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About the National Science Foundation

The National Science Foundation isan
independent feder al agency created by
the National Science Foundation Act of
1950 (P.L. 81-507). Itsaim isto promote
and advance scientific progress in the
United States Theidea of such afounda-
tion was an outgrowth of theimportant
contributions made by science and
technology during World War 1. From
those first days, NSF has had a unique
place in the federal government: it is
responsble for the overall health of
science and engineering acrossall
disciplines.  contradt, other federal
agencies support research focused on
specific missons, such as health or
defense. The Foundation isalso commit
ted to expanding the nation's supply of
sientigts, engineers, and science
educators.

NSfiandsresearch in all fieldsof
science and engineering. 1t does this
through grants and contracts to more
than 2000 colleges, universities, and
other research ingitutions in all parts
of the United States The Foundation
accountsfor about  percent of federal
support to academic ingitutions for
basicresearch.

NS receives more than 32,000 pro-

year for research, graduate
felowships, and math/sciencelengi-
neering education; it makesmorethan
15,000 awards Thesego to univerdties,
colleges, academic consortia, nonpr ofit
ingitutions, and small busneses. The
agency operates no laboratories itsdf
but does support National Research
Centers, certain oceanogr aphic vesss,
and antar ctic resear ch dations. The
Foundation also aids cooperative
resear ch between univer sties and
indugtry and U.S participation ininter-
national scientific efforts.

The Foundation is by
tially appointed Director and Board of
24 scientigs and engineers, aswell as
top univerdty and industry

isstructured much like auniver-
gty, with grant-making divisonsfor the
various disciplines andfiel dsof science
and engineering. TheFoundation's Saff

is hdped by advisers primarily from
thescientific community, who serve on
formal committeesor as  hoc review-
ersof proposals. This advisory system,
which focuses on both program direc-
tion and specific proposals, involves
more than 59,000 scientists and en-
gineersayear NSF gaff members who
are experts in acertain field or area
makefinal award decisons, applicants
get verbatim undgned copies of peer
reviews and can appeal those decisons.
Awardees arewholly responsgble for
doingtheir research and preparingthe

doesnot assume for
suchfindingsor ther interpretation.

* * *

NSFwel comes proposals on behalf of
all qualified scientists and engineers
and grongly encourages women, mi-
norities, and persons with disabilities
to compete fully in its programs.

In accordance with federal statutes
and regulations and NS policies, no
person on grounds of race, color, age,
X, national origin, or disability shall
be excluded from participation in, de-
nied the benefits of, or be subject to
discrimination under any program or
activity receivingfinancial asssance
from the National Science Foundation.

Facilitation Awardsfor Handi-
capped Scientistsand
provides funding for special assstance
or equipment to enable persons with
disabilities (investigators and other
gdaff, including sudent research asss
tants) to work on an NS project. See

FAH announcement or contact the
Coordinator at (202) 357-7456.

TheNational Science Foundation has
TDD (Teephonic Devicefor the Deaf)
capability, which enables individuals
with hearing impairment to communi-
catewith the Division of Personne and
Management about NSF programs, em-
ployment, or general information. This
number is (202) 357-7492.
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Letter of

Washington, D.C.

DEAR MR PRESIDENT:

| havethe honor to transmit herewith the
Annual Report for Fiscal Year 1987 of the
National ScienceFoundation, for submis-
sion to the Congress as required by the
National Science Foundation Act of 1950.

Respectfully,

Erich Bloch

Director, National Science Foundation

The Honorable
The President of the United Sates
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DIRECTOR'S STATEMENT

swe on 1987 and ahead to
thelast yearsof the twentieth century,
the most striking feature on the

of science and engineering is
imbalance between the supply and
demand for new knowledge.

On the one hand, the supply of new
knowledge seems unlimited. Super-
conductivity has captured our imagina
tionwith the possibility of much more
efficient transportation and electrical
power systems. Supercomputers and
"chaos theory" in mathematics prom-
ise to help us understand such com-
plex phenomenaaswesather patterns,
turbulence influid sysems, and the
distribution of biological resources.

Biotechnology is already a growing
industry driven by basic researchin
biology and especialy in genetics. It
isaready clear that these scienceswill
create continuing revolutions in agri-
culture and health care.

American manufacturing, which is
essential to our economic well-being,
is beginning to make a comeback as
new materials, robotics, computer-
aided engineering design, and other
technologies emerge from basic
research and find application.

Is this "supply" of new knowledge
enough? Is it even too much? Some
critics argue that knowledge is devel-
opingtoo rapidly, we should slow
down giveour social sysgemstime
to adapt. Yet the demand for new
knowledge is much greater than the
supply

Our rapidly devel oping knowledge
of the effect of chlorofluorocarbons
onthe ozonelayeris good example:
only intensive use of the most advanced

NATIONAL SCIENCE FOUNDATION

science can help us understand this
problem in time to solve it before
permanent damage is done to the
environment.

"Increasing the supply of knowledge
requires solving two serious prob-
lems. Firstamong them iseduca-
tion ... The second problem isto
devote the necessary resourcesto
basic research.”

Economic competitiveness is
another example. New knowledge
created through basic research is the
source of nhew products and manufac-
turing processes for the internalional

thus the key to
maintaining American prosperity and
our standard of living.

Ozone and economic competitive-
nessare only two current examples of
the problems our civilizationwill face



in coming decades. We have no way
of knowing what new problems will
appear tomorrow, or year we
can be certain that we will need still
more knowledge to cope with these
problems. In an uncertain world,

with the scientists
and engineerswho produce our
most important resource.

Increasing the supply of knowledge
requires solving two serious prob-
lems. First among them is education:

must find the ways and the means
for our schools toteach al our young
people basic concepts in science and
mathematics. And many more stu-
dents—especially women and

be encouraged to

go beyond the basicsinto preparation
for careersin scienceor engineering.
In an increasingly technological world,
many more of our leadersin industry,
in government, and in academiamust
have technical trainingif we are to
control events.

The second problem isto devote
the necessary resources to basic
research. We spend about two-tenths
of one percent of our GNP on such

much, when we con-
sider itsimportance. And thefraction
has not changed significantly in
20 years, although science and engi-
neering have become vastly more
important.

There are no easy solutions to
these problems. But the search for
solutions deserves our best efforts,
and it defines the mission of the
National Science Foundation as we
move toward the 21 century.

Ericb Bloch
NSF Director
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Then ye who now on heavenly nectar fare,
Come celebrate with me in song the name
Of Newton, to the Muses dear; for he
Unlocked the hidden treasures of Truth:
Sorichlythrough had Phoebus cast
The of his divinity,
Nearer the god no mortal may approach

— Edmund Halley in his preface

to Issac Newton's Principia

In 1687, Isaac Newton revolutionized the
natural sciences the publication of hisland-
mark book, Philosophiae Principia
Mathematica, more commonly known as the
Principia. Among Newton'sachievements  his
Principia, written in only 18 months, were
mathematical expressions for the lawsof motion
and gravitational attraction. A new universe of
information opened up to scientists: Newton
explained the orbits of the planets around the
sun, irregularitiesin the moon's orbit, and the
cause of ocean tides.

In 1987, the 300th anniversary of Newton's
Principia, new discoveries once again made
news in the natural sciences, especially in as
tronomy and materials science. Astronomers
detected supernova 1987A, the brightest expl od-
ing star visiblefrom earth since 1604. And
discovery of materials that conduct electricity
without resistance or energy loss at higher tem-
peratures few dreamed possible has been
called the most important scientificfinding of
the latter half of the twentieth century



Super conductors

he year 1987 could be dubbed "the
year of the supers' — a time of super-
computer applications, supernova
sightings, superconducting materials
discovered. But among all the scientific
stories of the year, the discovery of
new types of superconductors led the
way Ever since a Dutch scientist in
foundthat pure crysta of mer-
cury lost all resistance to electric cur-
rentwhen cooled to ultracold temper-

degrees above absolute

zero or -460 Fahrenheit — scientists
have searched for materials that are
superconducting at higher tempera-
tures. For 75 years that search turned
up materials that required only dightly
less cooling to become superconduct-
ing. A seady and costly supply of
liquid heliumwas needed for super-
conducting magnets and circuitsto

operate.

High-Temperature
Superconductor This
solid model of acrystal
structure was produced
using software developed
by IBM. As modeled here,
the ingredients of this
compound arebarium
(green), yttrium (silver),
copper atoms (blue), and
oxygen atoms (red). The
compound generated
great interest because of
the observation of

super conductivity with a
critical temperature above
the boiling point of liquid
nitrogen.

Magnetic levitation. A
modern permanent
magnet floats above a
yttrium-barium-copper
oxide superconductor at
Uquid nitrogen tempera-
ture In order to
expel the permanent
magnetic field from the
super conductor, acurrent
flows near the surface of
the superconductor to
produce the opposing
field.



Then, in 1986, IBM researchersin
Zurich reported the onset of supercon-
ductivity in a ceramic compound & a
temperature a few degrees higher
than previously observed.* Thereport
sparked the interest of a number of
research teams, including one headed
by solid-state physicists Paul Chu at
the Houston and M.K. Wu
a the University of Alabama a
Huntsville. The team reproduced the
Zurich results and in early 1987 took
agiant leap forward: using a new
ceramic compound of their own con-
coction, Chu and Wu achieved the
superconducting state & temperatures
more than a hundred degrees higher
(in Fahrenheit) than ever before.

The finding sent puzzled theorists
back to the blackboard and experimen-
talists rushing to their laboratories.
The discovery aso meant that anim-
portant economic barrier had been
crossed. Since ceramic superconduc-
tors become superconducting using
only liquid nitrogen (at about 40 cents
agallon acheap and plentiful coolant),
potential applicationstodaily life may
beenormous. For example, if the new
materials can be fashioned into circuits
or wires that can carry large currents
without losing their superconducting
properties, they may result in such
applications as power generators and
transmission linesthat do not experi-
ence power loss, or large magnetsthat
could for more precise medi-
ca imaging.

Creeting powerful magnetic fields
and electric currents, high-tempera-
ture superconductors would provide
energy a afraction of the cost needed
to operate older superconducting
circuits. Levitating trains, floatingina
superconducting magnetic field above

*TheZurichteam was among the 1987 Nobel
Prize winners, based on this superconduc-
tivity work.

the tracks, could glide effortlessly a
hundreds of miles per hour without
encountering friction from the metal
rails. Brookhaven National L aboratory

LongIsland, NY, has demonstrated
that acable made of one of the older,
low-temperature superconductors,
although only 16 inches thick, could
carry one-eighth of theelectricity
needed City onthe hottest
day of the yean

Paul Chuwas serving as ayear-long
director in the NS solid-state physics
program when his discovery was an-
nounced, and he is along-time reci-
pient of NS~ research funds. M.K. Wu's
laboratory in Huntsville is supported

Program to Stimulate Competitive
Research (EPSCoR).

Research on superconductivity. M.K. Wu (University of
Alabama at Huntsville) studied superconductivity through an
NSF grant designed to stimulate competitive researchin certain
states.



Other research teams, including
those & AT&T Bell Labs, IBM, and in
Japan, Switzerland, and China have
also reported superconductivity a
record high temperatures.

The amost weekly announcements
on superconducting materials created
aflurry of new activity in thescientific
community worldwide. An evening
session devoted to superconductivity
at the March 1987 meeting of the Amer-
ican Physical Society turned into an
all-nighter with standing room only;
scientistsstill talk about the session as
"the Woodstock of Physcs" Anda a
Spring 1987 meeting of the National
Science Board, 15-year-old Heidi
Grant, the daughter of IBM supercon-
ductor researcher Paul Grant, de-
monstrated one of the ceramic mate-
rialsshe had madeforjust few dollars
in her father's laboratory

For all the excitement, the reasons
why materials become superconduct-

ing a high temperatures are not well
understood. That certain materials
lose all resistance to electric current
a any temperature is a startling con-
cept: good "normal” conductors,
such as copper wire, usualy requirea
battery or other source of energy to
keep current moving.

At the submicroscopic level, the
electrons that make up current nor-
mally collidewith atoms andim-
purities in the conducting material.
These collisionswaste energy and the
electric current is slowed. But in the
old, low-temperature superconduc-
tors, according to an accepted theory
electrons pair off a lower tempera-
tures and shield one another from
these energy-depleting collisions. At
higher temperatures, however, the
electron pairsbreak and superconduc-
tivity is lost. Theoreticians, aware of
the existence of high-temperature
superconductors, are now puzzling
over the physical mechanism that

makes superconductivity possible a
those temperatures.*

At a government-sponsored confer-
ence on superconductivity held during
thesummer of 1987, President Reagan
announced an plan to pro-
motefurther work in superconductiv-
ity and ensure U.S readiness to take
thelead in commercial applications of
thenew research. NS support in this
area has approximately doubled, to
about $10 million. Included inthis
amount is $1 million that NSF added
to its support of materials research a
three of the Materials Research
Laboratories it funds. NSFalso set
aside $600,000 for rapid start-up grants
for engineers working on processing
the new superconducting materials.

*In January 1988, Paul Chu announced the
discovery of yet another compound that
became superconducting at about 254 de-
greesbel ow zero Fahrenheit. This compound
is made of bismuth, aluminum, strontium,
calcium, and copper oxide.



Super Year in Astronomy

stronomy aso had a remarkable year
in year of both illuminating
discoveriesand puzzling results. From
thesighting of thebrilliant supernova
explosionknown as surpris-
ing evidence for the existence of seven
new galaxiesin aregion thought to be
empty pace, astronomers were del-
uged new information about the
universe.

"Super" Star DrawsWorldwide
Resear ch Effort

Astronomerswill long remember
the night of February 23, 1987. On a
desolate mountaintop i n northern
Chile, a Canadian astronomer

31 Spot on
afreshly exposed photographic plate
of the Magellanic Cloud, agaaxy a
billion billion milesfrom earth. The
spot was no chemical aberration: an
object sobrilliant it could be seenwith
thennaked had suddenly appeared
in the galaxy Scientists glimpsed na
tore a its most explosive: supernova
1987A, the first of itskind sightedin
1987 and the brightest visible from
earth since 1604, had been born.

Supernovas are the glowing clouds
of gas and dust particles hurled into
gpacewhen stars several timesas mas-

sive as the sun collapse under their
own gravitational pull. Such explo-
sions are not rare, but because most
aretoofar andtoo faint to be observed
in detail, the quest to understand how
they happen has largely been limited
to theoretical analysis and computer
modeling. But supernova 1987A, a
living model burningwith the light of
100 million sunsin aneighboring
galaxy put many existing theories to
the test. And since the explosion was
visibleonly fromthe Hemi-
sphere, observatories inthe clear
mountain air of Chile, including the
NSF-funded Cerro Tololo Inter-Amer-
ican Observatory, becamethe focus of
worldwide research efforts.

Only hours after of
thediscovery, Cerro Tololo telescopes
captured some of the first detailed
images of the new supernova. Analysis
of these images and thelight produced
by the February explosion revealed

the supernovawas caused by the
collapse of a gtar known as a super-
giant. Further studies found that the
supergiant was of a typecommonly
believed to be too hot to giverise to
asupernova, forcing scientiststo revise
their theories somewheat.

Observing the supernova.
Astronomers used the
Curtis-Schmidt telescope
at Cerro Tololo to
photograph and observe
supernova 1987A.



Supernova 1987A. L ocated in the LargeM agellanic Cloud near
theTarantulanebula, the brilliant supernova 1987A burnswith
thelight of 100 million sunsand isthe closest super nova seen
sincetheinvention of the telescope. Thiswide-field photograph
wastaken by the Curtis-Schmidt telescopeat the Cerro Tololo
Inter-American Observatory in Chile.



Supporting evidence that a super-
giant had given rise to the supernova
camefrom photographic plates of the
Large Magellanic Cloud taken two
decades ago a Cerro Tololo. Nicholas
Sanduleak, then a staff astronomer,
had analyzed the light and catalogued
theposition of anumber of sarsfrom
the gdaxy, including asupergiant now
known a Sanduleak -69 degrees/202.
Twenty years later, the location of the
supernova closely matched the posi-
tion of the Sandulesk star. And ul-
traviolet studies revealed that the star
had disappeared after the supernova
explosion. The close connection be-
tween the two was unmistakable.

Other unusual features of supernova
1987A were dso uncovered & Cerro
Tololo. Using aspecial rapid exposure
photographic technique, astronomers
discovered an unexpected, glowing
companion near the supernova. And
while light from most supernovas
reachesapeak intensity quickly, super-
nova increased itsbrilliancy for
three months, equalling the brightness
of asar inthe BigDipper before
slowly fading from view

Scientists have since turned their
attention to exploringthe dense, col-
lapsed tar that isthe burned out rem-
nant of the explosion, along with the
gases still racing outward into space —
there to minglewith gasesleft over
from the time when the star was
formed. I n fact, NASA's Solar Maximum
Satellite and two Australian balloon
experiments have already provided
additional evidence that exploding
gars such asthe supernova create key
heavy elements, including metals,
from lighter elements.

The balloon-1ofted instrumentsin-
volved were highly sensitive detectors
of gamma radiation; they made the
first clear detection of gammaray
emissionsfrom astellar explosion and
hel ped scientists deducethe elements
that produced the radiation.

The supernova attracted both as
tronomers who study the large scae
and scientists who search for sub-
atomic relics of the stellar explosion.
In asat minefar below ground in Lake
Erie, in the Kamiokalead and zinc
mine Japan,inthe Mont BlancTun-
nel linking France and Italy, and in
another tunnel under Mount Elbrusin
the Soviet Union, physicistsmonitored
detectors for the elusive subatomic
particles called neutrinos. They are
predicted to be produced duringa
supernova, preceding the emission of
visiblelight. Neutrinoswere detected,
affirming our understanding of how
supernovas occur

Discovered

discoveredin 1987 the

largest gdaxy yet known in the uni-
verse, agiant spiral 13timesasbig as
our own Milky Way galaxy

Known as Markarian 348, the galaxy
had first been observed by optical
telescope more than 20 years ago, but
was thought to be the size of the Milky
Way More recently, Markarian 348
drew the attention of Susan  Simkin,
an astronomer a Michigan Uni-
versity Simkin was making a study of
very bright including Marka-
rian 348.

L argest

Image of MKn 348. Astronomer Susan Simkin examines
a image of 348.



Simkin and her collaborators
studied the radiation from the galaxy
using both the optical telescope at
Mount Palomar Observatory in Califor-
nia and the Very Large Array (VIA)
radio telescope, an NSF-supported
facilityin New Mexico. Thedatafrom
the radio telescope surprised the re-
search team. Markarian 348 had a
diameter of 1.3 million years, the
largest single galaxy yet observed. A
light year is the distance light travels
in ayear, about six trillion miles.

According to Simkin, the high reso-
lution of the VLA telescope —
an assemblage of 27 radio antennas
that move on railroad tracks— wes
crucial to accurate measurement of
the distant galaxy's size.

Simkin's collaborators were Jac-
gueline van Gorkom, a staff as
tronomer a the National Radio As
tronomy Observatory; John Hibbard,
aformer summer student &t the VIA;
and Su Hong-jun from the Purple
Mountain Observatory in the People's
Republic of China.

