex models of atmos-
pheric phenomena and analyze the
large amounts of data that are an es-
sential part of exploring the atmos-
phere.

NCAR's field programs dur ing the
year included an aircraft flight series
to Mount St. Helens to sample ash
and vapor emissions f r o m the vol -
cano's ash cloud, balloon launches in
Brazil to measure atmospheric trace
gases and their sources, and an ex-
pedition to view the total solar eclipse
over the tropics. A n NCAR telescope
was launched aboard the Solar Max-
imum Mission satellite to study solar
flares during the peak i n the 11-year
sunspot cycle.

During the past year NSBF con-
ducted 91 scientific  flights, 73
in support of atmospheric science
and experiments i n high-energy as-
tronomy. Major development pro-
grams included testing of a proto-
type balloon system for global long-
duration flights and a new system for
carrying heavier payloads than have
been flown i n the past. NSBF also
provided balloon-borne measure-
ments to ver ify those made by the
Limb Infrared Monitor of the Strat-
osphere (LIMS) experiment aboard
the N A S A Nimbus-7 satellite to de-
termine w o r l d w i d e atmospheric
chemical composition.
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Earth Sciences

The earth sdences, wh ich have
seen rapid development dur ing the
past two decades, continued at an
accelerated pace i n 1980. A t least
three major factors are at play. First,
there is mount ing awareness of the
importance of earth science to the
common concerns of mineral and
fuel resources, disruptive geologic
phenomena such as earthquakes and
volcanic eruptions, and hazardous
waste disposal. Second, scientists
have a growing arsenal of new i n -
struments and techniques which are
revolutionizing their abihty to meas-
ure the physical w o r l d and treat vast
amounts of data. Thi rd , the devel-
opment of quantitative models, i n -
cluding but not hmited to the un i fy -
ing theory of plate tectonics, has led
to more satisfactory interpretations
of geologic phenomena and to f ru i t -
f u l new hnes of investigation.

As often happens i n science, the
most exciting action is taking place
along interdisciphnary boundaries.
Advances i n our understanding of
mantle dynamics are coming f r o m
the interactions of isotope geochem-
istry, seismology, and ul t rahigh
pressure research. Petrologists,
physical chemists, and f l u i d dyna-
micists are challenging classical con-
cepts of magma differentiat ion w i t h
radical models employing double
di f fus ion , hquid immiscibihty, and
oscillatory reactions. Speciahsts i n
paleomagnetics, climate dynamics,
tectonics, and stiatigraphy are com-
bining their knowledge to create pa-
leogeographic maps of the w o r l d
which go back much farther than the
record i n existing ocean basins. The
discovery of a widespread anoma-
lous concentration of the tiace metal
i r i d ium at the Cretaceous-Tertiary
boundary has inspired geologists,

 and  to
consider extraterrestrial causes for

mass extinctions of hfe in the geo-
logic record.

A major new trend is increased i n -
terest i n the continents and theh
oceanic margins. Inasmuch as the
1960s could be characterized as the
decade of lunar exploration and the
1970s as the decade of oceanic explo-
ration, i t is apparent that, although
many scientists w i l l continue to pur-
sue basic research i n extraterrestrial
and oceanic regions, the 1980s w i l l
see renewed interest i n the constitu-
t ion, dynamics, and evolution of the
continents, their margins, and sub-
jacent mantle. Some of the major sci-
entific objectives of this effort are
characterizing the differences be-
tween continental and oceanic hth-
ospheres and subjacent aesthenos-
phere, measuring plate motions
directly, developing dynamic models
of mantle behavior, understanding
intraplate tectonism and volcanism,
understanding plate boundary phe-
nomena, and developing quantita-
tive models of hthospheric evolution.
Each of these general objectives has
important imphcations for the needs
of our society as wel l as for the
growth of earth sciences.

Many earth science projects i n the
1980s w i l l be expensive, extensive,
and multidisciplinary. More research
w i l l be undertaken by teams of i n -
vestigators f r o m several disciphnes
and often f r o m several institutions.
I n some situations cooperative ar-
rangements w i l l develop between
academic, government, and indus-
trial organizations. Al though such
consortia w i l l never replace the ind i -
vidual investigator, i t is clear that
some objectives can be reached only
by coordinated efforts. I n 1980 NSF
supported major cooperative pro-
grams i n deep seismic reflection pro-
filing, a continental dr i l l ing program
of i n situ measurements and core
studies at Continental Edison's deep

borehole i n Illinois, a U.S.-Japan-
Canada cooperative research project
on the genesis of volcanogenic mas-
sive sulfide deposits, and a U.S.-In-
dia cooperative investigation on the
Precambrian geology of India. Possi-
ble future endeavors include a joint
U.S. -Canada-Mexico mult idisciph-
nary study of the transitions f r o m
oceanic to cratonic hthosphere of
Nor th America.

Despite periodic shifts i n research
objectives and changing styles of
funding , however, the goal remains
as i t has been: to support research
excellence anywhere i n the general
fields of geology, geochemistiy, and
geophysics.

The Eruption of Mount St.
Helens

I n January of 1980 NSF funded a 
proposal to make a detailed geo-
chemical study of Mount St. Helens
i n order (among other objectives) to
document trends that might predict
future eruptive behavior. This aspect
of the study was preempted on May
18 when the mountain exploded i n
a startling display of volcanic force
which substantially altered the field 
area and focused the attention of the
Nation on this and the other Cascade
volcanoes. This study and others hke
it provide the scientific basis for un -
derstanding and predicting volcanic
phenomena. I n the case of Mount St.
Helens, earher geologic studies (some
supported by NSF) enabled the U.S.
Geological Survey i n 1978 to predict
an eruption of Mount St. Helens i n
this century, and by the time of the
May 18 blast the mountain was un -
der constant surveillance.

When the dust of May 18 had set-
tled, i t was apparent that the erup-
t ion had provided an opportunity
(and pressing need) for immediate
field and laboratory studies of the
volcanic processes and products and
their effects upon the region. The
most urgent matters relating to pub-
hc health, safety, and environmental
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impact were dealt w i t h predomi-
nantly by other State and Federal
agencies, but there was also an op-
portuni ty to make unique scientific
observations if studies could begin
immediately.

Accordingly, on May 30 NSF i n -
vi ted brief proposals to which i t
w o u l d respond immediately; A A E O
programs received 87 w i t h i n 7 weeks
of the announcement. Funds were
available to make 18 awards (13 i n
earth sciences, 3 i n atmospheric sci-
ences, 1 i n ocean sciences). A l l of the
funded projects dealt w i t h transient
phenomena or features that had to
be investigated immediately. The
awards i n earth science included
support for collecting and analyzing
gas, analyzing chemical and petro-
graphic compositions of fresh ash,
drainage development and landform
evolution, concentrations of short-
hved radionuclides i n the effusive
materials, and instaUing various i n -
struments such as infrared and inf ra-
sonic detectors and automated sedi-
ment traps to monitor future volcanic
activity.

Some preUminary results are avaU-
able f r o m these special projects, and
others  be forthcoming i n ab-
stracts and short reports at scientific
meetings. Full reports are not ex-
pected for several months. Present
indications are that the recent events
bore many similarities to past erup-
tions. I f the past record is an ind i -
cation of the  M o u n t St. He l -
ens w i l l remain active for several
more years. The preliminary studies
made possible by the special awards
are only precursors to major efforts
at moni tor ing and studying this vo l -
cano dur ing its active period. These
investigations wiU increase our un -
derstanding of past, present, and f u -
ture Cascadian volcanism.

Fine Structure of the
Crust and Upper Mantle
Significant new results have been

obtained f r o m the Consortium for

Sampling g a s e s . Geochemists f rom the
Universities of Arizona and Maryland col -
lect gases f rom a hot (350°C) vent in
fresh pyroclastic flows on Mount St. Helens.
This and other prompt investigations of
the effects of the May  eruption were
suppor ted by special " q u i c k - r e s p o n s e "
grants.

Continental Reflection P ro f i l i ng
(COCORP) project since the NSF
Annual Report for 1979, i n which re-
sults of a seismic reflection profile
extending f r o m eastern Tennessee
through Nor th CaroUna to near A u -
gusta, Georgia, were described. This
profile has now been extended to
near the Atlantic Coast at Savannah.
This is the first COCORP profile to
end near the sea, providing an op-
portunity for continuation offshore.
The extended profile provides fur -
ther evidence for large-scale over-
thrusting of older crystalUne rocks of
the Blue Ridge and Piedmont prov-
inces of the Appalachians onto sedi-
ments of a Paleozoic continental
margin. This result has major imph-
cations for interpreting sites of con-
tinental colhsion elsewhere. A prac-
tical point is that the buried sediments
that underhe a large area of the
southern Appalachians may contain
trapped hydrocarbons.

COCORP Unes were also recorded

in southwestern Oklahoma to inves-
tigate the deep structure of the Wich-
ita Mountains and the Anadarko
basin, and to investigate fur ther the
nature of the basement rock under
the  basin, the site
of the original COCORP testing i n
Hardeman County, Texas, i n 1975.
The prominent flat-lying reflectors i n
the Precambrian basement originally
discovered beneath the Hardeman
County basin have been traced over
an area of about 2,500 square kUo-
meters i n Texas and Oklahoma.
These reflectors, at depths of 7 to 10
kilometers, are abruptly terminated
at their northeast margin by a high-
angle fault along the Wichita UpUft,
apparently the ancestral predecessor
of the Pennsylvanian Burch fault. By
analogy w i t h wor ldwide mid-Proter-
ozoic basins, these reflectors may
represent thick deposits of terrigen-
ous sedimentary and  volcanic
rocks.

The strong continuous reflections
from the crust i n Oklahoma and
Texas no doubt extend beyond the
boundary of the surveyed area and
are prime targets for further surveys.
Once these reflectors are deUmited
and identif ied, the geology of a very
large volume of continental crust,
extending to midcrustal depths,
be far better known .

In the late faU of 1979 COCORP
began a seismic traverse across the
Midcontinent Geophysical A n o m -
aly ( M G A ) in northeastern Kansas.
This Unear gravity high and associ-
ated magnetic anomaly, which ex-
tends over 3,000 kilometers f r o m A b -
ilene, Kansas, to Lake Superior, is
the most pronounced geophysical
anomaly i n the central United States.
Many beheve i t represents a buried
Precambrian r i f t system. The Kansas
survey is also designed to cross the
Nemaha Ridge, a buried Paleozoic
uphft east of, and perhaps related to,
the M G A in Kansas. Al though the
planned traverse is over 250 kUo-
meters  (including 4 cross Unes),
only about 85 kilometers of the east-
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Boundary anomaly. Measurements across a one-centimeter-thick clay layer separat-
ing limestones of the Cretaceous and Tertiary geologic periods show a 30-fold jump in
the trace element i r id ium. The ir idium could have come f rom a large meteorite impact;
such an event may have been associated with the extinction of many life

 that t ime.

ern end were completed i n 1979 be-
fore inclement weather forced a halt.
Preliminary data show strongly dip-
p ing reflectors at depths of 15 to 30
kilometers. Completion of the trav-
erse is planned for late 1980.

The Laramie Range of southeast-
ern Wyoming , at the eastern edge of
the Nor th American Cordillera, is the
definitive example of the late Meso-

 Tertiary Laramide moun-
tain-building and was affected by the
Late Paleozoic Ancestral Rockies
event. I n addit ion, a fundamental

 crustal boundary, which
may represent a San Andreas-type
transform fault or an ancient sub-
duction zone, trends northeast across
the range, separating 1.7 billion-year-
old rocks on the south f r o m 2.5 b i l -
l ion-year-old rocks on the nor th . To
continue studies of Laramide base-
ment upl i f ts , investigate the nature
of the transition between the Great
Plains and the Rocky Mountains, and
study the nature of the Precambrian
shear zone, COCORP recorded 186
kilometers of profile reflection data
f r o m August to October of 1979. Pre-
l iminary seismic sections across the
Laranue Range suggest that there
may be fundamental differences i n
crustal character on either side of the
Rocky Mountains and that they may
have existed prior to Laramide defor-
mation. Addi t iona l processing of the
data is expected to clarify these rela-
tions.

Iridium and the
Cretaceous-Tertiary

Boundary
The recent discovery of unexpect-

edly h igh levels of i r i d ium and other
plat inum group elements i n marine
sediments deposited d u r i n g the
transition f r o m the Cretaceous to the
Tertiary periods (65 mi l l ion years ago)
has t h rown new hght on the mystery
of the extinction of the dinosaurs and
other Mesozoic organisms. The i r i -
d ium anomaly was first noted by sci-
entists at the University of Cahfor-

nia, Berkeley, i n sediments collected
near Gubbio, i n the Italian Apen-
nines, during a collaborative study
by U.S. and European scientists on
relationships between biostratigra-
phic and magnetic-reversal correla-

I r id ium concentrations near the
Cretaceous-Tertiary boundary at
Gubbio are 30 to 160 times those
f o u n d i n ordinary deep-sea sedi-
ments. Subsequent w o r k has shown
that  and other noble metals
are also anomalously abundant i n a 
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th in layer of clay that marks the
boundary i n Denmark and that they
occur in the relative proportions
found i n chondritic meteorites. Be-
cause i r id ium and related elements
are depleted i n the Earth's crust rel-
ative to their meteoritic abundances,
the high concentrations and chon-
dritic ratios in the boundary sedi-
ments are consistent w i t h an extra-
terrestrial source. The Berkeley group
suggests that the source of the extra-
terrestrial matter might have been a 
meteorite, as large as ten kilometers
i n diameter, w h i c h w o u l d have
th rown up enough pulverized ter-
restrial debris to cut off solar radia-
t ion and suspend photosynthetic
processes for several years.  dust,
containing the meteoritic compo-
nent, eventually settled i n the oceans
to fo rm the th in clay layers found i n
Italy and Denmark.

Al though the impact hypothesis
requires further testing, the concept
of a brief suspension of photosyn-
thetic processes fits  w i t h the
k n o w n pattern of Cretaceous extinc-
tions: A l l dinosaurs, as wel l as old
marine and flying reptiles and many
groups of marine plants and inver-
tebrates, perished. The surviving life
forms included organisms such as
land plants that might have been
able to regenerate f r o m root systems,
seeds, and spores, and primitive
mammals, small reptiles, and marine
invertebrates that could possibly have
survived the disruption of normal
food chains by subsisting on insects
and decaying vegetation during the
period of diminished sunlight.

But before this hypothesis can be
accepted major questions must be
addressed. One of these is to what
extent the extinctions occurred i n
different places at the same time. The
marine section at Gubbio is impor-
tant i n this respect because i t has
been used as the basis for the best
detailed correlations between bio-
stratigraphy and the chronology of
worldwide magnetic reversals and
because i t is believed to represent a 

continuous sedimentary record across
the Cretaceous-Tertiary boundary.
Another question is the time span in -
volved. I f the impact hypothesis is
correct, worldwide extinctions were
instantaneous in a geologic sense.

I n 1980 the ocean sediment coring
program, previously part of NSF's
earth sciences programs, was re-
structured into an independent unit
consisting of two major activities: the
deep sea dri l l ing project and the
ocean margin dri l l ing project.

Al though there are  differences of
opinion on the vahdity of the impact
hypothesis, i t has given a sharp fo -
cus to several other groups work ing
on similar problems under NSF
sponsorship.

Deep Sea Drilling Project
(DSDP)

The DSDP, funded by NSF since
1966, has as its fundamental objec-
tive the exploration of the Earth's
surface beneath the oceans. This goal

Deep S e a Drilling Project. Workers manipulate dril l ing equipment aboard D/V Glomar 
Challenger in  the twelfth year of operation of this highly productive program to
study the geology of the ocean f loors.

Ocean Drilling
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is met by deep-ocean dri l l ing and
coring w i t h the unique ship, the D/V
Glomar Challenger. Joint Oceano-
graphic Institutions, Inc. (JOI, Inc.),
a nonprof i t corporation chartered
f r o m among ten major ocean-going
research institutions, provides sci-
entific planning for the project i n
connection w i t h the international
JOIDES (Joint Oceanographic Insti-
tutions for Deep Earth Samphng)
scientific committees and panels.
Scripps Inst i tut ion of Oceanography
has the prime responsibility for the
operations of DSDP. Global Marine,
Inc., operates the dr i lhng vessel un-
der subcontiact to Scripps.

Operations w i t h Challenger began
12 years ago i n August 1968. As of
August 1980, nearly 900 holes had
been dri l led at about 530 different
sites, dur ing 74 cruises (legs), each
of wh ich lasted about 55 days. A l -
most 70 kilometers of cores had been
recovered from every major oceanic
area except the Arctic.

From the outset, numerous foreign
scientists made contributions to

 participants aboard Chal-
lenger, by studying samples and data,
and as members of advisory panels.
Thus, i n 1975, the intemational phase
of ocean dri lhng (IPOD) was initiated
to cement the program's intema-
tional spirit. IPOD is presently sup-
ported annuaUy at the level of $1.25
mi l l ion from each of five partner

 Federal RepubUc of
Germany, France, Japan, the
U.S.S.R., and the Uni ted Kingdom.

Dur ing 1980 Challenger operated i n
both the Pacific and the Atlantic. Leg
68, begun dur ing the previous fiscal 
year, was a full-scale test of a new
coring tool deployed only once be-
fore, the hydraulic piston corer. The
corer enables Challenger, for the first 
time, to recover undisturbed cores
f r o m the soft, unconsoUdated upper
sedimentary layers of the ocean floor. 
(This tool was described i n the NSF
1979 Annual Report.) The test leg was
highly successful, recovering some

 meters of soft sediments at one

site i n the Caribbean; these sedi-
ments appear to span an undis-
turbed depositional record of the
past 8 mi lhon years. Materials f r o m
this leg wiU be used to study the de-
taUs of climatic changes that occurred
dur ing that time interval.

Af te r completing the testing leg
i n the Caribbean, the ship re tumed
to the Pacific and completed two
legs (69 and 70) that were dedicated
to investigating the "Galapagos
Mounds , " an area off northwest
South America. These mounds on
the ocean floor are formed by hot,
mineral-laden waters issuing from 
submarine vents i n geologicaUy very
young oceanic crust. They are fea-
tures of basic geological
amples of a very active zone of the
ocean  are also of consid-
erable interest as potential sites of
mineral deposits. Both conventional
rotary dri lhng and hydraulic coring
were used i n the mounds area. The
samples recovered wiU allow the
study of the chemistry, stiucture,
and history of this part of the Earth's
cmst.

Fol lowing the Galapagos driUing,
Challenger moved into the southern
Atlantic to begin a five-leg program
of South Atlantic drilUng and re-
search, which was  under way at
the end of the year. This program is
to study the history of the changes
i n oceanic circulation patterns asso-
ciated w i t h the opening and widen-
ing of the Atlantic Ocean and w i t h
the estabhshment of glacial condi-
tions i n the Antarctic.

I t is generaUy accepted that the
Atlantic Ocean began to f o r m about
200 mi lhon years ago as a result of
r i f t i ng and breaking apart of one, or
possibly two, gigantic continental
blocks. The Americas on one side,
and Europe, Afr ica , and Asia on the
other, then slowly dr i f ted apart as
new Atlantic oceanic cmst spread
out between the pieces. Parallel to
these very slow but sweeping geo-
logical changes, Atlantic oceanic
water circulation patterns

bringing about changes i n climates,
sedimentation patterns, and the dis-
tr ibution and emergence of hfe forms.
The young South Atlantic that was
thus being formed was a temperate
sea. But about 30 to 40 milUon years
ago antarctic glacial conditions ap-
peared, and modern environmental
patterns slowly set i n . I t is this com-
plex geological and environmental
evolution that Challenger is address-
ing i n the South Atlantic program,
comprising Legs 70 through 75, i n
which the new hydraulic corer is
playing a prominent role.

Ocean Margin Drilling
A major scientific endeavor to i m -

prove the basic understanding of the
nature and origin of the Earth has
been under consideration at NSF for
the past several years. This new
project (OMDP) is the result of plan-
ning and evaluation by scientists,
engineers, government officials, and
industry executives. Planned as a 
combined effor t by academia, gov-
ernment, and private industry, i t
builds on the very successful global
reconnaissance done w i t h Glomar 
Challenger i n the deep sea drilUng
project. Its approach is to investigate
the geology and paleoenvironment
of the continental margins and ocean
cmst. A l though some of the infor-
mation gathered as a result of OMDP

 contribute to developing the
geologic f ramework upon which f u -
ture exploration  oU and gas might
be based, O M D P is not to be con-
stmed i n any way as a resource as-
sessment project.

NSF w i l l begin the init ial planning
phase of this project i n 1981; i t wiU
lead ultimately to deep penetration
dri l l ing. A n  effort wiU be
required to complete all plans and
designs leading to a go/no-go deci-
sion for phase I I . Phase I I would be-
gin i n 1982 and includes the conver-
sion of the ship Glomar Explorer to a 

 d r i l l ship and the design
and procurement of the advanced
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GLOMAR EXPLORER

Modifying for deep drilling. As shown in the drawing (right), after conversion to
a deep ocean dril l ing ship, the Glomar Explorer (left) will be equipped to operate
in 13,200 feet of water, penetrating up to 20,000 feet into the seafloor. These
large capacities will permit exploration of continental breakup, ocean basis and
crust formation, tectonic processes in deep ocean trench regions, and ocean
margin histories.

ready participating, and NSF is pur- in O M D , as i n IPOD, w i l l be f u l l y
suing additional industry support. explored. The present IPOD coun-
Continuation of joint fund ing is ex- tries participated i n the planning that
pected to be a requirement for sub- led to O M D . I n addition, Canada
sequent activities. and Mexico have also been invi ted to

Participation by foreign countries participate.

Ocean Sciences

dri l l ing system using a 13,000-foot
riser and  equipment.
Actual dr i l l ing operations are sched-
uled to begin i n 1984. Dr i l l ing wou ld
be preceded, accompanied, and f o l -
lowed by comprehensive science
programs.

Work i n 1980 reviewed the O M D
plat form feasibihty studies con-
ducted between 1975 and 1979. The
current technical study defines per-
formance requirements of the plat-
fo rm and dr i l l ing systems i n enough
detail so that a vaUd cost estimate can
be developed. This requires resolu-
tion of major technical risks identi-
fied i n the feasibility studies, trade-
off evaluations, and selection of ma-
jor systems.

A n innovative agreement has been
reached w i t h the oil industry that
provides for NSF and the participat-
ing companies to share in planning
and financing the first phase of the
project. Ten oi l companies are

During 1980 dramatic changes oc-
curred in the legal status of the ocean
and i n our understanding of major
processes operating on the seafloor.
Both have increased opportunities
and demands for ocean sciences. The
Law of the Sea Conference com-
pleted its work and expects to finish 
a treaty i n 1981 tiansforming about
one-third of the ocean from a re-
source now freely available to  to
a resource under the contiol of coastal
states. For oceanographers this limits

the unrestricted access that they have
enjoyed and w i l l hinder ocean sci-
ence research done i n distant waters.
For U.S. oceanographers, i t greatly
increases the demands on ocean sci-
ence. The United States now has re-
sponsibihty for an ocean area about
80 percent the size of the Nation's
land area. This area contains about
10 percent of the world's fisheries 
and unknown quantities of oi l and
gas. However, it is an area where we
lack the detailed knowledge to iden-
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t i fy  protect these resources or to
develop public pohcies to maintain
desired environmental quality.

Advances i n our understanding of
the important role of hydrothermal
vents continues to alter our view of
basic ocean processes. Earher work
showed that the composition of ma-
jor salts dissolved i n seawater is con-
trol led by chemical reactions be-
tween circulating seawater and hot,
recently formed oceanic crust. Work
reported dur ing 1980 has improved
our understanding of the role of this
deep circulation i n the oceanic crust
i n coohng the sea floor and shows
that these vents must be short-hved,
ephemeral events to account for the
very large heat f lows of the spectac-
ular "black smokers" observed from 
the research submersible Alvin. Fu-
ture w o r k w i l l continue study of these
features i n areas where seafloor
spreading is more rapid, and the ef-
fects are expected to be even more
dramatic.

NSF supports about half of the
ocean science research done i n the
Uni ted States and funds a compara-
ble amount of the oceanographic fa-
cilities necessary to conduct that re-
search. Vir tual ly all the NSF-sup-
ported research is conducted at
academic institutions, primarily col-
leges and universities.

Dur ing 1980 the International De-
cade of Ocean Exploration ended,
although several of the projects be-
gun under IDOE wiU continue to
their scheduled completion dates i n
the early 1980s. The large-scale, i n -
tegrated research activities that char-
acterized the Decade  continue to
be supported through the normal re-
search-supporting mechanisms i n
competition w i t h projects of all sizes.

Feeding Mechanisms in
Zoopiankton

Life for minute f loating marine an-
imals is dramatically different f r o m
that on land. O n land, organisms are
concentrated near or on the Earth's

surface, making i t relatively simple
for animals to find enough food to
survive. I n the ocean, however, a 
vast amount and diversity of l iv ing
material occurs i n relatively dilute
suspension i n the tremendous vol -
ume of the oceans. Survival i n pe-
lagic (open ocean) ecosystems thus
demands some mechanism for ex-
tracting food from water wi thout the
expenditure of too much energy.

Previously held views of how cer-
tain small filter-feeding animals ob-
tained sufficient food for survival
have seemed to be inadequate be-
cause they predicted that more en-
ergy w o u i d be spent filtering than
w o u l d be obtained by feeding. This
problem has been resolved by Gus-
tav  Paffenhofer of Skidaway I n -
stitute of Oceanography i n collabo-
ration w i t h Miguel Alcaraz of the
Insti tuto de Investigationes Pes-
queras, Spain, and J. Rudi Strickler
of the Australian Institute of Mar ine
Science.

High-speed movie films of live
specimens feeding i n a normal man-
ner revealed that copepods, one of
the most important groups of ani-
mals i n the pelagic ecosystem, are
more efficient at extracting food f r o m
large volumes of water than had been
previously imagined. The unex-
pected efficiency is obtained by tak-
ing advantage of the physical behav-
ior of small amounts of water.

Copepods have specialized limbs
behind the mouth. Some of these
appendages are comb-hke, contain-
ing a row of long bristles. I t has long
been held that these combs sweep
through the water and catch algal
cells between the bristles. Other spe-
ciahzed hmbs aided the sieving activ-
i ty by directing water currents and
passing cells to the mouth . The di f -
ficulty was that the volume swept by
the small combs was too small to
feed the copepod if estimates of nat-
ural food concentrations were accu-
rate.

From the high-speed films i t was
easy to see that the copepods d id not

simply filter w i t h the  ap-
pendages. Their small size (generally
around a milhmeter long) makes this
energetically impractical. A t such
small sizes i t w o u i d require consid-
erable energy to force the narrowly
spaced bristles through the water,
because of its viscosity. But films re-
veal that food capture is an active
rather than a passive process and
that the feeding appendages form a 
complex, efficient food-capturing
mechanism. The animal maintains a 
water flow past its feeding append-
ages by using them like paddles.
When i t detects an algal cell i n the

 through some com-
bination of chemical and physical

 movements change to
bring the alga w i t h i n reach of a feed-
ing appendage, which then plucks i t
f r o m the water and moves it to the
mouth either alone or aided by other
appendages. Thus, rather than being
passive sieves, the feeding append-
ages serve as paddles to maintain a 
feeding current, pitchforks to shovel
water out of the way and bring the
food-bearing water close to the ani-
mal, sieves to catch the alga, and
handling organs (setae) which work
like chopsticks to manipulate the alga.
The setae also are covered w i t h sense
organs wh ich presumably detect
chemical substances leaking f rom al-
gae or changes i n the flow pattern of
the water caused by the presence of
a particle. These observations show
that an important l ink i n marine food
chains functions at a higher than an-
ticipated efficiency.

Of all the marine ecosystems, the
pelagic realm is most alien. I t has
been studied for 200 years by sieving
the animals f r o m the sea w i t h nets
and then looking carefully at the dead
organisms collected. Limited by the
tradi t ional methods of oceano-
graphic observation, scientists have
been hampered i n observing natural
or reasonably natural phenomena in
pelagic ecosystems. The work of Paf-
fenhofer and his colleagues shows
the results of an examination of an
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animal-environment interaction on
the appropriate natural scales.

Asian Dust in the Open
Ocean

The details of the interface be-
tween the atmosphere and the ocean
change continually and challenge
marine scientists t ry ing to track par-
ticles both into and out of the ocean.
Determining the source and amount

of materials transported to the ocean
requires a careful assessment of par-
ticle movement through the atmos-
phere f r o m volcanoes, forest fires,
w i n d storms, and sea sprays. Such
an effort has been under way by the
Sea-Air Exchange (SEAREX) project
since October 1977. A major focus of
this project is to collect and ident i fy
particles fall ing to the ocean and to
adjust these measurements to ac-
count for material passed back into

the atmosphere by sea spray. Mate-
rials are collected on towers, 20 me-
ters high, which automatically collect
samples only when the w i n d blows
f rom a predetermined sector. A d d i -
tional samples are collected by air-
craft.

Studies dur ing the first two years
at Eniwetok, a coral atoU 12 degrees
north of the equator in the Pacific
Ocean, revealed a major input to the
ocean of Asian dust never observed

10,000

1000

 100

10

— —

-

-
0

-

-
T

- -

-

X

-

-
7

— Aluminum-

--

Apr 1 May 1 Jun 1 Jul 1 Aug 1 

Sample Collection Date (1979)

Long-range transport. On a remote atoll
in the western Pacific, this tower collects
wind-borne particles falling into the ocean
from predetermined directions. Results
from the tower recorded the subsidence
of an Asian dust storm through the 100-
fold decline f rom April to August 1979 in
aluminum-containing dust. For compar i -
son, the concentration of sodium, which is
derived from sea spray that is always pre-
sent, remains constant.
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before i n this remote area. The
hundred-fold decrease i n a luminum
content of trapped dust over a four-
month time period indicates the sub-
sidence of an Asian w i n d storm that
carried dust containing a luminum to
the equatorial ocean. SEAREX has
now initiated a program to collect
this material over a wide network i n
the Pacific w i t h the cooperation of a 
Japanese university. Since sampling
traps are expected to pick up sea
spray at a constant rate, sodium
measurements  be made to cor-
rect for the addit ion of sea salts.

Other metals and organic pol lu-
tants have been studied to provide
information on the source of airborne
materials. I ron , for example, was
measured i n Bermuda and showed
that some air masses came f r o m the
United States and some came f r o m
the Sahara Desert. Both stable and
isotopic lead is measured to learn
their cycling characteristics and
thereby generate models for other
metal contaminants entering the
ocean. Likewise, carbon f r o m terres-
trial sources has been identified, so
the source of natural organic fluxes 
can be identif ied. Knowing the rela-
tive amounts of metals and organics
carried by particles, researchers can
develop better models of scavenging
efficiencies and pollutant fluxes. 

Measurements completed at Eni-
wetok are the first of a two-pronged
attack on either side of the equator.
This remote location i n the mid-Pa-
cific provides basehne samples i n
both the nor th and south trade w i n d
air masses, where industrial pol lu-
t ion is minimal . Studies beginning i n
the Southern Hemisphere at Amer i -
can Samoa are expected to reveal
concentrations an order of magni-
tude lower than at Eniwetok, since
this air mass is separated f r o m the
heavily indust r ia l ized Nor the rn
Hemisphere by an effective curtain
of convective air movement at the
equator. A final phase of the SEAREX
project w i l l be conducted i n the tem-
perate zone near land where higher

levels of contamination can be re-
lated to known sources; these should
lead to better estimates of wor ld -
wide atmospheric pollutant trans-
ports to the ocean.

Hydrothermal Circulation
of Midocean Ridges

Convection of seawater through
the hot, newly formed oceanic crust
at midocean ridges is a recent but
now weU established physical phe-
nomenon. Submarine hot springs or
hydrothermal vents were first ob-
served f r o m submersibles at the Gal-
apagos Rif t i n 1977. Later, active
drothermal circulation was found at
three additional locations along the
East Pacific Rise off Mexico. These
include a spectacular set of "black
smokers" and "chimneys" just south
of Baja California. As seawater cir-
culates through  formed oceanic
crust, i t removes heat and reacts

 w i t h the rocks. Metal sul-
fides are deposited around the vents
as the hot fluids react w i t h overlying

waters. The vent fields also sustain
unique biological communities whose
food supply is dependent on the
geothermal energy released by the
vent systems.

To understand hydrothermal con-
vection at the rise axis and the mech-
anisms that seal the systems on the
rise flanks, the permeability of the
crust to transmit fluids must be de-
termined. Convective fluid move-
ment deep w i t h i n the oceanic crust
continues for a significant distance
f r o m the rise crest axis and is a p r in -
cipal means of cooling the crust.

Crustal permeability was first 
measured i n legs 68 and 69 of the
International Phase of Ocean D r i l l -
ing . Roger Anderson of Lamont-
Doherty Geological Observatory of
Columbia University and Mark Zo-
back of the U.S. Geological Survey
measured flow rates, determined
fracture patterns, and sampled for-
mation fluids. A hydraulic formation
packer was lowered into a  hole
near the Galapagos Rift and used to
isolate a section of the wel l . A h igh

500

Pressure test. In the Galapagos Rift area, the permeabil i ty of buried seafloor rock was
measured by pumping water under pressure into a dril l hole, then recording the decay
in pressure (each "sawtooth" records a repeat measurement, where pressure is sharply
increased). The data show that the upper crustal rocks are fairly permeable, permitt ing
circulation of hot solutions through them. Surprisingly, belowthat depth  was impossi-
ble to increase the pressure because the test water f lowed into a deep, porous basalt
zone opened up by the drill hole.
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pressure pulse of water was then
pumped into the hole. By
the rate wh ich the pressure decays
f r o m the ini t ial h igh value, they could
calculate  permeability. A series
of repeat measurements at different
depths and pressures provided limits
on the permeability range. They also
used a borehole
tually an ultrahigh-frequency (1.3-
M H z ) acoustic  get a "pic-
ture" of the  of the drih hole i n
which they could identify and map
solid rock, fractures, rubble zones,
and lava f l ow contacts.

The results were surprising. The

bulk permeability of the upper 210
meters of the oceanic crust is equiv-
alent to the permeabihty of oil-for-
mation-type sandstones f r o m land.
This permits strong convection cells
to exist in this hot and young oceanic
crust. However, the volcanic layer
was apparently taking i n water. The
pressure at the bottom of the hole
was less than wou ld have been ex-
pected at that depth, and seawater
actually f lowed down the hole to fiU 
a suddenly available reservoir sys-
tem. The cause of this low-pressure
zone is still not known. The borehole
televiewer showed a large massive

lava f low capping the highly perme-
able pi l low basalt layers deeper i n
the section. This apparently acts as
a very effective seal between the
deep hot crust and overlying sea-
water. The act of dri l l ing through the
lava f l ow opened a channel through
which bottom water poured.

Continuing research is examining
the regional heat f low pattern, pore
water f l u i d gradients i n the sedi-
ments, and the regional geology.
This work w i l l define the extent and
continuity of the low-pressure zone
and its relation to crustal generation
processes.
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Organic Chemistry and
Deep-Ocean Biology

Detailed studies of the chemical
 of organic  i n the

ocean provides clues to how biolog-
ical processes operate i n the deep
ocean. Organic matter i n the ocean
is originally derived f r o m waste
products or dead bodies of orga-
nisms. Once available, this material
may be partiaUy or completely de-
graded by other biota, structurally
altered by physical/chemical pro-
cesses, transported through the water
column, and become incorporated
intact into the sediment. To evaluate
the relative contributions and spe-
cific diagenetic influence of these
various processes on the oceanic or-
ganic carbon cycle, scientists have
recently begun studying the tians-
port and transformation reactions of
specific organic compounds. A p p l i -
cation of new inst iumentat ion for
analytical  as high-
resolution glass-capillary gas chro-
matography, mass spectrometry, and
high-pressure hquid chromatogra-

 environmental problems has
aUowed marine organic chemists to
isolate, separate, pu r i fy , and ident i fy
very l ow concentrations of individual
organic compounds (e.g., picogram
amounts) f r o m complex mixtures
produced i n the biosphere.