Largest galaxy. Astronomersin

Other Astronomy Findings

Astronomers from severa institu-
tions— using a variety of optical tele-
scopes— have discovered seven rare
gaaxies in a portion of the universe
that was presumed to be empty space.
Their work was done &t Kitt Pesk Na-
tional Observatory an NSF-supported
facility in Arizona. The galaxies, un-
usual because they include energetic
gasss that indicatethey may be giving
birth to new stars, are located in the
direction of the constellation Bootes.
The"empty" regionwhere the galaxies
werefound is so vadt that 2,000 galaxies
the sze of the Milky Way would be
expected in that space.

Discovery of the galaxies has impor-
tant repercussions for theories on the
formation and clustering of galaxies
and on the way matter is distributed
in the universe.

found that

Markarian 348, a giant spiral galaxy first sighted more
than 20 years ago, is the largest galaxy yet known

in the universe. is

times as large as the Milky Way.

(In this composite optical image, cold, neutral hydro-
gen is shown in blue; garsin the galaxy and surrounding

field arered.)

CoUaborative

Su Hong-jun, at

In aseparateresearch effort, ateam
of British and American astronomers
has found that our own gdaxy, the
Milky Way, and thousands of itsneigh-
bors are speeding across space a the
rate of 400 miles per second. The
finding intrigued and baffled the scien-
tific community, since none of the
theories that explain the formation
and structure of the universe can ac-
count for the observed motion. One
of many conjectures about the un-
explained motion, known &s large-
scde streaming, isthat the galaxies are
being pulled by the gravitational force
of some huge, as yet undiscovered
object. Research that led to the discov-

weas conducted & observatories
worldwide, including the Kitt
National Observatory.

Purple Mountain Observatory in

the People's Republic of China, was a coUaborator in Markarian 348

research.



Pulsed M agnetic Field

esearchers a the Francis Bitter Na
tional Magnet Laboratory a MIT have
built amagnet that produces pul ses of
magnetic field twice as strong as the
largest steady-state device. Previous
research at the laboratory | ed to crea-
tion of theworld'slargest seady-date
magneticfield (described in NSFs FY
1986 annual report).

This new tool, which generates a
magnetic field that peaks in strength
every few minutes, gives scientists a
highly accurate and inexpensive probe
for studying the magnetic and elec-
tronic properties of metals, semicon-
ductors, and superconductors — in-
cluding the new superconducting
materials only recently discovered.

Working in collaborationwith
Supercon, a small company in
Massachusetts, Smon Foner of the

Pulsed magnetic

MIT laboratory developed a copper-
niobium wire whose mechanical
strength and high electric and thermal
conductivity were used to create a
magnetic field of 68.4 morethan
amillion times &s large as the earth's
field. Thehighintensity and relatively
long duration of the magnetic pulse—
about five-thousandths of a second —
allow researchers to extend the mea-
surements with aweaker steady-date
magnet. One important applicationis
in measuring the "critical field" of a
superconductor, the magnetic field
beyondwhich the material no longer
allows no-resistance flow of electric
current. Measuring the critical field of
of new superconductors aids
scientistsin understanding these excit-
ing and sometimes puzzling materials.

This MIT magnet produces a pulsed magnetic field twice as

inexpensive tool for probing the properties of many materials, including the new
super conductors. Hardened steel shell contains the highly stressed magnet.



ntiparticles are mirror images of
subatomic particles such asthe proton
or electron, possessing nearly identical
properties, butwith the opposite eec-
tric charge. An antiproton, for exam-
ple, isthe equivalent of aproton with
a negative charge. Although the study
of antiparticles is crucial for testing
fundamental theories about how the
universewas formed, antiparticles can
be created in large quantities only a
high energies and high velocities.
Scientists have been unable to slow
down these particles long enough to
andyze them precisely

The antiproton has proved particu-
larly elusive. But a collaboration of
us West German researchersled
by experimental physicist Gerald
Gabrielse a Harvard University found
a method for trapping these particles
for periods up to 10 minutes in a
container the size of amatchbox. The
researchers began with a beam of
energetic anti protons produced by the
large accelerator a the European
Center for Nuclear Research (CERN)
in Switzerland. A CERN apparatus
called the Low Energy Electron Ring
removed large amounts of energy
from the beam, but the researchers
were still facedwith capturing antipro-
tons possessing millions of electron-
volts of energy And due to tight
scheduling, they had only 24 hoursto
perform the experiment.

First the scientists passed the anti-
proton beam through a thick metal
disc, causing the beam to lose energy
by collision with electrons inside the
metal. Next, the researchers used pow-
erful electric and magnetic fieldsto
confine the energetic antiparticles
inside avacuum chamber only afew
inches long. A large negative voltage
applied alternately to electrodes

Antiparticles

placed a the front and back of the
chamber kept the antiparticles bounc-
ing back and forth, while astrategically
placed magnetic field prevented the
antiparticles from slipping out from
the chamber sides.

Succeedingin only aday, theinves-
tigators for the first time confined
thousands of antiprotons in the
chamber for tenths of seconds. Five
antiprotons were trapped for as long
&6 10 minutes. As of this writing, the
scientists expect to trap antiprotons
for more than a day, enablingthemto
measure the mass of the antiparticles
a least 100 times a5 precisely & ever
before. Physicd theories about ee-
mentary particles— the basis of our
understanding about how matter is put
together — predict that the mass of the
antiproton must be exactly the same
asitsmirror twin, the proton. But
experimentshave not ruled out atiny
deviation. If the mass of an antiproton
isfoundto be more or less than that
of aproton, it could be one of the most
significant discoveries in physicsin
quite afew years.

resear ch. Shown
hereareelectrodes for the ion
trap used by U.S. and West
German resear chersto capture
and hold antiprotons.



Antarctic OzonelL ayer: Resear ch Continues

Balloon Launch. Scientists launch an
instrumented balloon at Amundsen-Scott
South Pole Station in November 1987.
M easur ements showed ozone to be
returning to the stratosphere above the

Antarctica of several months during the
springtime " ozone hole." The ozone
dramaticallyincreased by 5percentin
24 hoursand returned to normal over a
period of several days. Scientists relate
theholeto chlorofluorocarbons (CFCs)
used throughout theworld inindustrial
applications and to atmospheric
conditions unique to Antarctica.

dentistsinvestigating the ozone "hole"
that occurs over Antarctica between
September and November (see NS
Annua Report for FY 1986) foundin
1987 that the depletion of the ozone
layer there was more pronounced than
in previous years. Preliminary results
suggest that both chemical and mete-
orological factors may produce the
phenomenon. Moreover, the ozone
holewas evident over the tip of South
America as well.

The chemical products suspected of
depleting ozone, known as chloroflu-
orocarbons, arewidely used inrefrig-
eration, foam insulation, and some
aerosol sorays.

the U.S Antarctic Program's station
about 840 milesfrom the South Pole,
found in 1987 that the ozone hole
contained well over 100 times the
usual concentration of the compound
chlorine monoxide, which is pro-
duced by chlorofluorocarbons and
depletes ozone through a complex
chain of chemical reactions. Prelimi-
nary data analyss aso suggeds that
Antarcticas extremely cold strato-
sphere and circulation patterns may
contribute significantly to the ozone
problem.

hole, about 35 to 50 percent of fhe
ozone disappears. Recovery usually
occursaround late November or early
December Thehole, first reported by
British scientists in 1985, isabout five
miles thick and covers an area more
than twicethe size of the United States.
Understanding the depletion process
is important, because atmospheric
ozone shields the earth from most of

which can cause skin cancer in human
beings both animals and
plants.

In August 1987 seven teams of U.S
sciendsts pardcipated in the second
National Ozone Expedition (NOZE).
NOZE is a cooperative effort spon-
sored by NS (thelead U.S agency on

the continent), the National Oceanic
and Atmospheric Administration
(NOAA), the National Aeronauticsand
Space Administration (NASA), and the
Chemical Manufacturers Association.
Thescientific leader of the expedition,
atmospheric chemist Susan  Solomon
of NOAA, and her colleagues used
molecular properties of Ught absorp-
tion to measure concentrations of
ozone and chemicals suspected of
playing arole in ozone depletion.

Other scientists included thefather-
sonteam and Frank Murcray
from the University of Denver The
Murcrays analyzed the absorption of
the sun'sinfraredradiation by a
number of gasesin the antarctic atmo-
sphere. Bruce Morley and Edward
Uthe of SRl International used anin-
strument (called a lidar) specially
designed for the expedition to shoot
afine beam of light a the antarctic
stratosphere. Information on thetime
it for the beam to returnto earth
hel ped the researchersdetermine the
location of polar clouds and layers of
aerosols.

In September 1987 two NASA air-
planes fitted with special instruments
to collect atmospheric dataflew into
and around the ozone hole. The data
they collected complemented results
from ground-based investigations &t
McMurdo Station. Then a the end of

scientists reported that the winter
meass of extremely cold air over the
White Continent had stayed about
threeweeks longer thanit did the year
before— an event that may be directly
related to the ozone hole. (The antarc-
tic air havewarmed more slowly
because there wes less ozone to absorb

C

Atthiswriting, the 1987 dataare still
being analyzed, and planning for a
third NOZE expedition is under way.



New Technique Finds Earth's Core Hotter than Expected

sing a powerful gun that accelerates
projectiles to enormous speeds,
researchers have determined that the
earth's center isthousandsof degrees
hotter than previously thought.

Geophysicistshave long known that
the earth'souter core is made of mol-
ten iron under high pressure. Since
the core must be & least sshot as the
temperatureto meltiron, discovering
iron's melting point a high pressure
givesthe minimum possible tempera-
ture of the core. But previous efforts
to determine the melting point relied
on extrapol ationsfrom measurements
of iron melted a much lower pres-
sures. Scientists had estimated that the
earth's core was about 7100 degrees
Fahrenheit.

But using specially designed guns,
thelargest feetlong and weighing
35 tons, Californialnstitute of Technol-
ogy researchers, collaborating with
theUniversity of Californiaat Berkeley
found abetter way to simulate condi-
tions a the earth's center The guns
enabled geophysicist Ahrens
and hiscollaboratorstofire plastic and
tantalum bullets speeding a 16,000
milesper hour a crystals coated with
athin layer of iron. For lessthan a
millionth of a second, the bullets
impact nearly recreated the enormous
pressure of molten iron & the center
of the earth. With these measurements,
the research team estimated that the
temperature of the earth's inner core  Core of the matter ThomasJ. Ahrens

was about 12,000 degrees Fahrenheit—  checks procedures for firing
hotter than the surface of the sun. light gas gun, which simulates the high
In pagt years, Ahrensand hisgroup pressures at the earth's core.

have used the guns to compress the
gemstone garnet into a crystal struc-
turenever before seen; fired bullets a
hydrogen targetsto simul ate the envi-
ronment deep inside Jupiter and
and found evidence for the

that a gigantic meteor hit
the earth millions of years ago,
perhaps leading to the extinction of
dinosaurs.



Bacterium s

esearchers have discovered in Thai
rice paddies a bacterium whose an-
cient ancestors may have created the
oxygen-rich atmosphere that sustains
Ufeon earth. The microbe, known as
Heliobacillus mobilis, belongs to a
recently discovered group of bacteria
calUed Heliobacteria

Heliobacteria respond to light and
contain form of chlorophyU whichis
intermediate to that foundin green
plants and first
bacteria to release oxygen on earth.
Current theory holds that early forms
of cyanobacteria used energy from
sunlight to transform the earth'satmo-
sphere into an oxygen-rich blanket
suitable animal lire.

Structural similarities between
cyanobacteria and Heliobacillus
mobilis were only one cluethat led an
Indiana University research team to
suggest that the newly discovered
microbe could be the direct descen-
dant of the ancient bacterium that
produced cyanobacteria.

Further evidence, according to
biologist and research team leader
Howard Gest, from the compari-
son of molecules called ribosomal
RNA that are foundin heliobacteria
and other microbes. Ribosomal RNA,
which plays a crucial role inmaking
proteins, has evolved slowly over the
years. Thetypefoundin Heliobacillus
mobilis closely matched theribosomal
RNA foundin some ol der bacteria that
do not respond to light, the team
noted, yet the was strikingly differ-
ent from that residing in other, more
common light-sensitive bacteria. The
new bacterium, related to both cyano-
bacteria and older, more primitive

clearly &
an evolutionary link.

to Past

In addition toits evolutionary signifi-
cance, the bacterium may aso be
useful asan efficient nitrogen fertilizer
Unlike other types of bacteria that
convert nitrogeninto formuseful for
plants, heliobacteria live indepen-
dently and do not attach themselves to
a host plant for survival (as do the
more common Rhizobium, now under
intense study in genetic engineering
labs). And the particular heliobacteria
foundin  Thai rice paddies"fix" or
convert nitrogen to a useful form 10
timesfaster than do any other heliobac-
teriaknown.

FR. Turner, University, Bloomington

resear ch. Scanning
electron micrograph
shows  Heliobacterium
chlorum cells. Thisisa
slow-moving bacterium
isolated from the soil at
Bloomington, Indiana.
(Bar equals 5 micro-
meters.)

Evolutionary link. Electr on micrograph

depicts a single cell of
mobilis, abacterium isolated

Heliobacillus

Thairice

paddy soil. It swims fast by means of

hair-like flagella and may be closely linked
tothe ancient organismsthat provided the
oxygen-rich atmosphere for life on earth.



MarineLifeResearch MayYield Insight into Brain Function

esearchers Aileen

the University of Cahfornia & Santa
Barbara have discovered that some
red agae produce chemical sgnas
that regulate metamorphosis of the
marinemollusk, the abalone, fromits
larval stage to its mature form (well
known as a seafood delicacy). The
chemicals produced by red dgee are
short chains of amino acidsknown as
peptides. These agal peptides have
also been shown to function in the
mammalian brain by binding to recep-
tor dtes that normally respond to
GABA (gamma amino butyric acid), a
hormone-like chemical involved in
transmission of signasbetween nerve
cells. The red agal peptides actualy
bind to brain receptors for GABA 100
times more tightly than does GABA
itself Conversely GABA functionssimi-
larly to the algal peptides in stimulat-
ing the metamorphosis of the abalone
larvee.

These biochemical findings are
being used by hatchery owners to
increase the supply of abalone by
enhancing the conversion of larvaeto
edible adult animals. Theinformation
will asoleadto abetter understanding
of therole of chemical signalsin reef
formation and how the hulls of ships
become coated by marine organisms.
Such findings also have potential for
creating new probes to study the cen-
tral nervous system. Researchers study-
ing the binding ability of the algal
peptides to GABA receptors in the
mouse brain hope to learn about the
interaction of the peptides and the
receptors. thefuture such peptides
may be used to develop new, more
specific drugs for treating GABA-
related brain disorders.

Receptor recognition of an environmental signal. I n this lab
experiment, abalone larvae capable of undergoing developmental
metamor phosishaver ecently and arebrowsingupon, ared
algal surface. Thelarval surfacereceptors controlling the events of
metamor phosishavebeen activated by contact with unique peptides
at the alga'ssurface.



I nsects, L eg Design, Walking Robots

Robotics. Michael Mulder (right) and
Neldon Wagner are seen with the
two-legged robot they designed at
Oregon's University of Pordand.

research a Oregon State Univer-
sity has studied the leg motion of
insects to help lay the foundation for
developing the next generation of
walking robots and remote-control
moving equipment. Accordingto engi-
neer Eugene who collaborated
on the study with hiswife, entomol o-
"Insects are magnifi-
cent models for walking machines’
because of their variety of walking
syles and the types of surfaces they
travel on. Surfacesinsects walk on
rangefrom smooth to bumpy, vertical
to horizontal, and solidsto webs. Some
insects walk dowly, while others run
rapidly and jump many times their

Thistypeof versatility must become
part of the design of walking robots if
machines are to achieve the capabili-
ties of animals. Smdying spiders or
other web-walking insects, for exam-
ple, could teach important lessons on
how inspection machines might crawl
between the wallsinside a nuclear
reactor building or how robots could
climb the steel frame of a building
under construction. Present walking
machines have had some success as
engineering models, but their move-
ments are limited.

while other researchers have ana-
lyzed the gait of insects to investigate
how their feet be used a5 sensors,
there have been no previous detailed
studies of theway insect legs move or
how their leg structure limits possible
movement. The insect sudy, an on-
going project, is conducted by record-
ing movement onfilm, video recorder,
and computer vision sysems. A com-
puter compares the movements actu-
ally taken by the animal with

limits assumed by engineering
mechanics. The researchershave mea-
sured leg segments, identified types of
joints, and studied the way adjacent
joints are arranged.

This research effort, which aso
included Oregon State mechanical
engineer Sephen Albright, isfunded
by an experimental program within
NSFs engineering division that seeks
out creative and novel engineering
ideas not being exploited (see chapter
2 for more description).

At Oregon's University of Portland,
scientists have taken a different ap-
proach to understanding the chal-
lengesof controlling complex machin-
ery. The Portland team, headed by
Michael C.Mulder and senior re-
searcher Neldon Wagner, used atwo-
legged walker that can balance only
while moving. The walker relied on
aninnovative gyroscope-likedeviceto
keepitsbalance, aswell assamultiple
computer system and sensorsto mea-
sureitsposition and adjust for varying
terrain. A special hydraulic engine
shifted weight from one leg to the
other as needed, according to com-
puter instructions.

The multiple computers, known as
aparallel processing system, allow the
walker to make several decisions
about moving swiftly and simultane-
ously more akin to the action of
human brain than computers which
process information step by step.

In practice, asensor similar in
tion to agyroscope detectshow far the
walker is leaning over; other sensors
in the legs and "feet" monitor the
angleof joints and the hardnessof the
ground. The information is fed back
500 times a second to a computer,
which comparesthe position of
the robot to a computer model and
makes adjustments for difference
by regulating balancing fluid in the

thewalker Rather than aiming
to create the perfect walking robot, the
research team views the walker as a
means to learn more about sensor-
based control of complex machines.



I nfants I mitate Adultsfrom Day 1

nfant imitation of adult behavior has
long been recognized as playing a
crucial rolein the social and cognitive
development of children. But until
recently, scientists believed that infants
could not imitate facial gestures until
they reached about one year of age
Developmental psychologist Andrew

Meltzoff and his colleagues a the
University of Washington demonstra-
ted, however, that babies who were
only 12 to 21 daysold mimicked such
gestures i n adults as sticking out a
tongue or protrudingthe mouth or
lips. The youngest baby to mimic
gestures was only 42 minutesold.

The research team aso found that
infants ranging from 14 to 24 months
could recall and imitate an adult activ-
ity an entire day after observing the
action. Infantswho watched adults
dismantle and reassemble adumbbel | -
shaped toy mimicked the action aday
later, even though they had never
before touched the toy

According to Meltzoff, the findings
demonstrate that "from the earliest
gages, even before they acquire

infants are exquisitely sensitive
to adult actions, and [this] indicates the
profoundinfluence that these observa-
dons can have on the infant's sub-
sequent behavior™

imitation.
from videotape recordings
that infants only two to
three weeks old imitate the
mouth movements of adults.



National Scienceand Technology Wesk

cross the country during early April
1987, thousands of schools, commu-
nity groups, science organizations,
museums, and government agencies
devised creative ways to focus atten-
tion on the role that science and
technology play in daily life. Begunin
1985 by N§, National Science and
Technology Week seeksto increase the

awareness about science, en-
gineering, and mathematics and to
encourage young people to consider
careers in these aress.

A specia feature in 1987 was "The
Art of Science” competition, in which
high school seniors nationwide contri-
buted paintings, photographs, and

pect of science or technology Among
thewinnerswas Seong Kim, from the
Bronx (NY) High School of Science.
His ink drawing depicted the outiine
of ahand, showing every bone, in the
process of sketching the outline of
another skeleton-like hand. Wendy
Brill Westlake School Los Angeles
contributed a hand-tinted photograph
of open-heart surgery; Ellen Dare

a the North Carolina School of
Science and Mathematics in Durham
won for her silkscreen printing that
depicted cell structure of plant
gems The silkscreens were based on
cell photographs Safrit had taken
through alight microscope.

Commented Safrit, "Complex scien-
tific equipment combined mod-
ern photographic and silkscreening
processes have given artiststhe ability
to capture nature's inherent beauty
and creatively display the 'art of sci-
ence.'" The exhibition of winning
artwork, co-sponsored by and the
New York Academy of Sciences, has
travelled throughout the United States.

Art exhibitor. Seong Kim at the Bronx High School of Science
in New York turned the bone structure of the human hand
into awork of art with "Hand: The Ultimate Tool."

Art of science. Ellen Dare Safrit at the North Carolina
School of Science and Mathematicsused microscope
photographs of plant stemsto create " Botanist's
Cathedral," aphotographic silkscreenprint. She was
an exhibitor in the Art of Science competition.



Volume of Einstein Paper s Published

ore than 30 years after his death,
Princeton University Press has pub-
hshed the first volume of Albert
Einstein's papers. The paperstrack the
thoughts of Einstein as a young man
through and include letters de-
tailing his early views about physics
and the beginnings of his thoughts
about relativity theory Other letters
are an account of Einstein's fruitless
search for a university position— a
search that finally led him to accept a
job a the Swiss patent office, where
in his spare time he was to develop
his Specia Theory of Relativity

The documents, commented sci-
ence historian Gerald Holton, portray
"amind sharpening its tools, ayoung
man of 22 beginning to ask fundamen-
tal questions, an intellectual giant."
Publication of the volume was made
possible in part by a $750,000 grant
from NSE A projected 40 volumes of
Einstein's papers will be published
over next few decades.

Einstein statue at the National Academy of
Sciences, Washington, DC

Please forgive afather who is so
asto you, esteemed
Herr Professor,intheinterest of
his son.
| shall start by tellingyou that
my son Albertis22 yearsold, that
he studied at the Zurich
for 4 years, and that
he passed his diploma examina-
tionsin mathematics and physics
with flying colors last summer.
Since he has been trying
to obtain a posi-
tion as Assistant, which would
enable to continue his edu-
cation in theoretical and experi-
mental
My son therefore feelspro-
foundly with his pre-
sent of position, idea
that he has gone off the tracks
hiscareer of
touch getsmore and more en-
trenched day ... to
havetaken theliberty of
turning the humble request
hispaper ... towrite
him, if possible, a few words of
encouragement, he might
recover hisjoy in living and
working.
If, in addition, you could se-
cure him an Assistant's position
next autumn, my
gratitude would know no
bounds.

Hermann Einstein to
Prof. Wilhelm Ostwald,



"32-1 Contact" GoestoAntarctica

n the fall of 1987, crew members
fromamajor science ontele-
vision visited the coldest continent
and filmed major program seg-
ments. The show was "3-2-1 Contact,”
seen on public TV and produced by
the Children'sTelevisionWorkshop in
New York City "Contact" is aimed a
young people (ages 8 to 12) and par-
tiallyfunded by N§= Duringthe show's
visitto Antarctica, the four crew mem-
bersstayed a NSFsMcMurdo Station,
with afurther trip to the geographic
South Pole. They filmed segments on
such topics asthe antifreeze properties
of antarctic fish; ongoing studies of the
local sedl population; the geology and

tc |8ﬂd$8p§ and the monitoring of 3-2-1 Contact in Antarctica. TheTV crew posesin front of
ozongl_evglsm the Ppper atmosphere. Shackleton'sHut, where explorersrested duringtheir investigations
Thevisitwill resultin aweek's worth of Antarctica in the early 1900's. 3-2-1 is supported in part by NSF.
of antarctic stories scheduled to air on
PBSin fall of 1988.

Inadditionto  "3-2-1" Cable
Network News (CNN) also filmed
major program segmentsinAntarctica
in late 1987.

Penguin research. Debra Shapiro, cast member of Contact,
feeds penguins in preparation for a diving study. At right is Scripps
Institution zoologist Gerald Kooyman.



Life-saving equipment. An ultrahigh-
pressure pump and jet lance, similar to
what is shown here, powered the

et rock-cutting system used to free
JessicaMcClurefrom well in Midland,
Texas. NSF was instrumental in early
funding of the research that produced
the ultrahigh-pressure nozzles and
related technology used in the rescue.
Second photo showspump that is inside
large box.

Life Saver

n NSF Smdl Business Innovation Re-
search grant wasinstmmental in
developing a high-pressure water drill
that helped save lifein October 1987.
World attention was focused on
JesscaMcClure, trapped
insideawell in Midland, Texas When
other oil-drilling
ing a diamond to rescue
her, aspecia water-powered drill was
rushed to the scene. The drill, which
goraysafine, high-pressurejet of water
a feet per second (two tothree
times the speed of a bullet), dices
through rock quickly by eroding the
surface. In justtwo hours, the drill had
cut holetwo feetin diameter through
feet of extremely hard caliche
limestone rock, where the baby was
trappedin  well shaft.  hour later,
the child was free.

The specia drill was supplied by
aspinoff of Flow Technology
Company of Kent, Washington. Flow
Technology, a minority-owned firm,
received an NS~ grant in 1980 for
research on the high-pressure water
drill, atool with a novel design that
had a first been greeted with skepti-
cism. While further development and
financing were required to commer-
cialize the drill, the NSF-funded re-
searchinitiated the innovativetechnol -
ogy and encouraged the company to
continue itsefforts.
Technology has received other
grants in the field of abrasive
metal cutting, surface materials, and
robotics. The company has leveraged
this research support to market com-
mercial products.
For more on
3

grants, see
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CHAPTER

unwavering

instinct to know how and
often the driving force behind basic
research in science and engineering.
But from Issac Newton's discovery of
theuniversa of gravitationto the
wonder of theWright brothers' trium-
phant liftoff a Kitty Hawk, the smdy of
science and engineering has done
morethan merely satisfy the intellea.
Effortsin science and engineering
improve our economic competitive-
nesswith other countries, provide
better health care for the nation, and
form  bassof our national defense.

Againg this backdrop, the mission
of the National Science Foundation is
indeed a challenge. For among all
federal agencies, it isthe Foundation's
charge to promote science and engi-
neering in general and support basic
research across all fields and disci-
plines.

In 1987, NSFfocused on severa
new issues and continuing concerns:

 Economic Competitiveness.
In 1987, the need for the United States
to compete in the world marketplace
received new recognition. Revolution-
ary findingsin superconductivity
research highlighted the vital link
between science and technology in
creating new and competitive prod-
ucts. Moreover, mounting trade defi-
citswith foreign nations, concern over
inroads made by Japan and other
countries in producing new technol-
ogies, and ashrinking supply of Amer-
ican college students pursuing science
careers spurred action by the Pred-
dent, private groups, and Congress.

NATIONAL SCIENCE FOUNDATION

the U.S Congress, the Senate and
the House of Representatives estab-
lished ajoint, bi-partisan Caucus on
Competitiveness to formulate new
legislation. Among two new private
groups, the Council on Competitive-
ness examined issues ranging from
ways to decrease trade deficitto
increased support for NSF; the Council
on Research and Technology, a group
whose members include universities
and private research firms, began to
study national R&D policy

For its part, NSF embarked on ajoint
effort with the National Governors
Association and the Conference Board,
a national organization of business
groups. Together they examined the
way economic competitiveness is
perceived a the state level by industry
universities, and date officials. This
activity had two components: a na
tional survey, followed by regional
discussion forums.

The survey identified several aress
in which the United States must in-
crease its investment in order to
remain competitive. These include
science and mathematics education,
university/industry cooperative ven-
tures, and greater commercialization
of research findings. Moreover, these
investments should be long-term, the
survey report said.

Present and future tools.
Supercomputerswill continue
to be valuable scientiflc tools.
This Cray supercomputer is at
the University of lllinois.
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Statepartner. InApril

New Jer sey Governor ThomasH. Kean

spoke at aregional conference at the AT&T Bell Laboratoryin

J.,on
competitiveness.

Presidential visit. President Reagan watches robotics demonstra-
tion at the NSF-supported Engineering Resear ch Center at Purdue

University.

role of science and technology in economic

Purdue welcome. At Purdue University's Engineering Resear ch
Center, the President shakes hands with Henry Yang, Dean of

Engineering.

Along with these efforts, NSF also
launched apilot projectto strengthen
communication linkswith states.
Inidal effortsfocused onfour satesin
particular; Michigan, New Jersey,
Arkansas, and Utah.

Focusing on date level has
provided better understanding of state
policies and activities supportive of
science and engineering research and
education, and identified points of
common interest NSE The dates
initiative also gave NS~ afirst-hand

a the sates areworking with
universities and industry to link re-
search and education with their plans
for economic development. Thisiniti-
ativeisdescribed in chapter 2.

Also & the state level, NS- continued
its Experimental Program to Stimulate
Competitive Research (EPSCoR),
begun in 1979 to aid dates that lack
large resource bases for research. A
recent EPSCoR grantto  University
of Alabama a Huntsville supported
breakthrough research in supercon-
ductivity (see "Highlights" section).

* Growing Emphasison Inter-
disciplinary Resear ch. Someof the
most significant problems in basic
research are at the boundary between
established disciplines. For example,
advances in biotechnology materias
research, and information science
depend on scientists and engineers
with avariety of disciplinary skills, and
research environments that encourage
new typesof collaborations. Recogniz-
ingthis, NSF extended the number of
its Engineering Research Centers,
which gress an interdisciplinary ap-
proach, to 14 as of late 1987 (See
chapter on centers and groups). In
addition, NSF initiated a new centers
program in biology; awardstotalling
$10 million for laboratory equipment
resulted in "mini-centers’ for biology
a 20 campuses. And the Foundation
began aprogram called Opportunities
for Researchin Computational Science
and Engineering. This effort encour-
agesthe use of advanced computing
techniques in collaborative research



among mathematicians, engineers,
physicists, chemists, and other
scientists.

» ExpandingHuman Re-
sour ces. Important parts of NSFs
mission are to encourage young
people in science education and to
help ensurethat talented women and
members of minority groups are
exposed to science and engineering
careers and attain positions commen-
surate with their abilities. Faced with
current faculty retirement rates* and
the continuing decline of 22-year-
olds—the main group from which
future scientists emerge — increased
participation by women and minori-
tiesmay be key way to avoid afuture
shortfall of scientists and engineers.

To asx=ssthe current status of
women, minorities, and disabled
persons in the sciences and develop
long-range plans to advance their
opportunities, the federal Office of
Science and Technology Policy** ap-
pointed a new interagency task force
in  1987. Membersof Task Force
onWomen, Minorities, and the Hand-
icapped in Science and Technology
arefrom NS~ and other federal agen-
cies concerned with R&D issues,
private business, academia, profes-
sional associations, and nonprofit
groups. They will report on their
findingson or before December 31,
1989.

*A large segment of facultywill reach retire-
ment age during the next five years, espe-
cialy incivil and electrical engineering,
physics, mathematics, and economics. See
NSFHighlights No. Recent Doctorate
Faculty Increase in Engineering and Some
Science Fields available from NSF, Division
of Science Resources Studies, 1800 G S.
Washington, D C 20550.

**OSTPisheaded by the President's Science
Adviser.

Employed doctoral scientists
by field and sex:

Men
Computer (total = 341,900)

Minorities as a percent of employed
scientists and engineers: 1986

Percent

Black

Asian'

Native
American

Physically
1 1 1 i
( 1 2 3 4
Mn about 27 of all Asian scientists and engineers were not U.S. citizens.
members of all groups.
‘Includes members of groups.

Source: Women and Minorities in Science and  Engineering,
Jan. 1988, NSF 88-301
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Another group, the Congressionally
appointed Committee on Equal Oppor-
tunities in Science and Engineering
(CEQOSE), currently advises NS- on

to boost the participation of
minorities, women, and disabled
people in scientificand technical
careers. | n a 1986 report, CEOSE
praised many ongoing and new NSF
effortsto promote equal opportunity
including awards in engineering for
disabled, minority and women re-
searchers, Visiting Professorships for
Women; and grants for minority re-
searchers and minority institutions. At
the sametime, CEOSE recommended
that Congress reevauate the need for
anumber of programs that NS~ discon-
tinued in the early 1980s including
Student Science Training programs.

We must increase
minority participation in sci-
enceand engineering. we

do so not for reasons
of equity, although equity is
clearlyafundamental concern.
The reasons arejust as much
related to national need and
thechallenge our economic
competitiveness.
—John H. Moore, NS- Deputy Director
(speech to White House Conference
on Historically Black Colleges and
Universities, Sept. 1987)

During 1987, NS also bolstered its
long-term commitment to science
education. For example, the Founda
tion launched a major new effort to
upgrade the science curriculum from
kindergartenthroughgrade 12.  the
collegelevel, NSFbegan aprogram to

26 NATIONAL SCIENCE FOUNDATION

Working woman. I n-
creased participation by
women and minorities in
basic research may be
crucial to avoiding a
future shortfall of
scientists and engineers.

Future scientist
at work



give students, while still under-
graduates, the opportunity to conduct
research in science and engineering.
Projects involving women, minority
smdents or persons with disabilities
are given high priority for support.
And another NSFinitiative in 1987,
"Awads for Creative Engineering,"
gives research grants to engineering
undergraduates and recent graduates
based on creative ideas submitted in
aresearch plan, rather thanjudging
tilem solely ontheir academic record.
See chapter 2 for more on these and
other human resources efforts.

e Continuing I ssues. Boosting
support for basicresearch remains the
Foundation'skey priority  the 1970s
basic research gave us arapidly de-

veloping biotechnology industry and
taught us how to design high-speed
supercomputers. And research dating
back to paved the way for the
recent technological breakthrough in
superconductivity

Thechallenge for istwofold. At
atime when the need for basic re-
searchisgreater than ever, fundingfor
academic R&D may have to double
over the next decade just to maintain
activities at current levels. Increased
funding, ongoing NS~ support of
collaborations between universities
and industry continuing international
cooperation and exchange of idesas,
and the sharing of expensive equip-
ment at universitiesmay help smooth
the road ahead for campus research.

Science as

face of science
in the 1990's. Here a tobacco plant's
genetic makeup was altered by introduc-
ing afirefly gene into the plant'sDNA.

exposure in the classroom

ANNUAL REPORT, FISCAL YEAR 1987

27



CHAPTER 2

Education is the great Amer-
ican thelargest pub-
lic enterprise in the United
States, the country's most im-
portant business.

— Mary McLeod Bethune

costing the scientiflc and technical
education of our nation's young
peopleis one of the National Science
Foundation's major responsibilities.
Although NS~ funds graduate-level
education, supporting students who
will become Ph.D. scientists and
engineers, the Foundation also has
programs theelementary secondary
and undergraduate levels. These
efforts help to strengthen the quality
of instruction in the sciences and
mathematics.

In addition, NS is committed to
increasing the number of women and
minoritiesin science and engineering
careers, agoal that may be crucial to

nesswith other countries. NS~ data
show that employment of scientists
and engineers grew threetimes asfast
astotal US employment over the past
decade, yet the proportion of college
seniors who majored in the sciences
is smaller today than it was in the
1970s. Effortsto attract a larger share
of women and minoritiesin science
dasses and careers may help to com-
pensate for a projected shortfall of
scientists and engineers.

part of afederal interagency task
force sat up in 1987, NSF has studied
the role in science of women,
minorities, and people with dis-
abilities, considering new ways to
advance their opportunities. NS~

NATIONAL SCIENCE FOUNDATION

effortsin this area may never have
been more urgent: the American
Council on Education has termed
declining college enrollments among
Blacksa "national crisis," and the gains
ofwomenin science and engineering
over the past 15 years now appear to
be slowing, according to a special
issue of magazine, " Edu-
cation and the Professional Work-
force."*

SomeNS- responsesto the nation's
human resource and educational
needs include these activities:

PRECOLLEGE EDUCATION

There once was atimewhen the
absenceof high school diplomaand
basic skills was not an obstacle to
employment in certain occupations.
Now those occupations are disappear-
ing. Employment in themodernworld
increasingly demandsbadic literacy in
science and mathematics. Ye nearly 30
percent of the nation's schools
offer no coursesin physics, 17 percent
none in chemistry, and 70 percent
none in earth or gpace science.

Thevag numbers of high school sm-
dentstakefew mathematics or science
courses. | n comparative tests in sub-
jects such as geometry U.S students
were outscored by of other

mosaic, Spring 1987, Vol. 18, No. 1 (See
article on "Women's Progress," by Betty M.
Vetter, p. 2)

Early Learning Co.



Early learning about science
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nations and often placed last. One
recent international study* found that
U.S elementary and high school
students, especially girls, know less
about science than their counterparts
didin 1970. Moreover,theylag behind
British and Japanese pupilsin physics,
chemistry and biology

In short, too of the population
isunprepared to function productively
in our increasingly complex and tech-
nological world. A survey conducted
fortireNs in 1986** found large
numbers of Americans do not under-
stand basic scientific terms such as
"molecule” and "radiation.” ASNS~
Director Erich Bloch has commented,
"Whdt is at issue is not lack ax
interest; it's lack of More
explicitly it is alack of quahty in the
institutions on which we depend.”

Curriculum Grants

In its continuing effort to improve
that quality, NSFs Directorate for
Science and Engineering Education
announcedin 1987 new program to
greatly expand and upgrade science
educationin gradeskindergarten to 12
over the fouryears. The NSF
program, which beganwith three cur-
ricula grants totalling $6.6 million,
emphasizes student participation in
science experiments and seeks to
relate lessons from other subjects—
language, arts, and mathematics —to
science.

For example, instead of demanding

young children memorize facts
about acids, one of the NSF curricula
grants encourages students to learn
the concepts by studying acid rain,
collecting rain in their backyards and
measuring its acidity | nconjunction
with the National Geographic Society
this grant supports children a 4000
*The International Association for the
Evaluation of Educational Achievement,
located at ColumbiaTeachersCollege New
York City, based these findings on research
done in 1983 and 1986.
**Sge Science and Engineenng
1987 (National Science Board, 1988).
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On display. Seventh- and
eighth-grade students from
Lincoln Park Community
School in Somerville, Mas-
sachusetts show off their
science project at Lesley
College. Lesley is one of several
colleges and universities that
have received NSF grants to
improvemiddle school science
and mathematics teaching.

school s nationwide asthey collect and
enter information on a central com-
puter, which enablesthem to compare
and compile within days datafrom
across the country

A novel feamre of the program is
that each of the four-year curricula
grants is matched by publishers who

with the schoolsto develop and

test new teaching tiain

teachersto use them. The early involve-

ment and commitment by publishers
help to ensure that the course plan
designed by researcherswill actualy
be adapted for everyday use in the
classroom. Pubhshers, which include
the National Geographic Society and
the Kendall/Hunt Publishing Company
of Dubuque, will devote 5
percent of their revenues from sdes
of inted curr to teacher
training and support.

Improving Middle School
Teaching

NSF also awarded grantsto nine
universities and colleges to improve
programs to prepare middle school
teachersin science and mathematics.
The goal of this NS~ program is to
foster a close collaboration among

The shape of things. Portland
State University'sMarjorie
Enneking (center) discusses
ways to teach geometry with
prospective middle school
math teachers Sandra Sump
(left) and Anne Ryan (right).