Robert B. Gagosian and co-work-
ers at the Woods Hole Oceano-
graphic Ins t i tu t ion studied com-
pounds w i t h "biological marker"
informat ion and used these com-
pounds as tracers for processes af-
fecting biogenic organic matter i n
general. They examined transport
pathways and specific reactions and
rates that molecules w i t h specific
functional groups undergo i n sea-
water and sediments, and related
these processes and reaction mech-
anisms to other organic compounds
w i t h similar functional groups.

Gagosian is concentrating on hpid
class compounds, such as steroids.
These compounds are key biochem-

icals i n marine organisms f r o m the
point of view of energy storage and
mobihzation, reproduction, mem-
brane stiuctural components, and

 and regulation of meta-
bolic process. Labile, or easily
changed, organic compounds hke
hpids, rather than the more resistant
forms of organic matter, take part i n
nutri t ional and chemical communi-
cation processes of marine orga-
nisms. Knowledge of the dynamics
of these labile compounds is most
important to our understanding of
biological activity i n the sea.

The Woods Hole group is describ-
ing the complex reminerahzation and
transport processes that occur i n the
vertical movement of particulate or-
ganic matter to the ocean floor. Par-
ticles are coUected i n sediment tiaps 
deployed at various depths i n the
water column. Steroids act as tracers
i n these particle flux studies, which
show the compositional changes i n
the particles as they fall through the
ocean.

Results so far show that total or-
ganic carbon vertical fluxes i n the
deep ocean decrease only sUghtly
f r o m other depths. But significant
alteration of organic compounds
produced by plankton takes place as
particles sink through the water. I t
is apparent f r o m these studies that
many organic compounds are con-
sumed (i.e., recycled and/or remin-
erahzed) i n the intermediate depths
of the ocean. Only a small fraction 
(a few percent) of labile organic ma-
terial associated w i t h particles
the deep sea to provide food for or-
ganisms l iv ing on the deep ocean
floor. I t does i n the f o r m of large par-
ticles that sink at the relatively rapid
rate of several tens of meters per day.

Oceanographic Facilities
and Support

Research i n ocean sciences re-
quires a variety of weU equipped
ships as weU as related shore support
operations  Many insti-

tutions, academic and industrial, op-
erate or charter research craft to
fiU temporary or Umited require-
ments. But the heart of the academic
research fleet serving FederaUy sup-
ported basic research is the 25 major
ships concentrated at 16 member i n -
stitutions of the University-National
Oceanographic Laboratory System
(UNOLS). NSF provides approxi-
mately 70 percent of the annual op-
erating support for these ships.

Because of continued changes i n
scientific requirements and fiscal 
constiaints over the past decade, this
fleet of academic ships has been re-
duced i n number and has evolved i n
composition to emphasize versatiUty
and efficiency of operation. Signif i-
cant progress has recently been
achieved through the initiation of a 
long-planned constiuction program
for coastal research ships. Two coastal
zone research vessels (CZRVs),
funded and owned by NSF, were
under construction by June 1980 at
Atlantic Marine, Inc., near Jackson-
ville, Florida. The CZRVs w i l l be 135
feet long, powered by t w i n diesel
engines producing 1,000 horse-
power, and moving at a maximum
speed of 12.5 knots. The ship design,
by R. M . Matzer Associates, is the
result of a five-year effort by UNOLS
and NSF to plan a modern, cost-ef-
ficient ship specificaUy for coastal
oceanography. These ships wiU pro-
vide a capability not previously
available to seagoing
wi th good seakeeping characteristics
for year-round operations, w i t h ad-
equate work ing space and capacity
for handling modern instruments,
yet cost-effective for the frequent
short cruises necessary for seasonal
investigations of coastal processes.

Operation of these two ships has
been assigned to the University of
M i a m i and to a Duke University-
University of Nor th Carohna consor-
t i u m under renewable five-year
agreements. Af te r dehvery i n late
1981 they wiU begin research opera-
tions i n areas of the Gulf Coast and
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the east coast of the United States.
In addition to surface ships and

related support facihties, NSF con-
tinues to f u n d operations of the deep
submergence vehicle Alvin and the
tender vessel Lulu. The AlvinlLulu 
system is owned by the U.S. Navy
and operated by the Woods Hole
Oceanographic Insti tution. Desig-
nated as a UNOLS National Facihty,
the system receives major fund ing
from NSF, the Office of Naval Re-
search, and the National Oceanic
and Atmospheric Administrat ion.

New design. Specifically intended to meet
oceanographic research needs in coastal
waters, two new vessels now under con-
struction are scheduled to begin service
in late  replacing two older and more
costly vessels.

Antarctica's ice-free areas total only
about 2 percent of the continent, but
a very important part. These
scattered regions of bare rocks pro-
vide the only readily accessible areas
useful to an understanding of A n t -
arctica's geologic history, its poten-
tial for mineral resources, and its
central role i n continental dr i f t .

The Ellsworth Mountains, a range
containing Antarctica's tallest peaks,
stand isolated between the moun-
tainous Antarctic Peninsula and the
Transantarctic Mountains, two long
chains that f o r m the spine of the con-
tinent. The Ellsworths, which oc-
cupy an area about the size and
shape of Massachusetts, were seen
f r o m the air i n 1935 and first visited
i n 1958.

Geologists studied some of the ice-
free areas of these mountains in the
early 1960s and quickly recognized
that they could be a key to the geo-
logic evolution of the entire conti-

nent. A problem was that the crustal
unit comprising these mountains,
known as the Ellsworth orogen, ap-
peared to have tumed crosswise to
the neighboring older and younger
zones;  of this rotation
was required if Ellsworth data were
to be used meaningfully.

In December 1979 and January
1980, 42 scientists f r om eight coun-
tiies examined the Ellsworth M o u n -

 largest f ield party ever to
visit the region. Using motor tobog-
gans, helicopters, and  re-
mote-sensing instiuments, the i n -
vestigators were able to study all of
the significant areas that comprise
parts of the 13,000-meter-thick stra-
tigraphy. More than 70 oriented rock
cores were dri l led, and analysis
yielded paleomagnetic data support-
ing the rotation of the Ellsworth or-
ogen to a position crosswise to the
east antarctic crustal block.

 the earlier Ellsworth work, fossil

leaves of  tree that
flourished i n aU the southern conti-
nents dur ing the  period
230 milhon years  found.
They provided st iong evidence that
Antarctica and the other continents
once were joined. The area also had
yielded one of the world 's best as-
semblages of Cambrian trilobite fos-
sils. Dur ing the 1979-1980 cam-
paign, paleontologists collected
numerous additional fossils for cor-
relative, environmental, and evolu-
tionary study and examined the ev-
olution of landforms, beginning w i t h
a probable Jurassic up l i f t 160 milhon
years ago. Based on this work, the
stratigraphic record has been revised
and refined.

Also during the f ield work, geol-
ogists mapped glacial erosion and
deposition. Because the mountains
are a barrier between the interior ice
sheet and the coast, they record lev-
els of the seaward expansion of
grounded west antarctic ice. The
study confirmed two phases of gla-
cial history. Fhst came alpine giacia-
tion, w i t h  produced glaciers
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Major field program. Transport ing cargo to an outlying field camp, this helicopter
was part of a support force that deployed and maintained 42 scientists and technicians
in the Ellsworth Mountains in 1979-80. (U.S. Navy photo)

moving d o w n the sides of the moun-
tains. The second phase involved
partial submergence of the Ellsworth
Mountains by a west antarctic ice
sheet that was 300 to 500 meters
thicker than i t is now. Dechne to the
present level took place about 10,000
years ago dur ing the late Wisconsin,
or about the same time the Nor th
American ice sheet was retreating at
the end of the last ice age. I n further
support of this interpretation of the
geologic history, an analysis of soil
development and rock weathering
suggested that most of the southern
peaks were inundated by ice about
18,000 years ago.

Two surveys were interesting be-
cause of their negative findings: A 
radiometric survey f r o m helicopters
showed no significant concentrations
of radioactive elements, and a search
for meteorites i n windswept areas of
ice, extremely successful i n other
parts of Antarctica, turned up no

specimens. Because of f ine weather
and smooth camp and aircraft oper-
ations, the f ield work was so pro-
ductive that a previously planned re-
tu rn to the Ellsworth Mountains in
the 1980-1981 austral summer was
cancelled.

Solar telescope observations at the
South Pole have dramatically con-
f i rmed the existence of solar global
oscillations, or pulsations of the sur-
face of the Sun, w i t h a period of 5 
minutes and have provided infor-
mation about longer periods of os-
cillations as wel l . Prehminary analy-
sis has suggested that solar
osciUations w i t h a period of 160 min -
utes may have been observed f r o m
the South Pole. While the 5-minute
osciUations can be attributed to events
i n the outer layers of the sun, the
160-minute-period osciUations wou ld
have to originate deep w i t h i n the
Sun, upsetting the basic notion that
the Sun's stiucture is neatly layered.

The South Pole was chosen as the
observation site for several reasons.
Most important, during the summer
at the South Pole the Sun is visible
for 24 hours a day at a constant ele-
vation above the horizon, providing
un in te r rup ted observing periods
much longer than attainable any-
where else. The high elevation (3,000
meters) and the cold, dry air are ad-
ditional advantages of the South Pole
for solar observations.

These investigations were per-
formed as part of the United States
Antarctic Research Program, which
each austral summer sends approxi-
mately 1000 scientists, technicians,
and support personnel to study An t -
arctica's development, features, and
processes.

Geological reconnaissance is aimed
at understanding the geological his-
tory of Antarctica and its relationship
to global dynamics; a related map-
ping program has resulted i n nearly
100 topographic and geologic maps
of much of Antarctica. Glaciological
research is determining the dynam-
ics of the ice masses and their rela-
tionship to changes i n global climate.
Biological and medical research is
contributing to an understanding of
terrestrial and freshwater ecosys-
tems, the highly productive marine
ecosystem, the special adaptations of
organisms to the harsh environment,
and the physiological responses of
humans to the isolation and environ-
mental stresses imposed in Antarc-
tica. I n the atmospheric sciences, i n -
vestigations focus on the atmosphere
over Antarctica and its relationship
to global weather and climate, and
on solar-terrestrial relationships.
Oceanic research measures physical
and chemical characteristics of water
masses and their relationships w i t h
biological productivity and atmos-
pheric circulation, and it is continu-
ing geological and geophysical sur-
veys around Antarctica.

The program is performed w i t h i n
the context of the Antarctic Treaty,
which reserves the continent for
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peaceful purposes, emphasizes sci-
entific research, and freezes the ter-
ritorial claims that have been made
by seven nations. The objectives of
the Uni ted States i n Antarctica are to
maintain the treaty, to ensure that
the continent w i h continue to be
used for peaceful purposes only, to
foster cooperative research to solve
regional and wor ldwide problems,
and to ensure wise use of l iv ing and
nonliving resources.

Processes and Resources of the
Bering Sea Shelf, a six-year marine
ecosystem study, completed its four th
year i n 1980. The major effort of this
interdisciphnary study is to under-
stand the processes that contribute
to the production of enormous num-
bers of animals i n secondary and
higher trophic levels i n the vast re-
gion of the sea extending over the
outer continental shelf. Four percent
of the total w o r l d marine catch comes
f rom this area.  view of scheduled
oi l and gas exploration and devel-
opment, the results of the study are
expected to be valuable i n providing
an ecological basis for management
of the resources of the region.

The project began w i t h the hy-
pothesis that oceanic features over
the broad, shallow continental shelf
combine w i t h climatic events to favor
high biological production. I n 1978
shipboard observations documented

In support of this last objective,
May 1980 representatives of 15 na-
tions including the United States
completed negotiation, at Canberra,
of a Convention on the Conserva-
tion of Antarctic Marine Living Re-
sources. The convention is unique in
that i t provides for protection of the
entire ecosystem; i t also provides for
a solid scientific basis i n establishing
prudent harvesting techniques
levels.

that the study area is influenced by
two different water masses, one
originating over the shelf and one in
the open southern Bering Sea. Dif-
ferences exist i n the plant and animal
communities of each and i n the t im-
ing of biological events.

These observations and other field
work since that time have resulted in
the discovery of a complex system of
three oceanic fronts and two inter-
f ront  outer shelf zone
and the midshelf  persist
i n the two water masses. These fronts
are more widely separated on the
Bering Sea shelf than are similar ones
on continental shelves elsewhere.
This spatial peculiarity has made
practicable the studies that are lead-
ing to an understanding of the eco-
logical significance of fronts and of
processes that promote high second-
ary productivity i n coastal areas.

The research results to date have
led to a revised hypothesis: In the
outer shelf zone primary production
is coupled dhectly to secondary pro-
duction, resulting i n efficient energy
transfer to the pelagic (open sea)
food chain. In the midshelf zone
these processes are relatively uncou-
pled, which leads to a low energy
transfer i n the pelagic food chain but
a high energy transfer to the bottom
dwell ing species, the most important
recipients of primary production in
the continental shelf ecosystem.

 the Greenland Ice Sheet Pro-
gram i n southern Greenland, scien-
tists f r o m Denmark, Switzerland, and
the United States dri l led and re-
trieved an ice core to a depth of 901
meters. The ice there is 2,200 meters
thick and may be 100,000 years old
at the bottom. Extensive analysis was
performed on the core at the site,
and samples were taken to home i n -
stitutions for additional analyses of
oxygen isotope ratios, chemistry,
particle content, conductivity, and
mechanical properties. This program
is attempting to decipher the detailed
record of past climates that exists i n
the ice sheet. The annual snowfall
has left a record of temperature and
precipitation for the past 100,000
years.

Other investigations i n the Arctic
resulted i n discovery i n Greenland
of the earliest known organic mole-

 bi l l ion years  i n
collection of meteorological and sea
ice deformation data f r o m 20 data
buoys deployed over the Arctic
Ocean.

Arctic Research
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Biological, Behavioral, and
Social Sciences

The research fields included i n
NSF's programs i n the Biolog-
ical, Behavioral, and Social Sci-

ences range literally f r o m A to
anthropology to zoology. The intel-
lectual scope of these diverse fields
is immense, and their
range f r o m the 3.5 b i l l ion years of the
paleobiologist interested i n the most
primit ive proven l ife forms to the
milliseconds of the biophysicist i n -
terested i n conduction of an electrical
impulse along a nerve or the pico-
seconds of the photosynthetic re-
sponse. The progress reported i n the
fo l lowing pages illustrates only a 
sample of the many interrelation-
ships across these fields of science.

For example, biochemists' study of
sensory reception i n bacteria has i m -
plications for the study by neuro-
scientists of the transduction of light
w i t h i n the vertebrate eye during v i -
sion. Psychobiologists have shown
that animal communication has d i -
rect similarities to the study of hu-
man communication by sociologists,
linguists, and psychologists. The an-
thropological study of complex, an-
cient social systems bears on the
study of our contemporary society by
geographers, economists, and other
social scientists. A n d underlying vir-
tually all subareas of biological and
behavioral research over the past de-
cade have been advances in bio-
chemistry and genetics.

Many of the recent advances de-
scribed i n this report illustrate how
basic research provides the enhanced

knowledge necessary for new ap-
proaches to problems faced by con-
temporary society. These include, for
example, biological contiol of insect
pests, better nitrogen fixation i n eco-
nomic plants, genetic engineering of
crops for disease resistance and i n -
creased yield , recombinant tech-
niques to increase the yields of
needed substances such as insulin,
and improved approaches to educa-
tion through a better understanding
of the cognitive capacities of young
children.

The remarkable discoveries i n mo-
lecular biology have profoundly i n -
fluenced other areas of biological en-
deavor, such as plant science,
ecology, and physiology, and have
laid the groundwork for new insights
into cells, tissues, whole organisms

and their behavior, populations,
communities, and larger systems.
Molecular approaches have permit-
ted dissection and understanding of
smaller and smaUer fundamental
components of l iv ing cells, and the
stage is now set for successful
syntheses and reconstructive ap-
proaches i n the 1980s. Results of new
research to understand l iv ing sys-
tems w i l l be even more rewarding i n
their dividends for society.

The effects of natural disasters are
of particular research interest to many
biological, behavioral, and social sci-
entists, the M o u n t St. Helens vol -
cano eruption being a case i n point.
The total support requested of NSF
programs i n Biological, Behavioral,
and Social Sciences by the 80 appro-
priate proposals submitted feU just

Table 4*
Biological, Behavioral, and Social Sc iences

Fiscal Year 1978, 1979, and

(Dollars in Millions)

FY FY FY

Number Number Number
of of of

Awards Amount Awards Amount Awards Amount

Physiology, Cellular, and Molecular
Biology 1,275 $57.64 1,344 $62.29 1,487 $67.20

Environmental Biology 607 31.49 685 33.95 717 37.79
Behavioral and Neural Sciences 737 28.47 783 33.07 842 35.39
Social and Economic Science 419 24.25 460 25.39 518 26.64

Total . 3,038 3,272 154.70 3,564

 displays program activities as they existed in FY 1980, prior to the recent reorganization of Foundation
activities.

SOURCE: Fiscal Years  and 1982 Budgets to Congress-Justification of Estimates of Appropriations (Quan-
titative Program Data Tables)
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short of one mi l l ion doUars, and 31
grants were awarded at a total of
$350,000. To capitalize on particular
research opportunities, most of these

 were reviewed and
i n less than two weeks f r o m the time
they were received by NSF.

The biological problems addressed
were nearly equaUy divided among
examination of effects of ash on b i -
ological processes i n the  substra-
tum, on terrestrial vegetation, on ter-
restrial animals, and on stieams and
lakes. Projects concentrating on
plants included studies of the eco-
physiology, survival, and succession
i n both the forests of the impact
zones and the grasslands of eastem
Washington. A n examination of
Douglas fir bark beetles and wood-
borer populations i n the impact zone
may have considerable economic rel-
evance. A study w i t h interesting the-
oretic implication concerns pocket-
gopher mounds i n faUout areas as
soil "islands," favorable sites for re-
colonizing plants. Behavioral and so-
cial science problems addressed i n -

Dur ing the 1950s and 1960s the
fundamental uni t of l iv ing systems,
the cell, was dissected into its sub-
cellular and molecular components.
The primary structures of the major
classes of macromolecules were de-
termined and, i n many cases, con-
f i rmed by chemical or biological
syntheses. Such knowledge permit-
ted the funct ion and interaction of
parts of ceUs and of macromolecules
to be investigated, and f r o m these
investigations metabolic pathways
and their regulatory mechanisms
were inferred. A t that time, infor-
mation transfer w i t h i n the cell was
described simply by what was k n o w n
as the cential dogma of molecular

 a study of the psychological
impact of the eruption on affected
residents, the effect of ashfall on the
traditional economic resources and
activities of native Am.ericans, a study
of the social impact of the eruption
on the residents of eastern Washing-
ton, and a project examining media
treatment of science dur ing a natural
disaster. More than half of the awards
were made to Washington State
University and the University of
Washington; the remainder went to
institutions i n such other states as
Arizona, Ohio, Montana, Utah, and
Virginia.

The start of a new decade is a nat-
ural time for scientists to assess what
has been accomplished and to p ro j -
ect future prospects. I n this first an-
nual report of the 1980s, biological,
behavioral, and social scientists can
take great pride i n their recent ac-
comphshments and look forward to
a more exciting research fu ture than
ever before. NSF anticipates these
future discoveries w i t h strong feel-
ings of shared excitement.

biology: Linear sequences of nucleo-
tides i n D N A , like so many beads on
a string, were dhectly transcribed
into R N A and then translated into
amino acid sequences. The amino
acids then hooked together to fo rm
proteins.

The early 1970s marked a transi-
t ion to a reconstmctive phase i n mo-
lecular biology. Questions were be-
ginning to  asked how subceUular
and molecular components funct ion
and interact w i t h i n the heteroge-
neous mUieu of the cell itself, not just
i n the easier-to-study homogeneous
isolation media. These questions were
concerned w i t h the molecular archi-
tecture of the cell and how and

where, i n the hving cell, metabohsm
and information transfer take place.
The concept of information transfer
itself was being extended f rom the
.sim_ple dogma of earlier decades to
include the transfer of information
f r o m the ceU surface to the cell inte-
rior, as weU as transfer of informa-
tion between cells.

Dur ing the 1970s several techno-
logical advances gave impetus to this
reconstructive phase of molecular b i -
ology. High-voltage electron micros-
copy, for example, revealed far more
complexity i n the basic matrix of the
ceU than had theretofore been
thought to exist. High-f ie ld nuclear
magnetic resonance instrumentation
was used i n some cases to determine
actual concentrations of metabolites
w i t h i n cells and even cell organelles
(structures w i t h i n cells). This infor-
mation, plus new information that
began to emerge on how enzymes
funct ion in situ, now indicates that
o ld concepts about the regulation of
cellular metaboUsm may have to be
altered. Video capture, storage, and
retrieval equipment used i n conjunc-
t ion w i t h high-resolution election
microscopy makes possible the three-
dimensional reconstiuction of the
structure of the cell at a near-molec-
ular level. Video intensif icat ion
equipment reveals how signal mole-
cules such as hormones are first
bound to the cell surface and then
pass into the interior of the cell.
Computer graphic imaging of data
obtained f r o m X-ray and neut ion
scattering and X-ray absorption by
macromolecules advances our un -
derstanding of how molecules, i n -
cluding those i n the cell membrane,
interact and funct ion. EquaUy impor-
tant to advances i n measurement ca-
pabiUties have been advances i n m i -
croprocessor control of the
instmments. This makes i t possible
for nonspeciaUsts to use highly so-
phisticated instiuments as adjunct
techniques i n their research.

The 1970s also brought major ad-
vances i n biological terhniques. The

Physiology, Cellular, and Molecular Biology
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first successful cloning of a gene oc-
curred i n 1973. Refinements of this
and related techniques have given
rise to new and exciting concepts
about the structure, funct ion, and
regulation of the genetic material.
Genes, once thought to be consecu-
tive sequences of nucleotides  D N A ,
are n o w k n o w n to contain interven-
ing sequences that are not contained
i n the gene product. The information
i n these " int rons" is eliminated dur-
ing informat ion transfer, perhaps
dur ing the processing of the messen-
ger R N A that is transcribed f r o m
D N A . Genes were also once thought
to be f ixed i n place on the chromo-

 certain genes are now
k n o w n to move f r o m one site to an-
other. Experimental gene transfer
techniques have recently been de-
veloped that allow the transfer of eu-
karyotic genes (those f rom cells w i t h
nuclei, as opposed to more primitive
cells) into both plant and mammalian
cells. This represents a major ad-
vance i n our ability to do genetic en-
gineering, and makes possible i n
principle the transfer of desirable
genes f r o m one species to another.

Another important advance i n the
1970s was the development of the
hybr idoma technique to produce
highly specific antigens. These anti-
gens can be used to probe membrane
stiucture, and this approach has be-
gun to reveal the significance of sur-
face recognition molecules i n the

 interactions that occur dur-
ing embryonic differentiation. The
iden t i f i ca t ion of circulating cell
g rowth factors and the use of these
factors in conjunction w i t h appro-
priate hormones and growth condi-
tions have given rise to new ap-
proaches to cell culture that allow for
the actual reconstiuction of func-
tional tissues f r o m cells in culture.
Thus the reconstructive phase i n mo-
lecular biology, which empasized
subcellular and molecular compo-
nents i n the early 1970s, is now be-
ginning to address questions at the
cellular and tissue level. As is always

the case i n science, advances answer
some questions, but also raise excit-
ing new ones. Answers to these
await the molecular biology of the
1980s.

Insect Physiology and
Pest Control

Basic research in insect physiology,
endocrinology, and behavior is lead-
ing to new opportunities for the con-
trol of insects harmful to health and
crops. These arise f r o m the apphca-
tion of antihormones or analogs of
natural hormones to disrupt such
critical events i n the life cycle as
molt ing, maturation, or ferti l i ty. The
value of such biological contiol be-
comes apparent when one considers
that these substances are reasonably
selective, not toxic to vertebrates,
and nonpersistent i n the envhon-
ment.

Certain insect
nile  be present
throughout virtually all l ife stages.
These hormones regulate the vital
functions of growth, development,
reproduction, sex attiaction, dia-
pause, and behavior. Wi l l i am S.
Bowers and David M . Soderlund of
Cornell University reasoned that,
since insects and plants evolved to-
gether, among the secondary chem-
ical substances developed by plants
may be some that deter insect her-
bivores. I n fact, just such juvenile
hormone antagonists, called preco-
cenes, were isolated f r o m comrnon
bedding plants. These compounds
were f o u n d to possess antijuvenile
hormone activity and to induce pre-
cocious, or early, metamorphosis
(thus the name precocenes) i n i m -
mature insects. I n addition, this can
sterilize adults and stop sex attiac-
tant production. Al though theh level
of potency is low and the number of
species affected too restricted to per-
mit econonuc use of precocenes as
control agents, studies are now un-
der way to develop more potent
chemical analogs of these specific

hormone antagonists for use against
key agricultural pests.

A n insect's juvenile hormone can
itself be used as the basis for biolog-
ical control i n that these substances
prevent metamorphosis and disrupt
embryonic development. Less than
eight years after the discovery of the
chemical stiucture of juvenile hor-
mone by Herbert A . Roller, now at
Texas A & M University, the Envhon-
mental Protection Agency issued f u l l
registiations to the Zoecon Corpo-
ration for the use of "Methoprene."
This synthetically produced juvenile
hormone analog w i l l be used as a 
floodwater mosquito larvicide and
for control of horn flies i n cattle man-
ure. David Schooley of Zoecon re-
cently discovered that there are four
chemically different juvenile hor-
mones. The number, combination,
and concentiations of  four basic
hormones are different i n each insect
species. More effective pest control
should result f r o m clarifying the
unique juvenile hormone profile i n
each insect species, because selective
inhibitors of juvenile hormone bio-
synthesis can now be developed that
act like the precocenes.

Both bacterial and viral pathogens
affect insects; they, too, may u l t i -
mately prove useful i n biological
control. For example, the bacterial
strain Bacillus sphaericus 1593 infects
mosquito larvae, producing lethal
toxins. Al though progress has been
made toward industrial production
and f ie ld testing of this bacterium i n
mosquito control, little is k n o w n re-
garding the toxin that causes larval
death. Elizabeth Davidson of A r i -
zona State University is currently
p u r i f y i n g and characterizing this
toxin i n order to develop more stable
commercial preparations.

Leon Rosen of the University of
Hawau has found that carbon diox-
ide, usually an innocuous narcotic
for insects, kills mosquitoes that have
become infected w i t h certain vimses.
A similar toxicity was originally ob-
served i n f m i t flies harboring a he-
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Cellular glue. Lectins, a kind of common protein, can bind to sugar molecules (shown as squares) protruding f rom cell surfaces, thus
causing the cells to agglutinize (left). But if those same sugar "ends" are present separately in the cell suspension, they will then bind
to the lectins, preventing the lectins f rom attaching to the cells (right). Lectins seem  be important in cell recognition functions such
as symbiont and host-parasite recognit ion.

reditary virus, but i t was considered
unique to f ru i t flies. The possibihty
now exists that mosquitoes carry
similar hereditary viruses that affect
the viabihty of this pest under certain
environmental conditions.

These examples are illustiative of
the opportunities for biological con-
trol of insect pests that are emerging
f r o m far-ranging basic research i n i n -
sect physiology, endocrinology, and
behaviors. The intrinsic advantages
of such approaches, including their
selectivity, nonpersistence, and lack
of toxicity for nontarget organisms,
make biological control of insect pests
an especially attiactive alternative to
pesticides.

Cell Recognition
Molecules: The Lectins
Lectins, a class of proteins isolated

 of both plants
and animals, seem to play a key role

i n  recognition, though their
mechanism of action is still not fu l l y
understood.

It is beheved that lectins facihtate
cell adhesion by binding to sugar
molecules that extend f r o m cell sur-
faces, i n a fashion similar to the
binding of antibodies to antigens.
Cell surface membranes contain hp-
ids (fats) and proteins w i t h branch-
ing chains of sugars. When lectins,
which have mult iple combining sites,
b ind to these sugars, cross-hnks are
established and cause cells to agglu-
tinate or to adhere. This reaction is
reversible by adding to the system
those sugars responsible for the
binding; they occupy the lectin b ind-
ing sites, thus preventing or revers-
ing agglutination. Since the agglu-
tination response is selective, lectins
that b ind to particular sugars can be
used to map the surface of

The first lectin, r icin, was isolated
i n 1888 f r o m castor bean seeds {Ri-

cinus communis) and received atten-
t ion mainly because of its ability to
clump or agglutinate red blood cells.
I t gradually has become clear that
lectins permit plants to recognize
and distinguish between potential
pathogens and potential symbionts
and thus play an important role i n
nitrogen fixation and pathogen rec-
ognit ion.

Symbiotic associations between
leguminous plants and bacteria of
the genus Rhizobium provide most of
the  f ixed nitrogen avail-
able for agriculture. But a high de-
gree of host specificity is involved:
Rhizobia w i l l infect and nodulate only
roots of its complementary species.
This may occur when specific legume
lectins b ind to complementary car-
bohydrates found on the surface of
the appropriate rhizobial symbiont.
Frank Dazzo and his associates at
Michigan State University are testing
this hypothesis i n the symbiotic sys-



BIOLOGICAL, BEHAVIORAL, AND SOCIAL SCIENCES 53

tern of Rhizobium trifolii and clover
root hair. Dazzo has found the lectin

 clover seeds
and seedling roots. He and his as-
sociates th ink that an early recogni-
tion event occurs on clover root hair
surfaces prior to infection. The lectin
recognizes saccharide residues on
the bacterium and clover and cross-
links them i n a complementary fash-
ion; this initiates the preferential and
specific adhesion of the bacteria to
the root hair surface. Since the sur-
face carbohydrates are antigenic,
Dazzo is using immunological tech-
niques to ident i fy structural related-
ness of the antigens. A similar sym-
biotic  of Rhizobium 
japonicum and  being
studied by Wolfgang Bauer and his
associates at the Charles F. Kettering
Foundation in Yellow Springs, Ohio.
They have found that soybean lectin
binds the receptors on the surface of
R. japonicum and that the binding is
fu l ly reversible i n the presence of ap-
propriate sugars. They have found,
however, that there is a high degree
of binding variability w i t h age. I f the
lectin receptors are transient com-
ponents of the bacterial cell surface,
then the developmental stage of the
symbiont and probably also of the
host plant cells may be important.

Lectins also play an important role
i n pathogen recognition, because ac-
ceptance or rejection of bacterial
pathogens seems to depend on the
interaction of bacterial sugars and
cell wal l components of the host. It
is thought that extracellular sugars of
the outer cell wa l l of pathogenic bac-
teria b ind to complementary poly-
saccharides and lectins of the host
plant cell waU. The best demonstra-
tion of this has been provided by
Luis Sequeira and associates of the
University of Wisconsin. They found
that lectin isolated f r o m potato tub-
ers binds to and agglutinates non-
virulent variants of Pseudomonas so-
lanacearum, a bacterial pathogen of
potato and tobacco, but not to v i ru -
lent strains. These workers found

that nonvirulent strains of P. solana-
acearum were rapidly agglutinated
when injected into potato or tobacco
leaf tissue. Vhulent strains were not
agglutinated. Thus, it may be that
virulent strains have evolved a 
mechanism to avoid detection by the
host plant.

In summary, accumulating evi-
dence i n many plant systems impl i -
cates lectins i n  recognition.
However, there are still many basic
and important questions to be re-
solved, and research interest in lec-
tins is increasing rapidly.

Protein Location in Cells
The bacterium Escherichia coli has

been widely used to solve funda-
mental problems i n molecular ge-
netics, and scientists' abihty to ma-
nipulate this bacterium genetically

 provided an understanding of
how proteins find their ultimate lo-
cations w i t h i n cells. E. coli, like other
gram-negative bacteria, is sur-
rounded by two  i n -
ner, cytoplasmic membrane, and an
outer membrane. Proteins are found
imbedded w i t h i n these membranes
and i n the periplasmic space be-
tween the two membranes. These
periplasmic proteins play a role in
the transport of nutrients into cells
and i n the hydrolysis (decomposi-
tion) of nutrients. (If these enzymic
proteins were locahzed i n the  cy-
toplasm, they wou ld damage the cell
components.)

Jonathan Beckwith of Harvard
Medical School has been studying
the synthesis and ultimate location
of proteins involved in the tiansport 
of a sugar, maltose, into bacterial
cells. This transport system involves
proteins found both i n the inner and
outer membranes and i n the peri-
plasmic space. Several years ago it
was found i n higher organisms that
proteins secreted through  mem-
branes were synthesized first as
longer precursor molecules that were
then cleaved dur ing secretion. I t was

postulated that an amino acid se-
quence at one end of the precursor

 signal
to the membranes and, further, that
this signal sequence of about 15 to 30
amino acids was removed dur ing
transport through the membrane.
The sequences of the postulated sig-
nal vary f r o m protein to protein, but
a common feature of all signal se-
quences was found to be a cential
core of roughly 10 to 15 predomi-
nantly uncharged hydrophobic amino

 finding consistent w i t h their
nature as the membrane signals.

In an ingenious series of experi-
ments Beckwith and his colleagues
showed that transport of the newly
synthesized proteins to the correct
location i n the cell required the signal
sequence. They  a series of ge-
netic manipulations to fuse the gene
for beta-galactosidase, an enzyme
normally f o u n d only in the  cy-
toplasm, w i t h portions of genes cod-
ing for proteins found in other cel-
lular locations. They found that i f the
hybrid protein contained a su f f i -
ciently long segment of the amino-
sequence end of a membrane pro-
tein, i t was transported to the appro-
priate membrane.

Later, drawing on years of expe-
rience w i t h the genetics of the beta-
galactosidase enzyme, they were able
to isolate mutants of those hybr id
genes that accumulated, rather than
transported, the hybrid proteins i n
the cell cytoplasm. The mutations
have been mapped to the port ion of
the gene coding for the signal se-
quence of the proteins. W i t h Maurice
Hofnung of the Institute Pasteur, a 
collaboration supported by the NSF,
the group determined the coding
sequences of the D N A of the mutant
genes. From these sequences the
amino acid sequences of the altered
proteins can be deduced. I n almost
all cases the alteration is such that
one of the hydrophobic amino acids
in the signal sequence has been re-
placed by a charged amino acid, pro-



54 BIOLOGICAL, BEHAVIORAL, AND SOCIAL SCIENCES

Propulsion/steering system. Bacteria, such as this E. coli, respond to stimuli by
rotation of these long flagella. The direction of rotation results in either random or
straight-l ine movement of the bacterium and is a sensitive response to chemical
signals in its local environment.

viding the best evidence to date for
the signal sequence hypothesis.

This dawning ability to manipulate
the locations of proteins i n cells by
attachment of the appropriate por-
tions of different genes is a t r iumph
of molecular  many
practical implications. One early ex-
ample: The yield of insul in produced
i n recombinant bacteria carrying the
animal gene for insul in can be i n -
creased if the insulin gene is fused
w i t h the beginning of a gene for an
E. coli periplasmic enzyme. The re-
suiting protein is secreted and can
then be easily recovered and cleaved
to yield the pure hormone.

Sensory Reception and
 in Bacteria

The capacity to sense and react to
stimuli is a characteristic trait of all
l iv ing organisms, f r o m the largest
mammals to the smallest bacteria.
Bacteria sense a variety of st imuli ,
including heat, l ight, magnetism, and
many different chemicals. The most
common bacterial response is mot i l -
i ty , either swimming away f r o m
(aversion) or toward (attraction) the
stimulus. Studies to determine how
bacteria process st imuli and direct
their motile behavior have revealed
a surprisingly complex picture of the
underlying biochemical events and
are serving as a useful model system
for sensory and neural phenomena
i n higher-level organisms.

The moti l i ty of bacteria is due to
the rotation of long sinuous flagella
which act essentially as
Julius Adler of the University of Wis-
consin has observed that flagellar ro-
tation may be either clockwise or
counterclockwise; counterclockwise
rotation leads to long straight runs,
whereas clockwise rotation results i n
" tumbl ing" movement which tends
to randomize direction. I n response
to a chemical gradient (a constant,
directional increase or decrease i n i n -
tensity) of an attractant, bacteria or i -

ented i n an "up-gradient" direction
w i l l respond w i t h long straight runs,
whereas those oriented across the
gradient and "down-gradient" w i l l
tumble and perform short runs un t i l
the direction favors a long run .