Hands-on experience. Amy Barber, a
middleschool math and science teacher,
discusses a science project with a
student. They are attending a special
evening program at Lesley College in
Cambridge, Massachusetts.



science professionals, university facul-
ty and school personnel in developing
model coursesfortraining e ementary,
middle, and secondary school science
and mathematics teachers.

Each of the nine projects includes
special features. For example, the NS+
grant to Ledey College, a collegefor
women, focused on attractingwomen
to teaching careers in mathematics
and science. And agrant to Oregon's
Portland State University developed a
model to prepare math and science
teachers in urban schools.

Private Sector Partnerships

To improve science and mathema:
tics education in grades kindergarten
to 12, thisprogram encourages partner-
ships between business/industry
school systems, and other educational
institutions. The overall aim hereisto
demonstrate ways in which commu-
nity concerns can be trandated into
positive action to improve the quality
of science and math education in
American elementary and secondary
schools. Thisprogram seeksto gener-
ate novel approaches and models in
such aress as teacher enhancement,
teacher preparation, education net-
works, researchin teaching and learn-
ing, instructional materials develop-
ment, informal science education, and
applications of advanced technologies.

Summer Programs for
Chemistry Teachers

Updating the skills of experienced
teachersand strengthening the science
background of new faculty can spark
new enthusiasm for science teaching.
Through special summer programs a
five dtes* the NSF-initiated and sup-
ported Institute for Chemical Educa
tion (ICE) seekstoimprove chemistry
teaching a the middle high school
levels.

* The University of Arizona a Tucson, the
University of Northern Colorado a Greeley
the University of Wisconsin a Madison, the
University of Maryland at College Park, and
the University of California at Berkeley.

Private sector partnerships. A high school teacher and an
industry scientist explore polymer chemistry at an NSF-
sponsored summer workshop at the DuPont Company

Experimental Station in Wilmington, Delaware.

The program has three main ac-

tivities: a Sx-week course upgrades
skills of high school science

teachers assigned to teach chemistry
but lacking astrong background in the
field. Another summer course pre-
pares middle and senior high school
teachers to use demonstrations and
|aboratory equipment in chemistry
courses, helpingto enliven and under-
score the lessons students learn in
lectures. A third course updates the
knowledge of experienced high

school chemistry teachers in selected
topics.

Math teacher New Hampshire'sTimothy
Howell won a Presidential Teaching
Award in 1984.
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fold aim: helping women to further
their science or engineering careers
and encouraging other women to

pursue such careers. Mathematician
Priscilla Greenwood, the only woman
in adepartment of 80 at the University
of British Columbia, was one of the

Minority Research
Initiation. A graduate
student in the solid-state
electronics laboratory at
Howard University holds a
high-speed optical shutter
madefrom silicon carbide.

recent award winners; her grant,
she opted to spend 1987 a Johns
Hopkins University Greenwood,
whose specialty isthe study of random
processes (abranch of probability and
statistics) gave lectures and collabo-
rated on researchwith Hopkinsfaculty

Research opportunities. Student researchers conduct experiments in
thelaser spectroscopy laboratory at Howard University. They are
under NSF's Minority Research | nitiation program.

Research Improvement in Minority Institutions. At the University of
Puerto Rico-Rio Piedras, NSF-supported mathematics gafif and

researchers work on the

computer

Florida State meetsHarvard. A special
NSF grant for women scientists
enabledJill S Quadagno, a sociology
professor at Florida State University,
to spend months at Harvard
University

Visiting scientist. JuanaV Acrivos, a
professor of chemistry at San Jose
State University, was awar ded an NSF
Visiting Professor ships for Women
grantto spend year inthe chemical
biodynamicslaboratory at the Univer-
sity of California, Berkeley. Her
disciplinary areais solid-state
chemistry.

Astronomical visit. Alice L. Newman,
amember of the technical g&fif of the
Aerospace Corporation in Los
Angeles, has broadened her research
experience during a one-year stay at
Cornell University's Department of
Astronomy. The visit was made
possibleby an NSF Visiting Professor -
ships for Women grant. a5



Sea change.

NSF grant gaveEllen R. Dniffel,amarinechemist at theWoods Hole

Oceanographiclnstitution in Massachusetts, the opportunity to spend year at the

University of California at Santa Cruz.

* In 1987 NSF announced the first
two grantsunder its Minority Research
Centers of Excellence (MRCE) pro-
gram, a new initiative to address the
continuing shortage of minority scien-
tists and engineers in fundamental
research. I n addition to
qualified scientists, the MRCEs also
ek to attract talented minority stu-
dents to careers in science and en-
gineering through scholarships and
new research opportunities.
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Researchers at Howard University's
MRCE D.C. will investi-
gate materials important in telecom-
munications, defense, and industrial
applications. At Meharry Medical
College, the MRCE will establish a

mo lar re-
search center focusing onthree arees:
smdiesof DNA reproduction critical to
viral infection and mutations, enzyme
studies may provide a better
understanding of fat metabolism, and
upgrading of a neurobiology labora-
tory The Meharry center will provide
scholarships and research programs
for high school students as well as
undergraduates.

‘87

Write to: do National Science
Foundation. Wasilington, DC 20550



In an effort to boost research a
schools that offer few advanced de-
grees, NS~ funds several activities. For
example, the Predominantly Under-
graduate Insdtudons Program sup-
ports research a institutionsthat
awarded no morethan 20 science and
engineering doctorates in fields sup-
ported by NS during the past two
years. The Research in Undergraduate
Institutionsinitiativefunds scientists at
theseingtitutionswhowork in depart-
ments that do not offer the doctoral
degree. And Research Opportunity
Awards enable science and engineer-
ing faculty to collaborate with NS~
funded investigators a better-
equipped research universities.

Finaly, is an experimental
program called University/Industry/
Government Partnerships for Quality
Engineering Personnel. The emphasis
here is on incorporating major ele-
ments of engineering practice into
engineering curricula, enabling stu-
dents to be taught by adjunct faculty
with a practical engineering orienta-
tion. In many cases, the partnership
provides university smdents with
industrial or other facilities and equip-
ment by the practicing engineer

OUTREACH TOTHE PUBLIC

National Science and
Teclmology W eek

In parallel with NSFs array of
awards and fellowshipsto upgrade
science education and research in
schools and universities, the Founda-
tion aso supports activities boost
the public's awareness of science.
Among these activitiesis National Sci-
ence and Technology Week (NSTW).

The goals of NSTW are twofold: to
raise public awareness of science,
engineering, and mathematics, andto
encourage young people to seek

careersin theseareas. Amajor compo-
nent of NSTW 1987, held April 511,
was the distribution of 130,000 educa-
tion packets, one to every elementary
and middle/junior high school in the
country The packets contained

suggested teaching activitieswith
hands-on experiments for students;
science and mathematics teachers
weretrained to use the packets effec-
tively a pilot workshops across the
country

"Today" applauds tomorrow's scientists. NBC "Today" weather reporter Willard

Scott congratulateswinner sof the

York science fair at the AT& T Infoquest

Center in New York City. The contest was one of many events linked to National

Science and Technology Week 1987.

Spreadingtheword. Some 130,000 teaching

well asposters and " how to participate"
bring attention to National Science and Technology Week 1987.
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Other NSTW activities: The
Y ork Academy of Sciencescoordinated
anational "Art of Science" competition
for high school seniors (see "High-
lights"). InTexas, a science and
technology festival highlighted the
contributionsof local research corpo-
rations and universities. And nation-
wide, childrenin more than 600
schoolskicked off the by rdleas-
ing 250,000 balloons attached

cards. Data from the nation-
wide experiment indicated wind and
wesather patterns and were sent ina
postlaunch packet to participating
schools.

In addition, the and variety
of lifeon earth and the complex issues
surrounding its survival were the
focusof atravelling exhibit first made
available during NSTW The exhibit,
entitled "Diversity Endangered,” was
produced by the Smithsonian Travel-
ing Exhibition Service, with support
from NSE

National Science & Technology Week
activitieswill awar eness of the
vital role science and science education
play in improving our economic com-
petitiveness, and our quality of life.
Today science is not apart of the basic
curriculum many U.S.
schools. We'reworking to correct this.
— Erich Bloch, Director
National Science Foundation

States I nitiative

In of the increasing importance
of cooperation and cost
recognizing the growingrole of the
gatesin supporting science/engineer-
ing research and education — the
Foundation isworking to strengthen
communication with state govern-
ments. A recent by
NSFs Office of Legidative and Public
Affairs—began with apilot projectin
four gates: Arkansas, Michigan, New
Jersey and Utah. These gates were
chosenfor their geographic represen-
tation, their diverse economies, the
range of research and educational

NATIONAL SCIENCE FOUNDATION

resources availableto their leadership,
and their strong commitment to
pursuing excellence in research and
education.

Thisproject enabled NS-to establish
contact with key people and organiza-
tions in each of these dates, discuss
mutual concerns, exchange informa-
tion and ideas, and focus attentionon
national needsin research and educa-
tionfor science and engineering. The
project aso offered a first-hand look
a how the gtates are working with
universities and industry to link re-
search and education with their plans
for economic development. The effort
isexpanding to other states, and close
ties have devel oped between and
the National Governors Association.

Museum Programs

It was in 1970 NSF made the
first grant for a different kind of
museum, one where people would
learn by exploring, touching, ex-
periencing, and trying to explain.
Today, after years of NSF support,
centers such as the Sen Francisco
Exploratorium have become the
standard for science museums
throughout the world. NSF-funded
museums have even entered the
formal teaching business for exam-
ple, the Lawrence Hall of Science in
Berkeley, California developed mate-
rials for Boy Scout and Girl Scout
leaders to teach outdoor biology

NSF provides seed money for a
variety of new science museum pro-
grams. At the &. Louis Science Center,
NS funds have helped develop a
science playground to teach children
about motion, energy light, sound,
and natural environment. The
physics of motion can be explored
through such devices as afriction
dlide, gravity hoop, and the familiar
roller coaster ride. Childrenleam
about energy by exploring watermills
and the subject of water power; playing
with kaleidoscopes teaches them
about the nature of light.



Thefriction factor In thisexhibit, two ballsracedown acircular track; one ispartially

filled with sand and the other is solid. Because of internal friction, the sand-filled ball

soon stops accelerating and the solid ball always wins the race.

Gears and gizmos. At the S. Louis Science Center, visitors learn how gears drive six

different assemblies, including a clock, giant puppet, and laser-etched disk.

Strings attached. Teacher suse wiffle balls and string to demonstrate the gravitational
force between the earth and moon. They are participating in the Franklin Institute's
Teacher Overnight Science Program in Philadelphia, PA.

Setting up exhibit materials at the
Milwaukee Public Museum

Richard Hoyt

A touching experience. Children pet a
reptileat " Animalsin Action," an activity at
theLawrenceHall of Science, Univer sity of
California at Berkeley
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In addition to providing monetary
support, NS- hel ped establish thefirst
association of science centers
(the Association of Science-
Technology Centers), so that informal
educators could sharetheir ideasand
learn from one another As a result,
science museums today roudnely
collaborate on projects and ensure
that travelling exhibits reach millions
across the United States

Television

NSF dso provides key support for
severa television science series.
During 1987, NSF gave the award-
winning science program NOVA a
specia grant for an hour-long show on
Supernova 1987A, the most important
stellar explosion of its kind since the
time of Galileo (see "Highlights"
section).

NSF dso supported the filming of
"Stand and Deliver," a Public Broad-
casting Sysem (PBS) drama that
chronicles the real-life successof
Jaime Escalante and his nationally
acclaimed mathematics program at

percent dropout rate, Mr Escaante
transformed his Hispanic students
into someof thetop calculus students
in the country and helped turn Gar-
field High into a magnet school for
science and math. The program gars
Edward James Olmos, Emmy award-
winning star of the Miami Vice televi-
sion show. "Stand and Deliver" is
being aired both English and
Spanish as part of PBSs American
Playhouse series. was aso released
by Warner Brothers as afeature film
in spring of 1988.)

Math teacher recognized. NSF supported the filming of " Stand and
Deliver," a dramathat chronicles the real-life success of teacher
Jaime Escalante (right), from LosAngeles Garfield High School.
Escalante, played Miami Vice actor EdwardJamesOlmos (left),
helped hisstudentsbecome someof the top calculusstudentsin
the country, into a magnet school for science
and mathematics.

Garfield High School in Los Angeles.
Overcoming crime, poverty and a 50

Edwar dJames Olmos, portraying mathematics teacher Jaime Escalante, holds an award as
he is surrounded by students.



Dynamic duet. Mathwoman (Beverly Mickins) and Robert (Luisa Leschin) are two of the
many characters who deliver messages about mathematics to children on Sguare One TV.
The daily series for 8 to 12-year-olds began in 1987.
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NSF continues to fund Reading
Rainbow, PBS series that intro-
duces children to books through book
reviews that combine reading aloud
and displaying illustrationsfrom the
text. NSF support helped to produce
five programs devoted to science
books and science topics. NSFalso
funds one of PBSs latest educational
efforts, Square One TV, designed to
promote a greater enthusiasm for
mathemeatics among the nation's third
to sixth graders. This group may be
crucial to reach; studies indicate that
while most children enjoy
through grade three, their interest
wanes starting in the fourth grade as
tiley are exposed to long division,
compound fractions, and other more
complicated functions. By middle
school, students may already be turned
off on mathematics.

During atypical Square One epi-
sode, arock group weaves square
numbersinto the lyricsof azany song;

aparody of a soft drink commercial o
delivers a lesson about subtraction: Contact _C_o—host DebraShaplrov_lst_s quk sC_athedraI of
and the sign maker a Harry's Ham- <. John the Divine to learn how a building arch is designed and

' constructed. Thistelevision issupported part by andis
burger Haven teaches the viewer aimed at 8 to

about decimals. Each half-hour show
endswith an episodeof "Mathnet,” in
which lead characters use math and
problem-solving to solve
mysteries such as "The Problem of the
Trojan Hamburger" Preliminary com-
ments from more than 3500 children
around the country helped shape the
format and content of this program.

NSF also helped fund The Ring of
Truth, a six-part series gave a
personal view of science through the
eyes of noted physicist and science
writer Phillip Morrisonand his wife
Phyllis Morrison, a distinguished
scienceeducator The seriesfirstaired
on FBS during fall of 1987.

Contact visit. David Quinn
and Kaori Tomita, from

Contact,
visit the Skiji Fish Market
in Tokyo to lear n about the
different kinds of that
makeup atypical Japanese
diet.

a2 NATIONAL SCIENCE FOUNDATION



Joan Humphries

special Outreach Programs

In 1978, Joan Humphries, an Equal
Oppormnity Manager at NS~ and
Oceola Hall of NASA established an

committee for women

sciendsts and engineers, known as

The purposes of WISE are to
encourage women scientists and
engineersto seek careers and advance
in the Federal Government; to encour-
age young girls studying science and
math to pursue scientific or engineer-
ing careers; and to ensure that excel-
lence in female scientists and en-
gineers is recognized.

Ring of Truth. MIT physicist Philip Morrison and his wife Phylis, a science
educator, host this series on science. They areshown here at Jefferson's
Monticello, during a segment on mapping.

Aspart of itsannual national tiaining
conference, sponsorsaday-long
program for talented 9th- and 10th-
grade girls in the Washington, D.C.
area The group also presents three
national awards recognizing the out-
standing accomplishments of federally
employed women scientists and en-
gineers.

NS~ staff members also participate
in the Washington, D.C. chapter of
Minority Women in Science
The local chapter, part of a national
network established in the 1970,
provides a communication and sup-
port system for minority women who
are researchers, educators, or adminis-
trators in the fields of science and
engineering. Since 1980, the D.C.
chapter has sponsored "Science Dis-
covery Day," inwhich junior high
school students, their teachers, and
parents meet and talk with MWIS
members.

Other MWIS activities include:

» A workshop for precollege
teachers, held annually since
1981,

» A speskers bureau for local
educational events and
programs,

» Ascience fair and provisionsfor
monetary awards and certificates
for outstanding science projects.

Finally there is outreach to univer-
sty faculties. Foundation staff mem-
bersmake aspecia effort to reach out
totheir clientel e by making presenta-
tionsabout NS and its programs, and
by conducting proposal development
workshops. These may be visits to
single institutions, often in conjunc-
tionwith other official travel, or more
formal coUoquia/workshops, spon-
sored by acollege or university acting
ashost for regional institutions.

1987 formal regional colloquia were
presented a institutions in 22 gates,
followed by informal one-to-one
sessIons as time permitted.
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CHAPTER 3

emphasis and attention in disci-
plinary research may shift from one
area to another, the unpredictable
nature of scientiflc investigation re-
quires that support be maintained in
all disciplines. Whether it be research
conducted the chalkboard by asmall
group of scientists or a aproton
accelerator shared by large teamsof
investigators, NSF-supported efforts
continue to respond to the challenge
of searching for
Hand-in-hand with the Foundation's
commitment to research is increased
emphasis on interdisciplinary studies
and on new forms of collaborations

government, universities,

and industry These themes are
evident in NSF-funded research during
1987, as described in this chapter

PHYSICAL SCIENCES/
MATHEMATICS

Arcs and Black
Holes

While the discovery of the most
brilliant stellar explosion since the
timeof Galileo dominated theyear in
astronomy (see "Highlights"), the
results of other NSF-supported re-
search efforts also made headlines.
For example, scientists using a tele-
scope a Kitt Peek National Observa
tory in Arizonareported the sighting

of giant acs, trillions of miles
long, encircle a least two distant
galaxies.

NATIONAL SCIENCE FOUNDATION

The arcs, some of which are three
times as large as our own galaxy the
Milky Way, are the longest continuous
feamres ever detected by telescope.
Glimpsesof the arcswerefirst sighted
adecade ago, but their extraordinarily
uniform structure was observed only
recentlywith the help of the 157-inch
(4-meter) reflector telescope at Kitt

and special electronic sensors. At
first scientists thought that the arcs
consisted of newly formed stars a-
ranged a curved shock front.
However, thiswriting they think that
thearcsare images formed by agrav-
itational lens. In one case, the actua
object isthought to be about twice as
far awvay asthe galaxies seen near the
arc. The lens is probably a cluster of
galaxies between us and the object.

In other research, an astronomer
hasfound evidence the MilkyWay
galaxy is part of aflat, oblong
"supercluster complex” that encom-
passes millions of galaxies and
stretches distance across
the observable universe.

The supercluster complex is about
1 billion light years long and 150
million years across, according to its

Brent Tully, a the Univer-
sity of Hawaii'sInstimtefor Astronomy
in Honolulu. Tully has named the
structurethe Pisces-Cetus Supercluster
Complex, after the constellations in
whose directionit is found.

me evidence for the supercluster
complex, timesmoremassve than
any previously known structure, would
suggest that, on this immense scale,
gdaxies are not randomly distributed
throughout the cosmos, but are instead
clustered in gpacein away that isnot
anticipated by current conventional
theories of galaxy formation.



Black hole. In thissupercomputer simulation, the round imager epresentsacalculation
of the accretion of rotating gasontoablack holein space. (This supercomputer work
was done at the National Center for Supercomputing Applications at Champaign, IL.)
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Self-protection in plants.
When wounded by
insects, some plants
protect themselves from
further damage by
triggering a series of
chemical events, asshown

inthishypothetical model.

Protective mechanism. A
Colorado potato bettle
triggers the tomato plant
it is feeding upon to
release proteins that
inhibit the insect's
digestive enzymes. As

a result, insects are
discouraged from eating
more of the plant.

Laboratory predator
Crushing leaves with a
hemostat in the lab
simulates the damage
caused by insect attacks.

Genetics of the MustardPlant

A distant cousin to the common
mustard plant, Arabidopsis thaliana is
creating excitement in the community
of scientists who want to understand
how genes are regulated in plants and
how, inturn, the genes regulate the
life processes necessary to the plant.
It has been difficult to study the
molecular genetics of most plants
because of the large amount of genetic
material, the large number of DNA
sequences which are repeated many
times, and the long period of time
needed to grow plants. Arabidopsis is
changing that. First studied a the
molecular level by Elliot Meyerowitz
and his associates a the California
Institute of Technology, Arabidopsis
has been shown to have the smallest
amount of genetic material of any
plant known. (For example, the
genome size for wheat is 5,900,000
kilobases, compared to 70,000
kilobases for Arabidopsis.) Further-

it has very few repeated DNA
sequences, and, best of all, takesonly
five weeks to grow from a seed to an
adult plant. All of these facts, plus 40
years of genetic information gathered
in the pagt, makeit possiblefor scien-
tists to ask very specific questions and,
they hope, get very specific answers.

Meyerowitz is continuing the
molecular characterization of this
plant by making acomplete restriction
map of the genome. The genome is
thegenetic material, and amap can be
made by the use of enzymes (restric-
tion enzymes) that cut only invery
specific areas of the DNA. |f enough
different restriction enzymes are used,
one has specific sign postswhich can
serve as markers to localize a gene



within the genome. Such locahzingis
oftenafirst stepto cloning agene, and
cloning is often afirst step to identify-
ing both what it does and how it does
it.

Asalarger project, Meyerowitz and
hisassociates are al so studying flower
development in this plant. His as
sociate on the initial molecular charac-
terization was a graduate student,
Robert Pruitt. After obtaining his
degree, Pruitt became an NS Plant
Postdoctoral Fellow. At thiswridng, he
is a the University of Minnesota and
plans to study male sterility in
Arabidopsis.

Other scientists have begun to
identify and clone genesin Arabidop-
sis. Joseph Ecker a the University of
Pennsylvania (also previously an NS
Plant Postdoctoral Fellow) is interested
in how plant hormones are synthe-
sized and is using this weed to find
out. C. Sommerville of Michigan State
has cloned a gene and shown that a
one base change in the gene causes
Arabidopsis to become herbicide
resistant. Meinke of the Univer-
sityof Oklahoma  created amutant
that can no longer make biotin, a
vitamin; hewill undoubtedly clone the
mutated gene in the near future.

Oneof the most exciting and poten-

productive piecesof work being
done with this organism is that of
Gerald Fink, a M.L.T.'s Whitehead
Instimte. An NSF Plant Postdoctoral
Fellow in his laboratory, Robert Last,
has succeeded in creating an Arabidop-
sis auxotrophic or nutrient-
requiring will not grow
unless a specific amino acid, tryp-
tophan, is added to the medium in
which it is growing. Thisisexciting
becauseit has been extremely difficult
to produce auxotrophic plants. The
reasons for this are not known, but
many scientists havetried to surmount
the difficul des because of the immense
body of knowledge accumulated by
studying bacterial auxotrophs.

Moreover, in this experiment, the
specific amino acid required, tryp-
tophan, is thought to be a precursor
for auxin, a plant hormone essendal
for normal plant growth. The mutant
plant shows all the expected charac-
teristicsof aplant that lacksauxin, and
it can be essendally rescued by
addition of tryptophan to the medium.

An interesdng by-product of this
mutadon is the accumulation of a
compoundwhich cannot be converted
into tryptophan because of the muta-
tion and which causesthe whol e plant
to fluoresce in ultra-violet light.

In aparallel study in the same
laboratory, Mary Berlyn, an N Visit-
ing Professor, has cloned the gene-

encoding tryptophan synthesis,
perhapsthe same genemutated in the
fluorescing plant. Theway is open for
studying a biosynthetic amino acid
pathway in plants; understanding how
the gene encoding the mutated en-
zymeis regulated and how hormones
act in plants; and perhaps gaining
insight into the isolation of other kinds
of nutritionally deficient plant mutants.

Arabidopsis is aweed. No matter

welearn or we engineer it,

wewill probably never use Arabidop-
sis crop plant or eat it. However,
what we do learn about the basic
genetics and biology of thisweed will
have agreat impact on the potential
for bioengineering food plants.

Geneticsteam. At the Californialnstitute of Technology, Elliot M eyerowitz
(far right) and his research team study plant genetics.
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Plant watch. Resear chersexamine the
Arabidopsis flower to understand gene-
tic behavior First photo shows normal
growth; thefour white petals, six anthers,
and central stigma are visible. Second
photoisamutant flower oiArabidopsis.
Genetic manipulationsin the laboratory
caused the flower s of thisplant to consist
of many whorls of petals and sepals,
without the usual stamens or ovary

Mutation in plants. Arabidopsis thaiiana, which are mutant for
tryptophan biosynthesis, fluoresce under ultraviolet light because
of the accumulation of an intermediate compound. The
nonmutant plant in the background (large blue objects) does
not fluoresce. The mutant plants light blue obj ects) were
isolated by Robert Last, an NSF Plant Postdoctor al Fellowworking
in the laboratory of Gerald Fink, at MIT's Whitehead Institute.
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Between Cells

For years, scientists have studied
flashes of Hght emitted by avariety of
biological species. Some marine
organisms may emit light to ward off
flsh; animals may use light to
attract mate or in responseto chem-
ical stimulation. But the details of how
bioluminescence is triggered have
remained a mystery

Researchers Kathleen Dunlap and
Paul Brehm a the Tufts University
School of Medicine in Massachusetts
have found new clues to understand-
ing bioluminescence in studying a
simplemarine organismonly two cell
layers coelenterate. Certain
cellsof organism emit short bursts
of green light in responsetoincreases
in calcium intake.

Using avideo cameraconnected to
amicroscope to record the exact
locadon of the dny light bursts,
scientists found first regions
of the cellsto light up were thosein
direct contact with nonluminescent
cells that produce a small electrical
signal when stimulated. When direct
contact between the nonluminescent
cells and the light-emitting cells was
blocked, no light was emitted. Accord-
ing to the researchers, their work is
supporting evidence that the connect-
ing structure between the two types of



Luminescent animals. coelenterate Obelia is

cells, knownas gap junction, playsa theorganism inwhich Kathleen Dunlap and Paul
crucial rolein triggering the flashes of Brehm have been studying the control of
light.

Because no electrical voltage
change has been detected in the
light-emitting cells, scientists believe
that it isachemical signal rather than
an electrical one that flows through
the gap junction to trigger the light
flashes.

This research, which provides the
first evidence that a chemical passes
through gep junctions to stimulate
bioluminescence, highlights the im-
portance of chemical signals in com-
munication between cells.
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GEOSCIENCES

Polar Programs

NSF-supported basic researchin
antarctic and arcdc regions explores
polar ecology and biology meteoro-
logical processes, climate history,
glacial dynamics, regional geology and
itsglobal significance, the influence of
polar oceans in global weather and
climate, and sun-earth interactions.
NS~ funds and manages the United Shadow on ice. An Em-
States Antarctic Program, which peror penguin casts a
stresses science s the principal ex- ?Q:‘;{%";";ﬁ o frijggfc‘:
pressionof US interest in Antarctica, '
under an internadonal treaty The
Foundadonis aso the US agency
on Interagency Arctic Research
Policy Committee, discussed later in
this secdon.
A 1985 report by Bridsh scientists
that the stratospheric ozone over
Antarctica is depleted by as much as
50 percent during the austral spring
has generated intense researchin-
teredt, including two National Ozone
Expeditions to McMurdo Station on
the antarctic coast (see "Highlights").
In another NSHbacked antarctic
project, atmospheric physicists have
been investigating the earth's mag-

Froma transmitter
a Siple Station, they send very-low-
frequency electromagnetic waves into Expected company. A seal popsup in a drilled through
the earth's upper atmosphere. These 12-foot-thick ice covering McMurdo Sound near Antarctica.

waves follow the geomagnetic field
lines that thread the magnetosphere
and intercept the earth's surface and
ionospherein polar regions. By andyz-
ing the changesin thewaves, detected
in the northern hemisphere a Lake
Mistissini, Canada, scientists have
learned much about the composition
of the magnetosphere, aswell as the
way electromagnetic disturbances
may affect communications.

In 1987 geologists and paleon-
tologists four U.S universities
discovered the fossil remains of a

flighdess bird, the jaw of a
largecrocodile, and 50 fossil lobsters.
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The discoveries, made a Seymour
Island (arugged, barren areanear

top of theAntarctic Peninsula), support
theoriesthat aland bridge connected
Antarcticaand South America between
40 and 140 million years ago and that
contemporary marine organisms, now
living in temperatewaters, originated
in the high latitudes.

Overadll, field work in Antarctica
consisted of 74 research projects a
NUMeErous suMMer-season camps,
threeyear-round stations, and work on
board research ships.

In arctic research, ateam of scien-
tists ttavelled to Greenland in July
1987 to make some of the most sensi-
tive geophysical measurements ever
done of the Newtonian gravitational
congtant and totest anew hypothesis

a fifth, yet undiscovered, force
may exist in the universe. Theexperi-
ment was designed to verify earlier
measurementsthat indicate avariation
of the gravitational constant with
distance. L aboratory measurementsof
gravity are generally limited to lengths
of afew inches.

The scientists used a gravity meter,
which was lowered into an existing
6700-foot hole bored into the Green-
land ice sheet to measure the gravita
tional constant, commonly called the
"big G" by physicists. After lowering
themeter to 5000 feet, the researchers
measured, in 300-foot intervals,
changes in the force of gravity a
different depths. The discovery of
gravitational variations would have a
significant impact on several branches
of modern physics andwould require
the recalculation of the masses of
planets and gars.

Arctic research site

Finally two major reports issued by
NSF in 1987 underscored the impor-
tance of polar research:

» The Role of the National Science
Foundation in Polar Regions was
prepared by aNational Science Board
committee chaired by R Colwell,
Director of the Maryland Biotechnol-
ogy Instimte and Professor of Micro-
biology a University of Maryland,
College Park. The report includes
contributions from 47 expertsin
science, research policy, and logistics.
The 15 recommendations highlighted
in report are intended to aid the
Foundation in fulfilling its respon-
sibilities as lead agency for basic
research in the polar regions.
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by National Weather Service radar at Cape Hatteras on 6 March
1986, at 10:21 E.ST. (see "a"') and at 1231 E.ST. (see "b"). Color
codes 1 and 6 indicate the lightest and the heaviest precipitation,
respectively. The prefrontal and the Gulf Stream rainbands are
labelled and GSR, respectively. Thecirclescentered on Hatteras
arerange markersat intervalsat 50 nautical milesfrom the cape.

NATIONAL SCIENCE FOUNDATION

* The Arctic Research
Policy Committee, composed of repre-
sentatives from the National Science
Foundation and 11 other federal
agencies, haslaid out plan (required
by the Arctic Research and Policy Act
of 1984) for federal support in arctic
research over next five years.
Implementation of the plan will pro-
vide sciendfic and engineering know! -
edge required for national security
rational resource development with
minimal adverse impacts, and im-
proved understanding of regional and
global climate change. The Commit-
tee'srecommendations are outlined in
the United SatesAr cticResearch Plan
published by NS~

Atmospheric Research

Sincethe early daysof sailing, when
it was called the "graveyard of ships,"
the area off Cape Hatteras has been
recognized as aregion where winter
storms often intensify very rapidly A
large field experiment called the
Genedis of Atlantic Lows Experiment
(GALE) was centered on the Atlantic
Coast of North Carolina; one of its
goalswas to investigate the reasons
why rapid storm intensification occurs
a thislocation. During the experiment
arecurrent region of banded clouds
and precipitation was identified and
found to be almost over the
Gulf Stream.

This phenomenon is attributed to
large heat and moisture fluxesfrom
thewarmwater of the Gulf Stream to
the colder, overlying air Indeed, the
magnitude of thesefluxesis compara
ble to what would bereceived from
the onacloudless dayin summer

tion of heat and moistureisthe subject
of ongoing research. It is clear, how-
ever, theintensity of persistent
rainband, asrevealed by radar, indi-
cates rainbands could play an impor-
tant role in the intensification of
winter storms on the Eagt Coeast.



other atmospheric research,
three complete ice cores from a
subtropical region, the Dunde Ice Cep
in the northeastern secdon of the
Quinghai-Tibetan Pateau, were re-
trieved by ajoint US-Peoples Republic
of China expedition during the sum-
mer of 1987. Water sasmplesand frozen
ice cores in prisdne condition
returned to the Byrd Polar Research
Center a the Ohio State University and
to Chinas Lanzhou I nstitute of Glaciol-
ogy and Geocryology Preliminary
micropartical, oxygen isotope, and
conductivity anayses of samples
indicated astrong likelihood that each
icecore contains thefirst glacial-stage
ice to be recovered from a nonpolar
location. The detail ed high-resolution
paleoclimate record contained in
these cores could be significantin
calibrating therich and diverse written
record of historical climatein the
Chinese region.

Finaly, in the summer of 1987,
scientists from the University of Il-
linois, usingmodern Lidar equipment,
wereworking near Spitsbergen, in the
Arctic Ocean. There they discovered a
"hole" inthe sodium layer near an
altitude of 145 miles. The hole could
be caused by adsorption on the ice
crydtas of noctilucent clouds (those
that shine a night). Similar reactions
of chemicals with winter ice crystals
in Antarctic stratospheric clouds are
thought to be responsible for the
ozone"hole" over that continent (see
"Highlights"). Research on the arctic
phenomenon continues a writing.

Earthquake Research

Scientists from 11 U.S universities
have been conducting scientific exper-
imentsin aholebeingdrilled a Cajon
Pess near the Sen Andreas faultin
California. There they have been

Earthquake research. At Cajon Pass, the earthquake-prone region of the San Andreasfault
in California, scientists have drilled a hole deep enough to sample the earth's crust and
monitor the forces that may give early warnings of an earthquake.
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creating adeep-earth observatory to
monitor the earthquake-prone area
over the next several decades. The
drilling project, handed principally by
NS through aneffort called Deep
Observation and Sampling of the

Continental Crust (DOSEC),
enables researchers to sample the
earth's crust near zones where forces
crush and stretch rock. Deformation
of that crust be one early warning
sign of an earthquake, and the drilling
project could helptoimprovepredic-
tions of these natural disasters.

The State University of York a
Buffalo is headquarters for a national
center on earthquake engineering
research. Tnis center was established
by Cornell, Princeton, Columbia, and
Lehigh Universities; the Renssdlaer
Polytechnic the City College

Center
researchers look into ways to mini-
mize the loss of lives and property
causad by earthquakes. Among the
problems address are seismic risk
levelsin the eastern United States and
potential hazards caused by the fact
that many U.S structures were not
built with earthquake risks in mind.

Aspart of itsprevention smdies, NSF
aso learns from earthquakes when
they occur — including the one that hit

California, in  fall of 1987.
Although this earthquake wes rela-
tively small, it claimed six lives and
caused property damage estimated at
$125 to $250 million. And researchers
detected aftershocks for several days
after the quake.

By studying such events, NS~ hopes
to learn more about the problems
caused by larger quakes and better
munities in future simations of this
kind.
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As part of NSF-funded research,
teams of scientists were quickly dis-
patched to the California site. There
they assessed such influences asthe
quake's effect on power and water
lines, the occurrence of (and the
ability to extinguish) earthquake-
related fires, and the stability of build-
ings. I n addition, public briefingson
earthquake issueswere co-sponsored
by NSFand held in San Francisco,
Washington DC, and Pasadena

NSF-supported research isaso
underway to learn from recent earth-
quakes in Chile and New Mexico.
More than 30 research projects seek
new knowledgeand abasisfor further
mitigating the effects of earthquakes
inthe United States And in a coopera-
tive agreement with Japan, NS is
studying design methods that will help
creste masonry structures that are
especially resistant to earthquakesand
other seismic disturbances.

Ocean Drilling

The Ocean Drilling Program, an
internationally supported effort to
understand more about the earth's
history through study of the ocean
floor, has found surprising new details
about the geography and climate of
Antarctica. Seafloor sediment accumu-
lated over aperiod of 50 millionyears

the bottom of theWeddell near
the South Pole revealed striking differ-
ences in ice formation between West
and Eag Antarctica. Two months of
drilling by the research vessal Joides
Resolution also uncovered sporesand
pollen grains, providing new evidence
that until about 39 million years ago
beech trees and fernsflourishedi n
Antarcticaand the continent once had
a much warmer climate.

The Weddell Sea drilling, made
possible only after acompanion ship
towed away icebergs weighing mil-
lions of tons, extracted sediment hid-
den below three miles of icy ocean.
Analysis of sediment layers off the

shore of West Antarcticadated the
formation of ice sheets there to 8
million years ago, and showed that
contrary to some theories, the sheet
has remained intact without melting
for nearly 5 million years.

In contrast, drilling off Queen Maud
Landin Eagt Antarctica, separated by a
mountain range from the west land
meass, revealed that iceformation there
began much earlier, about 37 million
years ago. And the discovery of diatom
fossils, microscopic agae live
only in sunny waters, indicates that the
eastern ice sheet did not cover the
entire ocean for more than 20 million
years.

R

Kennett, then at the University of
Rhodelsland, | ed the expedition along
with marine geologist and geophysi-
cist Peter Barker of the University of
Birmingham in the United Kingdom.
They reported that climate changesin
Antarctica can beinferredfrom de-
tailed studies of the ocean floor For
example, meltingice sheets cause
rivers to form; the riversin mrn de-
posit and gravel on the continen-
tal shelf Periodically, these deposits
fall to the ocean floor, leaving aperma-
nent record of events that occurred

of years ago.

The Ocean Drilling Program is
funded by NSF and severa interna-
tional partners France, United
Kingdom, West Germany, Canada, and
the European Science Foundation).
Management is by contract to theJoint
Oceanographic Institutions Inc.
and subcontracts to TexasA&M Univer-
sity and the Lamont-Doherty Geol ogi-
cal Observatory



lceWork.Maersk Master, ice-support vessel for the ship Joides
Resolution, tows an antarctic iceberg weighing nearly 12
metric tons.
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COMPUTER SCIENCE

Resear ch

The use of computers in research
has become ubiquitous. Computers
allow scientists to simulate experi-
ments impossible to performin the
laboratory, and serve s cal-
culatorsfordata  could not other-
wise be analyzed.

Recognizing these and other appli-
cations, NSF has launched a new
funding program that stretches across
all disciplinesin encouraging inves-
tigators to use computers in solving
research problems. While many univer-
sitiesalready have strong programs in
computer research, most do not foster
interdisciplinary studies. In addition
to emphasi zing collaborations among
scientists, engineers, mathematicians,
and computer specialists, NSF pro-
gram (called Opportunitiesfor Re-
search in Computer Science) also sup-
portstraining of advanced smdentsin
state-of-fhe art computer techniques.