Adler has also shown that bacteria
have specific sensory receptors
which , when occupied by an appro-
priate molecule, control the rotation
of the flagella. The essential steps of
how the chemoreceptor exerts its
control are now being clarified
through genetic manipulation to dis-
sect sensory reception and moti l i ty .

However, certain bacterial m u -
tants don' t respond to a number of
attractants. Following a biochemical
" h i n t " that methionine (a sulfur-
containing amino acid) was i n some
way involved i n the sensory pro-
cessing, but not i n moti l i ty itself,
Adler observed that some of these

mutants were defective i n a particu-
lar biochemical  methyla-
t ion of protein fraction. This protein
class, the methyl-accepting chemo-
taxis protein (MCP), was subse-
quently simultaneously shown to be
composed of at least two types, MCP
I and MCP I I . (Another, MCP I I I , is
postulated on indirect evidence.)

It turns out that i n normal bacteria,
these MCPs are methylated i n re-
sponse to increasing level of attrac-
tants, resulting i n counterclockwise
flagellar rotation and long-run swim-
ming; decreasing levels of attractants
result i n demethylation of the MCPs
and tumbling. Robert McNab of Yale
University and Daniel Koshland of
the University of California, Berke-
ley, have shown that when bacteria
are shifted f r o m a constant low level
of attractant to a higher level of the
same attractant, there is a brief pe-



BIOLOGICAL, BEHAVIORAL, AND SOCIAL SCIENCES 55

r iod of long-run swimming, but this
is fol lowed by an "adaptation" to the
higher level, and tumbling then re-
curs. BiochemicaUy, Adler has shown
that the long-run period reflects the
time dur ing which methylation of
MCP is increasing. Once the rate of
methylation has reached a higher
plateau, long-run behavior is sup-
pressed.

This adaptive behavior is a classi-
cal aspect of the sensory systems of
all organisms, including humans, and
represents a p r imi t ive f o r m of
"memory ." I n the bacterium's w o r l d
i t serves the specific funct ion of
bringing the bacterium up-gradient
to the highest level of an attractant
wi thou t overshooting the objective.
Such a behavior is possible only w i t h
a "memory" of what prior concen-
trations of attractant have been. I n -
deed, bacteria that are defective i n an
MCP are characterized by nonfunc-
tional long runs; they can't as readily
adapt to an attiactant and consist-
ently overshoot. Such mutants em-
phasize the distinction between the
excitation input , which is not clearly
understood at present, and the
adaptive output controUed by the
methylation and demethylation of
MCPs.

Research on sensory reception and
moti l i ty i n bacteria is providing an
enticing glimpse into a complex,
tightly integrated sensory model.
Some answers and many intr iguing
questions are emerging f r o m this
work. For example, how do the che-
moreceptor proteins cause excita-
tion? Precisely how do the methyl-
accepting proteins contiol rotational
direction, and how does the flagel-

 mechanism, the smallest
k n o w n motor, work? What are the
relationships between bacterial sen-
sory reception and the sensory
mechanisms of higher organisms?
There seem to be significant paral-
lels. Stimulated by the bacterial find-
ings, researchers have begun to look
for methylation of proteins in higher
cells, and Juhus Axelrod of the Na-

tional Institutes of Health has re-
cently discovered that mammaUan
white blood cells, which also have
chemotactic responses, show an i n -
crease i n methylation of protein frac-
tion when responding to an attrac-
tant. Thus, key findings in bacteria
about the role of protein methylation
i n sensory modulation may be an i m -

A key to effective progress i n en-
vironmental biology is to view the
objects of our research as systems.
A n environmental or ecological sys-
tem consists of a biological part i n -
teracting w i t h an environmental part.
Such systems include the global sys-
tem, or ecosphere; large landscape
systems, or biomes, such as tundra
or tropical rain forest; and smaU-

 watersheds containing ecolog-
ical communities, populations of
plants and animals, and individual
organisms. These systems can be ar-
ranged i n a hierarchical pattern, w i t h
each unit containing w i t h i n i t smaller
systems and being, i n turn, part of
a larger system. Hierarchical orga-
nization provides a framework for
research on complex systems. Wi th -
out such a framework, studies of i n -
dividual systems may lack coherence
and context. I t is appropriate that
NSF's programs i n environmental
biology reflect the natural hierarchy,
w i t h programs supporting research
on biomes, communities, popula-
tions, and individuals.

NSF provides about 90 percent of
the support for basic environmental
biology research at colleges and uni -
versities. Basic research i n environ-
mental biology has direct connec-
tions to the substantial environmental
problems of society, and i t under-
girds the applied research and ac-
tions of other agencies i n solving
such problems. Basic research be-

portant key to the understanding of
major unsolved biological mysteries
such as sensory reception i n more
complex organisms, the mechanisms
by which nerves respond to neuro-
tiansmitter chemicals, and how cells
i n development and differentiation
migrate and reorient themselves i n
the growing organism.

comes increasingly important as the
various stresses on our environment
increase.

The materials of interest to envi-
ronmental biologists are exception-
ally diverse. It is estimated that there
are about 4.5 miUion species of plants
and animals i n the ecosphere. Each
species is geneticaUy distinct, repre-
sents a unique process of evolution
and adaptation to a particular set of
environmental conditions, and is
wor thy of individual study. These
populations i n tu rn make up a great
variety of ecological communities.
Environmental biologists have coped
w i t h this diversity of systems by us-
ing special techniques such as eco-
logical modeling and by developing
active theoretical efforts at all levels
of biological organization.

The complexity of environmental
systems has often required equally
complex organization of research ef-
forts. For example, large teams of re-
search workers have concentrated
their attention on a single ecosystem,
such as a tiopical rain forest or a 
prairie grassland, w i t h impressive
resuhs. Dur ing 1980 NSF embarked
on an effor t to br ing such ecological
research better into line w i t h both
the temporal and spatial pattems i n
nature. This effort, termed long-term
ecological research, involves series of
ecosystem studies located at a variety
of sites across the United States. To
ensure comparabUity of results the

Environmental Biology
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research teams use similar methods
and concepts i n their elucidation of
organic production, decomposition,
and turnover of essential nutrients.
These studies w i l l gradually expand
and w i l l be maintained over time so
that the response of U.S. ecosystems
to larger-scale changes in the envi-
ronment can be determined. These
data should permit more accurate
assessment of the consequences of
drought, volcanic eruption, and vari-
ation i n global atmospheric carbon
dioxide levels.

Environmental biology has also
had a special interest i n the study of
tropical populations and communi-
ties. The majori ty of the 4.5 mi l l ion
biological species on Earth occur i n
the tropics, and many of these are
threatened w i t h extinction as tropical
habitats are converted to other uses.
NSF is the major supporter of
basic research i n tropical biology and
thus has pr imary responsibility for
supporting new efforts to under-
stand this region. Al though a great
deal of research has been done i n the
tropics, our knowledge is still too
l imited for effective management of
tropical lands and waters. Systematic
biologists, who classify and name
plants, animals, and microorga-
nisms, have given names to only
about one-sixth of the predicted
tropical biota. The number of orga-
nisms k n o w n wel l f r o m a biological
and ecological viewpoint is even
smaller, and our understanding of
tropical ecosystems is l imi ted to a 
few locations. Since there is a great
deal to be done, the needs for infor-
mation are great, and time is short.
NSF is continuing to emphasize the
study of tropical biology. The fo l low-
ing study illustrates an integrated re-
search effort i n tropical biology.

Mayan Urbanization
in Tropical Forest

As emphasized i n The Global 2000 
Report to the President, prepared in
1980,  resource, and

population stresses are intensifying
and w i l l increasingly determine the
quality of human life on our planet."
Al though the scale of environmental
degradation  never have been as
extreme as i t is today, environmental
crises faced by earlier cultures had
profound and lasting effects. Recent
paleoecological investigations of the
Mayan civilization, under the direc-
t ion of Edward S. Deevey of the
University of Florida, provide an i l -
lustrative example. Approximately
1,000 years ago, this civilization was
flourishing i n the biotically produc-
tive but fragile lowland tropical for-
est of northern Guatamala and then
collapsed.

A principal objective of the re-
search was to determine the strains
imposed by Maya urbanization, f r o m
about 1500 B.C. to 1500 A . D . , on the
supporting ecological system that
may have contributed to the collapse
of the civilization. Organic remains
of agricultural products do not sur-
vive wel l i n h u m i d tropical environ-
ments; the consequent paucity of
evidence makes i t d i f f icul t to recon-
struct the patterns of land use and
cultivation f r o m about 3,000 years
ago to recent times. Paleoecological
techniques provide information on
land use, but locating a study site
w i t h nearly ideal pollen-stratigraphic
sections in sedimentary terrain, i n
this case Karst (porous limestone),
was an essential step i n this research.

I n the context of the complete
8,000-year pollen record available for
the site, the episode of deforestation
and lacustrine (lake) siltation appears
as a 2,500- to 3,000-year disruption i n
the domination of the record by trop-
ical forest tree species. Pollen dia-
grams f r o m lake-bottom cores show
that human factors, rather than cli-
matic fluctuations, were responsible
for the incursion of species more typ-
ical of grasslands. Chemical analyses
by atomic absorption reveal that i n -
fluxes of sedimentary silicates and
carbonates to lake waters were at
concentrations 20 to 40 times higher

dur ing the more urbanized Classic
Maya times than i n deposits during
Pre-Maya and Early Preclassic inter-
vals. Soil analyses show phospho-
rous loading to lakes was not occur-
r ing simply by means of leaching,
but pr imar i ly via coUuviation, or
downslope bulk transfer of soil, as a 
consequence of agricultural exploita-
tion and urban spread.

Prior to the n in th century A . D .
collapse of Classic Maya civilization,
the population of this urban center
is estimated to have exceeded 5 m i l -
l ion w i t h i n a 20,000-square-kilome-
ter core region, having grown since
the Late Preclassic (250 A.D. ) clear-
ing of forested areas; i t grew at a rate
of 0.17 percent annually, which
means the doubling time wou ld have
been about 410 years, or 12 to 16 gen-
erations. This compares w i t h a pres-
ent-day annual growth rate of 0.7
percent i n the United States, repre-
senting a doubling time of 99 years,
and an average rate of 2.0 percent for
less developed countries, a doubUng
time of 34 years. Population growth
w o u l d have been imperceptibly slow
to the Mayas. Environmental strain,
a product of accelerating agricultural
demand and the depletion of soU nu-
trients, probably also increased
slowly and may have reached ad-
vanced stages before the dangers
were perceived. By then the environ-
mental damage may have become
largely irreversible. In any case, the
district has remained to this day
largely uninhabited, owing to the
long-term deterioration of soil qual-
i ty .

Lingering questions remain: H o w
early, i f ever, d id the Mayan rulers
determine that their successive agri-
cultural intensifications threatened
the stability of their vulnerable eco-
logical base? Wou ld they in any case
have been able to prevent or forestall
the coUapse? Indeed, these are u l t i -
mately the sorts of questions that
necessarily must be faced by any
technological society, including our
own.
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Teosinte. The rare cloud forests of Mexico, an endangered biological habitat, recently
yielded an important wild species of primitive corn that could have impact on food
crops and agricultural economics. By cross-breeding this d isease-resistant variety with
domestic plants, scientists may be able to develop a naturally healthy corn plant that
is also perennial (needs no annual replanting) and can grow in cool climates. (Map
after Pennington and Sarukhan)

Genetic Diversity in IVIaize
Of the estimated 4.5 mi l l ion kinds

of organisms i n the wor ld , at least 3 
mil l ion occur i n the  region
now under substantial environmen-
tal stress. A century and a half ago
tropical forests comprised an area
twice the size of Europe. As a con-
sequence of human activities these
forests have now been reduced to
roughly half their former extent; re-
duction is continuing at an increas-
ing rate. A  Research Priorities 
in Tropical Biology, recently published
by the National Academy of Sci-
ences, indicates that there is h igh
probability that more than half of the
species of plants and animals now
liv ing in the wor ld w i l l be extinct by
the year 2100. Obviously, some plants
and animals become extinct naturally
through normal interactions w i t h
other organisms and the environ-
ment. However, loss of half the
products of 3.5 bilhon years of evo-
lutionary history i n only 120 years is
a sobering possibility.

Survival, evolution, and natural
selection depend on the amount of
variability present i n a population. I n
view of our o w n dependence on food
plants and domesticated animals,
such variabihty needs scrupulous
protection. I t is dangerous to depend
on single strains of cultivated plants
and, further, the source of new w i l d
plants may also be important.

For example, H u g h litis of the
University of Wisconsin recently dis-
covered a primitive perennial w i l d
relative of corn in a remote mountain
area of Mexico. The area is a m i d -
altitude cloud forest, never a very
common biotic community and one
that is now becoming a rare and en-
dangered habitat. The new plant
(one of several species called teosinte
by native Mexicans) occurs only i n
four localities i n the Sierra of Man-
antlan i n southwestern Mexico. I t
was perilously close to extinction be-
fore its discovery i n 1978.

This teosinte has short, thick un -

derground stems that allow it to
reproduce without replanting. Its
discovery is particularly significant
because the plants have the same
number of chromosomes as com,
w i t h which i t can be readily crossed.
It is immune to several major com
virus diseases and is adapted to cool
mountain climates. The new teosinte
also may ultimately provide the ge-
netic basis, through selective breed-
ing, for a perennial corn that could
be grown i n the United States. I f ,
through incorporation of genes for
disease resistance, this plant could
add only one percent to yield, i t
wou ld increase the value of the
United States corn crop each year by
$150-200 mil l ion. Such a crop might
also save energy i n planting and cul-
tivation and conserve the soil by its
binding root system.

New Windows to the
Ancient Past

The oldest cellular fossils known
have been discovered by scientists
f r o m the University of California,
Los Angeles, and f r o m Australia.
Their f indings prove that primitive
forms of life existed as long as 3.5
bil l ion years ago, 1.2 bi l l ion years
earlier than the previous best docu-
mented records. According to J. W i l -
ham Schopf of UCLA, the tiny, 
threadlike fossils represent at least
five types of microbial forms of life,
some made up of chainlike group-
ings of distinct, minute cells. These
bacteriumlike organisms, nearly
three-quarters of the age of the Earth
itself, l ived i n flourishing communi-
ties at the bottom of a shallow sea i n
what is now part of Western Aus-
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Natural population regulation. Field mice are affected by a chemical (MBOA) pro-
duced in varying amounts by plants they eat. Small concentrations typical of mature
plants can increase mouse reproduct ion; large amounts, found in young plants, inhibit
reproduct ion. Such f indings may enable plant breeders to alter plant chemistry to
reduce crop damage f rom mice.

Oldest fossi ls . This drawing depicts the
remains of tiny chains of microbial cells
found in Austral ian rocks deposited in a 
shallow sea 3.5 bill ion years ago. The dis-
covery now substantially pushes back the
origins of life forms on Earth to some time
within the first billion years of its existence.

tralia. Schopf, the 1977 recipient of
NSF's Alan T. Waterman Award ,
heads a team of 15 scientists f r o m
several nations and many fields of
study who have been assembled to

investigate the origins and earliest
history of life on Earth.

This new discovery of primitive
life forms follows the earlier f ind ing
of distinctively layered rock struc-
tures k n o w n as "stromatolites" and
represents the first direct evidence of
fossil cells i n these ancient rocks. The
earlier stromatolites, whi le they i m -
plied the existence of l i fe , d i d not
contain cellular remnants of the m i -
crobes that apparently bui l t them.
Discovery of the fossils themselves is
the paleobiologists' equivalent of
f ind ing the "smoking  gives
clear-cut evidence not only of the
existence of early l ife, but also of the
types of organisms that were pres-
ent.

Prior to the current discovery, the
oldest completely accepted fossils
were relatively complex l ife forms
f r o m southern Afr ica dating back

"on ly" about 2.3 bi l l ion years. The
newly discovered fossils have thus
pushed back the record of cellular
fossils by some 1.2 bi l l ion years and
are more complex than might have
been expected. They demonstrate
that the surface of the Earth was hab-
itable some 3.5 bi l l ion years ago and
that i t was populated by numerous
types of relatively advanced, bacter-
iumlike forms of l ife. It is now evi-
dent that life originated even earlier,
some time between the new date es-
tablished by these oldest known cells
and the formation of the Earth one
bil l ion years earlier.

Plant-Animal Feedback
Systems

A n intr iguing and important as-
pect of ecological research involves
reciprocal relationships between
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plants and animals through herbi-
vory. The study of plant consump-
tion, the impact of animal herbivores
on plants, and the ut i l i ty of plant
foods to animal growth and repro-
duction are common themes. Re-
cently, ecologists have shown that
the interrelations of plants and ani-
mals are characterized by a variety of
subtle biochemical features that act
i n addit ion to the familiar nutrit ional
and mass-action features of feeding.

Norman Negus of the University
of Utah is evaluating the influence
of the natural plant compound 6-
methoxybenzoxazohnone (MBOA)
on mammalian reproduction and
growth. This estrogen-like material
is manufactured by plants in differ-
ent amounts at different times of the
year. I t reaches its highest concentra-
t ion i n young plants and declines as
the plants reach maturity and flower.
Negus has shown that as M B O A is
consumed i n small amounts by f ield
mice, their reproductive cycle is af-
fected, resulting in an increase i n the
number of young born . Larger
amounts of M B O A cause a decrease
i n these reproductive factors. This
finding is of particular interest be-
cause mice populations sometimes
reach h igh levels (over 1,000 per acre)
and cause substantial damage to pas-
tures and orchards. These experi-
ments suggest possible new ways of
reducing crop damage caused by
herbivores by altering the plant
chemistry through plant

Several other research projects are
assessing how various biochemicals
regulate material tiansfer and thus
provide the basis by which infor-
mation is passed through highly ag-
gregated systems. For example,
growth regulators in the saliva and
urine of grazing animals such as b i -
son have been reported by Melvin
Dyer of Colorado State University.
He shows that the salivary compo-
nents seem to regulate plant growth
in much the same way that plants
regulate mouse reproduction: Small
amounts result in increased plant

production, while larger amounts i n -
hibit growth. This research illustrates
that not only do plant substances
regulate animal growth, but, con-
versely, animal substances can reg-

Rapidly increasing capability to do
research in the behavioral and neural
sciences has accelerated the produc-
tion of new knowledge of theoretical
and practical importance. Techno-
logical developments based i n part
on advances in the chemical, physi-
cal, and engineering sciences have
increased the rate at which important
discoveries about the nervous sys-
tem are being made and have height-
ened the excitement associated w i t h
the neurosciences. For example, re-
cent research has shown that devel-
oping neurons are guided to appro-
priate connections by specific
identifiable membrane components.
Mitigating occasional wrong connec-
tions and assisting the regeneration
of damaged nerves are now matters
for which this line of research holds
great promise. Neuroscience re-
search is being stimulated, as well ,
by the recent demonstration that an
individual neuron can communicate
w i t h other neurons by numerous
chemical neurotransmitters. A new
appreciation has also evolved about
the relationships between excitable
neurons and the presumed support-
ive glial cells; i t suggests that
participate as  partners w i t h neu-
rons to regulate the production of
chemicals essential to neuron com-
munication.

Other developments are having
substantial impact on our knowledge
of the sensory systems. Psychophys-
ics is a powerful method relating two
well defined conceptual domains:
the properties of the stimulus

ulate plant growth. Understanding
both kinds of interactions rests upon
knowledge of sophisticated bio-
chemical analyses and the ecology of
plant-animal

its wavelength and energy) and the
resulting subjective experience that
is expressed in overt behavior (e.g.,
detection of a stimulus or judgments
of apparent brightness or loudness).

 spatial vision, for example, psy-
chophysics has challenged the earlier
implication f rom physiological stud-
ies that the visual system functions
as an array of specialized detectors
(such as edge detectors) of the simple
geometrical properties of the stimu-
lus. Instead, psychophysical studies
point to the spatial frequency content
of a visual stimulus as one of several
complex but critical stimulus dimen-
sions. These studies have led to pre-
cise quantitative models to test new
hypotheses about fundamental sen-
sory mechanisms.

Another area of increased recent
interest is animal communication.
Much has been learned about how
chemical signals, the pheromones,
transmit information between ind i -
viduals about such things as repro-
ductive status, the location of ind i -
vidual and group territories, and
even social position. Pheromones
have been identified i n many animal
species, and there are indications
that such chemicals may play a role
i n human and other primate social
interactions. Audi tory communica-
tion, too, is important and has re-
cently been found to be much more
specific than was previously thought.
For example, the alarm call that a 
ground squirrel emits when a dog is
approaching is different f r o m its call
when a badger is coming. Further-

Behavioral and Neural Sciences
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more, the call varies as a funct ion of
the speed w i t h wh ich the threat ap-
proaches.

A n essential aspect of cognitive
science today is understanding how
cognitive capacities develop. Such
understanding w i l l enhance ap-
proaches to educating very young
children and allow anomalies to be
detected early enough for interven-
t ion programs to be started. Great
strides have been made i n under-
standing the development of number
concepts, logical relationships, read-
ing and wr i t i ng competence, lan-
guage acquisition, and other cogni-
tive capacities. While a great deal has
now been learned about cognitive
development i n children as young as
two or three, the recent development
of new techniques, chiefly involving
habituation and the duration of gaze
at an object, now allows scientists to
examine the development of these
capacities i n infants only a few
months o ld .

Research i n environmental psy-
chology focuses on the impact of the
physical environment on social be-
havior. As a result of such research
it is apparent that factors such as
crowding, noise, heat, and air pol-
lu t ion have important effects on so-
cial relations. Indeed, they seem to
affect behaviors ranging f r o m w i l l -
ingness to help others to crime and
collective violence.

I n 1980, anthropologists began
plans to extract a deep-sediment core
f rom the floor of a tropical Afr ican
lake. The ultimate goal of the project
is to unlock the environmental and
climatic in format ion contained in.
waterlogged sediments and, through
the study of pollen and other biolog-
ical and chemical data thus obtained,
to reconstruct the shifts i n climate
and the environmental consequences
over a period of several mi l l ion years.
These data w i l l be unique because
climatologists, biologists, and an-
thropologists can now accurately re-
construct only the past 50,000 years.
Thus, the Afr ican deep-lake core

should permit accurate assessment
of the environmental background
against which early human physical
and cultural  took

Transduction in  Eye
A l l organisms recognize and re-

spond to st imuli i n their environ-
ment. Understanding transduction,
the process by which sensory recep-
tors transform physical energy such
as light or sound into neural signals
recognized by the brain, is one of the
key areas of research i n contempo-
rary neuroscience. I n the past year
substantial progress has been made
i n describing the biochemical proces-
ses involved i n the transduction of
l ight w i t h i n the eye dur ing vision.

Theodore Williams of Florida State
University has recently refined our
understanding of the role of the v i -
sual pigment, rhodopsin, i n visual
excitation. W i t h i n the retina of the
eye, two types of cells carry on trans-

 rods and the cones. The
rod photoreceptor cells contain rho-
dopsin, a visual pigment containing
a protein, opsin, and a t ightly bound
molecule of retinal, a derivative of
Vi tamin A . The opsin is closely as-
sociated w i t h  sub-
stances that compose the rod mem-
brane. Williams has observed that
when light strikes a rod photorecep-
tor, the shape of the rhodopsin mol-
ecule is altered. Using techniques
f r o m physical chemistry, i t has been
demonstrated that a distortion oc-
curs i n the shape of both the Vitamin
A-derived port ion of rhodopsin and
the protein, opsin. The change i n the
shape of opsin apparently allows an
increase i n l ip id motion, making the
rod membrane more permeable and
allowing other molecules to pass
through i t .

Al though these recent observa-
tions are significant, a complete un-
derstanding of visual transduction
requires a thorough description of
what fur ther changes occur i n the

rods once the permeability of the rod
membrane has increased. One pos-
sible mechanism of subsequent
events i n visual excitation suggests
that the increased permeability of the
rod membrane leads to an increased
concentration of calcium ions w i th in
the nerve cell. I t is believed that this
increased calcium effectively blocks
the normal entry of sodium ions into
the cell, causing the interior of the
rod to become more negatively
charged (hyperpolarized).  is this
change to a negatively charged state
w i t h i n the rod which the brain rec-
ognizes as the presence of light.

In another attempt to determine
how hyperpolarization occurs, cyclic
GMP (guanidine monophosphate) is
currently being investigated by Rich-
ard N . Lolley of the University of
California, Los Angeles. Studying
human and cattle retinas, Lolley has
f o u n d that levels of cyclic GMP are
unusually high i n the dark. As soon
as the rod is exposed to light, levels
of cyclic GMP fall dramatically. Ac-
cording to his hypothesis, l ight fal l -
ing on the rod wou ld activate a par-
ticular enzyme (phosphodiesterase)
i n the rod membrane which destroys
cyclic GMP. Such a reduction in
cvclic GMP initiates a cascade of bio-
chemical events which modulate the
permeability of the cell membrane to
ions. One enzyme i n particular, pro-
tein kinase, is deactivated i n such a 
manner that the normal entry of so-
d ium into the cell is blocked. The
lessened concentration of sodium
causes the interior of the rod to be-
come more negatively charged, i n -
dicating to the brain the presence of
light.

The biochemical study of trans-
duction phenomena is providing a 
clearer understanding of two phases
of transduction: how the binding of
st imuli to a receptor leads to neural
signals and how the internal chem-
istry of the nerve cell changes as a 
result of the stimulus binding. Re-
search on transduction, particularly
work w i t h cyclic GMP and other nu-
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cleotides, may also help clarify the
 of such common chemicals as

caffeine and aspirin on stimulus re-
ception.

Animal Communication
Communication between ind iv id-

uals has long been a major focus of
research on animal behavior. Like
humans, most animals use several
modes of communication, including
odors, visual signals, and vocal sig-
nals. Recent research shows that,
contrary to previous thought, many
kinds of animals use signals that are
rich i n specific meaning and thus re-
semble "symbolic" communication.

The discovery that such appar-
ently stereotyped vocalizations as
bird song actually have geographic
dialects has led scientists to look for
other variations i n animal signals.
For example, Mill icent S. Ficken of
the University of Wisconsin at M i l -
waukee has found great variability i n
a complex call of the black-capped
chickadee. A n y individual chickadee
produces all of the syllables found i n
a local population, but the specific
ordering of syllables differs. A few
orderings occur throughout the pop-
ulation, some are unique to a flock,
and some are unique to individual
birds. Whether or not chickadees
recognize flock membership or even
the individual identi ty of the signaler
may be revealed by fur ther research.

Variations in song repertoire i n
other species have been demon-
strated to have specific functions.
Peter Marler and an associate at
Rockefeller University have observed
that male red-winged blackbirds w i t h
large numbers of song types are gen-
erally older birds that acquire larger
and better territories and attract more
mates than males w i t h smaller rep-
ertoires. When territorial males were
experimentally removed, areas "de-
fended" by loudspeakers that broad-
cast eight different song types were
less frequently trespassed upon by
other male redwings than were areas

where only a single song type was
played.

Sharing of song types has been
studied i n indigo buntings by Robert
B. Payne of the University of Mich i -
gan. Payne found, as expected, that
adult males had greater reproductive
success than d id first-year males. His
striking discovery, however, was that
those first-year males that mimicked
an adult neighbor's song greatly i n -
creased their reproductive success.
Male indigo buntings can distinguish
among individuals by their songs but
may mistake one bird for another i f
the two birds have the same song.
Payne concludes that song sharing
enhances the ability of a young bunt-
ing to defend a breeding territory by
leading other males to mistakenly
identify the young male as his older
territorial neighbor. Thus, i n addi-
tion to ident i fying the species of b i rd
and the location of territories, b i rd
song can also transmit
and even  the
social status and the individual iden-
tity of the signaler.

Among mammals, information that
can be transmitted between ind iv id-
uals by vocal signals has also been
found to be much more specific than
previously believed. For example,
Donald H . Owings of the University
of California, Davis, has discovered
that California ground squirrels give
different alarm calls to ident i fy dif-
ferent kinds of predators; birds of
prey, snakes, badgers, and other car-
nivores each evoke distinctive alarm
calls. Furthermore, the "carnivore"
signal differs depending on the speed
w i t h which a predator is moving.
Thus, the calls used by these ground
squirrels are far more than merely
ambiguous signals that some danger
is near; they contain great amounts
of information about events impor-
tant to survival.

Vervet monkeys make effective use
of the information that their distinc-
tive alarm calls contain. Thomas T.
Struhsaker of the New York Zoolog-
ical Society discovered more than a 

decade ago a remarkable array of
vervet alarm calls to which other
vervets react i n a specific way, de-
pending on their current circumstan-
ces and the class of predator. For ex-
ample, when a vervet sights a snake,
it produces a distinctive caU to which
other vervets react by looking down
at the ground around them. When
a vervet gives the "leopard" alarm,
its companions flee into the trees.
However, when a vervet gives the
"eagle" alarm, other vervets flee f rom
treetops and open areas into thick-
ets. These eagle alarms become much
more specific and functional as a 
monkey develops f r o m infant to
adult. Recently, Robert M . Seyfarth,
Dorothy L. Cheney, and Peter Mar-
ler played back tape-recorded vervet
alarm calls when no predator was
present and found that the monkeys
reacted appropriately to the particu-
lar signal. Thus, it is now clear that
animal communication is much more
"symbolic," and more similar to hu-
man communication, than was once
thought.

Development of Cognitive
Competence

Newborn infants cannot walk.
Later they learn to crawl, and then
to walk in a gait unlike that of an
adult. Finally, they can walk, skip,
run, jump. No one is surprised at
this sequence, since we all have ob-
served i t many times and judge an
ind iv idua l child 's development
against this developmental se-
quence. However, in the realm of
cognitive  n u m -
bers, solving problems, reading, ca-

 often judge a child's
competence by comparing his/her
performance to what adults do.

Now it is becoming clear that chil-
dren can do many things earlier than
they were previously thought to be
able to. A v iv id example comes f rom
the work of Rochel Gelman at the
University of Pennsylvania. A n illus-
trative standard task given to young
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Sounds of danger. Ttiis exper iment with vervet monkeys shows how warning alarms become more specific as the animals mature.
The presence of virtually any bird will elicit an "eagle a la rm" f rom an infant, which perceives little dif ference between predators and
non-predators. Juveniles and adults are increasingly discerning. Such communicat ions are highly specific (there are " leopard" and
"snake" alarms too) and alert other monkeys to take appropriate evasive act ion.

children involves a row of ten f l ow-
ers and a row of ten vases, w i t h each
vase directly below a f lower i n one-
to-one correspondence. Children,
when asked whether there are the
same number of vases as flowers, i n -
variably answer yes. However, when
the same number of flowers is spread
out so that the length of the line is
increased, children typically say that

the two lines do not contain the same
number of items. I n conventional
terminology, then, the young chil-
dren are said not to be able to con-
serve number; they seem not to be
able to realize that the number of ob-
jects i n an array remains the same
under simple transformations like
spreading them out. Such research
suggests that there are things we

cannot teach children at early ages,
because they lack the cognitive ca-
pacity for them.

In an attempt to find out what
young children can do, not what they
cannot, Gelman devised the "magic
experiment." The magic experiment
involves the presentation of two
plates, one w i t h three plastic toys
and the other w i t h two. The child
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Children's learning. Experiments that use novel methods to assess the cognitive
capacity of  as this simple test that asks them to compare numbers
of toys in terms of winners (more) and losers  showing that young children
may have greater learning capacities than commonly believed.

was told that the one w i t h fewer toys
was the "loser" and that the one
w i t h more toys was the "winner . "
W h e n the numbers were trans-
formed, children of ages at which
they were expected to " f a i l " this test
of conservation of number were i n -
deed able to ident i fy the "winner"
and the "loser."

Even more impressive was the evi-
dence that children as young as two
years old can count, but not the way
adults do. I n general, they tended to
use number words differently f r o m
adults, though consistently. Thus, a 
particular child might always count
the objects in the fo l lowing way:
"One, six, nineteen, seven. . . . "
However, that child wou ld always
use  w o r d "nineteen" to refer to
the th i rd i tem in the set. Through the
magic experiment and others like it,
a picture of the capacity of young
children to use numbers has begun
to emerge.

Other investigators have begun to
study what children can do i n other

realms. For example, David Klahr of
Carnegie-Mellon University has be-
gun to uncover  ca-
pacities in preschoolers that were
hitherto unexpected, s imply by
modify ing a standard puzzle, the
"Tower of Hanoi , " so that it is sen-
sible to preschoolers. Deborah Kem-
ler of Swarthmore College and Linda
Smith of Indiana University are
studying the way infants and chil-
dren group objects on the basis of
their observable characteristics, t rying
to understand the changes that take
place as a child grows, not simply
observing that at certain ages chil-
dren act more or less like adults.

The work of these and many other
investigators has a un i fy ing theme:
It tiies to understand what children
can do, not to catalog what they can-
not. It paints a picture of young chil-
dren quite different f r om that which
has permeated our educational sys-
tem. As the picture becomes more
complete, it should enable educators
to develop more effective curricula

for children that bui ld on their true
cognitive capacities.

Contemporary Complex
Social Systems

The study of contemporary social
systems, characterized by such pro-
cesses as urbanization, migration,
adaptation, and industrialization, has
recently become a major interest
among social and cultural anthro-
pologists. Their interest has been
heightened by a turning away f rom
the popular concepts of the "melt ing
pot" and the homogenization of cul-
tural subgroups and a realization of
the plural character of both our o w n
and other societies. Indeed, as His-
panic and Asian immigration to the
United States continues, our Nation
is becoming more diverse. For na-
tions built largely of and by immi -
grants, such as the Uni ted States,
Australia, and Argentina, an under-
standing of the process by and extent
to which accommodation by hosts
and guests takes place is a major
concern. The rate and extent of any
mutual accommodation has far-
reaching social, political, and eco-
nomic implications for the receiving
society, the sending society, and the
immigrants themselves.

Wil l iam Douglass of the University
of Nevada is undertaking the sys-
tematic documentation and analysis
of the process of accommodation of
immigrants to Australian society.
the 1950s Spanish Basques and
Abruzzesi Italians were recruited to
become labor migrants i n the sugar-
cane industry of Nor th Queensland,
Australia. Thousands of individuals
responded to the employment op-
portunity. Both groups entered Aus-
tralia under similar circumstances,
facing similar language handicaps
and lack of formal skills.

By the mid-1960s the sugarcane i n -
dustry became mechanized and the
Basque and Abruzzesi cane cutters
lost their jobs. Some chose to remain
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i n the sugarcane areas after finding 
ahernate employment, usually i n ag-
riculture; some migrated to Austra-
lian towns, and yet others returned
to Europe. Douglass is collecting data
on all three groups: agricultural, ur-
ban, and returned migrants, and
making comparisons w i t h previously
studied Basques and Abruzzesi i n
Spain and Italy. Using interviews,
surveys, archival research, and par-
ticipant-observation, he is determin-
ing the role of ethnic and national
identity i n adaptation to l iv ing i n a 
different society, the effect of re-
t umed migrants on patterns of m i -
gration and social change i n the m i -
grant-sending communities, and
factors inf luencing economic and so-
cial success i n rural and urban areas
of the society receiving the i m m i -
grants.

The kinds of adjustments migrants
have been able to make to rural and
urban Austrahan society have af-

This year marks 20 years since NSF
estabhshed a separate division for
the support of fundamental social
science research. Research sup-
ported dur ing these two decades has
resulted i n an improved understand-
ing of how the economy works, how
societies and individuals organize
themselves pohtically, socially, and

 and how they change. This
social  causes i t , how
it happens, and what its effects
represents a major focus of interest
for the social sciences. Al though the
perspective of a particular event w i l l
depend on the time span involved,
the unit of analysis, and the behavior
under study, the collection of many
studies converges on understanding
the nature and implications of social
change and  adaptations to i t .
The goal of such research is to pro-

tected their occupational choices, i n -
come, social networks, family struc-
ture and marriage patterns, pohtical
participation, use of educational and
health facilities, and the hke. A num-
ber of the Basque and Abruzzesi
would-be immigrants have returned
to their places of origin, permit t ing
investigation of the extent to which
returnees' perceptions of their ex-
periences (positive or negative) i n -
fluence the behavior of others.

The work of Douglass and of other
anthropologists w o r k i n g i n the
United States, Africa, Asia, and Latin
America is developing a cross-cul-
tural understanding of the processes
and problems surrounding migration
and accommodation by migrants and
hosts. This understanding contrib-
utes directly to our comprehension
of the nature of plural societies and
to issues of national and interna-
tional policy confronting the United
States.

vide val id and verifiable findings on
processes and consequences so that
social phenomena can be understood
and anticipated.

The past two decades were replete
w i t h changes, and one of the tasks
of the social sciences is to ident i fy
those having long- te rm conse-
quences for society. Accordingly,
there is an effort to develop better
measures of social and economic
conditions, which is reflected in the
Government's statistical information
collections, including the census. To
help extend this valuable data base,
NSF is supporting an effort at the
University of Wisconsin to organize
the 1940 and 1950 census materials
i n a manner that w i l l make the data
compatible w i t h later censuses. The
work should be completed at ap-
proximately the same time as the

1980 census is available for study. It
w i l l then be possible to conduct re-
search on topics such as migration,
education, employment, and family
composition over a long and signifi-
cant period. Changes can then be
traced i n detail and rehabie conclu-
sions reached on differential rates of
change.

The 1980 census has also brought
to public attention concern about
measurement methods. This has been
an area of special emphasis in the
NSF programs. For example, NSF
supported a review by the Commit-
tee on National Statistics of the Na-
tional Academy of Sciences of con-
cepts and methods for treating
nonresponse and missing data i n
surveys. I t focused on the need to
improve the methods for treating i n -
complete data, to determine how the
nature of missing data has been
changing, and to understand the i m -
phcations of these changes for the
analysis and reporting of survey
findings. The report, which wiU be
available i n 1981, w i l l offer ways of
increasing the rehabihty of survey
results through the application of
stronger statistical adjustments and
better practices i n sample surveys.

 is evident that social and eco-
nomic concerns w i l l draw substantial
national attention i n the decade
ahead. Even where the precipitating
factor may be a new technology or
the exhaustion of a nonrenewable
resource, it is the social and eco-
nomic consequences that become
major national problems. The tools,
techniques, and insights that the so-
cial sciences have acquired during
the past two decades may be ex-
pected to provide a basis for improv-
ing our current situation and for ad-
vancing i n the future.

Election Studies and
Surveys

The subject of elections and public
opinion  has been prominent i n

 a presidential election

Social and Economic Science
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year and a decennial census year.
NSF has provided support for the
National Election Studies, based at
the University of Michigan, which
address such topics as voter partici-
pation, the influence of the media,
and the role of party identification i n
electoral choice. I n the past year two
important reference volumes ap-
peared: American National Election 
Studies Data Sourcebook, 1952-1978 
and American Social Attitudes Data 
Sourcebook, 1947-1978. These books
provide valuable data on long-term
trends in political and social attitudes
and behavior. They have already
been used extensively by journalists,
political analysts, and social scien-
tists to appreciate the current situa-
tion of the American population
w i t h i n the larger context of societal
change.

The use of the sample survey as a 
means of collecting information on
opinions, attitudes, behavior, and
values is wel l established, although
there has been concern over the l i m -
itation of the technique. NSF has
been leading the efforts to improve
the operation, cost-effectiveness,
and, above all, the reliability and va-
l idi ty of such surveys. I n addition to
concerns w i t h statistical problems,
NSF is supporting experiments in
the techniques of survey methods.

George Bishop and his colleagues
at the University of Cincinnati con-
ducted one such experiment i n which
they assessed the incidence and con-
sequences of "pseudo-opinions"—
the problem of people claiming opin-
ions when they really have none.
They asked respondents about a 
nonexistent "Public Affairs Act of
1975" and found that fu l l y one-third
of the sample volunteered opinions.
These people have a number of dis-
tinguishing characteristics. For ex-
ample, they are politically more l ib-
eral than others on domestic policy
questions. Most distinctly, however,
these pseudo-opinions reflect basic
socia l -psychological dispositions
such as "saving-face" (i.e., self-

esteem) and one's sense of trust i n
other people and institutions. The
distorting effects of pseudo-opinions
can be quite serious in surveys that
do not compensate by using ques-
tions designed to separate those
without real opinions.

Survey Measures of
Subjective Phenomena
In contrast to surveys that measure

behavior or levels of information,
national surveys now produce a 
growing complement of statistics de-
signed to measure subjective phe-
nomena. Subjective measures are a 
vital addition to traditional national
statistics i n that  provide insight
into how people perceive objective
conditions. Such data are an essen-
tial source of information on people's
values and aspirations.

The increasing use of measures of
subjective phenomena has been ac-
companied by growing academic re-
search activities, such as psycholog-
ical studies of national well-being,
investigations of trends i n
stereotyping, changes in the public's
expressed tolerance of nonconform-
i ty , the relationship of economic de-
velopment to individual satisfac-
tions, confidence in Government,
and intentions regarding childbear-
ing. Increasingly, this work, which
is partially Government-supported,
is f ind ing its way into public and p r i -
vate decisionmaking.

As the number of survey-based
measures of subjective phenomena
has grown, there has been a corre-
sponding increase i n concern over
the meaning of what the measures
predict or explain, their reliability
and stability over time, the extent to
which those influenced or affected
by the derived findings appreciate
the limitations as wel l as the signifi-
cance of such results, and the ade-
quacy of current practices regarding
presentation and interpretation.

Efforts to assess the extent and se-
riousness of the problems affecting

survey-based measures of subjective
phenomena and to make recommen-
dations for dealing w i t h them are
under way under the auspices of the
National Academy of Sciences. Two
reports w i l l be produced: One, wr i t -
ten for the public and those public
administrators who use subjective
surveys i n their work, w i l l discuss
the appropriate uses of subjective
measures, the uses that are unwar-
ranted or potentially misleading, the
sources of error that affect the u n -
derlying data, and the implications
of these errors. A second, more tech-
nical report w i l l synthesize available
research and provide technical guid-
ance concerning the implications of
observed anomalies in the measure-
ment of subjective phenomena. This
report w i l l also suggest strategies for
improving the collection, processing,
and presentation of such data, con-
sider the potential for the manipu-
lation of survey estimates, and make
recommendations concerning the
analyses of error structure that should
accompany presentations of such
data. H i g h on the panel's agenda is
the subject of nonsampling errors,
which include the simple and inter-
active effects of question word ing ,
survey context, and other survey and
organizational variables. The panel
w i l l also look at the statistical mod-
eling of the total error structure of
subjective survey estimates as we l l
as the research designs required to
estimate total error models.

Theory of Collective
Action

Under what conditions w i l l i nd i -
vidual citizens contribute money to
groups that seek public goods such
as clean air or water? The question
is a major one i n a society where i n -
dividuals are largely motivated by
incentives and rewards having value
or ut i l i ty to themselves. W h y should
not most people wait for others to
invest in campaigns for public goods
and then "ride free," and w h y should
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people expect their small contribu-
tions to have any impact on a major
public goods campaign? Resolution
of these questions is important to
understanding collective action i n
American society. Recently com-
pleted research on the current envi-
ronmentalist movements by Robert
C. MitcheU, a sociologist at Pennsyl-
vania State University, has provided
new evidence bearing on these is-
sues.

Under certain conditions, Mitchell
found , collective action may occur
despite the theoretical barriers of the
free-rider problem and the perceived
inconsequentiahty of smaU cont i i -

 He developed a f ramework
for testing the leading theory of col-
lective action, which was developed
by Mancur Olson, Jr., a University
of Maryland economist. MitcheU used
informat ion h o m a mai l survey of
3,000 members of f ive national en-
vironmental groups. He was testing
the assumption that i f such people
perceive a h igh ut ihty for a public
good such as cleaner air or water or
a disutihty for polluted air or water,
and also perceive an e f f ident way to
contribute to groups that seek to
maximize these goods, sufficient
numbers of them wiU contribute to
viable lobbies even when their i nd i -
v idual private goods incentives are
minimal . The empirical analysis con-
firmed the hypothesis that a key fac-
tor motivat ing contributions to en-

vironmental groups is a fear that
things wiU get worse. Thus the "no
exit" quahty of environmental
which means that people cannot es-
cape them, helps to overcome the i n -
evitable tendency to rely on others
to achieve things that w i l l happen
whether or not the individual makes
any contribution.

Determinants of
Population Growth

The study of  involves
sociologists, geographers, poUtical
scientists, and economists, as weU as
demographers. Basic research i n
population addresses issues pertain-
ing to global as wel l as national and
local problems involving economic
development and the determinants
of fer t i l i ty and mortahty patterns. O f
particular importance today are the
causes of migration, its effects on
urbanization and rural depopulation,
as weU as the costs and benefits of
migration resulting f r o m unemploy-
ment or occupational advancement.
Population research also focuses on
the methods and techniques of mea-
suring these relationships, as weU as
the quaUty and availabiUty of data
required to understand the interac-
tions between individual behaviors,
societal pohcies, and historical events.

The demographic transitions of
developing  h igh to
low fert i l i ty and fiom high to low

 generally be ex-
plained as consequences of modern-
ization, urbanization, and advances
i n education levels. These mecha-
nisms were wel l iUustrated i n a major
conference on European fertiUty or-
ganized by Ansley Coale of Prince-
ton University as part of the Euro-
pean FertiUty Project.

A m o n g the principal findings were
that declines i n fertihty occurred i n
virtually all the provinces of Europe,
f r o m diverse init ial conditions, and
were the result of increasingly effec-
tive deliberate contiol of fertiUty by
married couples. These declines were
long term and irreversible, often oc-
curring i n spite of govemmental or
religious opposi t ion. The most
promising explanations for the un i -
versaUty of the decline bui ld on the
themes of: (1) shifts i n economic ad-
vantages of parenthood and the d i -
rection of intergenerational flows of
income, and (2) an increasing secu-
larization of attitudes about volun-
tary control. The impUcations of these
results for currently developing
countries are that fertiUty reduction
can occur i n populations that are
heavUy rural, iUiterate, and agricul-
turaUy employed and that pronatal
customs and behefs can delay, but
not prevent, the decline. NSF sup-
ported this project i n its formative
years; the papers, discussion, and
forthcoming book represent the cul-
mination of a large body of research.
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Science Education

N SF, through its Science Edu-
cation programs, has broad re-
sponsibility to strengthen sci-

ence education at aU levels across
fields of science. Historically, edu-
cation i n the sciences has been re-
garded as the supply mechanism for
the human resources required by the
scientific and technological enter-
prise. Science Education at NSF has
generally emphasized the needs of
the academic sector of that enter-
prise, but i n recent years has also
turned its attention to some broader
needs of the economy, such as the
adequacy of the training that engi-
neers and other professionals receive
for industrial employment.

Addi t iona l ly , many professions
and occupations that once had little
scientific or technical content now
require a reasonable level of compe-
tence i n these areas. Unfortunately,
there is widespread concern that the
technical skill level of the work force
is simply not adequate. Moreover,
the ability of science and technology
to contribute to the economy and the
national welfare depends not only on
the inventiveness and technical com-
petence of its practitioners but also
on the degree to which its results are
understood by others and can be as-
similated into our social structure
and institutions.

Reflecting this situation, NSF's two
major goals i n Science Education are:
(1) to help aU citizens increase their
basic understanding of science and
its contributions to the quality of life;

and (2) to assure a stable flow of the
most talented students into careers
i n the sciences, w i t h particular ref-
erence to increasing the participation
of minorities and women.

These two goals are implemented
by programs whose objectives are to:

• Provide high quality training in
science for specially selected
students in programs ranging
f r o m the secondary school
through postdoctoral levels.

• Revitalize subject matter knowl -
edge of both precollege teachers
of science and undergraduate
science faculty.

• Improve undergraduate science
instruction at two-year and four-
year colleges and universities.

• Support both research  how
science and mathematics are
learned and development of
more effective ins t ruct ional
techniques and materials for use
at all levels pf education.

• Improve the pubhc's under-
standing of science and its effect
on daily lives and increase peo-
ple's abi l i ty to participate
knowledgeably i n the resolution
of science-related public policy
issues.

During the past year two long-
term NSF programs were transferred
to the new department of Educa-

 minori ty institutions sci-
ence improvement program and the
early elementary (K-4) port ion of the

Table 5*
Scientific Personnel Improvement
Fiscal Year  and

(Dollars in Millions)

 1978  1979 FY 1980

Number Number Number
of of of

Awards Amount Awards Amount Awards Amount

Faculty Improvement 413 $10.14 387 $10.03 406
Minorities, Women and Physically

Handicapped 68 2.31 81 2.36 64 2.23
Student-Oriented Programs 343 5.10 319 5.42 295 5.11
Fellowships and Traineeships 14.16 1,744 1,560 13.96

Total 2,477 31.71 2,531 33.07 2,325 33.09

 displays program activities as they existed in FY 1980, prior to the recent reorganization of Foundation
activities.

SOURCE: Fiscal Years  and  Budgets to Congress-Justification of Estimates of Appropriations (Quan-
titative Program Data Tables)
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way to augment communication of
the f indings to different audiences,
NSF selected nine organizations to
analyze the studies independently.
The reports, published i n What Are 
the Needs in Science, Mathematics and 
Social Science Education? Views from the 
Field, provide perspectives as seen by
those organizations.

Addi t ional ly , NSF published the
Science Education Databook, a compen-
d ium of quantitative information
portraying U.S. science education,
which should be valuable to those
concerned about the condition of sci-
ence education i n the Uni ted States.

A major goal of NSF programs i n
scientific personnel improvement is
to promote the training of a cadre of
young scientists to assure a contin-
uing inpu t of highly qualified per-
sonnel to the Nation's scientific f u -
ture. This requires programs that
address a broad spectrum of the
public at many levels through a va-
riety of approaches. This spectrum

precoUege teacher development pro-
 NSF provided ad-

ministrative support for both for the
balance of the year. NSF is currently
establishing appropriate consultation
and advisory mechanisms w i t h the
new department and planning for
future collaboration.

The year was also marked by the
appearance of two important publ i -
cations. NSF's recently completed
study of the status of precollege sci-
ence education appeared i n seven
volumes totaling nearly 2,000 pages.
To help make use of the results for
NSF's o w n policymaking, and as a 

also includes programs that clarify
the nature of the scientific enterprise
to quaUfied persons who have not
pursued traditional careers i n science
or to those who are simply t ry ing to
cope w i t h our increasingly techno-
logical society. The foUowing items
illustrate the philosophy guiding this
mixture of program mechanisms and
the programs' impact.

Science for All Students 
A t both the precollege and college

levels, programs are designed to i m -
prove the teaching of science to all
students. This approach aids in iden-
t i fy ing and encouraging students who
may discover an otherwise dormant
interest i n a science or science-re-
lated career. A t the same time, stu-
dents who w i l l not pursue scientific
careers benefit f r o m improved class-
room teaching, resulting in better
current and future pubUc under-
standing of science.

I n 1980 NSF programs provided
intensive summer courses and aca-
demic year workshops i n science to
15,500 classroom teachers in grades
5 to 12. Comparable efforts are geared
to updat ing the science base of un-
dergraduate college teachers, w i t h
about 3,000 two-year and four-year
coUege faculty attending Chautau-
qua-type short courses, 300 sup-
ported as participants i n college fac-
ul ty conferences, and 70 coUege
science teachers pursuing up to a f u l l
year of individual ly taUored pro-
grams of study or research w i t h the
aim of bringing science to the class-
room f r o m new perspectives. It is
important to note that aU these pro-
grams have a substantial multiplier
effect. For example, each college fac-
ul ty participant w i l l encounter 100 to
200 different undergraduate students
annually. Nationwide, about 19,000
teaching faculty at precoUege through
college level participated; more than
two mi l l ion students are expected to
benefit indirectly.

Student Contact with
Scientists

Students interested i n science, but
w h o have not yet made a formal ca-
reer commitment, are addressed by
NSF's student-oriented programs,
which give them some early labora-
tory exposure to scientific research.
For the students the reaUty is often
much different f r o m expectation, and
such exposure faciUtates a better i n -

Undergraduate research participation. At the University of Maryland a student (left)
attempts the synthesis  organic compound loganin; using an electron microscope,
an Oklahoma State University student (right) inspects the effects of nematodes on
wheat roots.

Scientific Personnel Improvement
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formed career decision. For others,
the experience simply inspires them
to greater diligence i n pursuit of a 
science career. Both of these results
lead to a more reahstic understand-
ing of science and to the improve-
ment of the Nation's pool of talented
scientists.

In the student science training
program, approximately 4,400 high-
ability h igh school students spent up
to ten weeks of the summer of 1980
participating i n research i n active sci-
entific laboratories under the direc-

Student s c i e n c e training. High school
stuclents participate in glaciological re-
search in Alaska's Juneau Icefields dur-
ing the summer of  Nationwide, nearly
4,500 high-school students had summer
research experiences.

t ion of mature investigators. A spe-
cially focused effort in this area
provided nearly 230 research ap-
prenticeships  minori ty h igh school
students. A t the college level, 1,110
students were given similar oppor-
tunities at a more advanced level of
participation through the under-
graduate research participation pro-
gram. Addit ionally, over 450 upper
level college students and beginning
graduate science students were sup-
ported through the student-origi-
nated studies program to carry out

summer research projects of their
own design, w i t h l imited guidance
by faculty members.

Postbaccalaureate
Science Career
Opportunities

Science students reaching the
postbaccalaureate level of training
are a self-identified group which is
much smaller than the prebaccalau-
reate population. Wi th the smaller
numbers, direct support of training
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for the most able among this group
becomes feasible. A l imited number
of students (460) at or near the be-
ginning of their graduate training i n
science were successful i n a national
competition for NSF graduate fe l -
lowships. These fellowships provide
both cost-of-education allowances
and stipends for three f u l l years of
training. These new fellows joined
more than 900 fellows continuing on
their awards f r o m previous years. A t
the postdoctoral level, 50 very h igh-
ability recent science Ph.D.'s were
identif ied i n a national competition
and awarded fellowships to support
them for one year of additional train-
ing.

Opportunities for
 and Women in

Science
The minor i ty graduate fellowships

program, which parallels the tradi-
tional graduate fellowships program
i n design and operation, offered 50
new three-year fellowships i n 1980.
These new fellows joined approxi-
mately 100 continuing fellows f r o m
previous years. I n addition, NSF
awarded 48 three-year graduate
traineeships for study at 14 minor i ty
institutions.

Of the 152 minor i ty inst i tut ion
graduate trainees on tenure i n 1980,
82, or 54 percent, were women. Of
the 1,380 graduate and minor i ty
graduate fellows on tenure, 453, or
33 percent, were women. These f i g -
ures compare wel l w i t h the 1977 sur-
vey statistics of 30 percent national
ful l - t ime enroUment of women i n
graduate science and engineering.

NSF also conducts two programs
to assist women who might Uke to
consider, or reconsider, careers i n
science. The first supports local sci-
ence career workshops to present the
various career options available to
women. These sessions have been
offered for undergraduate students,
graduate students, and postbacca-
laureate women who are not pres-

ently i n graduate school, but who are
unemployed or underemployed i n
science. Seventeen such projects were
estabUshed i n 1980 to reach 3,000
women. The second program of sci-
ence career faciUtation projects is de-
signed for women w i t h degrees i n
science but who need some specially
structured education to enter or re-
enter scientific employment. Six new
awards i n this area were made i n
1980 for 270 women.

There are potentially about one
milUon eUgible participants for NSF's
four faculty improvement programs.
Obviously, the percentage of eUgible
participants reached must remain
very small; this year i t was about 1.6
percent. However, because each
teacher-participant is involved i n each
subsequent year w i t h many stu-
dents, as was pointed out earher,
there is a large leverage for the
provement of student understanding
of science. I n addition, teacher par-
ticipants often contribute to their col-
leagues' science understanding when
they return to the classroom; this ef-
fect is again mul t iphed through
transfer of knowledge and attitudes
to many students.

I n the precollege
opment-in-science program, 81 of
the 312 projects (26 percent) deal
w i t h societal-issue topics. Of the
Chautauqua-type short courses, 22,
or 41 percent, are focused on such
topics. One of the nine college fac-
ul ty conferences deals w i t h these is-
sues, and i n the science faculty
professional development program,
14 of the 70 participants (20 percent)
are involved i n research related to
societal issues. A m o n g the topics
considered are pollution, the envi-
ronment, math anxiety, aging, earth-
quake education, marine science,
bioethics, multiculturalism, energy,
and labor in American society. These
projects illustrate the role that sev-
eral disciplines can play i n an inter-
disciplinary approach to an under-
standing of complex issues that are
of concern to society generally.

Attracting and Supporting
IVIinorities in Science

NSF continuaUy monitors its level
of effort i n supporting minorities un-
derrepresented i n science through all
of its science personnel improvement
programs. Overall, i n 1980, $5.7 mi l -
Uon, or 18 percent, of the program
funds were used i n direct or indirect
suppor t of minori t ies . Of that
amount, $2.7 milUon was in support
of specificaUy targeted programs,
whi le $3.0 mi l l ion involved minori ty
scientists or potential scientists i n the
absence of any special minori ty tar-
getmg.

The research apprenticeships for
minor i ty h igh school students have
the youngest minori ty target pool.
Interest i n the program this year was
so intense that  one out of ten
apphcants could be supported. Pro-
gram operations are basically iden-
tical w i t h the student science training
program, except that the apprentice-
ships include stipend support. I n -
deed, 97 percent of the apprentice-
ships project directors have had
student science training experience
at some point. This dual experience
should benefit the operations of both
programs i n the future. The research
apprenticeship program also allows
project directors to experiment w i t h
recruiting techniques and to test the
effectiveness of retention mecha-
nisms. One of the projects, at the I l -
hnois Institute of Technology, wiU be
making Unks to industry throughout
the coming year.

M i n o r i t y ins t i tu t ion graduate
traineeships are awarded to predom-
inantly minori ty universities offering
at least the master's degree i n one or
more of the  and engineer-
ing. The program is now in a steady
state, w i t h about 150 trainees cur-
rently on tenure. Grantee insti tu-
tions use the funds to cover the cost
of education and stipends for train-
ees they select f r o m among theh
graduate students. Such awards are
used as recruitment devices by those
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universities w i t h proven records i n
minori ty graduate science training.

For some trainees, the M.S. degree
is viewed as terminal, and they go
directly into industry or academia.
For others, traineeships provide the
opportunities to round out their ed-
ucation prior to entering Ph.D. pro-
grams at other institutions. A t one
minor i ty institution (Texas Southem
University), approximately 80 per-
cent of the trainees w h o have eamed
the M.S. degree have gone on to
doctoral programs. Thus, this effort ,
begun i n 1974, has proved to be an
effective springboard for encourag-
ing minori ty students to seek ad-
vanced science degrees.

The minori ty graduate fellowships
program, which began i n 1978, pro-
vides a second mechanism for en-
couraging minori ty students to seek
advanced tiaining i n the sciences. I t ,
too, is i n a steady state of about 150
feUows currently on tenure. Unlike

Science education resources i m -
provement (SERI) programs are
geared primarily to science instruc-
t ion for undergraduate students.
These students attend institutions
that are remarkably diverse i n size,
mission, source of support, and his-
tory, and range f r o m the small Uberal
arts college to the undergraduate
components of major research un i -
versities. They include community
colleges, private and pubUc coUeges,
as weU as institutions in isolated set-
tings and urban "commuter" sites.
Whatever their history, the makeup
of their student body, or their special
role i n higher education, each shares
w i t h the others an array of problems
i n providing quaUty inst iuction i n
science and engineering.

To be responsive to this diverse
chentele, NSF maintains a variety of

the traineeships, this program does
not tie support to particular inst i tu-
tions. Rather, individual minori ty
students at or near the beginning of
their graduate study apply directly
to NSF i n a national competition.
Winners of feUowships take their 3-
year awards to universities of their

 61 insti tutions
throughout the country. Al though
the program is highly competitive
and can support only about one out
of eight appUcants, 30 percent re-
ceive Honorable Mentions i n the
competition. Many leading graduate
schools use the Honorable Ment ion
designation as a basis for intensive
recruitment and for aUocating local
support for graduate students. Thus,
like the long-standing graduate fel-
lowship program, this relatively new
program is showing both a broad
direct impact and a multiplier effect
that extends beyond those w h o can
be supported directly.

competitive programs to help col-
leges and universities keep their i n -
struction i n science up to date. Some
need very specific instiuments or
equipment, others need faculty time
for refurbishing courses or creating
new ones, and stiU others need sup-
port for coordinated actions to make
theh teaching of science vi tal and
timely. This updating of subject mat-
ter, minor renovation of faciUties,
staff development, and acquisition of
instmments and equipment for i n -
struction i n science continues to be
the regular business of SERI pro-
grams.

In recent years two very marked
trends have surfaced. First, the m i -
croprocessor and the computer,
which have created a near revolution
i n coUecting and processing infor-
mation i n science and

have naturaUy had a  impact on
the instructional process. The siUcon
chip and other high technology items
are rapidly becoming everyday tools
for extending the capabihties of
teachers and also reUeving them of
many duU, repetitive tasks. Second,
faculty members are developing a 
keener interest i n moving new re-
search results quickly in to their
teaching and i n learning new ap-
proaches and techniques i n science
teaching. To avoid the waste of rein-
vention of curricula, higher educa-
tion is creating networks for learning
what others are doing.

This same k ind of communication
of information is being supported at
the precollege level, and a number
of informal  have been cre-
ated to serve those needs. These net-
works extend NSF's efforts to pro-
vide decisionmakers at the pre-
coUege level w i t h a wide range of i n -
formation on what is currently avail-
able i n instructional methods, mate-
rials, and technologies.

OveraU, NSF supported more than
iOO SERI projects i n 1980. The i n -
stiuctional scientific equipment pro-
gram made 218 grants averaging
$14,000 each to 181 institutions i n 41
states plus Puerto Rico, Guam, and
the Virg in Islands. Its companion
program, local course improvement,
made 125 awards ranging f r o m $4,000
to $25,000 i n support of development
and evaluation of instiuctional ma-
terials, laboratory experiments, and
other improved instiuctional strate-
gies at the local level. These awards
went to two- and four-year colleges
and universities i n 41 states. The
comprehensive assistance to under-
graduate science education program
supported 66 projects that embody
a complex of institutional improve-
ments i n science instmction. These
awards,  averaged $200,000,
went to aU types of undergraduate
institutions i n 32 states and Puerto
Rico. A single large award for a Re-
source Center for Science and Engi-
neering in Puerto Rico supports a 

Science Education Resources Improvement
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complex of activities f r o m the pre-
coUege level to faculty research. Fi-
naUy, this year's 35 informat ion dis-
semination grants, ranging f r o m
$12,000 to $30,000,  support con-
ferences and workshops to give
school pohcymakers informat ion to
help them select science instruction
materials and programs for their
schools.

Puerto Rico Resource
Center for Science and

Engineering
 the past 20 years Puerto Rico

has changed f r o m a mainly agrarian
society to one experiencing rapidly
growing industries. Moreover, the
dominant labor-intensive manufac-
tur ing sectors have been giving way
to highly technical capital-intensive

 pharmaceutical,
petrochemical, and
requires large numbers of highly
skilled technical personnel. A t the
same time, however, many unskilled
workers have been left wi thout jobs,
and many famiUes remain below the
poverty level.

The demand for highly skiUed
technical personnel, coupled w i t h

increased Federal and Common-
wealth interest i n strengthening
postsecondary education systems,
has brought a doubUng of coUege
and university enroUments i n Puerto
Rico i n less than ten years. This sud-
den growth, a result of the commit-
ment of these institutions to serve
low-income students, has produced
serious pressures on Puerto Rico's
coUeges and universities to develop
and strengthen programs, faculty,
and faciUties. This pressure has been
most notable i n the sciences, where,
w i t h few exceptions, the institutions
lack the resources to secure and de-
velop the faculty and faciUties needed
to sustain quality science instruction
and research. Furthermore,  have
also lacked the resources to reach out
to the community and promote the
sciences and other technical careers
among the many precollege students
that have the potential to become sci-
entists or engineers.

I n 1980 the University of Puerto
Rico, leading a consortium of nine
institutions of higher learning, was
awarded a grant to develop a Re-
source Center for Science and Engi-
neering, the th i rd i n a series of major
NSF awards initiated i n 1978 to pro-

mote increased participation i n sci-
ence and engineering by minorities
and persons from low-income fami-
hes.

The University of Puerto Rico has
adopted a three-part strategy for
achieving its objectives. The first fo -
cuses on developing new doctoral
programs i n biology and chemical
physics by stiengthening programs
i n chemistry, marine science, apphed
mathematics, physics, and engineer-
ing.

Second, the Resource Center is
developing activities that i t is hoped
wiU eventually reach aU postsecond-
ary students and faculty in Puerto
Rico. Talented students are being se-
lected to take advanced undergrad-
uate courses and to develop original
research projects; undergraduate
faculty members are conducting col-
laborative research w i t h Resource
Center scientists and are undertak-
ing individual research projects; and
faculty members are receiving i n -
service training i n seminars and
workshops.

Finally the Resource Center is i n i -
tiating a major effort to attract more
precollege minor i ty students, partic-
ularly low-income students and
women, for science and engineering
programs. Activities include short
courses for h igh school students and
programs to improve the knowledge
of high school counselors about sci-
ence and engineering careers.

The NSF grant of approximately
$2.7 mi lhon wiU be augmented by
more than $2.4 miUion of University
of Puerto Rico and other external
funds dur ing the four-year duration
of this project.

Individualized
Instructional Strategies
Large lecture sections, each of

hundreds of students, are common
on college campuses. Though often
supplemented by graduate-student-
led recitation sessions and laboratory
periods, these lecture sections f o r m

Table 6*
Sc ience Education Resources Improvement

Fiscal Year  and

(Dollars in Millions)

 1978  1979 FY 1980

Number Number Number
of of of

Amount Awards Amount Awards Amount

CAUSE 73 $13.47 72 $13.52 66 $13.28
Undergraduate Instructional

Improvement 487 6.26 435 6.40 343 5.68
Minority Institutions Science

Improvement 27 4.69 39 4.91 ** 0.08
Resource Centers for Science and

Engineering 1 2.79 1 2.74 1 2.75
Information Dissemination 34 0.72 36 1.03 41 1.27

Total 622 27.93 583 28.60 451 23.06

 displays program activities as ttiey existed in FY 1980, prior to the recent reorganization of Foundation
activities.

** Note: The Minority Institutions Science Improvement program was transferred to the Department of Education
during  The indicated awards were made by NSF with Department of Education funds under an interagency
agreement.

SOURCE: Fiscal Years  and  Budgets to Congress-Justification of Estimates of Appropriations (Quan-
titative Program Data Tables)
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the pr imary source of instruction for
many students i n introductory sci-
ence courses. Large enrollments,
l imited numbers of faculty, and de-
mands for cost effectiveness lead to
the use of such lectures in many i n -
stitutions. Yet slow leaming, poor
note-taking skills, or missed lectures
can cause disastrous results for some

 of w h o m are i n their
first semester of college and f i n d
themselves overwhelmed by the ex-
perience.

As a way to accommodate ind iv id -
ual student differences i n learning
style, speed, and  Warren D .
Dolph in of Iowa State University,
w i t h the assistance of a comprehen-
sive assistance to science education
grant, has recently implemented an
effective set of instructional stiate-
gies. For three beginning courses i n
the biological sdences w i t h com-
bined enrollment of 5,500 students,
study guides for students were wr i t -
ten, and almost 10,000 test questions
were stored i n computer memory to
f o r m a large resource pool for test
preparation under a wide variety of
conditions. Also, a video playback
center was estabhshed i n the univer-
sity l ibrary, and 128 videocassette
lectures were produced.

Four instmctional stiategies i n each
course were then int ioduced and
evaluated. The first stiategy em-
ployed the standard classroom lec-
tures, s tudy guides, texts, and tra-
dit ional testing. I n the second, a self-
paced testing plan was inserted into
the instmctional design. The th i rd
and four th strategies added the v i d -
eotaped lectures as optional supple-
ments to the tiaditional and self-
paced strategies (over 60,000 uses of
the videocassettes were made over
two years). A l l the strategies, or vari-
ations, were studied for their effect
on student learning.

Four doctoral candidates f r o m the
Iowa State University College of Ed-
ucation evaluated the project, an ac-
t ivi ty that resulted i n several theses
and published papers. This type of

activity is being increasingly encour-
aged by NSF as part of its effort to
stiengthen research i n science edu-
cation. Complex science education
projects generate a wealth of infor-
mation that, properly analyzed, can
significantly improve the effective-
ness of Federal funding .

The results of this study were most
encouraging. They indicate that stu-
dents w i t h individual differences in
abihty, background, and personality
could aU gain academically when
permitted to study under an ind iv id-
ualized instructional strategy. Self-
paced testing benefited students
w i t h poor h igh school science back-
grounds or h igh test anxiety. A d d i -
tionally, videocassette lecture view-
ing, as an adjunct to traditional study
habits, appeared to benefit aU stu-
dents, not s imply a particular
subgroup. Overall, this project at
Iowa State University has increased
awareness of instructional innova-
t ion, improved instruction, and
demonstrated that it is possible to
adjust for ind iv idua l differences
w i t h i n the context of large lecture
sections.

Building Microcircuits
Digital wristwatches, electronic

calculators, h igh fidehty equipment,
and personal computers are exam-
ples of common products that reflect
careful electronic and physical de-
sign to arrange necessary compo-
nents w i t h i n a very small space. In
many cases a " th ick- f i lm hybr id m i -
crocircuit" provides the necessary
transistors, diodes, and other elec-
tionic items.

Al though its name is formidable,
the  hybr id microcircuit is
simple i n concept. The desired circuit
is first drawn on a sheet of paper,
much as a draftsman lays out the
plans for a bui lding. I t is then pho-
tographically reduced by a factor of
perhaps 20 and used as a pattern for
pr int ing the circuit on a small wafer
of material. When the wafer is heated

the printed lines become conductors,
resistors, or capacitors, depending
upon the type of " i n k " used. A d d i -
tional devices such as transistors,
diodes, and larger resistors and ca-
pacitors are attached to complete the
electronic circuit.

Electrical engineering students at
the University of South Florida are
taught the techniques of fabrication
of  hybr id microcircuits i n
three senior-level courses. Un t i l re-
cently a student could only produce
two microcircuits per academic
quarter because the image reduction
part of the process was dependent
on the schedule of the university
photographic laboratory. A grant
from NSF's instmctional scientific
equipment program (ISEP) for the
purchase of photoreduction equip-
ment freed the students from this
dependence. A student now easily
produces six or more microcircuits
each quarter. The grant has also en-
abled the laboratory to acquire spe-
cialized soldering equipment so that
a wider variety of electronic devices
can be attached to each th ick-f i lm
hybrid microcircuit. The quahty of
this laboratory experience is reflected
by the experiences of former stu-
dents, who report that they are wel l
prepared to use the similar equip-
ment i n the electronics industry.

This wel l equipped laboratory is
used not only for fu l l - t ime under-
graduate students, but also for the
continuing education of practicing
engineers. Twice each year the un i -
versity offers a five-day intensive
short course on hybr id microelec-
tronics. Engineers from aU parts of
the United States attend this course,
and each attendee is able to com-
pletely fabricate two hybr id circuits
i n less than four days. OveraU, this
laboratory is providing state-of-the-
art instruction for 90 students and 30
practicing engineers per year.

According to Michael Kovac, pres-
ent director of the laboratory, "The
ISEP project was one of the seeds for
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USF's proposed Center for Electronic
Development and Research. This
be a  undertaking of the univer-
sity and local industry to bui ld a lab-
oratory facility for research i n the
areas of hybr id devices, novel th in -

Science education cont inual ly
changes i n response to the evolving
nature of science and society and
their vi tal interactions. Development
and research contribute to those
changes by introducing new k n o w l -
edge into the educational process,
preparing people for new science-re-
lated tasks and problems, translating
scientific knowledge into a fo rm that
can be understood and learned, cap-
italizing on new insights into the
ways we learn, and helping people
to cope w i t h and participate broadly
i n our  based society.