Robot Language

Robot programming languages—
ways to describe and manipulate
complex spatial and temporal relation-
ships— present both a major intellec-
tual challenge an openingto new
technical and economicfrontiers. One
of the most exciting pieces of research
in areais ofJohn Hopcroft of
Cornell University Through asimula-
tion environment, Hopcroft has de-
veloped a new system that would
allow a user to design, test, and
evauate a robotic sysem beforeitis
built. By reducing the amount of
prototyping time, afully developed
capability of this sort would signifl-
cantly accelerate  transformation of
arobot fromanideainto afunctioning
production device.
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Hopcroft's research group has
developed a modeling system that
allowsobjects and modified
quickly and easily. The team has pro-
duced an el ectronic model of athree-
fingered gripper developed by Stan-
fordUniversityand  Jet Propulsion
Laboratory The group aso de-
veloped electronic models of vari-
ations on the gripper

Through NSF-funded projects such
asthis one, the field of robotics has
evolved from a strictly mechanically-
based endeavor to ascience of repre-
senting, manipulating, and reasoning
about physical objects with acom-
puter The mechanical aspectsof
kinematics and dynamics are still
important, but other exciting areasof
research are now open. Robotic sys
tems can be seen as not just areplace-
ment of labor, but & an intelligent
interface between perception and
action, and as a new form of human/
machine partnership.

Gripper. A simulated

robot
hand holds an object
in a Cornell Univer-
sity robotics resear ch
effort.



in ElectronicMail

The primary form of communica-
tion among scientists and engineersis
still paper documents. Although the
use of electronic — messages,
reports, and graphics sent viacom-
puter—speeds communication and
can enhance the work of researchers
collaborating on written material,
scientists have sometimes faced obsta-
clesin adopting the new methods.
Oneobstacle isthat the incompatibility
of different electronicword processing
and desktop publishing systems makes
communication between people with
different machines or editing environ-
ments nearly impossible.

To help improve electronic com-
muni cation among different computer
sygems, NS launched EXPRES Ex-
perimental Research in Electronic
Submission. The project seeks to
develop a sysem that would handle
electronically all agpects of the NS+
grant proposal process, including
document submission and reviewer
comments. Once amodel system
is developed, researchers hope to
extend its use to more general scien-
tific communications. At this writing,
NSF supports EXPRES projects a
Carnegie Mellon University and the
University of Michigan.

Internally, NSF has implemented a
Foundation-wide electronic mail
system known as NOTE. The NOTE
system has direct connections to
major academic and research net-
works and thus provides enhanced
communication not only between
employees a headquarters but be-
tween them and grantees and review-
ers inthe research community In
addition to electronic mail, NOTE
provides an electronic bulletin board
and online access to NS manuals and
documentation. Some of the present
and planned uses of the system include

el ectronic dissemination of

and program announcements and
electronicreceipt of proposal informa-
tion and reviews.

Teclinology Transfer: From
Computer Labto Industry

In recent years a number of com-
puter programs developed through
NSF-supported research have made
their way from academia to the mar-
ketplace. I n some cases researchers
have set up companies that collaborate
with universitiestoimprove upon and
market software that might otherwise
never reach its intended audience.

At the University of Illinois, com-
puter scientist David Kuck and his
associates formed Paracomp, a com-
pany that tailors software devel oped
on the campus supercomputer so that
it can be eadily used by businessesand
research ingtitutions. The computer
programs have application to weather
prediction; airplane design; structural

mechanics, including the stability of
bridgesand the safety of automobiles;
and andysis of field theories that
underlie the fundamental forces of
physics.

Another collaboration between
university and industry involves the
work of University of Utah computer
scientist Lee A who de-
veloped a computerized text-search-
ing system. Hollaar's system improves
upon search programs already on the
market because it can electronically
copy the text it locates into other
documents. This feature is particu-
larly useful for lawyers, who often
need to cite the wording of a prece-
dent- setting casein court documents.
In addition, the system has a specid
processor, tailored to the search task,
that reduces search time.
It is dso eadly expandable, so that
extra computing power isavailable as
the size of the text to be searched
increases.

Technology transfer. NSF supported Lee Hollaar, a computer scientist who developed

the computerized text-searching system pictured here.
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In 1983, s=t up Contexture
Inc., acompany that handles the
commercial development, manufactur-
ing, and licensing of the search system,
which was developed with NS funds
a the University of Illinois and

University of Utah. According to
Hollaar, the company immediately
developed packaging and completed
tests required by the Federal Com-
munications Commission to takethe
system fromthe university workbench
to aprototypethat could attract poten-
tial users. I n addition, based on the
preliminary research funded by NS,
another government agency (the
Central Intelligence Agency) spon-
sored additional research to expand
the search system for its own use.

ENGINEERING

For the 20 yearsendingin 1985, NS~
provided fundingfor 31 of 46 engineer-
ing advances considered the most

by representatives of six

professional engineering societies.
NSFwas aso cited more oftenthan
any other funding source in research
papers associated with 10 specific
advances. These advanceswerein
such fields as robotics, ceramics,
composite materials, and solid-state
circuits* Engineering research sup-
ported by the Foundation in 1987
continued thisdistinguished trend, as
shown in theexamples that follow.

Engineeringand Biotechnology

Monoclonal antibodies, fhe
molecules that destroy specific types
of cancer cellsand other disease-caus-
ing agents, arejust one of the vital
biological substances made possible
by advances in molecular biology
genetics, biochemistry and related

National Science Foundation Support for
Sgnificant Advances in Fundamental Engineering
Research, as Shown inPublication  Acknowledgments
1965-1985, NSF Program Evaluation Staff, Office of
Budget and Control.
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fields. In order to address problems
encountered i n mass producing
these substances and to bol ster univer-
sity training of people involved in
large-scale production, NSFs engineer-
ing directorate hasaprogram in
biotechnology that ties together re-
search from severa disciplines. Topics
include, but arenot limited to, im-
proved methods of culturing normal,
exotic, and genetically altered cells;
development of new uses of proteins
and other biological materials in the
design of large biological reactors;
techniquesto separate or purify large
quantities of dilute and impure
solutions of complex substances, and
methods to monitor metabolism
of cellsimmersed inculture.

Engineering-M aterials Resear ch
Link

New demands for complex materi-
aswith precisely controlled chemistry
shapes, and properties have ledto
worl dwide competition in manufactur-
ing materials. To help meet this de-
mand, NS~ announced ajoint effort by
its Directorates for Engineering and
for Mathematical and Physical Sci-
ences, their goal isto us
research in materials processing and
related activities.

Tribology.
study

Processing generally involves the
transformation of raw materials into
useful, finished objects. One example
is thetransformation of graphite
compounds into composite, light-
weight materials needed for aircraft
such asthe Voyager spacecraft, which
hascircled the globe. And the proces-
sing of high-temperature supercon-
ducting materials from ceramic com-
pounds (see "Highlights") has become
amajor research endeavor

The NS initiative encourages col-
laborations with industry because of
the concentration of expertise there,
industry's economic stake in results,
and its availablefacilities and research
instruments. Collaborations among
different disciplinesare dso
because materials research gpans the
full breadth of science and engineer-
ing, including solid-state physics, fluid
mechanics, and mechanical engineer-
ing.

Tribology

Tribology isthestudy of surfaces
that move or slide againgt each other
Ball bearings and gears in an auto-
mobile are examples of tribological
components. Scientific research in the
held of tribology is generally aimed at
providing amechanistic understand-

computer-generated model is used to
contact dynamicsand tribological performance

of a mechanical face seal.



ing of the phenomena that occur a
the moving contects.

With new studies delvinginto the
chemical interacdons at surfaces, the
development of model s to predict the
behavior of these materials, and re-
lated inquiries, NSF has increased
support for its tribology program.
Included in 1987 was a summer in-
ternship designed to draw faculty to
such research. The program gave
faculty members who had never
investigated tribology but were ex-
perts inrelated aress the opportunity
to learn about the field.

Neuroengineering

The brain is fhe oldest and most
powerful computing machine we
know, and its communicadon system
is far more puzzling than that of the
most advanced supercomputer What
fundamental processes underlie the
complexifies of informafion proces-
sing in the brain? Researchers for
biological analogues inside assem-
blages of transistors and diodes,
electronic components that are the
bassfor computer circuitry Converse-
ly, networks of electronic circuits that
mimic the pattern of nerve cellsinside
thebrain are leadingto experimental
components that may revol utionize
computer science. These studiesoffer
potential advances in computers that
recognize and respond to human
speech, in creating more autonomous
robots, and in computer vision sys
tems. To help foster researchin thisrel-
atively new branch of science, known

neuroengineering, NSF began a
new funding program in FY 1987.

help of fiinds, Christof
Koch and his colleagues a the Califor-
nia Institute of Technology study the
cat's eye to understand how nerve
cellsin the redna detect motion. Their
research, in collaborationwith Tomaso
Poggio at the Massachusetts I nstitute
of Technology, has uncovered an
underlying biophysical mechanism
for motion detection that may be

involved in other types of nerve cell
operations in the brain, including
depth perception. I n addition, their
investigations, which suggest that each
nerve cell acts like a computer chip
containing hundreds of transistors,
has applicationto robot vision sysems
and the development of automated
television cameras.

Odier neuroengineering research
has focused on neural networks, the
complex circuitsthat scientists design
to mimic the sophisticated decision
making of the human brain. Computer
chipsand electronicwire are the usual
components of these networks, but
now researchers have devised an
alternativemodel: circuitsthat replace
wire with lasers and mirrorsand use
light-sensitive crystals, rather than
computer chips, to convey information
and make decisions.

Anderson at the University of
Colorado a Boulder and fack Fein-
berg a the University of Southern
California Los Angelescollaborated
on an optical circuit that memorizes
the shape and position of an object. A
three-dimensional hologram of the
object formsinside a crystal in the
circuit, but the image quickly fades
unless the object moves or changes
position. For example, aWalt Disney
animatedfilm runthrough the circuit,
known as a Novelty Filter, isvisible
only when the characters move or the
scenery changes; if Mickey Mouse
temporarily standsstill, he disappears
from the screen. Bacteria under a
microscope connected to fhe Novelty
Filter are seen only as they slither back
and forth across the dlide.

The filter instantly tracks the new
position of objects as they move and
may have potential applications to
optical computing.

experimental circuit built
by Anderson relies on laser light that
travels through a loop containing
mirrors and two crystas. One crystal
uses the light to optically store a
variety of simple images, the other
crystal acts as an amplifier a

light beam shinesafragment of any of
thestored images into the circuit, this
action triggersthe circuit to search out
and retrieve the entire stored image.
For example, if the crystal stored the
images of acat and adog, shining the
image of the cat's tail would trigger
thecrystal toretrieve  full image of
the cat. According to Anderson, this
type of pattern recognition suggests
some of the complex actions as
sociated with the brain and human
memory

Novelty filter. Dana Anderson and Jack
Feinber g collaborated on an ingenious new
optical circuit that memorizes the shape
and position of an object. A three-dimen-
sional image of the object formsin the
optical as a " Novelty
Filter" — but the image quickly fades unless
the object moves or the background
scenery changes, as seen in these two
photos.
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Researchin Engineering Design

Thoughtful study of the design
process can sometimes correct prob-
lemsin aproduct beforeit is manufac-
tured, suggest the most appropriate
materials for its manufacture, and
dramatically decrease production
codts. |n addition, computer programs
based on expertise gleaned from
successful design projects can aid the
design of new products. NS~ support
focuses on developing scientific
methods for engineering and
establishing aformal disciplinein this
relatively new area of study

Beginning with a project for a
design dasstaught at Stanford Univer-
dty, engineer Mark Cutkosky and his
collaborators have developed the
basics of an automated manufacmring
system. aim of their computerized
sysemistokeep thedesigner in daily
contact with staff involved in all parts
of the manufacturing process, allowing

manufacturing resources of a
specific company to be taken into
account in planning a product. The
model system aso enablesothersiha

company to suggest design changes—
even if those employees work across
the country Engineering students
have tested their original designsfor
manufactured metal parts on the sys
tem, honing the design skills learned
dass. According to stu-

dents have found that their design
syleiscreetively altered by interaction
with the computer

Myron Fiering at Harvard University
has used computer techniques for
another agpect of engineering design:
the anadlyss of cdassic design failures
to understand how errors can be
anticipated and designs made suffi-
ciently flexible to survive unexpected
flaws or stresses.

Aided by a computer, Fiering and
his graduate student, Benito Villama-
rin, grouped some 30 flawed designs,
aswell as dedigns tiiat withstood
unusual stresses, according to com-
mon themes. The researchers then
beganto devel op acomputer program,
designed to run on an ordinary per-
sonal computer, uses  andyss
of flawed designs toindicate potential
errors in new plans.

Computerized manufacturing. A machinepart isdrilled
on aspecial platform that sensestheforcesand tor ques
exerted on thepartin all directions. Thegoal isto gather
infor mation from the manufacturing process asit occurs,
in order to update or flne-tune the manufacturing
knowledge base and to suggest changes in design.

by Mark Cutkosky histeam at
Stanford University.
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Construction automation: Computerized model of a machine that moves earth. The machine is connected to a microprocessor
that allows it to adjust automatically for the weight of the load, type of material, and other day-to-day variations encountered at
the construction site. This is an example of work done by Boyd C. Paulson and Raymond L evitt at Stanford University.

Automated Construction

Robots digging tunnels, computers
that test design plans, artificial intelli-
gence methods for tracking progress
a the job site: such developments
appear to signa the construction
industry'sfumre. If so, U.S companies
may be losing their competitive foot-
hold. Althoughthe industry is an
important and lucrative business—
American construction companies
earn more than $380billion year and
employ some 55 million workers—
productivity of U.S companies has
remained flat and the industry spends
less 0.4 percent of sdeson
research and devel opment. Japan and
other countries are taking an increas-
ing share of the business. A new
program begun by NSFs engineering
directorate seeksto boost the competi-

tive position of U.S firms through
research in automated or computer-
integrated construction.

In recent years, NS~ has awarded
eight grants to investigate use of the
computer in planning, organizing, and
building skyscrapers and other large
structures. Some examples:

» Atthe University of Texes a
Austin, engineers led by Alfred E.
Traver collaborated with Bechtel, Inc.
to explore the way pipes could be
selected and fittogether at a construc-
tion sSitewith the aid of computers and
a specialy designed robot.

* Researchers a the University of
Maryland, Virginia Polytechnic Insti-
tute, and Pennsylvania State University
have studied variouswaysto  auto-
meate activities on construction sites
and (2) provide an open, interactive
dataenvironment for engineering de-
sign of buildings, construction pro-
cesses, and facilities management after
construction has been completed.

» Engineers under direction of
Irving f. Oppenheim a Carnegie
Mellon University have explored
methods to automate digging & con-
struction sites.

» At Stanford University research
teams directed by Boyd C. Paulson
and Raymond Levitt considered in-
strumentation for monitoring equip-
ment safety and production. One of
the Stanford projects, known as"Sight
Plan," sought artificial intelligence
methods to design layout of a
model work site, coordinate workers
or robots on the job, keep track of
supplies, and record and make adjust-
ments for the continually changing
nature of construction project.
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INTERNATIONAL ACTIVITIES 29 JapaneseInstitutefor New
Generation Computer Technology

China jointly developed aprogram
that allows U.S scientists and en-
gineers to conduct researdh a ICOT.
Under joint agreement, which
began in 1987, ICOT opens its doors
year toup tothree U.S scientists
selected and supported by NSE

In an effort to boost international
cooperation, NS sponsors a number
of research and agreements
with other countries. In 1987, for
example, NSF sponsored ajoint semi-
nar with China on the subject of
advanced ceramic material's, andcipat-
ing continued cooperative research in
this area. Such joint research allows
U.S scientists to forgeties with their
Chinese counterparts in aress of
mutual sciendfic interest.

Yugoslavia

An NSF-sponsored cooperative
projectin theoretical physics between
the University of Zagreb and Purdue
University has spurred development
of anew theory about nature. The
theory postulates afifth force— the
hypercharged force— that acts a short
distances againgt the tug of gravity The
theory, with implications that would
greatly alter our view of universe
and its origins, has stimulated wide-
spread interest and experimentation
in the United States and abroad.

India

Scientists from Purdue University
and the Indian Institute of Science,
Bangalore, have joined forcesto
develop and study high-temperature
superconductors (see "Highlights")
madeof metal oxides. The researchers
designed new methods for synthesiz-
ing the oxides, some 30 technical

_paper_s OI’_] their V\_Iork h_ave appeared Example of intemational work: Resear cher measures nutrient flow

in major international journals. in astudy of nutrient cycles in atropical rain forest system. This

Japan project took place near the joint border between Brazil, Colombia,

and Venezuela.

Through a new collaborativere-

search program with Japan, NS-is

hel ping to advance computer research

and spur development of the next

generation of computers in the inter-

national community The Foundation
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New | ntemational I nformation
OfSce

In March 1987, NS established a
new information and andyss officeto
monitor technical developments in
major aress of theworld and to analyze
their impact. Eventually thisoffice
plansto distribute— both in print and

information prod-
ucts to U.S scientists and engineers.
Examplesinclude some 120 studies on
technical advances and policy trends
in Japan.

Also underway is a pilot program
(developed with the U.S Departments
of State and Commerce) that involves
selected academic, government, and
industrial users nationwide. Theaim
of thisstudy isto determine the most
effectiveformat, content, and public
distribudon method, aswell as appro-
priate user groups, for U.S govern-
ment reports on foreign science and
technology developments.

The new officeis part of NSFs
Directorate for Sciendfic, Technologi-
cal, and International Affairs.

SMALL BUSINESS GRANTS

Small businessesinvolved in scien-
tific and technological innovations
often cannot support the research
needed to devel op the next generation
of state-of-the-art devices. NSFs Small
Business | nnovation Research (SBIR)
Program funds high-quality research
a companies. In 1987, NSF
awarded 151 "Phase|" grants that
provide firms with up to $40,000for
six months to exploreinnovative
research ideas. The most promising
projects to emerge from Phase | are
awarded up to fortwo addi-
tional years of NSF-supported re-

Verax processor. Another small
business effort supported by NSF
resulted in equipment such as this

processor, which is based upon the
development of microporous beads
that serve as the growth surface for

cells.

search. Private investorsthen take over
during thethird and final sage, which
involves product development, man-
ufacturing, and marketing efforts.
Products resulting from
funded research include;
* Plant-derived insecticides, as
as hew plant gene-mapping tech-
niques, by Native Plants Inc. of
SAt Lake City NPl raised $64 million
in private investment and increased
employment from 40 to 450 since
receiving itsfirst SBIR award in 1980.

* Improved catdyssfor continuous
flow fermentors, which use microbes
for rapid production of genetically
engineered protein, by Verax Corpora-
tion of Lebanon, New Hampshire.
Since receiving awards in 1982 from
the Foundation's SBIR program and
from the National I nstitutes of Health,
the company has increased its size
from 12 to 87 employees.

Seedso the "Highlights™ section of
this report for another example of
SBIR support.

Small businessinnovation: an irmoculation trial at Native Plants, Inc., Salt L ake City, Utah.
In this trial of a mycorrhizal plant growth system a symbiotic association between a

nitrogen-fixing

and the root system enhances growth.
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CHAPTER

ncreasingly, researchrelies on expen-
sive and complex equipment. Even
mathematics, which once required
only a pencil and paper, now depends
on computers. One research institu-
tion alone often cannot afford to buy
and maintain the facilities and tools
used in modern research. And as
studies in biotechnology materias
research, and other fieldscross the
boundaries between disciplines, the
pooling of diverse resources and the
sharing of equipment become
inevitable.

In some instances, universities,
industry and the federal government
have shared their scientific and en-
gineering talents, as industry and
federal government have jointly
funded campus-based research pro-
grams ranging from small collabora-
tions to large facilities scores of
investigators.

In supporting major facilitiesfor
astronomy, atmospheric science, en-
gineering, materials science, physics,
and computing, NS~ hes led the way
for many collaborative research ef-
forts. Fiscal year 1987 saw new dis-
coveries at some of diesefacilities,
continuation of the new engineering
research centers established in 1985,
and apresidential plan to expand
greatly the number roleof feder-
ally funded centers.

NATIONAL SCIENCE FOUNDATION

NEW EFFORTS

Reagan Plan

President Reegan's "Quest for Excel-
lence" speech, delivered to the Con-
gress in January 1987, oudined a na
tional policy for science and technol-
ogy As part of that policy President
announced an initiative for severa
new NSF-supported centers for re-
searchin science and technology The
President described these centers as
"new university-based, interdisciplin-
ary 'Science and Technology Centers
thatwill focus on fundamental science
that directly contributesto nation's
economic competitiveness."

New Engineering Resear ch
Centers

Thisprogram supports cross-discip-
linary centersfocused on the research
and education that are critical to U.S
industrial competitiveness. The pro-
gramis apartnership between acade-
mia, industry and government.

NS~ announced in 1987 the initia-
tion of threenew centersat the Univer-
sity of Colorado, Boulder/Colorado
State (acooperative effort), the Univer-
sity of California Los Angdes(UCLA),
and Duke University The universities
will receive up to $46million in NSF
funds over the next five years to
operate and maintain these campus-
based efforts. Thisbringsthe comple-
ment of centersto 14. They are clus-
tered in design and manufacturing,
optoel ectronics, biotechnology and
resource utilization.

New EngineeringResear ch
Center Jacques Pankove, a
program manager for
Colorado's Optoelec-
tronic Computing Systems
Center, was the first to
demonstrate high-lumines-
cenceefficiency in gallium
arsenide. He also discov-
ered and explained
radiative tunneling in
semiconductors.
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The UCLA center focuses on hazard-
ous substance control and will explore
emerging technologies to minimize
the production of hazardous wastes.
Researcha UCLAfacility examines
the flow of hazardous materias from
their origin totheir eventual disposal,
and considersthe impact of releasing
toxic materials into the environment.

The Colorado center focuses on
optoel ectronic computing sysems to
explore the use of light waves, rather
than the flow of electric current, to
carry information used in computing,
signal processing, and artificial intelli-
gence systems. The timely availability
of optoelectronic computing and
optical devicesis expected toimprove

nation's competitive positionin
the communication and information
industries.

The Duke University BRC will
explore fundamental engineering
research critical to emerging car-
diovascular technologies. This center
will focus on research leading to
advanced imaging methodsand micro-
electronic technologies to aid in
diagnosing and treating cardiovascular
diseases.

Biological Centers

In mid-September 1987, NS- an-
nounced support of $10 millionfor 20
campus centers conducting research
in various agpects of biology The
purpose of the Biological Facilities
Centers Program isto provide sophis-
ticated instrumentation to biological
reseach centersinvestigating challeng-
ing problems in biotechnology This
will encourage researchersfrom
diversebiological disciplinesto share
state-of-the-art equipment and to work
joindy to solve complex problems
requiring insight fromdifferent scien-
tific pergpectives. Two of fhe 20 awards
focus on the development of unique
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More Coloradowork. Onegroup at Colorado'snew Engineering Resear ch
Center is examining the usefulness of optical neural network systems. A
key component under development is this central switch, which uses
ferroelectricliquid crystals. These crystals, developed by aninterdisciplin-
ary team at the Univer sity of Colorado, easily exceed the switching speeds
of commercially available crystals and have an inherent memory.

instrumentation that may help solve
fundamental biological problems
and eventually affect commercial
biotechnology

NSF is accepting proposalsfor
additional Biological Facilities Centers

institutions are expected to show a
willingness to share center costs and
to make a commitment to maintain a
facility after the tenure of the NSF
award.

Center on Energetic Materials

At the New Mexico Institute of
Mining and Technology NS helped
establish a center for the study of
so-called energetic materials — explo-
sves, propellants, and flammable
chemicals—and the hazards as
sociated with using them. Founded
under NSFs Industry-University
Symbolizing the
heart of biotechnology:

double helix
of DNA molecule



Cooperative Research Program, the
Research Center for Energetic Mater-
idsisworking closely with industry to
answer questions about the manufac-
ture of energetic materias,
performance i n particular applica-
tions, and safe methods for transport
and storage. The five-year, $500,000
NSF start-up grant for the center
complements support from other
federal agencies and from industry
After thefirst fiveyears, the center will
be supported solely by industry
SPONSOrs.

M aterials Resear ch

* MoreFundsfor
Super conductivity

To help spur the further develop-
ment of new high-temperature super-
conductors (see "Highlights"), NS-
allocated an additional $1 million to
three of Materials Research
Laboratories (MRL's) it funds
a Northwestern, Stanford, and
University of Illinois a Urbana-Cham-
paign. Superconductors, materials
lose all resistance to electric current
below a certain temperature, have
enormous potential applicationsin
power transmission lines and as
potent magnets used in medical imag-
ing, particle accelerators, and transpor-
tation sysems Therecent discovery of
higher temperature superconductors
offers promise that some of diese
materials may not require acostly
cooldown to more than 400 degrees
below zero Fahrenheit in order to
operate. The MRL's have taken up the
challenge of understanding the com-
plex and subde science underlying the
synthesis, processing, and behavior of
these and intriguing compounds.

* High-Strength Steels, X-Rays

for Micro Circuits

At Harvard University and the Mas-
sachusetts Institute of Technology
scientists have developed promising

steel sthat may have

critical applicationsin aircraft landing
gear and helicopter rotors. Existing
seels normally have adequate tensile
strength and toughness but are prone
to corrosion from humidity aproblem
that figured in several recent catas
trophic helicopter crashes. Research-
eséat the MIT and Harvard MRLs
analyzed changes in microstructure
and chemistry could improvethe
quality of commonly used stedls. Asa
result, the investigators created steels
that are less britde and susceptible to
corrosion. The second generation of
these materials was produced by
Carpenter Sted Company and is
expected to show even greater
promise.

At the University of Wisconsin,
researchers have been looking a a
technology that could shrink the
smallest features of a computer chip
down to one-quarter to one-tenth of
their present size. The smaller size
circuits would permit smaller and
faster computer chips with more
compufing power, an especially valu-
ableast in building supercomputers.
Known as X-ray lithography, the
method uses intense beams of X-rays
(from the Aladdin Synchrotron
Source) to outline sharply the micro-
scopic patterns on computer chips
and to build up intricate integrated
circuits— some assmall as one ten-mil-
lionth of a meter In contrast, beams
of visiblelight that currently can make
integrated circuitsoutline patterns not

Material growth. Photograph shows purelanthanum copper oxide grown on aplatinum
project of MIT's MaterialsResearch Laboratory. The crystal has alayered
structurethat formsthe basisfor high-temper ature super conducting materialssuch as

lanthanum barium copper oxide.

ANNUAL REPORT. FISCAL YEAR 1987 69



much smaller than one-millionth of a
meter

The Wisconsin Center for X-Ray
Lithography recently formed a consor-
tiumwith businessesto pool resources
and share profits in improving the
X-ray method, which isaready under
intense investigationin Japan.

The Wisconsin Synchrotron Redia-
tion Center is supported by NSFs
Division of Materials Research, while
the X-ray lithography research has
been supported by the Division of
Electrical, Communications, and Sys
tems Engineering.

* New MaterialsResear ch Groups _ o _ _
In 1987, NS established four new Materials resear ch-engineering project. The lower part of this

) - enlar ged photograph shows with vertical onemicron
Materials Reseerch Groups; research a apart and a cross line 0.2 micronwide. Thecross line is etched by
the newest campus-based groups X-raysfrom the Aladdin light sour ce at the Univer sity of Wisconsin.
includes: a the University of California, Upper part of photo shows a farther enlargement of boxed areaat
SanDiego, a of themicroscopic ~ Pottom.

properties of magnetic materials; a
Brown University analyss of factors
that make materials susceptible to
deformation and fracture; a Montana
State University effortsto understand
the basic properties of new types of
semiconductors; the University
of Michigan, devel opment of amethod
to strengthen glassy polymers.

Scientific Computing

Recognizing that advanced com-
puters are an integral resource for
making new discoveries, NS~ estab-
lished five National Supercomputer
Centersin 1985 and 1986. Thefollow-
ing year, Cornell University received

International Business Machine's
(IBM) most powerful supercomputer
to date.

One feature of machine is that
it contains six processors, each of
which can tackle a separate computing
problem or operate in parallel onthe
same problem. The new supercompu-
ter is being applied to research in
medicine, physics, geology biology
astrophysics, and other fields that
require large amounts of computa-

tional calculations. ) ] o
Materialsresear ch: studying the effect of amagnetic field on metals

of various shapes
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Research advances are dso being
made a other NSF-supported super-
computer centers. Atthe University of
[llinois, electrical and computer en-
gineer KarlHess, NS-grantee, spent
much of his time searching in
laboratory for new types of semicon-
ductors, materials whose el ectrical
properties make them ideal for com-
puter chips. Butwhen  university's
supercomputer came online, Hess
found that simulated experiments on
thecomputer screen him as much
as costly and time-consuming labora-
tory experiments did, and they per-
formed the work more accurately

NSF grantee Freeman Gilbert, a
geophysics professor a the Scripps
Institute of Oceanography, University
of Californiaa San Diego, has used
the campus supercomputer to com-
parehismodels of deep structure
of the earth actual data If the
results of his simulated experiments
match measurements obtained from
drilling and earthquake activity Gil-
bert and other geophysicists may have
mapped the invisible— the center of
the earth. (See also "Mappingthe
Earth'sinterior," in the next section of
this chapter.)

Supercomputer upgrade. Programmer Homer Smith rests on computer screen showing
graphical representations of mathematical equations generated viathe Cornell supercomputer,
an IBM-based device. I n 1987 the Cornell system was upgraded to a more advanced |1BM
super computer

Most powerful mainframe. The IBM 3090 Model 600E supercomputer,
recently installed at Cornell University, provides up to 60 percent more
computing power than IBM's largest previous model.
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At Carnegie Mellon University,
Gregory McCrea and his colleagues
relied on a supercomputer to model
the effects of smog over LosAngeles
and the effectiveness of different
methods to reduce air pollution.
Computer simulationsby theresearch
group showed that some suggested
techniques to lower pollution in the
city actually increased problemin
outlying aress.

Research Networking

Inaparallel effort supercompu-
ter research, NS~ created NSFNet, an
umbrellagroup of computer networks
designed to improve scientiflc com-
munication and advanced com -

capabilitiesmore accessible. In
1987, anew network joined NSFNet
group; NSF awarded athree-year, $1.8
million grant to begin
which links major research insdtutions
in the northwestern United Stateswith
the five NSF Supercomputer Centers.
The weas needed because of the
absence of academic supercomputers
in that region.

Odier members of NSFNet
came on board in 1987 include acax
demic networks and regional net-
works in New York, Texas, Michigan,
the San Francisco Bay area, and the
Southeadt. The Southeast network
uses acomputer-based routing system
developed by Proteon, Inc., to connect
16 universides in 12 gates and the
District of Columbiato the major
supercomputer centers. The Proteon
system gives other universities in the
12 gates accessto the network, known
as SURANé (for Southeastern Univer-
sdes Research Association Network),
through combinadon of smaller sate
and local networks.

By end of FY 1987, NS- had
linked some 125 campuses to its
research network.
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OTHER ACTIVITIES

Mapping the Earth'sInterior

The ultimate goal of earth sciences
isto understand the structure, compo-
sition, origin, and evolution of
earth. During the past two decades,
the success of the plate tectonic theory
has revolutionized earth sciences. We
now have a coherent framework for
understanding many of our planet's
features: the global distribution of
mountain chains, volcanos and earth-
quakes, mgjor fault sysems, the pro-
duction of new crust a ocean ridges,
and the building and migration of
continents.

In recent years, great advances have
occurred in various techniques for
imaging the interior of the earth, using
datafrom seismic arrays. One of the
most exciting is seismic tomography.
It combines measurements of earth-
quake waves from many seismic da
tions with sophisticated computer
modeling to construct three-dimen-
sional images of the earth'sinterior.

Selsmictomography is based on the
same principles as the medical tech-
nique of Computerized Axial Tomo-
graphy (better known as the CAT
scan), which uses X-rays. Seismic
tomography, however, measures the
velocity of waves generated by earth-
quakes or explosions that travel
through the earth. Seismic wave
velocity is affected by the density of
thematerial that ~ waves aretravel-
ling through. They travel faster in
denser, colder material than inless
dense, hot, or molten material.
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CAT scan. I n this computerized 3-D map of the velocity of earthquake
waves inside the earth, dark areas indicate waves that move more slowly
than do thoseelsewhere. Thesewaves aretravellingthrough hotter regions
of the earth's core.
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The seismic waves are also affected
by the orientation of the crystds that
make up the earth, and they move
faster or more slowly as they pass
through regions where significant
crystal orientation exists. One such
zoneisin the earth'smantle. There the
rock is so hot that, over geologic dme,
it flowsand deforms much like a fluid.
The crystals within the rock become
orientedwith fheflow and thus affect
the measured seismic velocides as
earthquake waves passthrough the
region.

Seismologists from 54 universides
have now formed anonprofit corpora-

Incorporated Research Institu-
tionsfor Seismology IRIS isfunded by
NS to implement cridcally needed
nadonal facilities for support of sais-
mological research inthe coming
quarter-century Among its objectives
isaglobal array of at least 100 modern,
permanent seismic stations, com-
plemented by a large
ment) moveable array for finer-scale
resolution. The signals recorded from
these seismic stations will helpin
developing three-dimensional tomo-
graphic images of the earth.

Using the principles of seismic
tomography and the new generation
of earthquake recording stations,
scientists can make CAT scans of the
earthtomap  composition flow
of material throughout itsinterior
And, for first time, they can get a
view of the inner workings of the
earth's dynamic structure.

Astronomy Centers

Among the important facilities
funded by NS~ and shared by scores
of researchersare astronomical obser-
vatories. Ranging from optical tele-
scopes that peer out from dome-
shaped covers on distant mountain-
tops to ground-level parabolic anten-
nas, these instruments record the



details of faint galaxies, comets, and
other pieces of the heavenly puzzle.

» The Nadonal Optical Astronomy
Observatories (NOAO), headquar-
tered in Tucson, Arizona, include three
facilities. Two of these, although serv-
ing different functions, are near neigh-
bors. The National Solar Observatory
has observing facilities for solar re-
search in New Mexico and Arizona,
while Kitt Peskk National Observa-
tory provides accessto optical tele-
scopes and clear viewing on anArizona
mountaintop. The third facility the
CerroTololo Inter-American Observa
tory in Chile, is our country's only
national astronomy center in
Southern Hemisphere. Cerro Tololo
made headlines in 1987 when it cgp-
mred some of the first pictures of
Supernova 1987A, the brilliant stellar
explosion (see "Highlights" secfion)
visible only of the equator
Observationsa Cerro Tololo continue
to track the remnants of the giant
explosion, providing one of the first
detailed comparisons fhe
evolufion of a massve star and as
tronomical theory

» Morethan a half-century ago,
sciendsts discovered that certain stars
and other sourcesin the sky emit radio
waves in addition to the light visible
tothe human TheNational Radio
Astronomy Observatory (NRAO),
headquartered in Charlottesville,
Virginia, has facilitiesor observatories
tuned to these radio frequenciesin
West Virginia, Arizona, and New Mex-
ico. Radio wave observations & the

New Mexico array of 27
dish-shaped antennas that move
railroad tracks astronomer

National Radio Astronomy
Observatory's millimeter wave
telescope (front and back
views), located on Kitt Peak



National Radio Astronomy Observatory's 140-foot radio telescope at Greenbank,

West Virginia

Susan Simkin and her colleagues in
discovering the largest galaxy in the
universe, Markarian 348, which mea-
sures 13 million lightyears across (see
"Highlights" section).

s The Nadonal Astronomy and
lonosphere Center operates the
world's single largest radio tele-
scope— an antenna 1000 feet in diame-
ter that has aradio signal collecting
areaof 18 and 1/2 acres— near Arecibo,
Puerto Rico.

Atmospheric Research

The National Center for Atmo-
spheric Research (NCAR), in Boulder,
Colorado, engages in research on a
variety of topics, including atmo-
spheric chemistry, atmospheric
dynamics, climate change, cloud
physics, magnetospheric physics,
mesoscal e convective sysems, numer-
ical modeling of weather systems, and
solar physics. Scientists at NCAR coop-
erate and collaborate frequently and
enthusiastically with university scien-
tists, for whom NCAR aso provides
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major facilities, such as aircraft, super-
computers, Doppler radars, and atmo-
spheric sounding systems.

A recent project involving an NCAR
scientist has resulted in a break-
throughin the recognition of
pected rel ationships sunspots
and the weather The breakthrough
arose out of quasi-biennial (27
months) oscillation, or QBO, of tropi-
cal stratospheric windsand the 11-year
solar cycle. The effect has been isolated
by acollaboration of Harry Van Loon,
from NCAR, and Labitzke from
theFreeUniversity in Berlin. A conss-
tent pattern of Solar
changes in atmospheric circulation,
North Atiantic storm tracks, and the
mildnessor severity of wintersin the
Eastern United States has become
apparent. Following furdier research
to understand the mechanism in-
volved, it should be possible toim-
prove long-range seasona forecasts
significantly
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INSTRUMENTATION NEWS

Ocean Sciences: Mass
Spectrometer

In order to analyze trace elements
found in materials collected during
upcoming projects, NSFs
Ocean Sciences Division hes an-
nounced plansfor anAccelerator Mass
Spectrometer This ultrasensitive
spectrometer, which uses magnetic
fields to separate chemical com-
pounds according to their mass,
would reduce by athousand the
amount of seawater needed to detect
trace materials.

Trace materials have become power-
ful toolsfor describing  history and
dynamics of oceans. Analyzing the
concentration of these materialsin
seawater provides information on
long-term mixing and circulation in
the deep ocean, on upwelling of

currents, and on air-sea exchange of
carbon dioxide. Installation. Techniciansinstall preampson the CLEO Il drift chamber
in Cornell'sElectron Storage Ring (CESR).

Cornell Electron Storage Ring

CER, only NSF-supported
for elementary particle

physicsresearch, has been undergoing
a comprehensive upgrade of its stor-
age ring and detectors. The upgrade
will allow CESR to performthe most
precise experiments possible within
its energy range.

Research a CESR emphasizes the
study of quarks, fundamental particles
that bind together to form protons and
neutrons. Severa new combinations
of quarks were discovered at the
Cornell site, which draws research
groups from 13 universities and

CESR Work. Homer Neal, Jr, a Cornell undergraduate, installs
photodiodes on cesium iodide scintillator crystals. Neal is the son
of aformer National Science Board member
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Telescope Technology

Larger mirrors mean greater light-
gathering abihties for optical tele-
scopes and higher-resol ution pictures
of distant galaxies. But large mirrors
aredifficultto cast. Roger Angel atthe
University of Arizona istrying to
developlarge, lightweight, stiff mirrors
that can be carefully controlled for tem-
perature. Workingunder univer-
dity's football Angel and his
collaborators are assembling a huge
rotating oven inwhich they hope to
cad mirrorsthat are up to 8 meters
(308 inches) in diameter By spinning
theentireoven astheglassismelting
andflowinginto aspecial honeycomb
mold, arough parabolic curveis
automatically cast into the mirror'stop
surface. Thisavoids months of tedious
andwasteful grinding usually needed
to achieve the shape. I n addition, the
thin honeycomb mold servesto stiffen
themirror, makingit lesslikely to sg
or warp under its own weight.