Development and research are not
separate processes; they interact i n
complex ways. Development not only
provides new curr iculum materials
and ways to teach science, but also
generates new contexts for science
education research. Research i n sci-
ence education gives us new ways of

film sensors, and the computer-aided
design of these and similar electronic
devices. The facility wiU also be used
for instructional purposes, and there

 be  for
dent employment."

viewing the processes of
the ways we develop scientific skills
and knowledge. These programs at
NSF  guided by three overall ob-
jectives.

• To increase the scientific hter-
acy of all citizens, specifically
their knowledge of scientific
concepts, of methods and
limitations of science, and of
relationships among science,
technology, and society. This is
approached by projects both
w i t h i n the school system and i n
informal , out-of-school settings.
These projects are frequently tied 
to the needs of all citizens to deal
w i t h events i n our science-based
society; examples include such
topics as radiation f r o m nuclear
energy processes, selection of
energy alternatives, or overuse
of antibiotic medicine.

• To increase the access to scien-
tific knowledge and careers of
minorit ies, women , and the

 handicapped. Equal-
i ty of educational opportunity
can only have meaning i f bar-
riers to both knowledge and ca-
reers are eliminated or at least
minimized.

• To increase the flow of new sci-
entific knowledge into courses
and other instructional mate-
rials-. M u c h depends on the d i -
versity of course materials avail-
able and whether what is taught
represents the latest and most
significant knowledge. Such
knowledge is important to cur-
rent concerns i n productivity and
the extent to which individuals
can compete i n the scientific and
technical job market.

NSF responds to these objectives
through its component programs,
development i n science education
and research i n science education.
Development projects enable teams
of scientists and educators to pro-
duce new science courses, new cur-
ricula, and new approaches to sci-
ence teaching. Research projects
include basic and applied research
and synthesis of existing research to
create and organize fundamental
knowledge of science education. Be-
ginning i n 1979 and continuing in
1980, these projects have been con-
centrated i n a number of areas of
special interest and concern to NSF.
These are:

• Science for the early adolescent.

• Improving access to careers i n
science for women, minorities,
and the physically handicapped.

• Science literacy, and science,
technology, and society.

• Technology applied to science
education.

I n addit ion, development projects
have emphasized new knowledge
and new  for pro-

 research projects have

Table 7*
Sc ience Education Development and Research

Fiscal Year  and 1980

(Dollars In Millions)

FY  FY  FY

Number Number Number
of of of

Awards Amount Awards Amount Awards Amount

Development in Science Education .. 92 $6.01 53 $8.18 52
Research in Science Education 32 2.85 40 3.83 46 5.68

124 8.86 93 12.01 98 13.79

 displays program activities as they existed in FY 1980, prior to the recent reorganization of Foundation
activities.

SOURCE: Fiscal Years  and  Budgets to Congress-Justification of Estimates of Appropriations (Quan-
titative Program Data Tables)

Science Education Development and
Research
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How learning occurs. A student is observed as  aloud  solving an
algebraic problem. Analysis of many people solving the problem enables University
of Massachusetts researchers to identify consistent misconceptions and patterns
of reasoning.

emphasized cognitive processes and
the structure of knowledge. Pervad-
ing these special themes, where ap-
propriate, are NSF responsibilities
for testing ways to enhance dissem-
ination of results and products and
continuing education for industrial
scientists and engineers.

Cognitive Processes and
the Structure of

Knowledge
Research into mental processes and

the structure of knowledge in science
and mathematics has received i n -
creasing emphasis by NSF for each
of the past three years. Project sup-
port has grown f r o m about $0.5 m i l -
l ion i n 1978 to more than $1.5 mi l l ion
i n 1980. This reflects several factors,
including the fact  NSF was vir-
tually the sole source of support for
research of this k i n d i n 1980 owing
to reductions i n funds available from 
the National Institute of Education,
w i t h w h o m NSF had shared the re-
sponsibility for project support i n
prior years. The increase i n NSF sup-
port i n 1980 reflects other reahties
too, however, including the increase
i n interest i n this type of research by
scientists and mathematicians and
the improvement i n the quahty of
proposals being received.

But this growth is primarily a re-
flection of the greater degree of un -
derstanding and collaboration across
disciplinary boundaries. Physical,
mathematical, biological, behavioral,
and computer scientists are increas-
ingly familiar w i t h one another's
work. Some are prepared to cohab-
orate, even to the point of wiUingly
employ ing psychologists w i t h i n
physics departments and vice versa
(which occurred at the University of
California, Berkeley, and at Carne-
gie-MeUon University, for example).

The purpose of such research is to
discover the mental processes and
structures that underlie competence,
skiU, or "understanding" in some

important area of science or mathe-
matics. The general approach is to
study intensively the knowledge and
behavior of individuals at different
levels of expertise, then ident i fy con-
sistent differences i n knowledge and
skiUs that might account for differ-
ences i n competence.

This is usually preceded by a de-
tailed logical analysis of the knowl -
edge and skiUs that seem to be re-
quired. I t is increasingly common for
researchers to write computer pro-
grams that simulate understanding
of the science or
only the specific knowledge and
processes inferred f rom the study
of individuals. Because computers
are extremely simple-minded and
unforgiving, this forces one to make
explicit "every httle b i t " of knowl-
edge required i n the process.

Research of this k ind differs in i m -
portant ways f rom most of the edu-
cational research that was under-
taken i n the past, particularly that
which compared the effectiveness of
different instructional programs on
student achievement or attitudes.

The ultimate  increase
the effectiveness of  un-
changed, but the more immediate
goal is to explain, i n considerable
detail, what constitutes learning or
knowledge. This necessarily requires
a different method of research,
namely intensive observation (and
subsequent simulation) of ind iv idu-
als, rather than the aggregation of
statistical data.

Several interesting findings emerge
f rom recent research of this sort, par-
ticularly i n projects studying com-
petence i n solving problems i n phys-
ics or mathematics. One f ind ing is
that experts, when confronted w i t h
a problem to solve, consider i t qual-
itatively before they begin a quanti-
tative solution. That is, the expert
engages in much more planning than
the novice and is aided by a great
deal of specific knowledge about the
problem domain. This planning is
triggered by features of the problem,
which ident i fy i t as an instance of a 
particular k ind of problem for which
the expert possesses a rich network
of information and strategies. The
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novice may wel l " k n o w " many of the
specific facts and conditions i n iso-
lation, but seems not to have inte-
grated  into a richly interrelated
structure. As a result, the novice at-
tends to the more obvious (surface)
features of the problem, retrieves
f r o m memory one or more equations
thought to apply to such problems,
and proceeds algebraicaUy.

Major achievements of this re-
search have been the discovery that
both experts and novices proceed
consistently when work ing on prob-
lems and the f ind ing that there are
clear differences in knowledge and
strategies associated w i t h differences
i n  ability. Specific
knowledge of these differences per-
mits us to design instruction that
should "close the gaps." Work by JiU
Larkin and Herbert Simon at Car-
negie-MeUon University has contrib-
uted considerably to such under-
standing. Fred Reif, a physicist f r o m
the University of California, Berke-
ley, is engaged i n what he calls "hu -
man cognitive engineering," de-
signed to close the gaps through
particular instruction and practice.

New Knowledge for
Productivity

There is a commonly perceived
time lag of many years between the
discovery of a scientific principle or
engineering procedure and its wide-
spread implementation into practice
and into curricula of schools and
universities. For the past two years
NSF has been supporting projects to
provide some insight into the rea-
sons for this lag and, more impor-
tant, how it might be reduced. A 
new project directed by John Gibson
of the University of Virginia nicely
illustrates the main points of this
program:

• Significant new knowledge. Since
the m i d 1960s i t has been known
that Computer Aided Design

 computer-

generated graphics w i t h de-
taUed  have
a major impact on the engineer-
ing of new products. A study
at a major aviation company
showed a return of 1,000 per-
cent on investments i n C A D,
which speeded project develop-
ment and increased product
quality. Inexpensive microcom-
puters w i l l soon make similar
systems, and similar increases
i n productivity, available w i th in
the budget of most engineering
f i r m s . The implications for
teaching are clear: Engineers wiU
need to be trained for a radically
different approach to design
work .

• Analysis of barriers. Engineering
schools have found that costs of
equipment, instructional pro-
gramming, and retraining of
faculties hmit theh capacity to
adapt to these new methods.

• Development of a generalizable so-
lution. Since there are already
major internal and industrial re-
sources available for curriculum
renewal, much progress could
be made i f these resources were
better mobiUzed in , and shared
between, schools. Gibson, along
w i t h an init ial group of ten other
deans and presidents of major
engineering schools, is organiz-
ing a broad-based consortium to
share the costs of preparing i n -
structional programming and to
encourage the development of
educational hardware for their
needs. I n addi t ion, through
peer review and publication
mechanisms similar to those
i n research, they w i l l reward fac-
ul ty who have learned the new
approaches and who make sub-
stantial contributions i n the fo rm
of instructional materials. I f suc-
cessful, the consortium wiU
emerge as a self-sustaining group
which can continue to update
the curriculum i n the C A D area

and provide a model for curric-
u l u m improvement in other en-
gineering areas.

 Promotion of a lifelong knowledge-
seeking and problem-solving orien-
tation. The project wiU combine
design-oriented case studies and
problems w i t h computerized i n -
structional materials, coopera-
tive study in industry, and con-
t inuing education to emphasize
the close relationship between
new knowledge and ongoing
productive practice.

Other projects have been explor-
ing and developing responses to
other parts of the problem of how to
rapidly revitalize curricula. Examples
are:

• Appropriate technology and com-
munity colleges. Navarro College
i n Corsicana, Texas, has orga-
nized an international group to
develop and exchange curricula
for training engineering tech-
nologists to design and maintain
solar and other alternative en-
ergy instaUations. Among the
major barriers being addressed
are the wide variabUity of local
circumstance (climate and reg-
ulations) and the need for doc-
umentation for teaching the large
number of techniques required
to make complex systems work.

• Service courses. Peter Signell of
Michigan State University is d i -
recting a project on "Problem-
Oriented Physics," which is re-
constructing the undergraduate
physics curriculum in modular,
self-instructional fo rm. In addi-
t ion to a strong emphasis on

 methods, the
materials attempt to combine
modern theoretical techniques
w i t h examples at the forefront
of applied physics. The system
of materials is designed to ap-
peal to people of many different
backgrounds and levels of so-
phistication by permitting them
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to learn, at their own rate, the
physics they need to solve spe-
cific problems.

Academic-industrial exchanges. 
Randall Sadowski and Wilber
Meier of Purdue University are
w o r k i n g w i t h industries and
university industrial and me-
chanical engineering depart-
ments around the country to
document and disseminate the
generalizable procedures be-
h i n d successful computer-aided
manufac tur ing and robotics
programs. Case studies of these
procedures wiU be analyzed to
develop a curriculum and in -
structional materials for upper-
level and continuing education.
Some of the barriers they are
t ry ing to overcome are the highly
fragmented and industry-spe-
cific processes used in C A M and
the lack of a common set of
models and theoretical ap-
proaches for students and prac-
titioners to use i n instruction
and technology transfer.

Combining problem-solving with 
knowledge instruction. Brice Car-
nahan, through the CACHE
Corporation, a nonprofi t asso-
ciation of chemical engineering
departments and industrial as-
sociates, is exploring the use of
an "engineer's personal com-
puter" to teach design. Micro-
computers w i l l have electronic
access to a library of computer
programs, compilations of data,
and instructional materials (pre-
pared under prior grants) cov-
ering the content taught i n un-
dergraduate and some graduate
and continuing education. The
computer can simulate realistic
case studies and problems for
the students, compile results of
lab tests of student designs, and
then provide diagnostics on their
problems and recommendations
for wh ich articles are available
i n the electronic library. The two

major problems this project ad-
dresses are how to organize i n -
struction so that i t is realistic
and deals w i t h student prob-
lems, and how to arrange the
rather complex programs so that
many engineering professors can
contribute to their construction
and further development w i t h -
out becoming instructional spe-
cialists.

Technology for Science
Education

 view of the need to improve
mathematics education for school
children and to take advantage of the
rapidly increasing rate at which low-
cost microcomputers are becoming
available in schools, NSF began a 
special effort i n 1980 to support de-

velopment of prototypes of quality
educational software and courseware
for teaching and learning mathemat-
ics. This activity is jo int ly funded
w i t h the National Institute of Edu-
cation and emphasizes both research
and development aspects of the
problem.

The projects supported address
mathematics education i n all the pre-
college grades, and several involve
adults who are studying precalculus
mathematics. Topics include the i m -
provement of spatial  (empha-
sizing the needs of women), prob-
lem solving, and mathematical mod-
eling. A number of projects take ad-
vantage of the graphics capabihties
of computers to involve the student
in dynamic interactions as a means
of visuahzing a variety of algebraic
and geometric concepts. Several

Software for schools . Taking part in a 
 Institute of Technology

project to develop ways to integrate low-
cost computers into elementary school
mathematics instruction, these children
learn to write p rograms to create and
modify computer displays of geometric
figures.
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preventing these errors through
instruction.

• A team at Rensselaer Polytech-
nic Institute w i l l develop and
test materials to train students'
skills i n spatial visualization and
orientation. The project uses the
dynamic, responsive medium of
computer graphics as a tool i n
spatial visualization and orien-
tation training. The software w i l l
enable teachers to design new
training experiences wi thou t
special knowledge of comput-
ing. Since sex differences i n spa-
tial abilities have been widely
reported, the project's research
component w i l l compare the
changes i n spatial  shown
by males and females. I f the
materials developed by this
project are successful, they can
be expected to improve mathe-
matical performance among
women and thus increase their
access to careers i n science and
mathematics.

• A team of mathematicians,
mathematics educators, and
computer scientists at Drexel
University  design, develop,
and field-test a laboratory course
i n mathematics to accompany
and be an integral part of a high
school course on elementary
functions. This laboratory com-
ponent wiU consist of a series of

"mathematical experiments"
that use a microcomputer w i t h
graphics capabilities. The exper-
iments are a carefully con-
structed sequence of tasks de-
signed to probe the essence of
a mathematical concept, for-
mula, algorithm, or theorem.
The project is a cooperative one
involving the School District of
Philadelphia.

• Many projects are supported that
address the use of computing in
higher education. John Ham-
blen of the University of Mis-
souri, Rolla, has just completed
The Fourth Inventory of Computers 
in Higher Education 1976-77. He
reports that the expenditures for
academic computing i n higher
education have more than dou-
bled over the past decade. This
year institutions of higher edu-
cation  spend approximately
$1 biUion on academic comput-
ing; 2,163 institutions w i t h an
enroUment of 9.9 mil l ion stu-
dents  provide students w i t h
access to computing. I n addition
to the inventory, an interpretive
report examines and evaluates
trends i n administrative, i n -
structional, and research uses of
computing, as weU as analyzes
the uses of computing i n minor-
i ty institutions over a ten-year
period.

Science and Society

projects  for participation of local
schools, teachers, students, and par-
ents. The students are the target
population of most projects; i n one,
however, the primary focus is on
teachers.

Examples of projects are:

• Investigators at Wittenberg U n i -
versity i n Springfield, Ohio, wiU
develop 10 to 15 computer games
to supplement mathematics i n -
struction i n grades one to four.
The games w i l l provide practice
i n basic math
problem solving, estimation and
approximat ion , computa t ion
skiUs, and
w i l l introduce students to prob-
lem-solving techniques. Color
graphics  animation should
increase student motivation and
involvement. The project w i l l i n -
volve elementary teachers i n de-
velopment of materials and wiU
test the programs i n public
schools.

• A project at the University of
Pittsburgh w i l l do research and
related development on the dif-
ficulties that chUdren i n the p r i -
mary grades have i n learning
addi t ion and subtraction of
w h o l e numbers. Impor tan t
mathematical principles, espe-
cially place value, w i l l be dem-
onstrated using both physical
materials and computer graph-
ics. Student responses wiU be
analyzed by the computer and
by teachers to ident i fy system-
atic errors i n student computa-
tion processes. The computer
wiU then provide meaningful i n -
struction designed to increase
student understanding of the
under lying mathematical p r in -
ciples. The project intends to
provide practical instruct ion,
usable i n classrooms at a reason-
able cost, as weU as an oppor-
tuni ty to test the validi ty of a 
developing theory of the origin
of arithmetic errors and ways of

Science and society programs re-
flect the concem of NSF and of the
scientific community w i t h the com-
plex issues that arise out of the
changing relationship between sci-
ence and technology and the society
i n wh ich they exist. The activities of
these programs are based on the as-
sumption that the health of both sci-
ence and  (1) a wide-

spread understanding of the
increasingly complicated base of sci-
ence and technology underlying
matters of personal choice and public
policy on which citizens must make
decisions; (2) mutuaUy respectful i n -
teraction between the ethical and so-
cial values and standards of the sci-
entif ic communi ty and those of
society as a whole; and (3) fu l l and
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informed participation by scientists
and other citizens i n decision-mak-
ing processes that involve science
and technology at  State, and
regional levels.

Dur ing the past year the public
understanding of science (PUOS)
program has made substantial prog-
ress i n improving the content and
processes of communicat ion be-
tween the scientific and the non-
scientific community. Emphasis has
been placed on the development of
activities that are designed to reach
large and particularly important au-
diences that are not normally ex-

Table 8*
Science and Society

Fiscal Year  and

(Dollars In Millions)

 1978  1979 FY 1980

Number Number Number
of of of

Awards Amount Awards Amount Awards Amount

 and Values in Science and
Technology 19 $1.29 23 $1.26 37 $1.29

Public Understanding of Science 25 2.40 30 3.44 28 3.91
Science for Citizens 71 1.67 52 1.59 53 2.05

Total 115 5.36 105 6.29  7.25

 displays program activities as they existed in FY 1980, prior to the recent reorganization of Foundation
activities.

SOURCE: Fiscal Years  and  Budgets to Congress-Justification of Estimates of Appropriations (Quan-

titative Program Data Tables)
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 to much scientific and tech-
nical i n fo rma t ion . The most
impor tan t of these activities is
"3-2-1 Contact," a daily television
program about science for 8- to 12-
year-olds. Other projects also make
use of the mass appeal of commercial
television and radio. These include,
for example, " H o w Abou t , " a weekly
science report featuring D o n Herbert
that is broadcast as part of the news
programs of over 130 commercial
television stations, and "Star Date,"
a night ly astronomy program pre-
pared by the University of Texas that
is aired by over 1,000 radio stations.

The recent and rapid growth of
science and technology centers and
museums in this country has pro-
vided a particular target of opportu-
ni ty for the PUOS program, and i n -
creased support was provided for
museum activities i n 1980. Science
museums attracted 40 mi l l ion visitors
i n 1979, many of them i n family
groups of adults as wel l as children,
and there is evidence that this clien-
tele includes sectors of the popula-
t ion that are not ordinarily reached
by other means of communication.
PUOS efforts have gone to reinforc-
ing the role of science museums as
focal points for informal science ed-
ucation i n their communities. Typical
grants include, for example, awards
to the Franklin Institute i n Philadel-
phia for science exhibits at shopping
malls and to the Pacific Science Cen-
ter i n Seattle for a  environ-
mental exhibit that has been partic-
ular ly impor tan t and use fu l i n
increasing public understanding of
the nature and consequences of the
eruption of M o u n t St. Helens.

The ethics and values i n science
and technology (EVIST) program has
continued to support projects to
ident i fy , understand, and help re-
solve the ethical and social dilemmas
that arise in the work of scientists
and engineers and i n their interac-
t ion w i t h citizens affected by their
work. Two important new activities
were initiated i n 1980 to respond to

the need to develop institutions and
individuals capable of analyzing is-
sues at stake in the f ie ld of science
and values. Twelve awards were
made to senior scholars i n science or
the humanities to enable them to
spend up to one year of study i n as-
sociation w i t h scholars i n the oppo-
site f ield, and four awards were made
w i t h the dual purpose of providing
support for the continuing work of
scholars already distinguished in the
field of science and values and to en-
courage the development of new
centers of teaching, research, and
other activities i n this f ie ld . Both of
these activities are joint ly reviewed
and joint ly supported by NSF and
the National Endowment for the H u -
manities. The N E H also provided
joint support for nearly one-half of
the other awards made by the EVIST
program.

The primary purpose of the sci-
ence for citizens (SFC) program is to
encourage new and improved ways
of providing scientific and technical
information and expertise to citizens
and their organizations and repre-
sentatives so they can better under-
stand and participate i n decisions on
policy issues. The program contin-
ued to support forums, conferences,
and workshops dealing w i t h a wide
variety of specific science-related is-
sues i n communities around the
country; these included, for exam-
ple, awards to Miles Communi ty
College for a series of public forums
on weather modification i n Montana,
to the National Aquar ium i n Balti-
more for workshops on hazardous
materials i n the Baltimore Harbor
and the Chesapeake Bay, and to the
Dallas Urban League for 20 commu-
nity seminars and a citywide con-
ference on the urban environment
for minori ty citizens of Dallas. In
addition, the program initiated the
first awards for public service science
centers, which are described later i n
this section.

SFC also made 25 awards to permit
experienced scientists and engineers

to spend up to one year i n associa-
t ion w i t h appropriate host organi-
zations to br ing their expertise to
bear on important science-related
policy issues. In 1980 these awards
included, for example, grants to an
earth scientist to work w i t h the Law-
rence Hal l of Science at the Univer-
sity of California, Berkeley, on a 
community educational program on
geological hazards, to an entomolo-
gist to work w i t h the Ohio Environ-
mental Council on a public infor-
mat ion and education program
dealing w i t h environmental manage-
ment policy, and to a geologist who
w i l l work w i t h the Fort Belknap
Community Council on an appraisal
of the mineral resources of the Fort
Belknap Indian Reservation in M o n -
tana.

"3-2-1 Contact"
"3-2-1 Contact," a daily television

series about science and technology
for 8- to 12-year-olds, is perhaps the
single most important project in the
history of NSF's public understand-
ing of science efforts. This series,
produced by the Children's Tele-
vision Workshop, may have an i m -
pact on the scientific education of the
Nation's children that is comparable
to the impact of "Sesame Street" on
their reading skills. NSF provided
the principal f u n d i n g to plan and
establish the series, which received
additional support f r o m the De-
par tment of Education, Un i t ed
Technologies Corporation, the Cor-
poration for Pubhc Broadcasting, and
Children's Television Workshop i t -
self. "3-2-1 Contact" is intended to
stimulate interest i n science and pro-
vide a background of experience w i t h
scientific and technical activities and
ideas. Its content, characters, and
activities are directed toward the i n -
terests and understanding of chil-
dren at a critical age, when they fo rm
lasting impressions and make seem-
ingly casual decisions that can estab-
lish a hfelong interest i n science and
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technology or effectively preclude
 f r o m careers and understand-

ing i n these fields. For the same rea-
sons, the series is particularly de-
signed to encourage the interest of
women and members of minori ty
groups.

The first 65 programs were broad-
cast over 13 weeks during the spring
of 1980 by virtually all the public tele-
vision stations i n the Uni ted States.

They proved to be extremely popu-
lar, reaching an audience of over 23
mil l ion at-home viewers and an es-
timated 3 mi l l ion school viewers.
More than 5.4 mil l ion homes w i t h
children aged 6 to 11 and 4 mil l ion
homes w i t h children aged 12 to 17
viewed the series.  addition, over
7 mil l ion preschoolers watched the
programs, as wel l as 6.3 mil l ion
homes w i t h no child viewers at all.

The fo rm and content of "3-2-1
Contact" is based on two years of
research by the staff of CTW w i t h the
assistance of educators, scientists,
broadcasters, parents, teachers, cur-
riculum designers, and over 10,000
children who responded to pilot pro-
grams. Al though the series is inde-
pendent of the formal educational
process, it serves an important com-
plementary role and has received an
enthusiastic response f r o m the edu-
cational community. Some 250,000
teachers' guides have been distrib-
uted, and in the fall of 1980 the pro-
gram was broadcast twice each day
so that i t could be used for class-
room purposes. The series has also
attracted a good deal of international
recognition. German, French, and
Spanish versions are i n production,
and the Spanish version w i l l be
broadcast i n Venezuela, Chile, Ec-
uador, Costa Rica, and Panama. The
English version is being broadcast i n
the Philippines and Hong Kong as
well as by the Armed Forces Radio
and Television Network.

Public Service Science
Centers

The init iation of support for public
service science centers by the science
for citizens program marks a shift of
emphasis f r o m short-term projects
for improving access to scientific i n -
formation and analysis of particular
policy issues of community concern
to longer-term projects for setting i n
place self-sustaining, community-
based mechanisms for accomplishing
SFC goals. This shift i n emphasis
also reflects a growing recognition of
the importance of local and regional
decisionmaking processes in ena-
bling society to make effective use of
scientific and technical develop-
ments. SFC activities i n this f ield are
based on three years of discussion
and exploration and incorporate the
results of lengthy consideration by
NSF staff and advisors of the infor-
mation provided by 20 planning

Sleuthing with sc ience . Observation and logic help the Bloodhound Gang solve
mysteries on "3-2-1 Contact," the Public Television program aimed at eight-to-twelve
year olds in science. The series returned for a second year of nationwide viewing in
1980.
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Study awards made i n 1979, and of
extensive interaction w i t h the wide
variety of organizations and insti tu-
tions that constitute the program's
clientele.

Awards  been governed by
three principal criteria: (1) evidence
that scientific and technical infor-
mation and expertise are both essen-
tial and available for dealing w i t h the
issues under consideration; (2) evi-
dence that the sponsoring organiza-
t ion provides a credible base for the
objective and unbiased consideration
of issues and that all important com-
muni ty interests are adequately rep-
resented i n the planning and execu-
t ion of center activities; and (3)
evidence that the need for a center
is widely recognized w i t h i n the com-
muni ty and that center activities are
likely to receive continuing support
after Federal f u n d i n g has ended.
NSF awards for this purpose are
made i n the f o r m of three-year grants
w i t h a maximum of $100,000 for the
first year, and they require sponsors

to make a matching commitment of
20 percent of total budgets i n the sec-
ond year and 40 percent i n the th i rd
year of center activities.

The first six awards include the
foi lowing:

• The Montshire Museum of Sci-
ence (of Hanover, New Hamp-
shire), cooperating w i t h the Re-
gional Center for Educational
Training and the Public Affairs
Center of Dartmouth College,
w i l l develop a Public Service
Science Center for the Upper
Valley Region of Vermont and
New Hampshire.

• The Laboratory of Architecture
and Planning at Massachusetts
Institute of Technology w i l l be
the base for a Boston Neighbor-
hood Network, which w i l l l ink
neighborhood leaders, staff f r o m
public agencies, and researchers
f r o m MIT , Tufts, and Boston
Universi ty. The Ne twork fo -
cuses on the inner core cities of

the Boston area, w i t h an empha-
sis on low-income as well as
minor i ty and white ethnic com-
munities.

Appalachia-Science in the Pub-
lic Interest, a nonprofi t educa-
tional and research organization
based i n Livingston, Kentucky,
w i l l develop an Appalachian
Technical Association to coor-
dinate public service science
programs i n nine geographically
dispersed centers i n central A p -
palachia.

The Consumer Commission for
the Accreditation of Health
Services, i n association w i t h a 
wide variety of research organ-
izations and community groups,
w i l l develop a Consumer Health
Policy and Information Center
for New York City.

The Seattie Metiocenter Y M C A ,
i n conjunction w i t h the People
Power Coalition and the social
management of technology pro-

Public service sc ience center. Local citizens in Hanover, New Hampshire, discuss wastewater treatment  a meeting sponsored by
the Montshire Museum of Science and Industry. The meeting included engineers, treatment plant operators, town and State
officials, and elected representatives.
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gram at the University of Wash-
 w i l l establish a Citizens'

Center for Policy Research in
Science and Technology.

• The Institute of Public Affairs at
Western Michigan University,
work ing w i t h a broadly repre-
sentative citizens' policy council,
w i l l develop a Science for Ci t i -
zens Center of Southwestern

Michigan designed to address
the scientific and technological
concerns of citizens i n the 15
surrounding counties.

I n addition to providing support
for this init ial group of centers, NSF
also made a number of awards for
planning studies to help communi-
ties develop comparable mechanisms
supported entirely out of their o w n

resources. Planning study grants of
this k i n d were made to a variety of
organizations and communities, i n -
cluding, for example, the Northwest
Regional Foundation to plan a Spo-
kane Communi ty Resource Center
and the Center for the Environment
and M a n in Har t ford , Connecticut,
to plan a technical communication
network for greater Har t ford .
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Engineering and Applied Science

The Engineering and Apphed
Science (EAS) p r o g r a m s
strengthen the U.S. engineer-

 applied science research base
and enhance the links between re-
search and applications i n address-
ing selected national goals. They do
this by ident i fy ing and supporting a 
broad spectrum of research and re-
lated activities w i t h h igh potential for
contributing to the understanding
and resolution of significant societal
problems.

The specific objectives of EAS are
to:

• Advance basic knowledge of
fundamental engineering p r in -
ciples that might be apphed to
the analysis and design of a 
large variety of man-made sys-
tems.

• Strengthen the academic engi-
neering research base to address
the need for more basic research
under lying industrial technol-
ogy and for more graduating en-
gineers working at the foref iont
of research.

• Stimulate the application of f u n -
damental scientific and engi-
neering knowledge to the solu-
t ion of significant problems i n
the public and private sectors,
and shorten the time between
scientific discoveries and their
application for societal use.

• Focus U.S. scientific and tech-
nological capabihties on selected
problems of national significance

where NSF can make a unique
contribution, such as earth-
quake-hazards mitigation, sci-
ence and technology to aid the
handicapped, and others.

• Increase fundamental scientific
knowledge i n selected problem
areas where additional knowl -
edge can contribute to their long-
term solution.

• Provide mechanisms to increase
the effectiveness of the public
and private sectors i n appropri-
ately ut i l izing science and tech-
nology.

• Fachitate the integration of sci-
entific and technical resources
into the activities of State and
local governments.

Electrical, Computer, and Systems Engineering
Chemical and Process Engineering
Civil and Environmental Engineering
Mechanical Sciences and Engineering
Applied Research
Problem-Focused Research
Intergovernmental Programs
Small Business Innovation and Industrial Technology

Total

• Explore new ways to improve
cooperation between universi-
ties and industry i n research and
industrial innovation.

• Draw upon the research capa-
bilities of the Nation's smah
businesses, w i t h a v iew toward
moving the most promising re-
search along the cont inuum to
commercialization as soon as
possible.

To implement these goals, EAS fo-
cuses on eight areas. Electrical, com-
puter, and systems engineering pro-
grams cover broad areas of advanced
automation, bioengineering, com-
puter engineering, communications
and information processing, micro-
structures, systems theory, and op-

 1980

Number Number
of of

Awards Amount Awards Amount

340 $17.02 349 $17.63
277 12.98 316 13.98

8.15 356 9.71
194 10.71 230
153 17.61 231 16.25
432 32.54 347 26.02

75 5.13 50 4.51
81 5.72 3.57

1,684 1,984 102.94

 displays program activities as they existed in FY 1980, prior to the recent reorganization of Foundation
activities.

SOURCE: Fiscal Years  and  Budgets to Congress-Justification of Estimates of Appropriations (Quan-
titative Program Data Tables)

Table 9*
Engineering and Applied Science

Fiscal Year 1979 and

(Dollars in Millions)
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erations research. The program sup-
ports the National Research and
Resource Facility for Submicron
Structures at CorneU Universi ty,
which is available to researchers
throughout the Nat ion. The program
is currently emphasizing research on
microstructures, robotics and cogni-
tive engineering systems, and inves-
tigations i n large-scale systems.

Chemical and process engineering
supports the development of f u n -
damental principles, methodologies,
data bases, and experimental tech-
niques relevant to the needs of the
chemical and process industry. Spe-
cific program areas are kinetics, ca-
talysis, and reaction engineering;
chemical and biochemical systems;
engineering energetics; particulate
and multiphase processes; and ther-
modynamics and mass transfer. Spe-
cial emphasis is given to plasma
chemistry and arc technology, com-
bustion, particulate characterization,
fluidized-bed technology, kinetics
and control of catalytic and microbial
processes, separation processes,
thermodynamic and tiansport prop-
erties, and macromolecular pro-
cesses.

Civi l and environmental engineer-
ing increases the understanding of
basic structural engineering princi-
ples and the interaction between the
natural and the manmade envhon-
ments. Such research helps us i n
mod i fy ing the physical environment
wisely and safely wi thou t destioying
ecological balances. Specific research
areas are geotechnical engineering,
structural mechanics, water re-
sources, and environmental engi-
neering.

Mechanical sciences and engineer-
ing develops a better understanding
of the physical processes associated
w i t h power produced by various
machines and engines. This under-
s tanding, along w i t h improved
mathematical formulat ion and ad-
vanced methodology, can provide
the basis for more efficient use of
power i n industry. Specific research

areas are f l u i d mechanics, heat trans-
fer, sohd mechanics, and mechanical
systems.

Appl ied research supports projects
initiated by the scientific research
community to improve understand-
ing of various social, economic, pol-
icy, and technical problems and to
increase the rate of innovation stem-
ming f r o m discoveries i n science and
engineering.

Problem-focused research sup-
ports research to clarify and/or re-
solve societal problems by the appli-
cation of science and technology.

Very large-scale
massing of immense numbers of
electronic circuits on a
continues to be one of the key tech-
nologies fuel ing remarkable growth
i n automation, communications, and
information processing. In turn , the
needs of the "inteUigent electronics"
technology drives activities i n sub-
micron structures research and com-
puter engineering research. One i m -
pact of this dr ive was the
estabhshment of a new computer en-
gineering program during the past
year.

Submicron structures research
continues to make important ad-
vances at the National Research and
Resource Facility for Submicron
Structures located at Cornell Univer-
sity and available to all qualified re-
searchers. The facility is both a fab-
rication resource for the academic
and general research community and
a research center for fabrication-re-
lated technologies. A m o n g the sig-
nificant recent research results have
been the generation of intense ion
beams, th in-fUm growth by molecu-
lar beam epitaxy,
field-effect transistor fabrication, and

Emphasis is on earthquake hazards
mit igat ion, alternative biological
sources of materials, science and
technology to aid the physically
handicapped, and human nutr i t ion.

Intergovernmental science and
public technology supports the in -
tegration of scientific and technical
resources into the activities of State
and local governments and the test-
ing and evaluation of incentives that
the Federal Government may use to
increase private R&D investment and
to stimulate innovative technology in
important areas of the private sector.

integration of optical components i n
integrated optical circuits. Basic
studies of the electronic conduction
and resonance properties of very
smaU (50-angstrom-diameter) metal
particles have also been carried out.
The faciUty is nearing f u l l strength as
major pieces of fabrication and d i -
agnostic equipment are instaUed.

NSF's submicron program sup-
ports other microfabrication and
smaU-device research as well . A not-
able recent accomplishment is a 
modeling program to characterize X-
ray and other techniques for the gen-
eration and replication of device pat-
terns. The model has been success-
f u l l y used to predict pattern
replication distortions that arise as a 
result of the presence of standing
waves i n  optical sys-
tems. Research programs i n electron-
beam lithographic techniques, i n
plasma etching, and i n modeling of

 structures have also
been initiated. Research i n magnetic-
bubble memory systems and i n sur-
face-acoustic-wave signal processing
devices also emphasizes significant
submicron and microfabrication as-

Electrical, Computer, and Systems
Engineering
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Communications research needs
better theoretical knowledge of what
topology, protocol, and dynamic ar-
chitectural reconfiguration options
are available and desirable for com-
puter communication networks and
i n multiuser broadcast channel sys-
tems. Good fundamental investiga-
tions are i n progress i n this area.

I n systems theory and operational
sciences, recent accomplishments i n -
clude improved Kalman-fil tering ap-
proaches to the interpretation of geo-
logical prospecting data and
formalization of the so-called re-
duced-order modeling of large-scale
interconnected systems. I n the latter
topic a new concept, mutual model-
ing, recognizes that i n many large-
scale system situations, different
controllers (i.e., decisionmakers) have
different information about the sys-
tem and hence w i l l be using different
simplif ied models of the same sys-
tem. They may also have different
performance goals. The mu tua l
modeling approach is perceived as
an iterative process i n which the mo-
deler of one subsystem
cates his simplified model to all other
modelers. The others, i n turn, up-
date and improve their o w n models
of the systems. A major research goal
is to develop an analytical framework
for studying the properties of this i t -
erative modeling process.

I n automation, research is growing
i n all aspects of machine decision
and control. This increased interest
has been stimulated by a new gen-
eration of microcomputers and i m -
proved electronic and electro-
mechanical components, as wel l as
advances being made i n the cogni-
tive sciences. To capitalize on the
strides that have taken place, NSF is
emphasizing research i n machine
decision and control. Researchers are
currently t rying to understand how
machines can perform such func-
tions as logical inference, self-learn-
ing, vision and perception, and end-
effector control. Ultimately the re-
search w i l l include other elements

needed to create a machine that can
funct ion i n a non-predictable envi-
ronment by using imprecise infor-
mation while adapting to a changing
problem domain.

Optics in
Communications and

Computing
I t has long been recognized that

the capacity of an electromagnetic
wave to carry information increases
w i t h frequency; for that reason, light
waves can carry much more infor-
mation than electromagnetic radia-
t ion i n the lower portions of the fre-
quency spectrum. I n computing, the
possibility of using light energy to
make calculations at u l t rah igh
speeds is equally intr iguing. These
two important areas of research have
significant implications for future
communication and computing sys-
tems.

A communication system, in its
simplest form, consists of a trans-

mitter, a medium (atmosphere or a 
cable), and a receiver. It is now evi-
dent that systems can be made more
versatile by new ways of tuning the
transmitter and modulating the wave
(adding the message to be transmit-
ted) emanating f r o m i t . This is true
for both optical and radio commu-
nication. Recently Chung Tang of
Cornell Universi ty demonstrated
rapid electronic tuning of a type of
laser over a large spectral range.
Called an external cavity laser, its
heart is a tuner whose output light
suffers m i n i m u m loss at a particular
wavelength, causing the laser to os-
cillate at the corresponding fre-
quency. The output wavelength of
the laser can be changed by an ap-
plied electric f ie ld .

The whole device can be made i n
a space approximately 20 centimeters
long and 3 centimeters i n diameter.
Al though i t is very large compared
to a conventional semiconductor
laser, i t is extremely small compared
to other electronically tunable

Experimental device. This 20-centimeter-long model of an electrically tunable laser
is far smaller than other tunable lasers. Such a device may finally make possible a 
simple FM optical communicat ions system.
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such as the argon pumped-dye laser.
But conventional semiconductor las-
ers cannot be electrically tuned either
rapidly or over a large spectral range;
i n fact, they usuaUy have a fixed
wavelength output.

Tang believes that the tunable laser
can be reduced to a f o r m for use i n
integrated optical circuits, because
the two basic elements of the tuner
already exist, although work only
marginaUy weU, i n such fo rm. More
recent work includes the investiga-
t ion of a continuous output f r o m the
laser over the entire optical
w h i c h increases t w e n t y f o l d the
number of  eliminating
reflections f r o m the intracavity sur-
face of the laser.

Such an electronicaUy tunable laser
source at last shows the feasibility of
a simple frequency-modulated (FM)
optical analog system. M u c h like F M
communications systems at radio
frequencies, an atmospheric F M op-
tical system can be made insensitive
to many disturbances i n the atmos-
phere. A n F M digital communica-
tions system that uses two different
wavelengths has been devised and
experimentally operated.

Interesting applications outside of
communications also exist for the
tunable laser. For example, sonar
systems used for detection of objects
underwater have low sensitivity. The
tunable laser can be used as a basic
source for an optical sensor i n an op-
tical fiber interferometer system. I n
this system the return sound signal
changes the interference pattern i n
the interferometer; the tunable source
is automatically tuned to the highest
sensitivity, wh ich produces the larg-
est signal-to-noise ratio for the inter-
ferometric pattern. I t can be expected
that rapidly tunable, smaU-size lasers
wiU f i n d numerous important appU-
cations i n a variety of systems.

A n important recent development
i n optical informat ion processing
systems has come f r o m work by Sing
H . Lee of the University of CaUfor-
nia, San Diego, on the optical pro-

cessing of digital information. The
emphasis at the present time is to
create hardware devices and sys-
tems.

Optical processors are inherently
two-dimensional, capable of pro-
cessing large amounts of data i n par-
aUel, for example image and picture
data. The digital optical processor,
when developed, wiU be potentiaUy
capable of high-speed, high-accuracy
computation as weU as increased op-
erational flexibiUty.

Lee has constructed a small device
consisting basically of a photocon-
ductor and a l iquid crystal arranged
to br ing about an interaction be-
tween the two input images. Two
such devices have been intercon-
nected using a polarizing beam-split-
ter and other ordinary optical com-
ponents to bui ld an adder circuit.

I n the short term it is expected that
the digital optical processor wiU be
most useful i n processing data i n
two-dimensional fo rm. Many medi-
cal data and remotely sensed data are
of this fo rm. W i t h the demand for
image transmission expected to i n -
crease rapidly i n the future , optical
digital processing may be competi-
tive. I n the longer term, more so-
phisticated digital optical processing
techniques combined w i t h reliable
and documented software  pro-
vide the basis for high-speed, h igh-
capacity optical digital computing
systems.

VLSI and Artificial
Intelligence

V e r y large-scale i n t e g r a t i o n
 design and manufacture

of h ighly concentrated microcir-
 the real possibUity for

university-based computer research
to play once again a major role i n the
engineering of computers and com-
puting systems, similar to the situa-
tion i n the late 1940s and early 1950s.
Enhanced abiUty to design, bui ld ,
test, and use novel computing struc-
tures holds the promise for revolu-

tionizing computer engineering and
science.

Areas of research such as parallel
processing, multiprocessing, and
natural language intelligent inter-
faces are experiencing renewed i n -
terest. The possibiUty now exists to
tailor special-purpose computer ar-
chitecture to the problem to be solved
rather than the conventional ap-
proach, which starts w i t h a general
purpose computer and goes to lan-
guage to algori thm to solution. This
accounts for the strong, new re-
search emphasis on design, analysis,
implementation, and use of VLSI for
novel special-purpose hardware and
new computer architectures, and
stress on the relationship between
classes of algorithms and the hard-
ware implementation. The abUity to
"wri te software i n siUcon" is break-
ing down the old distinction between
hardware and software.

Basic research i n "artificial inteUi-
gence" over the past decade and a 
half, coupled w i t h advances i n VLSI ,
has made feasible the area of knowl -
edge engineering. In particular,
knowledge-based
tive software systems expert i n a par-
ticular knowledge
been successfuUy buil t and exhibit
characteristics of inteUigent systems.
Applications of these systems to
medical, geological, and oi l data
analysis are under way.

Such systems could be described
as large phenomenological simula-
tors. Serious research issues concern
knowledge acquisition, representa-
tion, and utilization. To generate the
knowledge base necessary for engi-
neering fu ture intelligent systems,
research w i l l be needed on knowl -
edge representation, planning sys-
tems, object modeling (which i n -
cludes mathematical model ing,
computer representations, transfor-
mations between different represen-
tations, computational geometry, and
efficient computational algorithms),
very high-level languages, and pro-
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Chemical and Process Engineering

Chemical and process engineering
at NSF supports basic engineering
research relevant to new technolo-
gies i n a wide range of industries.
Collectively known as the chemical
and process industry, i t includes
chemical, petroleum, food, pulp/
paper, biochemical/pharmaceutical,
mineral, and nuclear industries.

Current primary concerns i n this
industry are to develop efficient
chemical pathways and separation
processes for the production of ma-
terials and conversion of energy. I n
terms of chemical pathways, re-
source shortages have forced the i n -
dustrial sector to look for ways to use
raw materials that have been here-
tofore largely neglected. I n response
to that, i n 1980 NSF created t w o new

 and biochemi-
cal systems; and kinetics, catalysis,
and reaction  replace
the previous chemical processes pro-
gram. This brought our catalysis re-
search support into sharper focus
whi le more adequately addressing
basic biochemical reaction mecha-
nisms and control strategies for m i -
crobial processes. The separate iden-
t i ty for biochemical engineering has
resulted i n a great deal of enthusi-
asm, not only in biochemical engi-
neering per se, but also in its com-
panion f ie ld , polymerization and
polymer processing, as evidenced by
the significant increase i n proposal
pressure i n both areas.

Another pressing need, to develop
fundamental knowledge in separa-
t ion processes, is leading to a new
NSF research program i n that area.
Previously, such study was sup-
ported under the thermodynamics
and mass transfer and the particulate
and multiphase processes programs.
Separation and purification prob-
lems mu l t i p ly as the variety of raw
materials, chemical pathways, and
products increases. Thus, case-by-

case evaluation and/or experimenta-
tion no longer suffice. Instead, some
fundamentally based general theo-
ries and models must be developed
so that the efficiencies and energy
requirements of the various types of
separation  as distil-
lation, extraction, membrane trans-
port, adsorption, and the Uke, or
combinations  be eval-
uated and compared against a uni -
fo rm scale. In addit ion to the chem-
ical variety, the physical constituency
of the systems also takes on many
combinations of solids, liquids, and
gases in aU forms and size ranges.
This adds to the challenges faced by
the chemical and process engineers
in designing new separation pro-
cesses. However, the opportunities
and potential rewards are great.

I n 1980 NSF made 11 awards in
chemical and process engineering as
part of industrial-university cooper-
ative research. This represented the
largest amount expended by any
NSF program area as a fraction of its
budget. Even more significant, of the
11 grants, only 6 had funds going to
the industrial participants. This
means that approximately half of the
industrial participants voluntar i ly
abstained from seeking NSF funds
and contributed 100 percent of the
cost of theh participation.

Workshops were held i n two i m -
portant areas for which NSF has
plans for future expansion and pos-
sible major equipment investment.
One was on fluidized-bed technol-
ogy and the other on plasma chem-
istry  arc technology. I n both of
these workshops, academic and i n -
dustrial researchers came together to
discuss important research thrusts,
future community needs, and the
optimal strategy i n aUocating Umited
resources. Reports on the findings
are widely disseminated w i t h i n the
research community.

Exciting research achievements in
the past year included a novel elec-
trochemical technique employed i n
an oxidation-reduction study at the
University of Kentucky that shed
new light on metallic corrosion pro-
cesses and elucidated the electron
transfer mechanisms occurring in fuel
ceU devices. Researchers at the U n i -
versity of Illinois applied a unique
principle i n making the first dhect
physical measurement i n this coun-
try of the amount of the different
nuclear reactor species produced in
fission. This capability has profound
implications for nuclear reactor op-
eration and safety. A t the Johns
Hopkins Univers i ty , significant
progress was made i n a recently dis-
covered phenomenon, photonuclea-
tion, which can be used i n detecting
and characterizing u l t ia low concen-
trations of trace substances in the
vapor phase.

Processing for Ultimate
Polymer Properties

 hghtweight poly-
mers are increasingly being used as
substitutes for metals to conserve
nonrenewable resources and en-
ergy. O n a per-unit weight basis,
these new materials are stronger than
glass and steel. For example, organic
polymers are being prepared w i t h
such tensile strengths that a
diameter filament can sustain a load
of almost 3,700 pounds, or the weight
of an ordinary automobile.

There are two primary routes to
such ult iahigh-modulus polymers.
One is through polymer preparation,
as exempUfied by D u Font's commer-
ciaUy available Kevlar. The other is
by polymer processing, such as ex-
trusion. A n example of fundamental
research i n the latter is the pioneer-
ing study of ultradraw by sohd-state
extrusion under the direction of Roger
S. Porter of the University of Mas-
sachusetts at Amherst. Porter and
his co-workers have initially concen-
trated on polyethylene, the plastic
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Stimulating production. Pumping mixtures of acids into reservoir rock can increase
the porosity and ease with which oil or gas f lows. Recent theoretical studies of this
acidizing process have led to improved recovery of gas f rom storage wells.

produced i n largest volume wor ld -
wide. By carefully controlling the
conditions for deformation below the
polymer melt ing  they can suc-
cessfully ultradraw semicrystalline
polymers. This leads to effective mo-
lecular draw and, thus, perhaps to
the most  direction-
ally  yet pre-
pared. This property of anisotropy
leads to extreme tensile modul i be-
cause mechanical loads can be borne
directly on the strong polymer back-
bone chains that lie i n the direction
of draw and the direction of tensile
measurement.

Porter and co-workers have pro-
posed a "continuous crystal" model
to describe certain aspects of the
morphology of these polymers. They
have determined that solid-state ex-
trudates for polyethylene contain the
three fo l lowing morphological fea-
tures: (1) crystalline blocks oriented
along the microfibrils w i t h interven-
ing noncrystalline regions, (2) t h i n
crystalline bridges connecting the
crystalline blocks, and (3) long ani-
sotropic crystals (longer than 1,000
angstroms i n the chain direction) ob-
served by electron microscopy and
electron d i f f r ac t i on l ine-breadth
analysis. This model and others are
being applied to several polymers
processed w i t h a variety of drawing
conditions.

These studies of ultradraw have,
i n tu rn , inspired development activ-
ities i n many other laboratories. As
a consequence, the Department of
Energy has contracted w i t h Battelle
Laboratories i n Columbus, Ohio, to
prepare special electrical insulation
based on structures comparable to
those developed by Porter. Solid-
state extrusion through tapered dies
and cold rol l ing is being used at Bat-
telle to make high performance i n -
sulation f r o m polyethylene and pol -
ypropylene. The special insulation is
planned init ial ly for use on cable for
superconducting magnets. The Bat-
telle scale-up processes have lead to
tensile properties ten times higher

than conventional structures for the
same polymers.

Dissolution of Silicate
Minerals

I t is wel l k n o w n i n the f ie ld of min -
eral exploration and min ing that by
pumping a reactive solution into a 

 i n an ore deposit and wi thdraw-
ing i t f r o m a second wel l , minerals
can be recovered more cheaply and
safely than by traditional mining
methods. However, despite the
widespread practice of injecting hy-
drofluoric/hydrochloric acid mixtures
into sandstone formations to reduce
the resistance to f l u i d f low, the dis-
solution of silicates by hydrofluoric
acid is not weh understood. Better
understanding could have substan-
tial impact on oi l and gas extraction
and solution mining.

Research conducted by H . Scott
Fogler of the University of Michigan
aims to provide fundamental knowl-
edge of the rates and mechanisms by
which certain solid silicate minerals
dissolve i n water containing hydro-
fluoric acid. He recently developed

a model that successfully describes
the f l o w and reaction of hydrofluoric/
hydrochloric acid mixtures in porous
sandstones. These theoretical and
experimental studies have since been
used i n field work for the design of
successful acid stimulations of gas
storage  to increase theh

 Previous attempts at acidiz-
ing these wells had been unsuccess-
f u l .

Following work on the stimulation
of  and gas reservoirs, research
continued on the mechanisms and
rates of dissolutions of the individual
minerals found in sandstone, namely
feldspars (a continuous structure),
kaolinite (a two-layer structure), and

 pyrophyllite, mus-
covite, and talc  three-layer struc-
tures).

One of the more exciting findings 
of the work is that the dissolution of
a number of minerals can be cata-
lyzed by certain species in solution
which by themselves have virtually
no dissolving capacity. Experiments
on the catalyzed dissolution of ka-
olinite, quartz, feldspar, and sodium
montmoriUonite have shown the
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of dissolution can be increased by as
much as 900 percent. I t was learned
that the catalysts adsorb on the sur-
face, thereby weakening bonds and
facilitating attack by hydrofluoric
acid. The dissolution of silicates can
also be catalyzed by salts such as am-
monium chloride, sodium chloride,
and l i t h ium chloride, as wel l as by
strong acids. The catalysis is a strong
function of acid strength. A theoret-
ical model was developed to describe
the degree of salt catalysis, and the
agreement between theory and ex-
periment is excellent.

The degree of catalysis is strongly
dependent on the nature of the sili-
cate surface. For example, the rate of
dissolution of kaolinite is increased
by 100 percent by the addition of am-
monium chloride, whi le the rate of
dissolution of montmoril lonite is un-
affected. This f ind ing has great po-
tential application i n the area of se-
lective dissolution w i t h i n mixed
mineral systems. One example of
this could be in the area of solution
mining of valuable minerals. Here
the reactive f l u i d could be injected
into the porous formation to

 1980 NSF inaugurated a new
program for mechanical systems. This
new program comprises some ele-
ments, such as kinematics and
acoustics, that were transferred f r o m
other programs i n wh ich they had
been supported on a modest scale.
Other elements represent an excur-
sion into territory previously given
only minimal coverage by NSF. These
include surface phenomena such as
frict ion, wear, and lubrication (com-
monly referred to as "tr ibology"),
mechanical control systems (wi th
special application to robotics), man-
ufacturing operations (joining, metal
forming, etc.), and automated design

R e a c t i v e _
fluid  minerals

Porous
 mineralized

format ion

Solution mining. New knowledge of how
sil icate minerals may be preferent ia l ly
dissolved by combinations of acids and
catalysts should prove important to the
solution mining of hard-to-reach valuable
minerals, in which the material is chemically
treated underground and then pumped
out like oil.

tively dissolve the desired mineral,
while at the same time leaving the
undesired species undissolved i n the
formation.

methodology, w i t h eventual exten-
sion into computer-aided manufac-
turing.

The response of the research com-
muni ty to the mechanical systems
program has been most encouraging.
The size and enthusiasm of the re-
sponse is not surprising. The pro-
gram addresses itself to one of the
most topical and pressing needs of
American industry, that is, to the
problem of sagging productivity. I t
is intended to fo rm the basic arm of
a multifaceted attack on this prob-
lem, in which research has been ne-
glected over the years in comparison
w i t h other countries. Moveover,

while the new program represents a 
response to need, it is i n t u m ex-
pected to enlarge the community
that i t serves. The outlook is ex-
tremely promising and l imited only
by the prospects of future fund ing .

Proposal pressure has mounted
also i n most of the other programs.
The heat transfer program, whose
traditional emphasis has been on
problems connected w i t h the chem-
ical process industry, is becoming i n -
creasingly involved w i t h energy-re-
lated issues such as geothermal
energy and fuel efficiency. Currently
active areas of research include l iquid
metal heat transfer, thermal convec-
tion, radiative properties and trans-
port i n gases, f i lm-boi l ing heat trans-
fer, two-phase thermal convection i n
porous media, and heat transfer i n
phase-change materials. Among an-
ticipated fu ture research areas are
vapor explosion, multiphase heat
transfer, sprays, and high-speed,
high-temperature f lows. As applies
to all these engineering programs,
the research is basic in character
though often motivated by industrial
needs.

Al though mechanics as a disci-
pline is common and fundamental to
all civi l and mechanical engineering,
the solid mechanics and f l u i d me-
chanics programs are specificaUy
dedicated to basic mechanics re-
search as such. This is not to say, of
course, that the results obtained are
not expected to be useful, or indeed
vital, to the solution of engineering
problems. For example, major em-
phasis in soUd mechanics is on the
analytical and experimental deter-
mination of the behavior, for exam-
ple, of metals under reaUstic envi-
ronmental condit ions i n v o l v i n g
thermal, creep, or fatigue consider-
ations and making use of fracture
mechanics, damage theory, and, of
course, general continuum theory.
The results of the research are Ukely
to be needed to explain and prevent
sudden failures i n aircraft or nuclear
power plants. SimUarly, turbulence

Civil and Mechanical Engineering
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Fluid dynamics of tears. At Case Western Reserve University, engineers use this
model of the human eye to study hydrodynamic forces on a corneal contact lens
after bl inking.

studies i n connection w i t h b luff bod-
ies as supported by the f l u i d me-
chanics program are expected to be
useful i n the design of more fuel -
efficient road vehicles, and hydro-
dynamics is increasingly used as a 
tool for understanding the vital ac-
tions of f luids i n biological systems.

I n the area of civil engineering,
NSF's largest program is i n water re-
sources and environmental engi-
neering, wh ich aims to develop f u n -
damental unders tanding of the
natural phenomena and processes i n
these two technical areas i n terms of
basic scientific principles and to
model them mathematically.

The structural mechanics program,
which was separated recently f r o m
the geotechnical engineering pro-
gram, is currently expanding at a 
rapid rate. I t has a widely divergent
academic constituency, wh ich ranges
f r o m research into high-strength
concrete and other materials used i n
stiuctural engineering to the analysis
and design of plates and  Also
included are studies of the buckling
and postbuckhng behavior of struc-

tures and of the response of stiuc-
tures to stochastic excitations as ex-
emphf ied by earthquakes, w i n d
gusts, or offshore waves. Design op-
timization is another major topic, i n -
cluding once again the possibihty of
envi ronmenta l uncertainty. A n
emerging and potentially promising
field is that of active structural con-
trol . I n view of this diversity i t is an-
ticipated that w i t h additional growth
the program may be spht into fur ther
subelements.

The area of geotechnical engineer-
ing, which was originally ident if ied
w i t h "soh mechanics," now also i n -
cludes such topics as rock mechan-
ics, snow and ice mechanics, and in
general the mechanics and treatment
of ah sohd materials which comprise
the surface and immediate subsur-
face of the earth. The research is f u n -
damental i n that i t seeks to estabhsh
methods of determining the proper-
ties of geotechnical materials and of
making best use of these materials.
Because of the massive character of
geotechnical formations and of en-
gineering works, i t is expected that

a large centrifuge facihty, funded by
NSF,  play a major role i n dupl i -
cating actual large-scale conditions
w i t h i n the confines of the laboratory.

Modeling of Wastewater
Treatment Plants

Activated sludge wastewater treat-
ment plants have been widely used
for more than half a century. Their
design and operation are based
heavily o n emphicism, and a good
understanding of the dynamics of

 Ye t  ad-
vances i n efficiency and reliability,
and ultimately the ability to use au-
tomatic control systems i n activated
sludge plants, depend on the avail-
ability of this knowledge.

A t the University of Houston, John
Andrews is developing a dynamic
model of activated sludge for inves-
tigating process oxygen require-
ments. His specific focus is the me-
tabolism of carbonaceous substiates,
w i t h the main emphasis on
the biological reactor. The experi-
mental work has been restiicted to
low sludge ages (less than one day)
to ensure that the effect of n i t r i fy ing
organisms is negligible.

Andrews has conducted batch ex-
periments using municipal waste-
water to study the effects of partic-
ulate substrates, ident i fy the most
appropriate f o r m of the model, and
provide data for estimating the model
parameters. He also developed
equations for the gas-hquid interac-
tions of a closed-reactor system and
coUected data f r o m an oxygen-acti-
vated sludge pilot plant to compare
w i t h model predictions dur ing
tiansient loadings.

He was able to specify a best model
structure for describing the biological
reactions by comparing the predic-
tions of different kinetic experiments
w i t h the batch experimental data.
Af te r model identification, the pa-
rameters for the selected model were
determined using the batch experi-
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mental results and a systematic pro-
cedure for state-parameter estima-
tion.

The model for the biological reac-
tions distinguishes between particu-
late and soluble substrate metabo-
lism and considers substrate storage
by the  (chemical added to pro-
mote coagulation and settling of fine
particles). The batch experimental
data were best described when sol-
uble substrate was modeled as being
concurrently stored by the  and
directly channeled  synthesis
pathways. For most experiments, the
best f i t was obtained when 70 to 80
percent of the soluble substrate was
stored prior to metabolism. The par-
ticulate matter added i n the batch
experiments was f o u n d to have little
or no effect on the total oxygen u t i -
lization rate for low sludge ages.

Simulation of the oxygen-activated
sludge pilot plant indicated that the
proposed model was capable of de-
scribing the transient data. The model
was most applicable for predicting
solids production, effluent carbona-
ceous total oxygen demand, and ox-
ygen utilization. Predictions of gas
phase composition and carbon diox-
ide-bicarbonate equilibrium were less
accurate, but the general trend of
predicted results appeared realistic.
Most important, the model was ca-
pable of showing that the oxygen
uptake rate was significantly damp-
ened and lagged substrate removal.

Computer simulations were made
to illustrate the effect of various de-
sign and operational factors on the
oxygen utilization response to a 
diurnal substrate (soluble or partic-
ulate), the relative amounts of sub-
strate channeled to storage products
or directly into synthesis pathways,
the reactor size and operational con-
figurat ion, the type of separator op-
eration, and the sludge age.

When calibrated for a particular
wastewater, the proposed model can
be used to simulate both air- and ox-
ygen-activated sludge plants. Com-
puter simulations indicated that the

proposed model wou ld be useful for
properly sizing the contact and sta-
bilization reactors. Also, because
substrate removed i n the contact re-
actor may be metabolized i n the sta-
bilization reactor, the proposed model
wou ld be useful i n sizing aeration
equipment. Only a model that con-
siders substrate storage by the  is
capable of properly assessing the to-
tal oxygen requirements of the sta-
bilization reactor.

Since oxygen requirements are
usually dampened and lag the i n -
fluent organic load, the proposed
model can provide an improved basis
for sizing conventional aeration
equipment and also for sizing the
oxygen-generating capacity for oxy-
gen-activated sludge. For plants not
equipped w i t h automatic dissolved-
oxygen control, improved aeration
control may be possible by using the
proposed model to derive a transfer

 relating oxygen demand to
influent flow. Also, i t may be possi-
ble to  the model in conjunc-
tion w i t h on-line, state-parameter

 techniques for imple-
menting real-time control strategies
other than dissolved-oxygen contiol .

Strength of Solids
The widespread and unavoidable

existence of inhomogeneities i n ma-
terials is of major concem in their use
i n manufacturing, i n construction,
and i n many energy-related prob-
lems. Inhomogeneities, which are
small on a macroscopic scale (though
large f r o m an atomic point of view),
almost invariably have an undesira-
ble effect on strength and other be-
havior characteristics. I t is important
that engineers understand these ef-
fects and have access to analytical
methods fo r taking appropriate

I n his research at Northwestern
University,. Nemat-Nasser treats a 
material as i f its inhomogeneities
were actually voids. This is a vahd
assumption i f the inhomogeneity is

a fluid or solid w i t h negligible me-
chanical strength i n relation to the
sohd matrix material. When the voids
are fu l ly interconnected, the sohd is
granular, and Nemat-Nasser has
considered a variety of behavior pat-
terns exhibited by such material. A 
loose granular material such as a 
sand (either dry or saturated but
drained) undergoes a compaction
(densification) when subjected to
cyclic shearing stiesses. I n the case
of undrained saturated sand, the
tendency to densify leads to an i n -
crease i n pore water pressure, and
therefore a reduction i n the shear
strength. A continuous loss of
stiength of this k ind can lead to hq-
uefaction, which has been observed
to occur dur ing earthquakes, dur ing
which the material slides i n bulk i n
a shearing motion, of ten w i t h cata-
strophic results.

When the voids are not intercon-
nected, the resulting solid mati ix
forms a porous solid, which has
characteristics that are both similar
and dissimilar to those of a granular
material. For example, the genera-
tion of voids (microcracks) i n a solid
gives rise to the phenomenon of d i -

 which is observed i n rocks.
A related yet dissimilar phenomenon
occurs in nuclear reactors as a result
of radiation. Neu t ion radiation re-
sults i n the formation and growth of
voids and bubbles, causing swelling
of the material and a reduction in the
elastic modul i , yield stress, ultimate
stiength, and ductihty. By modehng
the radiation effect by a periodic ar-
ray of voids, Nemat-Nasser was able
to obtain expressions for the elastic
moduli .

He has also investigated the local-
ization of deformation i n metals and
geotechnical materials, an effect
which is triggered by an inhomoge-
neity in the material. When a th in
metal sheet is subjected to extension,
it may lose stability by "necking"
(thinning) or by the formation of
shear bands. This is currently of con-
cern to automotive engineers, as the
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phenomenon is relevant to their at-
tempt to introduce higher strength
steels to permit reduction i n the
weight of  Similar u n -
stable deformations exist for soils
and rocks under compressive states
of stress, and examples are observed
i n geological strata.

Nemat-Nasser has also studied the
effect of the inhomogeneity that re-
sults f r o m the interface between two
homogeneous, but dissimilar, mate-
rials. I t can  to unstable defor-
mations, and examples occur i n the
oriented fiber composite materials
being introduced into aerospace
structures and i n the fo ld ing of geo-
logical formations and crustal buck-
hng under the action of tectonic
stresses.

As a final example of Nemat-Nas-
ser's research, consider the growth

The apphed research program is
an important element i n NSF's at-
tempt to apply knowledge devel-
oped through investments i n basic
research. The program's objectives
are to accelerate technological inno-
vation and expansion of basic k n o w l -
edge to  and socially
significant apphed problems, and to
improve the knowledge base for
public and private management of
resources and for pohcymaking.

NSF responds to proposals on i m -
portant applied problems i n any field 
of science; i t also selects a l imited
number of coherent areas relating to
high-priori ty problems and encour-
ages w o r k centered on them. Cur-
rently designated coherent areas
are: regulation; telecommunications;
growth, income, and employment;
and production research.

Apphed social and behavioral sd-
ences projects apply theoretical work
in

pohtical science, law, and operations

of interacting tension cracks i n a brit-
tle solid. This widespread phenom-
enon is now being seriously studied
because of its relevance to the ex-
traction of geothermal energy f r o m
hot dry rock. The abihty to extract
heat f r o m rocks that are poor heat
conductors  i n the continuous
propagation of thermally produced
cracks i n the rock. Nemat-Nasser has
shown that the propagation is highly
dependent on the interaction be-
tween adjacent cracks and, further,
that crack propagation is governed
by stabihty considerations. Ini t ial
progress i n unders tanding and
mathematically modehng this phe-
nomenon has been excellent, but
much remains to be accomplished
before a suitable design analysis of
the fracturing process can be devel-
oped.

research to problems such as inf la-
t ion accounting, response of ind iv id -
uals to new technologies in the
workplace, regulation, and intergov-
ernmental finance. 

Appl ied physical, mathematical,
biological science, and engineering
research applies basic work i n phys-
ics, mathematics, chemistry, geol-
ogy, biology, and engineering to
areas such as low-grade ore process-
ing, batch process manufacturing,
and production of new crops and
protein sources.

The foUowing descriptions give an
indication of the breadth of the prob-
lems addressed i n these areas.

Wil l iam Cooley of Terraspace, Inc.,
i n RockviUe, Maryland, is studying
the problem of developing a family
of tools suitable for demohtion and
excavation of rock i n urban areas. He
is completing a proof-of-concept
study of the environmental accepta-
bil i ty of the use of the hydrauhc
bursting method. He first conducted

laboratory research on fracture and
disintegration of concrete by hydro-
mechanical  then devel-
oped a system and successfully tested
i t i n a quarry. The tests to date have
shown that mechanical fracture and
disintegration of concrete and rock
can be accomphshed safely, wi thout
adverse environmental effects, using
hydraulic-powered devices.

Donald DougaU of the Tissue Cul-
ture Association, Inc., in Lake Placid,
N e w York, is looking at the use of
plant cell cultures for production of
specific chemicals. His project ex-

 the effects of  or
hnity, temperature, di lut ion rate, and
growth-hmit ing nuti ient on the pro-
duction of biomass and the plant
pigment anthocyanin by carrot ceUs.
The research has shown that when
carrot ceUs are grown under che-
mostat conditions w i t h either phos-
phate or ammonia as the Umiting nu -
trient, the yield of ceUs obtained per
uni t of the Umiting nut i ient is differ-
ent at different di lut ion rates of the
cultures. The information obtained
i n this study  provide a basis for
a rational choice of culture methods
to be used i n the production of
chemicals by plant ceUs.

The nonferrous mining industry
i n the American Southwest was
studied by Richard Mead and Gilbert
Boren of the University of New Mex-
ico to investigate the impact of
changing technology on the genera-
tion of waterborne and airborne
residuals and on the consumption of
water and energy. The study focused
on the copper industry  its p r in -
cipal byproduct , molybdenum.
Nearly 85 percent of the domestic
production of both metals comes
f r o m the Four Corners States of A r -
izona, Colorado, New Mexico, and
Utah.

Mead and Boren developed de-
tailed process information for each
existing technology and for the new
technologies being developed. This
was then used to constiuct a large
linear programming model of the i n -

Applied Research
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dustry. The response of the model to
various levels of environmental con-
straint and various prices of water
and energy provides data on the
changes of technology that w o u l d
occur under various external situa-
tions.

The study shows that the meth-
odology used is capable of
summaries of detailed technical i n -
formation so that policymakers may
study the consequences of
legislative and regulatory actions. I n
addition, they found:

• The current activity in bui ld ing
pyrometallurgical plants w i t h
new technologies cannot be at-
tr ibuted to their energy e f f i -
ciency alone. Environmental
legislation led to the introduc-
t ion of these facilities, and lower
energy consumption was a ben-
efit .

• Hydrometallurgical processes are
environmentally advantageous
but are unable to compete eco-
nomically w i t h the proven py-
rometallurgical techniques.

• I t is essential to recycle water i n
the arid Southwest and to take
steps to prevent losses to the
water table. This results i n
greatly reduced discharges of
waterborne residuals.

• The most economical method to
prevent sulfur dioxide emissions
is to produce sulfuric acid. The
dispersed nature of the indus-
try, the lack of major regional
markets, and competition f r o m
sulfur products f r o m oil ref ining
have made i t diff icul t to dispose
of acid profitably.

Sanford M . Groves of the Inter-
national City Management Associa-
tion i n Washington, D . C , has de-
veloped a methodology  evaluating
the financial condition of a local gov-
ernment. The  of
13 factors that affect financial condi-
tions and 36 indicators that can be
used to measure the  now

being used by localities to provide
information on their financial con-
dit ion. This provides a framework
for analysis for city administrators,
elected officials, community groups,
bond-rating firms, and others inter-
ested i n the community's financial
well-being. The system can also be
used for anticipating changes i n a 
city's financial condition on the basis
of historical trends.

Research is under way at Virginia
Polytechnic Institute to demonstrate
applicability of social learning pr in-
ciples and experimental methodol-
ogy to the problem of developing
guidelines for comfort standards in
buildings. Richard Winnett, Ingrid
Leckliter, and J. Fred Fishback con-
ducted a f ie ld experiment to test the
effectiveness of daily feedback on
electricity use and of a videotape
demonstrating how to adapt to cooler
home temperatures. Either alone or
i n combination, feedback and the
videotape were effective i n motivat-
ing people to reduce electricity use
by about 15 percent. The savings re-
sulted f rom a reduction i n house-
hold temperatures by about 3.5°F.
The research indicates that signifi-
cant savings i n energy use may be
attained through the use of simple
behavioral techniques.

Research conducted by Anthony
Oettinger of Harvard University has
produced a series of reports on legal
and impact analysis of various State
cable television regulation policies.
This information has been made
widely available to State regulatory

 Federal officials, se-
lected private-sector organizations
w i t h an interest in cable-TV regula-
tion, legislative commissions, and
academics interested in this area.

Harvey J. Levine of Hofstra Un i -
versity has produced a volume ex-
amining policy alternatives i n the
area of television licensing. The
Fact and Fancy in Television Regulation, 
examines relevant regulatory goals,
measures the divergence of these
goals f rom actual license perfor-

mance, explains these divergencies,
and considers alternative ways to
narrow or eliminate them.

Small-claims courts are an impor-
tant insti tution developed to provide
quick, inexpensive, evenhanded, and
effective resolution of smaller civil
claims. This insti tution has been
studied by John C. Ruhnka and Ste-
ven Weller of the National Center for
State Courts i n Williamsburg, Vi r -
ginia. The investigators, after exam-
ining small-claims courts i n 14 dif-
ferent States, concluded that small-
claims courts are indeed able to re-
solve disputes quickly and inexpen-
sively. The courts were especially
helpful in assisting inexperienced l i t -
igants to represent themselves. O n
the other hand, litigants are more
likely to use fee-charging attorneys
where larger claims are involved,
raising the costs of using small-claims
courts. The investigators propose
some solutions to this and other
problems involved in the functioning
of small-claims courts.

Most of us have had the experi-
ence of reaching into a bin of j u m -
bled parts, selecting a particular type
of part, and moving to a particular
location where i t is placed i n a pre-
determined orientation. Humans do
such things w i t h a min imum of con-
scious thought, but it is not at all a 
simple operation for a robot. Sti l l ,
this is a fundamental procedure for
most manufacturing processes, and
bin-picking robots could be used i n
dangerous or uncomfortable places
or i n jobs that are very tedious. John
Birk and Robert Kelley of the U n i -
versity of Rhode Island have chosen
to investigate the very diff icul t prob-
lem of how to make a robot w i t h v i -
sion pick a part f r o m jumbled parts
in a bin , orient the part, and place i t .

To pick f r o m the bin, a scene f r o m
a television camera must be analyzed
by sophisticated computer programs
to allow the robot to " k n o w " which
part to pick up and what that part's
orientation is. The robot hand mo-
tion must be coordinated w i t h the
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analyzed results. The robot must
"recognize" the part type i t is han-
dl ing so that the part can be correctly
placed.

Birk and Kelley have now con-
structed a robot w i t h vision that
picks simple parts f r o m several bins
and places them appropriately. The
system is, however, much slower
than a human and can be used
only w i t h simple parts. Their re-
search now is directed to improving
the speed and the complexity of the
parts that can be handled.

Out of a jumble. "Seeing" through tele-
vision cameras mounted above, this ex-
perimental robot arm at the University
of Rhode Island picks a part from a supply
bin. The device recognizes and selects
different parts f rom various bins, then
orients and places them in the proper
assembly posit ions.

Problem-Focused Research

Problem-focused research (PFR)
concentrates on selected critical
problems where advances and ap-
phcation of basic knowledge can
contribute to theh solution. H i g h sci-
entific content, a focus on existing or
emerging nationally important prob-
lems, and a utihtarian demonstration
of the value of basic research are
common attributes of all PFR pro-
grams. I n 1980 PFR projects were fo -
cused on the foUowing areas: alter-
native biological sources of materials;
earthquake hazards mitigation; hu-
man nutr i t ion; science and technol-
ogy to aid the handicapped; inte-
grated basic research; and problem
analysis.

Alternative Biological
Sources of Materials

There are many potential bene-
fits—^both economic and
that accompany the development of

new domestic sources of critical i n -
dustrial chemicals and materials from 
underutiUzed plant and microbial b i -
omass. I n 1980 NSF concentrated re-
search support i n three major areas:
conversion of hgnocellulosic biomass
into industrial chemicals currently
being derived f r o m petrochemical
feedstocks; production of useful sub-
stances f r o m underutihzed arid land
plants  jojoba and gua-

 substitutes for materials
presently being imported f r o m for-
eign countries; and use of biosaUne
resources, including plants and m i -
crobes, to produce chemicals and
materials.

The rising price of crude oi l i n re-
cent years has led to corresponding
increases i n the cost of aU materials
derived from petroleum and natural
gas. A m o n g such products are pol -
ymers and basic indust i ia l chemicals.
NSF has supported research for sev-
eral years on guayule, jojoba, and

several other prospectively useful
but currently underutiUzed plants.
For example, the guayule plant, a 
hardy shrub native to the arid re-
gions of southwestem Texas, north-
ern Mexico, Arizona, and CaUfomia,
is a source of natural mbber. A n d jo-
joba, another arid region plant, is the
source of a particularly fine grade of
lubricating o i l .

Recently, Demetrios M . Yermanos
of the University of CaUfornia, Riv-
erside, reported that he had devel-
oped a monoecious strain of
one that bears flowers w i t h both
male and female parts. In nature jo-
joba is dioecious, w i t h each plant
bearing either  or all-female
flowers. There are about equal num-
bers of male and female plants. De-
velopment of a monoecious jojoba
plant is an important factor in large-
scale cultivation. Plants of both sexes
must ordinarily be intermixed to as-
sure successful commercial produc-
t ion of the oU-bearing seeds. But the
newly developed monoecious jojoba
wou ld ensure the availabihty of pol-
len whenever the female parts of its
flower are receptive and wou ld pre-
clude the need for w i n d currents or
insects for poUination. I n addition to
these advantages, monoecious jojoba
plants that originate f r o m male an-

 as this new
aU their flowers arranged i n clusters,
a rare and highly desirable charac-
teristic for a crop to be harvested.

This development climaxes several
years of research by Yermanos. He
first became interested i n this prob-
lem when he observed a few male
plants i n his research nurseries that
were stiucturally the same as other
male plants but which had the ten-
dency to produce a smaU number of
perfect male/female flowers. These
flowers appeared sporadically and
infrequently, and usually all of them
aborted very early i n their develop-
ment. Dur ing one year, however,
three such flowers continued theh
development to maturi ty and yielded
three poorly shaped jojoba seeds.



ENGINEERING AND APPLIED SCIENCE 99

Arid region plant. This new strain of jojoba, which has both male and female flowers
clustered on the same plant, could greatly simplify commercial cultivation. Jojoba
seeds are a source of fine lubricating oil.

These seeds were carefully propa-
gated, and persistent selection over
several generations of plants has now
led to the development of jojoba
plants that are entirely monoecious.
A l l the flowers produced by this new
type of plant are perfect, and several
oil-containing seeds are produced by
each plant.

Work is already under way to
propagate these monoecious plants
and make them available to other re-
searchers and botanical gardens. A l -
though these plants represent a ma-
jor advance i n the production of
monoecious jojoba strains, they are
not yet ready to be released for com-
mercial use. More research is needed
to raise their oil productivity to levels
recorded for normal female plants.
Many researchers have pointed out
that male plants have a faster rate of
g rowth and are usually taller and
more vigorous than female plants,
but the seeds of the best natural
dioecious female plants yield more
oi l than the seeds of the currently
available monoecious plants.

According to Yermanos, this re-

search is not only the first step i n
breeding improved varieties of jo-
joba, but should also open new areas
of biological research into the genetic
factors that determine sex expression
i n other plants.

Earthquake Hazards
Mitigation

O n October 15, 1979, an earth-
quake of magnitude 6.4 stiuck Cali-
fornia's Imperial Valley region, dam-
aging many buildings and other
constructed facilities. The quake's
epicenter was located near the city of
El Centro. A combination of good
planning and good luck enabled en-
gineers to collect some of the best
earthquake data ever recorded. These
data w i l l be used to increase our
knowledge of the response and fai l -
ure of buildings dur ing earthquakes.

Because of the k n o w n relatively
high seismicity of the Imperial Valley
region, a number of NSF grantees,
working i n cooperation w i t h groups
such as the U.S. Geological Survey
and engineers f r o m the State of Cal-

ifornia, were carrying out studies or
installing measurement instruments
to take advantage of any quake that
might occur.

One particular bui lding, the I m -
perial County Services Bui lding
(ICSB) i n El Centio, had been wel l
instrumented w i t h s t r o n g - m o t i o n
seismographs i n conjunction w i t h a 
research project by Gerald Pardoen
of the University of California, Ir-
vine. Pardoen was attempting to de-
termine experimentally the vibra-
tional characteristics of the ICSB to
construct a mathematical model for
use i n predicting the building's be-
havior i n a simulated earthquake.
While he was still sorting out his
data, the October 15, 1979, earth-
quake occurred, causing extensive
stiuctural and nonstructural dam-
age to the bui lding. Four reinforced
concrete support columns on the first 
floor failed, crushing and coUapsing
almost 10 inches. Resultant damage,
such as cracked floor slabs, was so
severe that demoUtion and rebuUd-
ing wiU probably be more cost effec-
tive than repair. Inst iument readings
made as the stiucture faUed wiU be
of great value to engineers.

Immediately after the quake, the
NSF-supported Earthquake Engi-
neering Research Institute (EERI)
rushed a team of engineers, archi-
tects, and planners to El Centio to
evaluate the nature and extent of
damage i n the region. Christopher
A m o l d of Building Systems Devel-
opment, Inc., i n a report on the non-
stmctural damage experienced i n the
ICSB and other commercial buUd-
ings, supports the beUef that non-
stmctural  as glass
breakage, damage to electiical sys-
tems, damage to contents, and par-
t i t ion and ceiUng  the
most economic loss dur ing earth-
quakes.

In addition to providing support
for the EERI's investigative team,
NSF quickly convened a meeting of
researchers from universities, busi-
ness, and Government to develop a 
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Earthquake damage. Located in California's seismically active Imperial Valley, this building was well instrumented to record the
strong motions that effectively destroyed it in the October  earthquake. Detailed analyses of how structures respond to
shaking help engineers improve seismically resistant construct ion.

coordinated program of research
projects to utilize the data obtained
f r o m the instruments i n the ICSB
and the regional USGS network of
seismographs. These projects are i n -
tended to contribute to the devel-
opment of new methods for design-
ing or evaluating buildings to make
them more seismically resistant> or
to ver i fy or improve practices used
by earthquake hazards mitigation re-
searchers and members of the bu i ld -
ing professions.

Lawrence Selna of the University-
of California, Los Angeles, is analyz-
ing Pardoen's data to determine what
modifications to the ICSB's design
might have enabled i t to survive w i t h
less  In addition to the anal-

ysis of ICSB instrument records,
Selna has obtained and is studying
samples of the bui ld ing materials
used i n the ICSB to determine their
strength and adequacy and the forces
exerted on them during the quake.
He plans also to study the workman-
ship that went into the bui lding.
Selna intends to study possible
changes in the region's U n i f o r m
Building Codes that might be nec-
essary to prevent similar failures of
other structures i n the future .

George Housner of the California
Institute of Technology is studying
the ICSB's response records to cor-
relate instrument readings w i t h ob-
servable damage. Using Pardoen's
data, Housner w i l l create a mathe-

matical model that exhibits the main
characteristics of observed response.
He w i l l also correlate readings made
by a seismograph located 340 feet
f r o m the ICSB w i t h readings f r o m
instruments on the building's first
floor. These readings, together w i t h
soil-excavation studies made near
the ICSB and the seismograph, are
intended to explain the interactions
between the building's foundation
and its surrounding soil.

Mete Sozen of the University of
Illinois at Urbana is constructing a 
one-twelf th scale model of the ICSB
to simulate the north-south lateral
quake forces believed to have caused
the most damage to the ICSB. The
primary objective of Sozen's work is
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to see how accurately the behavior
of a  bu i ld ing can be simu-
lated using a scale model.

 addition to these projects, there
are several others dealing w i t h such
subjects as the effects of local geol-
ogy on the strong-motion seismo-
graphs' readings, the physical char-
acteristics of the soil near the
and the earthquake performance of

The intergovernmental program
helps State and  govemments
integrate scientific and technical re-
sources into their policy formulation,
administrative management, and
programmatic activities. Through
projects i n individual jurisdictions
and through a national network of
local governments, NSF support en-
hances the roles of local and State
governments i n implementing Fed-
eral policy and programs and i n us-

 the Nation's scientific and tech-
nical resources, particularly those in
which the Federal Government has
made a significant investment.

The local government program
supports the establishment of a na-
tional innovation network to provide
cooperative approaches for solving
common problems w i t h scientific and
technical components. The network
is composed of a number of state-
wide and regional groups, as wel l as
three national  Urban
Consortium, the Urban Technology
System, and the Communi ty Tech-
nology Initiatives Program. Both ru -
ral and urban interests are sup-
ported. A t the national level the
network facihtates the development
of national research and develop-
ment agendas relevant to local needs.

Local governments are experienc-
ing unprecedented demands to as-
sume decisionmaking and manage-

nonstructural items. Architects and
planners are also studying the rela-
tionship of nonstructural damage
patterns and occupant behavior and
the imphcations of this relationship
i n terms of hfe protection i n future
earthquakes. A l l of these research
projects  provide valuable mfor-
mation aimed at  our abil-
i ty to provide cost-effective earth-

ment responsibilities fo r such
complex technical issues as energy,
environment, and transportation.
This program also emphasizes ap-
proaches to strengthen the capacity
of local governments to ident i fy their
needs and ensure that research is ap-
propriately targeted to important
problems.

The State legislative branch pro-
gram supports several States to dem-
onstiate Ways to improve access to,
and use of, scientific and technical
resources in State legislatures. Sev-
eral legislative projects begun w i t h
NSF funds have been integrated into
the staffing pattems of their respec-
tive legislatures, which have as-
sumed the f u l l costs of continuing
these projects.

Small Business
Innovation Research

NSF's small business innovation
research program is a unique ap-
proach to Federal support of re-
search. I t is conducted i n three
phases, w i t h the first two whol ly

The executive and legislative
branch programs made 15 awards
during 1980 to begin implementation
of the congressionally initiated State
Science, Engineering, and Technol-
ogy program. This program is i n -
tended to strengthen the policy-
making capabihties of governors and
legislatures i n scientific and techno-
logical areas by providing fund ing
that w i l l allow them to test new
mechanisms and improve existing
ones. Funding for these special p ro j -
ects is generaUy expected to be made
available for a two- or three-year
period.

One of the key elements of the sci-
ence and technology resources pro-
gram is the Federal Laboratory Con-
sortium for Technology Transfer. The
consortium, w i t h oVer 200 member
laboratories, faciUtates the use of ex-
isting science and technology re-
sources i n the solution of pubUc and
private problems. The laboratories
are also a resource for units of the
national network of local govern-
ments (e.g., the Communi ty Tech-
nology Initiatives Program and the
New England Innovation Group).
The Federal Laboratory Consortium
shares computer data bases and con-
ducts national and regional meetings
w i t h the user communities to ensure
the broadest apphcation of new i n -
formation, research results, and suc-
cessful technologies.

funded by NSF and the th i rd p r i -
vately funded through venture cap-
ital f irms or large businesses that al-
low the small  firms 
to pursue commercial objectives f r o m
a common research base.

Some 179 Phase I and I I awards
have been made, totaling $8 milUon.

Intergovernmental Program

Small Business Innovation and Industrial
Technology
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The first 21 Phase I I awards are
nearing completion and have gen-
erated $7 mi l l ion of private fo l low-on
fund ing , w i t h another $1 mil l ion ex-
pected.  i n the 21
receiving Phase I I awards, as a group,
has more than doubled dur ing the 3-
year period since the first proposal

 Most of these firms have
also coupled themselves to univer-
sities i n one way or another i n the
course of the research.

Research areas have included ad-
vanced measurement; advanced pro-

 processes; materials; deep
mineral resources; indust i ia l pro-
cesses; alternative biological sources
of materials; microbial fertihzers, ac-
tivators, and conditioners; human
nutr i t ion; advanced marine farming;
groundwater pol lut ion; earthquake
engineering; science and technology
apphed to the handicapped; and ap-
propriate technology.

Industrial Technology
Industrial technology projects try

to increase the investment of U.S.
industry i n research and develop-
ment and spur the utihzation of re-
search results. The pr imary area of
experimentation is i n the  of
academic resources to industr ia i
needs. The objective is to design ex-
perimental arrangements that w i l l
positively influence the couphng of
the longer range and more funda-
mental research orientation of aca-
demic science w i t h the directed re-
search needs of industry.

University lindustry cooperative re-
search centers aggregate the f imda-
mental research interests of several
firms, usually 6 to 20, across a given
technology to f u n d research joint ly

where no single firm could capture
sufficient benefits f r o m i t to jus t i fy its
cost. A center normally becomes

 i n 3 to 5 years. A n ex-
 is the Computer-Aided De-

sign Center at Rensselaer Polytech-
nic Institute, which is now i n its
second year of NSF funding . Ten
private firms currently are coopera-
tively fund ing $180,000 on an annual
basis. By the end of the fifth year the
dechning NSF fund ing w i l l termi-
nate, and the center is expected to
become  self-sustaining at a level
of $600,000 per year w i t h approxi-
mately 25 to 30 sponsoring compa-
nies. There are now 12 such centers
at various stages of development. A n
additional 10  be initiated dur ing

Innovation centers, through their re-
search on the innovation process,
classroom instiuction, and business
tiaining, provide potential and prac-
ticing technological entiepreneurs
w i t h knowledge and real-time ex-
periences i n product development
and new business initiation, devel-
opment, and growth. I n addition,
the centers may assist existing tech-
nology-based businesses that are
growth-or ien ted w i t h p lann ing ,
marketing, and product develop-
ment. Currently, there are five such
centers located at universities
throughout the country and, by the
end of 1981, i t is expected that a total
of ten centers  be i n either the
planning or operational stage. One
of the major outputs of the centers
is the development of joint curricula,
by business and engineering schools,
on the management of technology
and technological entrepreneurship.

Technology innovation projects st im-
ulate the apphcation of NSF-sup-

ported university research results into
indust i ia l innovations. These proj-
ects typically involve research proj -
ects potentially having a high total
rate of r e tum to society, but which
cannot be entirely captured by a sin-
gle company. GeneraUy, these pro j -
ects hnk a company (or companies)
w i t h a university to identify and
close the remaining research gaps
blocking the implementation of an
industrial innovation. The projects,
i n contrast to university/industry co-
operative research centers, accom-
pUsh a single, stated objective, rather
than become a continuing research
entity, and they also tend to be closer
to the development stage of an in -
novation. A n example is the homo-
polar welding research under way at
the University of Texas at Aust in
which utihzes the development of a 
pulsed homopolar power source to
weld continuous seams for the au-
tomobile industry and for the large
cross sections of raihoad raUs.

Appropriate Technology
Appropriate technologies are de-

fined as those which are decentral-
ized, which require low capital i n -
vestment, wh ich are amenable to
management by theh users, which
are i n harmony w i t h the environ-
ment, and which are conserving of
natural resources. FoUowing a pro-
gram announcement in January 1980,
177 proposals were received and 31
awards were made. The predomi-
nant topic areas among current
awards are recychng, resource recov-
ery and conservation,  i n -
dustrial technology, rural revitaUza-
t ion, and the role and impact of
appropriate technology.
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Scientific, Technological, and
International Affairs

Because society and Govern-
ment are increasingly con-
cerned w i t h scientific and

technical decisions, S&T policymak-
ing is a growing focus of public
debate, intense study, and new
governmental initiatives. Decision-
makers f i n d themselves weighing
the economic and social costs and
benefits of policy options when con-
sidering how science and technology
can be brought to bear on problems
of national interest.  is the purpose
of NSF's programs i n Scientific,
Technological, and International A f -
fairs (STIA) to provide fundamental
knowledge, insight, and tools for
these decisionmakers to use.

Briefly summarized,  activi-
ties provide resources and services
for monitor ing and analyzing the
Nation's scientific and technological
enterprise and for enhancing the
benefits of S&T informat ion ex-
change. The main components are
policy research and analysis, science
resources studies, intemational co-
operative scientific activities, and i n -
formation science and technology.
Each of these programs contributes
to the overall NSF responsibility
w i t h i n the Federal establishment of:
(1) providing research on the inter-
action of science, technology, and
public policy; (2) facilitating national
and international exchange of scien-
tific and technical information for the
benefit of U.S. science; and (3) as-
sisting i n the development and i m -

plementation of U.S. foreign policy
involving science and technology.

Policy research and analysis p r i -
marily assess the impacts of research
and development on social and eco-
nomic progress. Both short- and
longer-term aspects are explored,
particularly w i t h respect to appro-
priate Federal roles. Short-term
studies address current and emerg-
ing S&T public policy issues, while
research, longer-term i n nature, ex-
plores generic questions i n S&T pol-
icy, the process by which policy de-
cisions are made, and ways of making
the resulting knowledge more useful
to decisionmakers.

Science resources studies is NSF's
ongoing program of surveys and

analyses of national human and f i -
nancial S&T resources. Activities i n -
clude collection, analysis, and inter-
pretation of data and, very i m -
portant, the dissemination of the
data and analyses to a wide audience
in both the public and private sec-
tors. These reports offer decision-
makers a reliable source of informa-
tion on the size and direction of the
U.S. scientific and technological en-
terprise.

International cooperative scientific
activities strengthen science in the
United States by improving interna-
t ional sharing of research ap-
proaches, facilities, and results.
Priority is given to enhancing scien-
tific cooperation w i t h developed
countries, particularly i n Western

Table 10*
Scientific, Technological, and International Affairs

Fiscal Year 1978,  and

(Dollars in Millions)

 1978  1979 FY 1980

Number Number Number
of of of

Awards Amount Awards Amount Awards Amount

Policy Research and Analysis 88 $5.57 $5.46 80 $6.09
Science Resources Studies 48 2.51 52 3.07 79 3.45
Information Science and Technology .. 50 4.97 40 4.43 59 5.08
International Cooperative Science

Activities 578 9.85 529 10.60 812 12.07

Total 764 22.90 758 23.56 1,030 26.69

* Table displays program activities as they existed in FY  prior to the recent reorganization of Foundation
activities.

SOURCE: Fiscal Years  and  Budgets to Congress-Justification of Estimates of Appropriations (Quan-
titative Program Data Tables)
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But i n many f i rms only a few such
qualified people were employed,
partly as a consequence of the dom-
ination of the machinery market by
a single supplier w h o traditionally
emphasized leasing its equipment in
place of selling i t . Federal efforts to
step up the pace of informat ion f low
about innovations to less innovative

firms seem likely to founder on the
inabili ty of many of these firms to
assess i t accurately and routinely.
More comprehensive strategies de-
signed to change the institutional
structure of the industry seem much
more likely to result i n an increased
pace of innovation, according to this
study.

Science Resources Studies

The science resources studies (SRS)
program conducts surveys and anal-
yses of the Nation's scientific and
technical resources and produces
several series of reports, summaries,
and analyses. These publications are
provided to a variety of
cluding officials throughout the Fed-
eral Government, i n State and local
government, i n educational inst i tu-
tions, and i n  develop
science policy or who allocate science
resources. Analysts w h o study the
national and local science and tech-
nology resource allocation system
make up another important user
group.

Dur ing the past year SRS has un -
dertaken a major revision of its pub-
lications practices. The number of
annual final reports on periodic sur-
veys has been reduced from 13 to 6 
by:

• Consolidating reports on three
university and college surveys
(personnel, expenditures, grad-
uate enrollments) into a single
report on academic science re-
sources and activities.

• Replacing the former National 
Patterns of R&D Resources report
w i t h a new annual  Na-
tional Patterns of S&T Resources. 
The report w i l l constitute an an-
nual summary of all information
generated by SRS surveys and
analyses w i t h emphasis on re-
cent important changes.

• Combining the report An Anal-
ysis of Federal R&D Funding by 
Function w i t h the annual Federal 
Funds for Research and Develop-
ment i n a single volume.

• Merging five S&T personnel re-
ports into a single comprehen-
sive periodic publication provid-
ing data on the supply and
utilization of S&T personnel.

• Continuing annual publication
of the report Federal Support to 
Universities, Colleges, and Selected 
Nonprofit Institutions. 

• Publishing the report Research 
and Development in Industry on a 
biennial basis.

These changes should result i n
several advantages:

• A l l o w presentation of integrated
national overviews.

• Provide for the first time an an-
nual summary document deal-
ing w i t h S&T personnel.

• Make informat ion more easily
accessible and better integrated
for the user by reducing the
number of volumes to be ac-
quired, cataloged, stored, and
consulted.

The init ial volume of the new se-
 National Patterns of Science and 

Technology Resources, was published

National R&D funding

Average annual rate of change
Current Constant

Non- Non-
Year Total Federal Federal Total Federal Federal

12.5% 9.8% 9.1% 10.2% 7.5%
5.4 2.9 8.7 - .6 - 2 . 9 2.5

11.4 10.2 4.2 2.9 5.4
1978-79 12.4 11.2 3.4 2.3 4.4
1979-80 11.2 9.9 12.5 1.3 2.5

• Current dollars
•Constant 1972
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Office of Management and Bud-
get's inf lat ion estimate of 10 per-
cent.

• Total employment of scientists
and engineers showed general
improvement f r o m 1976 to 1978,
although these improvements
were not shared equally among
all fields, among all race and sex
groups, at all degree levels, or i n
all sectors of the economy. Sci-
ence and engineering (S/E) em-
ployment increased by 4 percent
between 1976 and 1978, i n con-
trast w i t h the 8 percent rate for
the total work force.

• Data indicated relatively strong
demand for engineers and com-
puter specialists. Employment
i n S/E occupations increased for

engineers between 1976 and
1978. However, except for com-
puter specialists and environ-
mental scientists, S/E employ-
ment i n other major fields of
science fe l l .

• The 1978 employment experi-
ence of recent (1976) S/E bacca-
laureates also supports the evi-
dence of strong employment
demand i n engineering and
computer science. Of those w i t h
degrees i n engineering and com-
puter science, four- f i f ths found
employment i n occupations
matching their degree f ield. I n
contrast, less than 15 percent of
the mathematics- and social-
science-degree holders f o u n d
such jobs.

Information Science and Technology

i n the summer of 1980 and provides
a concise, current overview of U.S.
science and technology resources.
A m o n g the data highlights reported
are the fo l lowing:

• For the past four years, U.S. f i -
nancial support for research and
development has shown signs
of renewed strength, nearly
comparable to the levels re-
corded during the first seven
years of the sixties. I n constant
dollars, the Nation's R&D ex-
penditures have increased each
year since 1975, for a 4-year total
real g rowth of 18 percent. N o n -
Federal fund ing increased at al-
most twice the rate of Federal
R & D funding . Defense, energy,
and space-related
senting two-f i f ths of the $54.3
bilUon R&D total i n
been chiefly responsible for the
recent growth in U.S. R&D ac-
t iv i ty . Inflat ion has been the
chief damping factor i n the
growth of real R&D support. For
1980 the overall increase is esti-
mated at 11 percent, or 1 percent
i n constant dollars using the

Two compelling issues that seem
Ukely to confront the Nation during
the 1980s are the consequences of

depletion of material and energy re-
sources, and the opportunities pro-
vided by expanding national infor-
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Cooperative research . Carl Jordan of the University of Georgia, field director for a U.S. team participating with Venezuelan,
Brazilian, and West German scientists in a study of humid tropical forests, inspects nutrient flow collectors. Though lush with
growth, this Amazon forest is vulnerable to disturbance, as shown by the bare patch that remains f rom land cleared and abandoned rib-
30 years ago.

> 25
dis-

 physiology, and solid-
state physics, along w i t h other areas
of research, but many of the projects
are concerned w i t h the biology of the
moist tropics. U.S. interest i n t ropi-
cal ecology grew i n the 1950s and
1960s, when a number of U.S. sci-
entists traveled to Argentina, Brazil,
Colombia, and neighboring coun-
tries. They made observations and
brought back specimens for study i n
their o w n institutions, often w i t h l i t -

tle or no participation by host-coun-
try scientists. Dur ing these same
years many young South American
scientists were completing advanced
training i n the United States and re-
turn ing to their countries i n positions
of responsibility. Many of them felt
that i t w o u l d be to their o w n coun-
try's advantage i f visit ing U.S. (and
other foreign) scientists were al-
lowed access to local resources, pro-
vided that the projects in volved

country as wel l as U.S. participation
i n the planning and execution of
projects. Were it not for this percep-
t ion, U.S. opportunities to benefit
f r o m research in the tropics w o u l d be
fewer than they are today.

The world 's moist tropical forests
are, i n their present state, a resource
w i t h a vast potential for satisfying
human needs for food , energy,
structural materials, medicine, and
basic scientific knowledge. But they

Le-

ings

:or a 
ergy
 de-

n be

nod-
 3.
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are being cleared away at an annual
rate of almost 11 mil l ion hectares (4
mi l l ion acres) as people seek fuel ,
food, l iv ing space, and transporta-
t ion routes. Clearance hardly ever
takes into account the possible social
and economic benefits lost by de-
stroying this valuable wor ld resource
or how it could be used to contribute
to w o r l d stability.

One such forested region, that of
the Amazon River, is part of a system
that includes a sixth of the broad-
leafed forest area of the wor ld . About
25 percent of the Amazonian forest
has already been destroyed, and half
of what remains may be gone i n 15
years at the present rate. The ur-
gency of its prudent management is
evident, but in many cases we lack
the necessary basic knowledge of
plants, insects, mammals, and other
life forms and of their interrelations.
Such knowledge helps people to un-
derstand agricultural systems, to use
resources wisely, to devise indicators

of environmental damage, to main-
tain alertness against possible path-
ogen invasions, and to understand
the nature and evolutionary relation-
ships among plants and animals of
the wor ld .

To take just one example, several
U.S. universities and other scientific
organizations are cooperating w i t h
Brazilian counterpart institutions i n
a joint effort called Projeto Flora
Amazonica. The project involves
compiling data on the plants of the
region that are now located in collec-
tions i n Brazil and i n other countries;
coUecting information about plants
of the region and their possible uses;
and intensive plant coUecting i n the
field, w i t h special emphasis on those
areas now being cleared for new
roads, farms, industrial develop-
ments, and human settlements, as
wel l as areas of particular scientific
interest. Brazilians share w i t h U.S.
scientists the responsibiUty for plan-
ning and carrying out the project. As

a result they wiU have an inventory
of resources and wiU be able to iden-
tify areas for protected reserves, es-
tabUsh and improve research cen-
ters, and develop training programs
for their scientists. The project brings
to U.S. scientific institutions large
numbers of important specimens
f rom poorly studied and threatened
areas and gives U.S. botanists valu-
able field experience. A computer
link between the two countiies now
faciUtates the necessary exchange of
i n f o r m a t i o n about botanical re-
sources.

 assisting the cooperation under
Projeto Flora Amazonica, NSF built
on existing work ing relationships
w i t h the BraziUan National Research
CouncU, carefully nurtured through
joint decisions on the fund ing of
projects i n many scientific fields since
1972. NSF also heavily drew upon its
experience i n mutually beneficial co-
operative science programs w i t h
other countries.
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Cross-Directorate Programs

Cross-Directorate  are
those whose goals and objec-
tives are not confined lo any

single field of science, but generally
stretch over several. I n some cases
programs may be aimed toward
highly focused objectives rather than
toward advancing a particular f ield
of research (such as research
ment for small colleges or linkages
between industrial and academic re-
search). In all cases the strategy is to
use program flexibil i ty to take ad-
vantage of new opportunities to i m -
prove the Nation's research capabil-
ities.

Industry/University
Cooperative Research

Program
Universities are major institutions

for the creation of knowledge, while
industrial firms transform knowl -
edge into useful products and serv-
ices. Therefore, encouraging and
strengthening the ties between i n -
dustry and universities, as NSF does
by supporting cooperative research
i n which both participate, is impor-
tant to our national goal of improv-
ing the capability of  to be
innovative.

Federal efforts to stren ese
ties can use either an aal
approach or a ompef
approach. NSF's
competitive project mo :h
research projects subn
compete w i t h each  g.
Projects consist of reset sic

or applied science i n which an i n -
dustrial scientist and a university sci-
entist work together directly. Criteria
for project fund ing include both the
quality of science proposed and the
degree of collaboration between in -
dustry and university researchers.

To minimize administrative costs
and avoid duplication of projects,
peer review and technical decisions
on awards are done by NSF's regular
research programs, w i t h funds pro-
vided by a separate, central alloca-
tion. Accordingly, the research pro-
posals are peer-reviewed i n
competition w i t h other proposals
(cooperative and noncooperative) in
the same area of science, and the
peer-review procedures are no dif-
ferent f r o m those for any scientific
proposals received by NSF. The
number of awards has been growing
since the inception of the program i n

1978, dur ing wh ich 8 projects were
supported. In 1979, 57 project awards
were made, and 74 were made i n
1980.

Two-Year and
College Research

Instrumentation Program
This past year was the first f u l l

year of operation for the new re-
search equipment program that NSF
announced on March 21, 1979. The
program strengthens NSF assistance
in obtaining research equipment for
colleges and universities primari ly
engaged in teaching undergradu-
ates. Al though the relative balance
between educational and research
activities i n these insti tutions is
heavily weighted towards instruc-
tion, compared w i t h the large doc-
toral-awarding universities, a signif-

 11*
Cross-Directorate Programs

Fiscal Year  and

(Dollars in Millions)

 1979  1980

Number Number
of of

Awards Amount Awards Amount

Industry-University Cooperative Researcti 57 $5.44 74 $5.05
Special Facilities and Instrumentation Programs 55 5.61 199 7.83
Cross-Directorate International Programs 44 3.39 22 1.65
Ottier Programs 27 2.42 39 4.48

Total 183  334 19.01

 displays program activities as ttiey existed in FY 1980, prior to  recent reorganization of Foundation
activities.

SOURCE: Fiscal Years  and  Budgets to Congress-Justification of Estimates of Appropriations (Quan-
titative Program Data Tables)
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icant amount of research does
nevertheless take place i n many.

In recent years, too, a large num-
ber of recently trained scientists w i t h
high research capability have been
joining the faculties of these insti tu-
tions. I n many cases their research
efforts are hampered, or even com-
pletely frustrated, by a lack of re-
search instruments or equipment.
While i t is rarely feasible to provide
highly expensive equipment to this
type of inst i tut ion, many needs can
be met w i t h equipment of relatively
moderate cost. I n 1980 these equip-
ment awards were l imited to a max-
i m u m of $25,000, and the average
award was about $18,000. Of ten this
equipment is shared by more than
one scientist, sometimes i n more
than one f ie ld of science, and student
participation i n the research projects
is substantial.

The program provided support to
128 institutions i n 1980. The range of
sciences included astronomy, engi-
neering, geography, geology, math-
ematics, computer science, hnguis-
tics, oceanography, physics, and
psychology, but chemistry and biol-
ogy were the most frequent users.

I n chemistry, for example, a nu -
clear magnetic resonance spectrom-
eter at Hope College i n Hol land,
Michigan, is now being used by five 
chemists for research that includes
the development of antitumor agents
and studies on types of fatty acids.
Thomas E. Goodwin of  Col-
lege i n Conway, Arkansas, is using
a similar inst iument for organo-
chemical approaches to find analogs
of naturally occurring anticancer
compounds.

I n biology, Samuel S. Kent of L y n -
don State CoUege i n Lyndonvil le ,
Vermont, is using a l iqu id scintilla-
t ion counter and other instruments
for fundamental research on photo-
synthesis. I f successful, i t may lead
to methods of reducing the energy
needs of plants and thus the cost of
producing food and fiber. Studies on
basic processes of plant development

Regional Instrumentation Facilit ies. The 14 multi-Institution research centers now
operating include laboratories for mass spectrometry (top) at Johns Hopkins Uni-
versity and for laser chemistry (bottom) at the University of Pennsylvania.

by Robert W. Korn of Bellarmine
College in Louisville, Kentucky, are
using a scanning electron microscope
made possible by this program.

Regional Instrumentation
Regional instrumentation facihties

to provide mult i - inst i tut ion access to
state-of-the-art research equipment
and techniques were initiated i n 1978

w i t h grants to 6 institutions. Eight
additional faciUties were estabUshed
i n 1979. The 14 facilities now i n op-
eration cover a variety of research i n -
terests, including nuclear magnetic
resonance spectrometry, mass spec-
trometry, lasers, carbon-14 dating,
electron microscopy, and surface sci-
ence. Each facUity provides creative
research opportunities for a broadly
based group of scientists, and a wide
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variety of research disciplines are
now being  f r o m en-
vironmental science and chemistry
through biochemistry and medicine
to materials science. Access to the
unique capabilities of each facility
has benefited industrial and govern-
ment scientists i n addition to aca-
demic participants.  is clear that the
spirit and intent of regional instru-
mentation facilities have only touched
upon the numerous scientific oppor-
tunities that are possible, and many
scientific advances, such as the fo l -
lowing , have already come f rom
them.

Scientists at the University of Ne-
 were able to show that dioxin

was not universally present in f l y ash
samples f rom coal-fired power plants
at the very low detection level of 600
parts per quadrill ion. Similarly, they
have conducted a study, joint ly w i t h
the U.S. Veterans Administrat ion, of
agent orange i n tissue samples f r o m
Vietnam veterans at a detection level
in the range of parts per t r i l l ion. A t
Johns  University polymer
samples i n the molecular weight
range of four to f ive thousand
tons have been measured through
the technique of f ie ld desorption mass
spectrometry. The Universi ty of
South Carolina has developed a 
unique capability in rhodium nuclear
magnetic resonance spectroscopy
which has great importance i n the
study of catalysis. The San Francisco
Laser Center has already been able
to show the viabili ty of the laser
lending-library concept as a way to
conduct high-risk research w i t h las-
ers.

A l l of the regional facilities have
been carefully observing each other's
development to prevent duplication
of research capabilities. Most facili-
ties, i n fact, have become national i n
scope. The facilities concept retains
its freshness for the American sci-
entific community and, for the pres-
ent, most visiting scientists can be
accommodated. This is rapid ly
changing, however, and i t appears

that the capacities of each facility w i l l
soon be saturated.

International Science
Two programs involving interna-

tional  w i t h the Peo-
ple's Republic of China and w i t h the
Union of Soviet Sociahst
reflect unique scientific opportunities
and constraints and are therefore ad-
ministered separately f r o m other NSF
cooperative science programs w i t h
other countries. Both offer U.S. sci-
entists access to rare or unique re-
search facilities, resources, and ex-
pertise through bilateral programs,
joint commissions, and informal co-
operation based on mutual benefit.

U . S . / U . S . S . R . C o o p e r a t i v e
R e s e a r c h

Under the framework of the U.S.-
U.S.S.R. Agreement on Cooperation
i n Science and Technology, forms of
cooperation range f r o m exchange of
research material and data to joint
research, including periodic work-
shops and conferences. NSF funds
U.S.-based research i n several areas,
including  and ma-
terials, physics, heat and mass trans-
fer, corrosion, microbiology, appli-
cations of computers to management,
earth sciences, polymer science, and
science policy.

These programs, which take ad-
vantage of complementary research
capabilities i n the two countries, have
made i t possible for significant cost
savings to be realized and for Amer-
ican scientists to have access to
unique Soviet research personnel and
equipment. For example, i n a joint
project on plasma-arc remehing
(PAR), Battelle-Columbus Laborato-
ries is cooperating w i t h the E. O. Pa-
ton Electrical Welding Institute i n
Kiev on a comparison of the PAR
process w i t h electroslag and vac-
uum-arc remelting processes i n the
production of high-quality special

steels and  PAR is a rel-
atively new and promising technol-
ogy developed in the U.S.S.R., and
it is estimated that the cost of bu i ld-
ing a  sting facility i n the
United States would cost approxi-
mately half a mi l l ion dollars.

Cooperation in heat and mass
transfer w i l l give American special-
ists access to Soviet advances i n this
area and is expected to yield quan-
titative results beneficial to the United
States i n the design of chemical plants
and industrial processes i n solar,
geothermal, and nuclear energy.
U.S.-U.S.S.R. cooperation in theo-
retical physics has made i t possible
for some of the world's leading ex-
perts in such rapidly developing areas
as relativistic astrophysics and ele-
mentary particle theory to work to-
gether intensively for the first time
i n many years.

U.S.-U.S.S.R. cooperation i n the
science policy area offers unique
benefits of a different sort. The So-
viet Government has given promi-
nent attention to enhancing the
management of scientific and tech-
nical research i n the context of mod-
ernizing the Soviet economy. This
effort has focused on the forging of
more effective links between their
S&T research effort and industrial
product ion. These major ins t i tu-
tional changes intioduced in Soviet
R&D management structures and
procedures w h l have a significant
impact on the Soviet Union's ability
to deal w i t h these problems i n the
future. Through the Science Policy
Working Group, U.S. specialists have
had the opportunity to obtain up-to-
date information on the progress of
these efforts as wel l as access to m i d -
dle- and upper-level R & D pohcy-
makers and industrial managers who
are implementing these changes. NSF
is now i n the process of pubhshing
a number of studies based on this
project i n order to make this infor-
mation readily accessible to govern-
ment officials and the general public.
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U . S . / C h i n a C o o p e r a t i o n i n
B a s i c S c i e n c e s

This program w i l l permit cooper-
ative activities to be carried out i n
accordance w i t h the U.S./China
Agreement for Cooperation i n Sci-
ence and Technology signed on Jan-
uary 31, 1979. I n A p r i l 1980 a dele-
gation f r o m NSF visited China to
negotiate a program for cooperation
i n the basic sciences w i t h the Chinese
Academy of Sciences and the Chinese
Academy of Social Sciences. General
agreement was reached on the scope
of such a program, though the pro-
tocol had not yet been signed by the
close of the fiscal year. However,
plans were laid for hold ing two U.S.-
China Seminars i n late  i n
natural products chemistry, the other
i n microelectronics. Dur ing the year
NSF continued to assist the National
Academy of Sciences w i t h a program
of scientific exchanges w i t h China.
I n addit ion, NSF joined several other
U.S. Government agencies i n sup-
port ing the national program of stu-
dent-scholar exchange w i t h the Peo-
ple's Republic of China by
contributing to the cost of sending
U.S. students and scholars to China.

Research Initiation in
Minority Institutions

(RIMI)
O n November 1, 1971, NSF estab-

hshed a program specifically to sup-
port ini t iat ion of research by faculty
members associated w i t h colleges
and universities that have histori-

 served disadvantaged ethnic
minorities. The program centered on
the special research needs of histor-
ically black colleges and universities
and was later extended to all insti-
tutions w i t h student enroUments that
were predominantly minor i ty (e.g.,
those ethnic minor i ty groups who
are significantly underrepresented i n
science).

This program is a long-term com-
ponent of NSF's ef for t to provide

greater access to scientific careers by
minorities. I t specifically deals w i t h
some of the basic problems of getting
a research project
the need for scientific
time to do the research, and means
of exchanging ideas w i t h colleagues.
Proposals were accepted i n all sci-
entific disciplines supported by NSF,
including appUed research.

NSF made 19 awards i n 1980, w i t h
an average award size of $52,400 for
two years. Awards went to eight
predominantly minori ty institutions
out of an approximate total of 124
such institutions. Of the 19 awards,
Howard University received  City
University of New York-City CoUege
received four , the Universi ty of
Puerto Rico received three, and L i n -
coln University i n Pennsylvania re-
ceived two. Institutions receiving
single awards were Chicago State
Univers i ty , Morehouse College,
Nor th Carohna A & T State Univer-
sity, and Pan American University.

One of these projects, investigat-
ing an important neuronal response
to in ju ry , may assist i n gaining new
knowledge on the physiological basis
for recovery of motor functions after
in ju ry to the spinal cord or brain.
Another of the projects, cosmoiogicai
studies of neutral hydrogen, wiU fo-
cus on the process governing the
bir th of galaxies and clusters of gal-
axies, as weU as the correlations be-
tween the neutral hydrogen, radio
continuum, infrared, optical, and X-
ray nuclear properties of parent gal-
axies and active galaxies. The u l t i -
mate goal of the study is the under-
standing of the galactic and
immediate intergalactic environment
and its bearing on the evolution and
larger scale stiucture of the galaxy.

A t h h d project w i h support a 
promising young solid-state experi-
mentaUst who w i l l investigate the
magnetic properties of alpha-man-
ganese and its alloys. These mate-
rials have technological importance
and are of considerable current i n -
terest to sohd-state scientists.

Experimental Program to
Stimulate Competitive

Research
This program has been established

to improve the quality of science and
increase the ability of scientists i n
ehgible States to compete success-
f u l l y for Federal research funds
through the accepted peer-review
process. The program reflects the
perception that significant national
as weU as local benefits are derived
f r o m participation i n the national sci-
ence enterprise. Dur ing 1980, grants
were awarded to Arkansas, Maine,
Montana, South Carohna, and West
Virginia.

Af te r an NSF-funded planning
phase, a broad-based ad hoc commit-
tee i n each of seven participating
States submitted a five-year imple-
mentation plan. The implementation
plans addressed impediments to ex-
cellence and were unique to each
State. The committees consulted ex-
perts from out-of-state during this
process so that an accurate picture of
national standards i n various disci-
plines could be ascertained. The re-
sulting stiategies included develop-
ment of individuals, purchase of
major research equipment, mul t i -
institutional cooperation, and vari-
ous arrangements to attract new fac-
ul ty and increase incentives for
research.

The fund ing recommendations for
the implementation phase were based
on a thorough peer-review process
which analyzed scientific merit and
feasibility of the improvement plan,
and demonstrated commitment to
basic research. Each State's support
for this endeavor was evidenced by

 provisions, attitudes of
academic and public leaders, and
improvement strategies beyond the
five-year duration of the grant.

Future plans for the experimental
program include a formal review of
aU five awards after the second year
of support and independent evalua-
t ion of the impact of the program. I n
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1981 NSF expects to initiate the plan-
n ing phase i n three additional States.

NSF Planning and
Evaluation

Long-range planning, which pro-
vides a basis for the allocation of
NSF's resources, is a cyclical process
that develops and collects informa-
t ion on the agency's objectives,
structure, current activities, and con-
straints and mandates. This infor-
mat ion enables NSF to set priorities,
project program activity, project staff
and support needs, and ident i fy ma-
jor policy issues.

Policy issues affecting NSF or is-
sues on which NSF is asked to take
a position frequently require exten-
sive analysis and the exploration of
options for action. While much of
this is done by the in-house staff, the
program supports a small number of
extramural studies. Dur ing the past
year, contracts were awarded for:

• A study of research price i n -
dexes in different academic dis-
ciplines to better understand the
effects of inf la t ion on research i n
various fields.

• A study of the support of re-
search i n cryptography and its
relation to national security pol-
icy.

• A study of the role of university-
organized research units i n ac-
ademic science.

• Development of a guide for safe
handling of hazardous materials
i n the laboratory.

• A study of certain aspects of the

feasibility of solar power satellite
systems.

• A study of fund ing acknowl-
edgments i n technical publica-
tions in a number of fields.

• A workshop on the growing role
of research centers and non-
faculty researchers i n academic
science.

Among the earlier activities that
were completed last year are:

• A study of the needs, supply,
and use of scientific instrumen-
tation and research equipment
in research universities.

• A workshop on the role of or-
ganized research units for aca-
demic science at research un i -
versities.

• A study of factors affecting re-
search vitality i n the mathemat-
ical sciences.

• A study of changes i n the pat-
terns of h i r ing scientists and en-
gineers at nondoctoral public
colleges.

Other policy issues connected w i t h
the fund ing and performance of sci-
entific activities are of continuing
concern to NSF and were also the
subject of discussion. Examples of
such issues include the allocation of
support among research areas; the
relation of science and engineering
to the achievement of national goals;
economic and social consequences of
science and engineering support;
more effective mechanisms for the
support of science and engineering;
development of the Nation's science
and engineering potential; and the

opportunities for and constraints on
the development of science and en-
gineering.

Evaluation studies provide the NSF
Director w i t h informat ion on the ef-
fectiveness of major NSF programs.
They fo rm the basis of his oversight
responsibilities i n these areas and
provide groundwork for budgetary
or policy decisions about program
expansion, curtailment, or reorien-
tation. Program evaluations are de-
signed internally; they are often car-
ried out by contractors.

The Senate Appropriations Com-
mittee Report No . 92-258, dated July
24, 1979, directed NSF "to imple-
ment a selected program on a pilot
basis of postresearch evaluation." I n
response, NSF selected two areas,
oceanography and chemistry, for re-
view. The oceanography evaluation
is complete, and the chemistry eval-
uation is i n progress.

Findings of the completed ocean-
ography evaluation are: (1) O n the
basis of peer review of projects, those
supported by NSF were of higher
quality than control projects, and
NSF tends to renew proposals f r o m
better investigators. However,  all
the differences were statistically sig-
nificant. Much the same results were
obtained f r o m an analysis of cita-
tions and publications. (2) Postgrant
ratings are more reliable and corre-
late better w i t h citation and publ i -
cation measures than mail review
pregrant ratings. (3) NSF program
directors' pregrant ratings are a bet-
ter predictor of postgrant ratings
than mail review pregrant ratings
and correlate better w i t h publication
and citation measures.
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Appendix A 

National Science Board Members 
and NSF Staff 

N A T I O N A L S C I E N C E B O A R D

Terms Expire May 10, 1982 

Raymond L. Bisplinghoff, Vice President for Research and De-
velopment, Tyco Laboratories, Inc., Tyco Park, Exeter, New
Hampshire.

Lloyd M . Cooke, Vice Chairman, Economic Development Council
of New York City, Inc., New York, New York.

Herbert D . Doan (Vice Chairman, National Science Board),
Chairman, Doan Resources Corporation, Midland, Michigan.

John R. Hogness, President, Association of Academic Health
Centers, Washington, D.C.

Wil l iam F. Hueg, Jr., Professor of Agronomy and Deputy Vice 
President and Dean, Institute of Agriculture, Forestry, and
Home Economics, U n i v e r s i t y of Minnesota , St. Paul,
Minnesota.

Marian E. Koshland, Professor of Bacteriology and Immunology, 
University of California, Berkeley, California.

Joseph M . Pettit, President, Georgia Institute of Technology,
Atlanta, Georgia.

Alexander Rich, Sedgwick Professor of Biophysics, Massachusetts
Institute of Technology, Cambridge, Massachusetts.

Terms Expire May 10, 1984 

Lewis M . Branscomb (Chairman, National Science Board), Vice 
President and Chief Scientist, In te rna t iona l Business
Machines, Inc., Armonk, New York.

Eugene H . Cota-Robles, Professor of Biology, Biology Board of
Studies, Thimann Laboratories, University of California,
Santa Cruz, California.

Ernestine Friedl, Dean of Arts and Sciences and Trinity College, 
and Professor of Anthropology, Duke University, Durham,
North Carolina.

Michael Kasha, Distinguished Professor of Physical Chemistry, 
and in the Institute of Molecular Biophysics, The Florida
State University, Tallahassee, Florida.

Walter E. Massey, Director, Argonne National Laboratory,
Argonne, Illinois.

David V. Ragone, President, Case Western Reserve University,
Cleveland, Ohio.

Edwin E. Salpeter, J. G. White Professor of Physical Sciences, 
Newman Laboratory of Nuclear Studies, Cornell Univer-
sity, Ithaca, New York.

Charles P. Slichter, Professor of Physics and in the Center for
Advanced Study, Loomis Laboratory of Physics, University
of Illinois, Urbana, Illinois.

Terms Expire May 10, 1986 

PeterT.  President, University of Texas,
Mary L. Good, Boyd Professor of Materials Science, Louisiana

State University, Baton Rouge, Louisiana.
Peter D . Lax, Director, Courant Institute of Mathematical Sci-

ences, New York University, New York, New York.
Homer A. Neal, Dean of Research and Graduate Development 

and Professor of Physics, Indiana University, Bloomington,
Indiana.

Mary Jane Osborn, Professor of Microbiology, University of
Connecticut Health Center, Farmington, Connecticut.

Donald B. Rice, Jr., President, The Rand Corporation, Santa
Monica, California.

Stuart A. Rice, Frank P. Hixon Distinguished Service Professor 
of Chemistry, James Franck Institute, University of Chicago,
Chicago, Illinois.

(One Vacancy)

Member Ex Officio 

John B. Slaughter (Chairman, Executive Committee), Director, 
National Science Foundation.

Vernice Anderson, Executive Secretary, National Science Board,
National Science Foundation.

N A T I O N A L S C I E N C E F O U N D A T I O N
S T A F F

Director, John B. Slaughter
Deputy Director, Donald N . Langenberg
Director, Office of Equal Employment Opportunity, Herbert

Harrington, Jr.
General Counsel, Charles Herz
Director (Acting), Office of Government and Public Programs, 

Thomas Ubois
Associate Director for Public Programs, Theodore D. Drury
Head, CongressionalLiaison Branch, Patricia E. Nicely
Head, Public  Branch, Jack Renirie
Head, Community Affairs Branch, R. Lynn Carroll
Head, Communications Resource Branch, Bruce R. Abell

Director, Office of Planiung and Resources Management, M . Kent
Wilson
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Deputy Director, Office of Planning and Resources Man-
agement, James M .

Director,  of Budget and Program Analysis, Syl
McNinch , Jr.

Head, Budget Office, Thomas M . Ryan
Acting Head, Programming Office, Syl McNinch , Jr.
Director, Division of Strategic Planning and Analysis, 

I r w i n M . Pikus
Head, Planning and Policy Analysis Office, I rwin  Pikus
Head, Program Review Office, Lewis P. Jones

Director, Office of Audit and Oversight,  Fregeau
Deputy Director, Office of Audit and Oversight, Robert

Boyden
Head, Audit Of fice, Robert Boyden
Head, Evaluation S t a f f , Harry Piccariello

Director, Office of Small Business Research and Development, 
Theodore W. Wirths

Assistant Director for Engineering and Applied Science, Jack T.
Sanderson
Deputy Assistant Director for Engineering and Applied 

Science, Henry C. Bourne, Jr.
Director, Division of Applied Research, L. Vaughn Blankenship
Director, Division of Problem-Focused Research, Donald

Senich
Director, Dix)ision of Chemical and Process Engineering, 

 Lih
Director, Division of Civil and Mechanical Engineering, 

Will iam Butcher
Director, Division of Electrical, Computer, and Systems 

Engineering, Stephen Kahne
Director, Division of Intergovernmental Science and Public 

Technology, Wil l iam Wetmore
Assistant Director for Astronomical, Atmospheric, Earth, and 

Ocean Sciences, Francis S. Johnson
Deputy Assistant Director (Acting) for Astronomical, At-

mospheric, Earth, and Ocean Sciences, Albert Bridgewater
Director, Division of Astronomical Sciences, Wi l l iam E.

Howard, I I I
Director, Dixnsion of Atmospheric  Eugene Bierly
Director, Division of Earth Sciences, P. Robin Brett
Director (Acting), Division of Ocean Sciences, M . Grant

Gross
Director, Division of Polar Programs, Edward P. Todd

Assistant Director for Biological, Behavioral, and Social Sciences, 
 E. Clark

Deputy Assistant Director for Biological, Behavioral, and 
 Robert Rabin

Director, Division of Behavioral and Neural Sciences, 
 Louttit

Director, Division of Environmental Biology, Frank B.
GoUey

Director, Division of Physiology, Cellular, and Molecular 
Biology, James W. Campbell

Director, Division of Social and Economic Sciences, Otto
Larsen

Assistant Director for Mathematical and Physical Sciences, 
Will iam Klemperer
Deputy Assistant Director (Acting) for Mathematical and 

Physical Sciences,  E. Kagarise
Director, Division of Chemistry,  S. Nicholson
Director, Division of Materials Research, Ronald E. Kagarise
Director, Division of Mathematical and Computer Sciences, 

 Pasta
Director, Division of Physics, Richard Deslattes

Assistant Director (Acting) for Science Education, Walter L.
Gillespie
Deputy Assistant Director (Acting) for Science Education, 

Alber tT . Young
Director, Office of Program Integration, Alphonse Buccino
Director, Office of Science and Society, Alexander J. M o r i n
Director, Division of Science Education Development and 

 Lipson
Director, Division of Science Education Resources Im-

provement, Marjorie H . Gardner
Director, Division of Scientific Personnel Improvement, 

Lewis A. Gist
Assistant Director for Scientific, Technological, and International 

Affairs, Harvey Averch
Deputy Assistant Director for Scientific, Technological, and 

International Affairs, Leonard L. Lederman
 Operations and Analysis, Richard R. Ries

Director, Division of International Programs, Bodo Bartocha
Director, Division of Policy Research and Analysis,  S.

Bean
Director, Division of Science Resources Studies, Charles E.

Falk
Director, Division of Information Science and Technology, 

Howard L. Resnikoff
Assistant Director for Administration, Thomas Ubois

Deputy Assistant Director for Operations, K. G. Sandved
Director,  of Financial and Administrative Manage-

ment, Kenneth Foster
Director, Division of Grants and Contracts, Gaylord Ellis
Director, Division of Information Systems, Constance

McLindon
Director, Division of Personnel and Management, Fred K.

Murakami
Director, Health Service, James W . Long, M . D .
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Appendix B 

Financial Report for Fiscal Year 1980* 
(In Thousands of Dollars)

Research and Related Activities Appropriation
Fund Availability

Fiscal year  appropriation $906,050
Rescinded (Public Law 96-304)
Transferred to Department of Education - 90

Fiscal year 1980 appropriation adjusted $903,793

Unobligated balance brought  $3,340
Adjustments to prior year accounts 4,369

Fiscal year  availability

Obligations

Mathematical and Physical Sciences:
Mathematical Sciences $24,904
Computer Research
Physics 63,209
Chemistry 51,303
Materials Research 68,522

Subtotal, Mathematical and Physical Sciences $226,335

Astronomical, Atmospheric, Earth, and Ocean Sciences:
Astronomical Sciences $56,668
Atmospheric Sciences 63,271
Earth Sciences 25,476
Ocean Sciences 66,308
Arctic Research Program 5,825

Subtotal, Astronomical, Atmospheric, Earth, and Ocean
Sciences $217,548

U.S. Antarctic Program $55,836

Ocean Drilling Programs

* Table displays program activities as they existed in FY  prior to the recent reorganization of
Foundation activities.

SOURCES: Fiscal Year  Supplementary Budget Schedules, Fiscal Year  Budget to
Congress, and NSF accounting records.
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Biological, Behavioral, and Social Sciences:
Physiology, Cellular, and Molecular Biology
Behavioral and Neural Sciences 35,392
Social and Economic Science 26,641
Environmental Biology 37,787

Subtotal, Biological, Behavioral, and Social Sciences $167,018

Engineering and Applied Science:
Electrical, Computer and Systems Engineering $17,627
Chemical and Process Engineering
Civil and Environmental Engineering 9,713
Mechanical Sciences and Engineering
Applied Research 16,246
Problem-Focused Research 26,017
Intergovernmental Programs 4,515
Small Business Innovation and Industrial Technology 3,574

Subtotal, Engineering and Applied Science $102,937

Scientific, Technological, and International Affairs:
International Cooperative Scientific Activities $12,073
Policy Research and Analysis 6,086
Science Resources Studies 3,448
Information Science and Technology 5,082

Subtotal, Scientific, Technological, and International Affairs . . . $26,689

Cross-Directorate Programs:
Industry/University Cooperative Research $5,050
Special Facilities and Instrumentation Programs 7,824

 International Programs 1,653
Other Programs 4,480

Subtotal, Cross-Directorate Programs

Program Development and Management $58,237

Subtotal, obligations $893,080

Unobligated balance carried  $1,494
Administration deferrals
Unobligated balance lapsing $928

Total, fiscal year  availability for Research and Related
Activities $911,502

Science Education Activities Appropriation
Fund Availability

Fiscal year 1980 appropriation $84,700
Rescinded (Public Law 96-304) - 2 , 5 0 0
Transferred to Department of Education -4 ,961

Fiscal year  availability $77,239
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Obligations

Science Education Activities:
Scientific Personnel Improvement $33,095
Science Education Resources Improvement 23,058
Science Education Development and Research
Science and Society 7,250

Subtotal, obligations $77,190

Unobligated balance lapsing $49

Total, fiscal year  availability for Science Education
Activities $77,239

Special Foreign Currency Appropriation
Fund Availability

Fiscal year 1980 appropriation $5,500
Unobligated balance brought  3 
Adjustment to prior year accounts 50

Fiscal year  availability $5,553

Obligations

Special Foreign Currency Program:
Research and Related Activities $4,260
Science Information 600

Subtotal, obligations $4,860

Unobligated balance carried  640

Unobligated balance lapsing 53

Total, fiscal year  availability for Special Foreign
Currency Program $5,553

Trust Fund
Fund Availability

Unobligated balance brought forward $2,448
Receipts from non-Federal sources

Fiscal year 1980 availability $6,659

Obligations

Astronomical, Atmospheric, Earth, and Ocean Sciences Activity
(Ocean Sediment Coring Program) $3,632

Gifts and Donations 11

Subtotal, obligations $3,643

Unobligated balance carried forward $3,016

Total, fiscal year 1980 availability for trust fund $6,659
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Appendix C 

Patents and Inventions Resulting from Activities Supported by the National Science 
Foundation

During fiscal year 1980, NSF received 107 invention disclosures and made rights determinations on 70 of those inventions. The
determinations, made in accordance with NSF Patent Regulations, included decisions to dedicate the invention to the public through
publication in 9 cases and to permit retention of rights by the grantee or inventor in 61 instances. At the end of the fiscal year NSF had
entered into 3 additional Institutional Patent Agreements for a total of 29. Licenses were received by NSF under 48 patent applications filed
by grantees and contractors who had been allowed to retain principal rights in their inventions.

The fo l l owing U.S. Patents issued f r o m research supported by the National Science Foundation:

Number Title Inst i tut ion

4,153,978 M e t h o d for Fiber Al ignment Using Fluid-Dynamic Forces Georgia Institute of Technology
Research Institute

4,160,069 Improved Conductive and Corrosion Resistant Container Universi ty of Utah

4,161,814 Tunnel Injection of Minor i ty Carriers i n Semiconductors Cornell Research Foundation, Inc.

4,173,689 Synthetic Polymer Prosthesis Material Universi ty of Utah

4,174,907 Flu id M i x i n g Apparatus Massachusetts Institute of Technology

4,175,871 Flu id M i x i n g Apparatus Massachusetts Institute of Technology

4,176,329 Tone Control Circuit Massachusetts Institute of Technology

4,178,210 Acellular Synthesis of Cephalosporins Massachusetts Institute of Technology

4,180,935 H y d r o f o i l Trawl Door Massachusetts Institute of Technology

4,181,902 Fluxon Oscillators Ut i l i z ing a Ring-Shaped Josephson Junction Wisconsin A l u m n i Research
Foundation

4,186,045 Method of Epitaxial G r o w t h Employing Electromigration Massachusetts Institute of Technology

4,188,185 Method and Apparatus for the Treatment of Particulate Materials Massachusetts Institute of Technology

4,189,534 Cell Culture Microcarriers Massachusetts Institute of Technology

4,196,133 24,24-Difluoro-25-Hydroxycholecalciferol Wisconsin A l u m n i Research
Foundation

4,197,419 Tantalum Catalysts or Catalyst Precursors Massachusetts Institute of Technology

4,200,821 Relativistic Electron Beam Cross-field Device Massachusetts Institute of Technology

4,200,863 Weighted Capacitor Analog/Digital Converting Apparatus and
Method

The Regents of the University of
California

4,201,881 Wisconsin A l u m n i Research
Foundation

4,202,041 Dynamically Variable Keyboard Terminal Massachusetts Institute of Technology

4,202,051 Digi ta l Data Enciphering and Deciphering Circuit and M e t h o d Wisconsin A l u m n i Research
Foundation

4,204,225 Real-time Digital X-ray Subtraction Imaging Wisconsin  Research
Foundation

4,204,226 Real-time Digi ta l X-ray Interval Difference Imaging Wisconsin A l u m n i Research
Foundation

4,205,983 Process for Forming Metal Compositions Containing Cellular I n
Situ Composites

Massachusetts Institute of Technology

4,217,113 A l u m i n u m Oxide-Containing Metal Compositions and Cut t ing Massachusetts Institute of Technology
Tool Made Therefrom
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Appendix D 

Advisory Committees and Panels 

O F F I C E OF T H E D I R E C T O R

The  T. Waterman Award Committee

Terms Expire May 31,1981 

 W. Doane
Professor of Zoology
Arizona State University

Charles L. Drake
Professor of Geology
Dartmouth College

Wil l is H . Flygare
Professor of Chemistry
University of Illinois

Peter H . Raven
Director, Missouri Botanical Garden
St. Louis, Missouri

Terms Expire May

Kenneth J. Ar row
Professor of Economics
Stanford University

Mildred S. Dresselhaus
Professor of Electrical Engineering
Massachusetts Institute of Technology

Mark Kac
Professor of Mathematics
Rockefeller University

Frank H . Westheimer
Professor of Chemistry
Harvard University

Terms Expire May

 McGi l l
M u i r College
University of California, San Diego

Edward M . Purcell
Professor of Physics
Harvard University

James D. Watson
Director
Cold Spring Harbor Laboratory

Ex Officio 

Lewis M . Branscomb
Chairman
National Science Board

Philip Handler
President
National Academy of Sciences

Courtland D . Perkins
President
National Academy of Engineering

John B. Slaughter
Director

 Science Foundation

President's Committee on the
National Medal of Science

Terms Expire December

Carl Djerassi
Professor of Chemistry
Stanford University

Calvin C. Moore
Professor of Mathematics
University of California, Berkeley

Dorothy M . Simon
A V C O Corporation
Greenwich, Connecticut

John R. Whinnery
Professor of Electrical Engineering
University of California, Berkeley

Terms Expire December

W. Dale Compton
Ford Motor Company
Dearborn, Michigan

Mary Lowe Good
Boyd Professor of Materials Science
Louisiana State University

Leon Max Lederman
Director, Fermi Laboratory
Batavia, Illinois

Ex Officio 

Philip Handler
President

National Academy of Sciences

Frank Press

Science and Technology Adviser to the
President, and Director

 of Science and Technology Policy

 Foundation 
Advisory Council 

 Boykins, Jr.
President
Mississippi Valley State University

Lisle C. Carter, Jr.
President
University of the District of Columbia

A. R. Chamberlain
President
Colorado State University

Emilio Q. Daddario
Attorney
Washington, D.C.

Saville R. Davis
Special Correspondent
The Christian Science Monitor 

Catherine Fenselau
Department of Pharmacology and

Experimental Therapeutics
Johns Hopkins University School

of Medicine

Herbert 1. Fusfeld
Director of the Center for Science and

Technology Policy
New York University

Marshall Gordon
Vice President for University Services
Murray State University
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Charles L. Hammer
Professor of Physics
Iowa State University

Matina S. Horner
President
Radcliffe College

Jeanne E. Hudson
Special Assistant to the Director
National Science Foundation

Thomas J. Jones, Jr.
Vice President for Research
Massachusetts Institute of Technology

Will iam H. Kruskal
Professor of Statistics
University of Chicago

M . Cecil Mackey
President
Michigan State University

Carleton E. M c M u l l i n
City Manager
Little Rock, Arkansas

Roger G. No l l
Chairman, Division of the Humanities and

Social Sciences
California Institute of Technology

Lola Redford
President of the Board
Consumer Action Now's Council on

Environmental Alternatives

Joseph E. Rowe
Vice
Harris Corporation

Halsev L. Royden
Dean, School of Humanities and Sciences
Stanford University

Gilbert Sanchez
Dean of Research
Eastern New Mexico University

Riley O. Schaeffer
Professor of Chemistry
University of Wyoming

Eileen F. Serene
Assistant Professor of Philosophy
Yale University

Harold R. Sims
President
Sims International Limited, and

Sims and Associates

Constance P. Tate
Coordinator of Science
Baltimore City Public School System

O F F I C E OF P L A N N I N G A N D
R E S O U R C E S M A N A G E M E N T

Advisory Committee for Special Research
Equipment (2-year and 4-year colleges)

Terry C. Allison
Department of Biology
Pan-American University

Claire Bailey
Department of Biology
Florida Junior College, Jacksonville

James H . Barrow, Jr.
Department of Biology
Hiram College

Larry K, Blair
Department of Chemistry
Berea College

Jeffrey S. Bland
Department of Chemistry
University of Puget Sound

Mac A. Callaham
Department of Biology
Nor th Georgia College

Mary Campbell
Department of Chemistry
M t . Holyoke College

Frank Child
Department of Biology
Tr in i ty College

Richard J. Clark
Department of Biological Science
York College of Pennsylvania

Wilbur B. Clarke
Department of Chemistry
Southern University

James L. Gooch
 of Biology

Juniata College

Judith C. Hempel
Department of Chemistry
Swarthmore College

Michael Hightower
Division of Natural Sciences
Westark Community College

John Idoux
Department of Biology
Orange Coast College

James L. Jensen
Los Alamitos, California

Arthur A. Johnson
Department of Biology
Hendrix College

Ronald O. Kapp
Department of Biology
Alma College

Lon B. Knight, Jr.
Department of Chemistry
Furman University

Nancy H . Kolodny
Department of Chemistry
Wellesley College

Paul Kuznesof
Department of Chemistry
Agnes Scott College

John W. Leffler
Department of Biology
Ferrum College

Sturgis McKeever
Department of Biology
Georgia Southern College

Isaac H . Miller
President
Bennett College

Anne P. Minter
Chairman, Division of Mathematics

and Science
Roane State Community College

Mar t in Pomerantz
Department of Chemistry
University of Texas

John Ranck
Department of Chemistry
Elizabethtown College

David Rayle
Department of Botany
San Diego State University

Peter Russell
Department of Biology
Reed College

Melvyn D. Schiavelli
Department of Chemistry
College of Wil l iam & Mary

Richard C. Schoonmaker
Department of Chemistry
Oberlin College

Susan E. Verhoek
Department of Biology
Lebanon Valley College

Theodore Williams
Department of Chemistry
College of Wooster
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D I R E C T O R A T E F O R E N G I N E E R I N G
A N D A P P L I E D S C I E N C E

Advisory Committee for Engineering
and Applied Science

 Alstadt
Lord Corporation
Erie, Pennsylvania

Betsy Ancker-Johnson
General Motors Technical Center
Warren, Michigan

George S. Ansell
School of Engineering
Rensselaer Polytechnic Institute

Wil l iam Bevan
Duke University

Richard Bolt
Lincoln, Massachusetts

Clinton O. Chichester
Nut r i t ion Foundation
New York, New York

T i m Cranmer
Bureau for the Blind
Frankfort ,

D. C. Drucker
College of Engineering
University of Illinois, Urbana-Champaign

Howard Etzel
Associate Dean for Research
North Carolina State University

James R. Fair
Department of Chemical Engineering
University of Texas, Austin

Mart in Feldstein
National Bureau of Economic Research
Cambridge, Massachusetts

Richard J. Goldstein
Department of Mechanical Engineering
University of Minnesota

Arthur E. Humphrey
Lehigh University
Bethlehem, Pennsylvania

Thomas F. Jones
Massachusetts Institute of Technology
Cambridge, Massachusetts

Ernest S. Kuh
College of Engineering
University of California, Berkeley

Irene C. Peden
Department of Electrical Engineering
University of Washington

Geoffrey Place
Proctor and Gamble
Cincinnati, Ohio

Jerome J. Suran
General Electric Company
Fairfield, Connecticut

Wil l iam J. Tait
Governor's  of Planning and Budget
Tallahassee, Florida

Richard E. Thomas
Zachry Engineering Center
Texas A & M University

Klaus Timmerhaus
Engineering Research Center
University of Colorado

Howard Turner
Turner Construction Company
New York, New York

Anestis S. Veletsos
Department of Civi l Engineering
Rice University

F. Karl Willenbrock
School of Engineering and Applied Science
Southern Methodist University

Roy A. Young
University of Nebraska
Lincoln, Nebraska

Subcommittee  Human Nutrition

Audrey Tittle Cross
U.S. Department of Agriculture
Washington, D.C.

Ogden Carl Johnson
Hershey Foods Corporation
Hershey, Pennsylvania

Morley Kare
University of Pennsylvania
Philadelphia, Pennsylvania

 Kretchmer
National Institute of Child Health and

Human Development
National Institutes of Health

Gilbert Antonio Leveille
Department of Food Science and

Human Nutr i t ion
Michigan State University

Johnnie W. Prothro
Professor of Nutr i t ion
Georgia State University

Subcommittee  Science and Technology
to Aid the Handicapped

Albert Cook
California State University
Sacramento, California

Tim Cranmer
Bureau for the Blind
Frankfort, Kentucky

John J. Gavin
Miles Laboratories, Incorporated
Elkhart, Indiana

Susan Schapiro
Center for Independent Living
Berkeley, California

George W. Wharton
Dallas, Texas

Subcommittee  Earthquake Hazards
Mitigation

Mihran Agbabian
Agbabian Associates
El Segundo, California

Christopher Arnold
Building Systems Development,.

Incorporated
San Francisco, California

Lloyd Cluf f
Woodward-Clyde Consultants
San Francisco, California

Charles Fritz
National Research Council
Washington, D.C.

William Hall
University of Illinois
Urbana, Illinois

George Housner
Department of Civ i l Engineering and

Applied Mechanics
California Institute of Technology

Harvel L. Hutchinson
Western States Seismic Safety

Advisory Council
Alpine, Utah

Roy Johnston
Brandow and Johnston Associates
Los Angeles, California

Harry Bolton Seed
Department of Civi l Engineering
University of California, Berkeley

Haresh Shah
Department of Civi l Engineering
Stanford University
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Kenneth Stokoe
Department of Civi l Engineering
University of Texas

Anestis Veletsos
George Brown School of Engineering
Rice University

Robert Whitman
Department of Civi l Engineering
Massachusetts Institute of Technology

Subcommittee  Intergovernmental
Programs

Thomas Anyos
SRI International
Menlo Park, California

Delmer D . Dunn
Department of Political Science
University of Georgia
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