Theinnovationsof Roger Angel and
his research team do not end with
cagting. To cut down on polishing time
and to make the final mirror surface
more Angel has experimented
with computer-controlled polishing

small toolsto achieve the large curva

mre Angel uses a single tool

whose shape isadjusted by computer Innovative design. Special rotatingfurnacedesigned by University of
; Arizona'sRoger Angel createstherough parabolic curvein telescope

severa hundred timesasecond. These

methods are expected to garner mirrors that ordinarily takes months of polishing to achieve.

enormous savingsin the manufacture

of telescopes.
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Instrumentation Survey

In 1987, NSFreleased  resultsof
itssecond national survey on the need
for instruments and instrumentadon
in academic research.* Conducted in
1985, the was designed to
gather nadonal satistics on the num-
ber, age, cogt, and condition of re-
search equipment in the computer
and physical sciences, and in engineer-
ing fields, and compare the data to
findings from a similar NSF study in
1982.

NS-found that in 1985 more depart-
ment chairs in computer science and

physical sciences said that available
research equipment was "excellent"”
(increasesfrom 2 to 13 percent and 4
to 12 percent, respectively). However,
theproportion of engineering depart-
ment heads reporting "excellent"
equipment declined from 9to 5
percent between 1982 and 1985. In
both of those years, about half of the
chairpersons in engineering cate-
gorized equipment as "insufficient”
for investigators to conduct their
research.

The report noted the increasing
importance of federal fundsin pur-
chasing research equipment incom-
puter science: government funds
bought 43 percent of such equipment
in 1982 and 52 percent in 1985. At
sametime, departmental expenditures
to maintain or repair computer science
equipment soared by 114 percent from
1982 to 1985. Smaller increases were
foundin engineering (37 percent) and
the physical sciences (9 percent).

National Survey of Academic Research
Instruments and |nstrumentation Needs.
National Science Foundation, fall 1987



CHAPTER 5

. Water man Awar d. Named
for NSFs first director, this award is
presented year by the Foundation
to an outstanding science, mathema-
tics, or engineering researcher whois
35 years of age or younger and has
had a doctoral degree for not more
than five years.

For the first timesinceit was estab-
lished 12 years ago, the award in 1987
went to an economist, Lawrence H.
Summers of Harvard University A
major portion of Summers research
has focused on the namre of un-
employment and itcan persist in
competitive labor markets. Summers
has also analyzed the effects of taxation
and the impact of alternative tax
policies on the nation's present and
futurewealth. | n commenting on
Summers work, acolleague noted: "In
each field of research inwhich he
worked, he combined important
analytic insights with imaginative
econometric research. Our profession
isalready much richer for the contribu-
tion he has made during the
years, and we look forwardto the
contribution hewill makein theyears
ahead.”

A measure of the high regard that
othersin his field hold for Summers
ishis appointment asfull professor at
Harvardwithin year of receiving his
Ph.D. degree there. NS~ selected
Summers from among 110 highly
qualified nominees to
Waterman Award, which includes a
medal and NS support for up to
$500,000 for three years of research
and advanced smdies.
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Lawrence H. Summers

* Vannevar Bush Award. The Na-
tional Science Board, NSFs governing
body, grants this prestigious award to
individuals who have made outstand-
ing lifetime contributionsto the nation
in science, engineering, and technol-
ogy The award is named for the en-
gineer and World War || science
administrator who prepared the presi-
dential report recommending estab-
hshment of the National Science
Foundation.



In 1987, the Vannevar Bush award
went to David Packard, co-founder of
Hewlett-Packard, one of the nation's
first science-based high technology
companies. Packard established his
pioneering company (along with his
former classmate, William Hewlett) in
1939. Headquartered in Pao Alto,
California, achieved
its reputation as an international
manufacturer of measurement and
computation products, clearing
ground for other technology-based
companies in the area now known as
Silicon Valley More recently, Packard
has served as a member of the White
House Science Council, as Deputy
Secretary of Defense, and as chairman
of President's Blue Ribbon Com-
mission on Defense Management.

David Packard

In 1985, Packard co-chaired aWhite
House Science Council panel that
examined the status of U.S research
universitieswith respect to social and
economic policy The pand's smdy*
known asthe Packard-Bromley report,
has been widely cited. One of its
recommendations for encouraging
government-university-industry coop-
erationwas the creation of scienceand
technology centersfor basic research;
thisidea later became part of the
Reagan Administration's FY 1988
budget proposal.

As NSB chairman Roland Schmitt
noted in announcing BushAward,
"David Packard realized, almost half a
century ago, that the prosperity of this
country and all itscitizens depends on
the imaginative uses of its science,
engineering, and technology base. He
is not only a builder of high-technol-
ogy enterprise, he is aso a prime
exemplar of the conviction that the
value of science and technology can
best be measured by the extent that
they serve the public good."

» Distinguished Public Service
Award. This award, for distinguished
serviceto scienceand engineering, is
one of the highest conferred by the
Foundation. In January 1987, the
honor went to astronomer Martin A
Pomerantz during aceremony a
Amundsen-Scott Station, South Pole.
He was recognized for his leadership
in the design and conduct of multi-
disciplinary research a the U.S South
Pole Station, hisunderstanding of the
unique characteristics of the South
Pole as an observetion site, and his
ability to attract qualified scientists to
conduct research there.

*A Renewed Partnership, Report of the White

House Science Council, Pand on the Health of
us. Colleges and Universities (Feb. 1986)

Martin Pomerantz

Pomerantz is director of the Bartol
Research Foundation in Newark, Dela-
wared thiswriting. Hisresearch a the
South Pole focused on cosmic rays,
solar-terrestrial interactions, astro-
physics, and the physics of sun.

Hugh F. Loweth, amajor contributor

U.S sciencepolicy sincethe 1950's,
aso received the NS Distinguished
Public Service Award. After serving
threedecadesinthe U.S of the
Budget and the Office of Management
and Budget, Loweth was recognized
for "extraordinary leadership, initia-
tive, and outstanding contributionsto
the federal government and to the
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Hugh L oweth

support and strengthening of U.S
science and engineering programs.”

In particular, the award noted,
Loweth saw &5 early as the 1950's
Antarcticas significance as a natural
research laboratory, and he hel ped to
formulatewhat became  U.S Antarc-
tic Research Program. His early em-
phasis for major research
instrumentsfor scientific progressled
to the establishment of NSFs national
research centersin astronomy and the
atmospheric sciences, the Materials
Research Laboratories, and the earth-
quake engineering program.

* Meritorious Public Service
Award. During 1987, Erich Bloch gave
thisaward to the staff of the Deep S
Drilling Project a the Scripps Institu-
tion of Oceanography in Sen Diego.
Specidly Cited "in
recognition of hislong and dedicated
service as Chief Scientist, Program
Director, and Principal Investigator of
the Deep SaaDrilling Project a Scripps
Institution of Oceanography"
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The accomplishments of the staff
members, who operated 96 drilhng
expeditions between 1968 and 1983,
include new understanding of how
the sea floor spreads and new informa-
tion confirming the plate tectonics
theory on the formationof continents.
The Scripps drillship dug 1092 holes
a 624 dtes, penetrating the ocean's
crust to a depth of more than 3240
feet. Studies of natural ocean trenches
using thedrillship provided new clues
into the origin of large-scde earth-
quakes.

* Blochreceivesaward. In Decem-
ber 1986, NS Director Erich Bloch
received from_the Council of Scientific
Society Presidents its award for sup-
port of science. Mr. Bloch was cited
for his contributions to the improve-
ment of science and engineering edu-
cation and to the exchange of scientific
information within the United States
and abroad. |n addition, the Council
noted that Mr Bloch has given high
priority to industrial competitiveness,
working to increase the number and
quality of graduates in science and
engineering and encouraging fuller
use of the talents of women and
minorities.

Presidential Awardsfor Excel-

lencein Science and Mathematics
year two outstanding

high school or middle school teachers
from every gate, the District of Colum-
bia, Puerto Rico, and the U.S territories
receivethisaward, intended to encour-
age high-quality teachersto enter and
remain inthe field. NS~ established
the award, in cooperation with the
WhiteHouse and scientific and profes-
sional organizations, m Among
the 1987 winners:

Pittas is ateacher and
chairman of the mathematics depart
ment a Heritage High School in
Lynchburg, Virginia. He was citedfor
hisinnovative use of microcomputers
in teaching calculus, a branch of
advanced mathematics sometimes

difficultfor new studentsto grasp but
abasic tool in the sciences and en-
gineering. Attas, who coaches a sm-
dent for math competitions, was
selected by the Woodrow Wilson
National Fellowship Foundation to
attend its 1985 summer institutein
metiiematics.

M. Gonzalez, a 30-year-
old high school science teacher in
Austin, Texas, aso received the 1987
award. Although Gonzalez has taught
foronly six years, he has already spent
many hours in the classroom. By day
he teaches chemistry honors chemis-
try and anatomy and physiology &
Holmes High School; by night Gon-
zalez teaches biology and physicsin
anevening school. Headso isasummer
school teacher Among his many
activities, Gonzalez coaches students
for the Texas academic decathalon,
trainsthem for the Scholastic Aptitude
Teds (SATs), and is a school adviser
for the National Science League and
the National Science Olympiad.

According to Gonzalez, his goal is
to get students involved and deeply
committed, thus making them more
competitivefor future sciencework in
high school, college, and life. Said
Gonzalez, who was voted outstanding
high school science teacher in 1985
and chemistry teacher of the year in
1987: "I strongly believe that | do not
succeed unless my students do, and
they do!"

The schools where award winners
teach benefit directly; NSF provides
themwith grants of be used
under the awardee's directiontoim-
prove science and education courses.
Examples of innovation in use of the
grant money abound. Among the crea
tive projects from past
awardees are the following:
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— Installation of avideolaser disk
computer and satel-
lite dish science
students all over Wyoming, where
Michael Pearson of
Junior High School in Cheyenne
has established asatellite teleconfer-
ence center

— Introduction of a mathematics
manipulatives program a Indian
Trail Junior High School in Olathe,
Kansas, where Charlotte Keith
spices her math instruction with
pattern blocks, color squares,
geoboards, tangrams, and attribute
logic blocks.

Other awardees have used their

NSF grant to leverage generous match-
ing donations from companies in the
private sector:

Johnson, of S. Louis Park
High School in Minnesota, in-
terested Honeywell enough to
invest $10,000 toward establishing
and mai ntai ning a science resource
center at her school.

—At Hills High School in
California, John McGehee raised
matching funds from local aero-
gpace and high-tech companies to
develop and equip an electronics/
instrumentation unit for the high
school physics course.

* Major ScientiflcPrizes: NSF
Link. A study released by NS-in the
fall of 1987 shows that 58 percent of
the winners of prestigious national
research prizes in the last 10years
received form of financial sup-
portfrom for their prize-winning
work. Moreover, most of the winners
consider the Foundadon their major
source of research funding.
Sourcesof Financial Support for
Winners of Research Prizes (NSF
87-87) looks at the funding histories
winners of 55 basic scienceand
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engineering prizes. I ncluded were the
Nobel Prize, MacArthur fellowships,
NSFs own Waterman Award, 12 en-
gineering honors, and prizes in 10
scientific disciplines.

The report, available from NSFs
Office of Budget, Audit, and Control,
also shows that 23 percent of fhe prize
winnershad received NS-funding for
their graduate or postdoctoral studies.

AWARDS T O NSF STAFF

Director's Equal Opportunity
Achievement Award

This award by the NS Director
recognizes employees who have
demonstrated an exceptionally high
commitment to the conceptsof equal
opportunity They have done so by
promoting equal opportunity within
the Foundation, as well & in the
scientific and engineering communities.

In late 1987 this award to
Roosevelt Calbert, for the dedication
and commitment he has shownin

Roosevelt Calbert



devel oping the research capabilities of
young minority investigators, and (2)
enhancing the scientific research
capabilities of minority institutions.
Calbert is program director for three
NSF programs that he helped launch:
Minority Research I nitiation, Research
Improvement in Minority Institutions,
and Minority Research Centersof
Excellence.

Performance M anagement and
Recognition System Award

To receive thisDirector'sAwardfor
Unusually Outstanding Service, NS+
employees must have clearly distin-
guished themselves as top performers
whose achievements could not have
been attained without unusual plan-
ning, effort, and expertise.

The recipient of the 1987 MRS
Director'sAward wasJane T. Sutsman,
Head of the Program Anaysis Section
of the Office of Budget and Control
(OBAC). Theawardwasbased  her
exemplary effort in support of presen-
tations to senior NS~ Congress,
andthe general public. Thisincluded
all budget-related testimony before
Congressional appropriations and
authorization committees, and presen-
tetions to the National Science Board
on planning and the budget. She has
also served as Executive of
the Director's Action Review Board
(DARB) and the NSB Committee on
Programs and Plans.

In addition to this honor, Stutsman
aso received a doctoral degreein
1987. Her doctorate in public adminis-
tration is from the University of
Southern California.

Jane T. Stutsman with NSF Director Erich Bloch
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CHAPTER

NEWS

New Proceduresto Investigate
Charges of Misconduct in
Resear ch

Atthe request of NSFs and
in light of occasiona reports of fraudu-
lent research funded by both federal
agencies and private groups, the Found-
adon has developed procedures to
handle charges of in NS~
supported ressarch. In brief the agency
will make careful inquiriesintoall
dlegations. If a problem isfound, NS~
may reprimand investigators or instim-
tions, withhold grants for a st period
of time, or terminate current awards.
However, the new regulations em-
phasize the primary responsibility
for preventing, detecting, and investigat-
ing miscondualiesnot with the Found-
ation but the ingtitutions that
receive NS~ grants.

Updating Animal Policy

Guidelines for using vertebrate
animals in NSF-supported activities
have been revisedto clarify (1) thetypes
of activitiesallowed in animal research,
(2) procedures to obtain approval for

activities, and (3) recent amend-
ments to public law upon which
NS policy is based (the Animal Welfare
Act of 1966). The recent changesaim
to assure compliance with require-
ments for the humane use, care, and
treatment of laboratory animals.
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Electronic Bulletin Boards

NSFsDivision of Science Resources
Smdies (SRS) established Remote
Bulletin Board System, a service offer-
ing up-to-date electronic information
on financial and human resources for
science and engineering activities. The
service contains comprehensive statisti-
cal tabulations, briefson current smdies,
and S3S publication announcements.
The system is available to anyone with
apersonal computer and modem by
calling (202) 634-1764. For asigancein
accessing the system, call (202) 634-
4250.

TheDivisionof Grantsand
(DGC) has st up anelectronic bulletin
board to aid discussion on grants and
general grants policy among grantees

The bulletin board used
to post notices of interest and serve as
aforumfor sponsored research admin-
istration. For additional information,
contaa the DGC Policy a (202)
357-7880.

Grant BrochureRevised

Grantsfor Research and Education in
Scienceand Engineering (GRESE) was
issued in FY 1987. GRESE revises and
replaces Grantsfor Scientific and

Research as principal
brochure to be used for guidance in
preparing unsolicited proposalsto NE
The publication number 83-57)is
unchanged. For a copy of GRESE,
contact NSFs Forms and Publications
Unit & (202) 357-7861.



ORGANIZATIONAL NEWS

New Assistant Director for
Geosciences

Robert W Corell became Assgant
Director for Geosciences on June 29,
1987. Dr Corell came to NS from the
University of New Hampshire, where he
served as director of the Marineand S=a
Grants Programs. His research activities
are associated with the Instimtefor the
Sndy of Earth, Oceans, and Soace
Corell succeeds J Merrell, who
left to become president of TexasA&M
University & Gaveston.

Robert Corell

New Engineering Division

Theformer Division of Fundamental
Research in Emerging and Critical
Engineering Sygems is now two divi-
sions the Division of Fundamental
Research in Critical Engineering Sys
tems and the Division of Fundamental
Research in Emerging Engineering
Technologies. Botharein  Director-
ate for Engineering.

New Offices

June 1987, NS~ established the
Office of Undergraduate Science, En-
gineering, and Mathematics Education.
Thenew office sarvesto coordinate
diverse efforts of N directorates in
encouraging undergraduate education
in science, and
key Foundation mission. NS-aso
appointed asteering committee  help
oversee planning and operation of
undergraduate activities for thefumre.

An officeto administer a new NS~
program also started operations in FY
1987. The Science and Technology
Research Centers program is a result
of the Reagan Administration's pro-
posal for several such centers. (See
earlier chapter) The program will
make its first grants in FY 1989.

Reorganization in Computer
Directorate

A number of reorganizations took
placein  Computer and Information
Science and Engineering in
order to improve program balance and
better represent current and new
research directions. In March 1987,
networking and communications re-
search activities of Division of
Advanced Scientific Computing moved
into newly established Division of
Networking and Communications
Ressarch and Infrastmemre (NCRI).
Affected programs are NSFNet, EXFRES
and Networking and Communications
Research.
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SENIOR FOUNDATION AND BOARD

Erich Bloch
NSF Director

Roland Schmitt

National Science Board
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John H. Moore
NSF Deputy Director

E. Hess

National Science Board

OTHER NSF

Following isacross-section of Founda:
tion jobs and fhe people who fill them
in a noteworthy manner

WILLIAM A. ANDERSON

Program Director

Earthquake Sysems Integration
Program

Division of Critical Engineering Sysems
Directorate for Engineering

Tenure at NSF: 1976 to present

William A. Anderson came to NS- from
Arizona Sae University where he was
aprofessorin ~ Department of Sociol-
ogy. He has had along-term interest in
the impacts of natural hazards and
considerable experience in tiiis area
From 1966 to 1969 hewas Field Direaor
for Disaster Reseerch Center at
Ohio Sate University. While there,
Anderson conducted field studiesafter
major disagters in locations such as
Caneda, Audtrdlia, El Sdvador, Alaska,
and other parts of United States
hefirst came National
Science Foundation, Anderson joined a
directoratethen called Reseerch Applica
tions for National Needs (RANN). At that
time RANN staff handled research ac-
tivitiesin earthquake engineering — one
of the disaster areasinwhich Anderson
had a gtrong interest.  his present
position, Andersonis part of aninterdis-
ciphnary teem concerned earth-
quakes and other natural hazards.

The Earthquake Sysems Integra-
tion Program is concerned with research
and related activities (such asinforma-
tion toimprovethebads
for actions taken to mitigate, preparefor,
and recover from earthquakes.  addi-
tion to his regular program activities,
Anderson hes served on the federal
Council on Environmental Quality and
asamember of theWorking Group on

Hazards Reduction, U.S
Officeof Science and Technology Pdlicy.
In 1982 he spent four montiison detall
NS serving with the Office of



Contingencies and Criss Management,
Bureau of Refugee Programs, U.S De-
partment of State.

Background/other interests:

B.A. in Sociology, University of Akron
M.A. in Sociology, Kent State University
Ph.D. in Sociology, Ohio State University
Racquetbal and guitar are but two of
William Anderson's many outside in-
teredts.

ALICE C. HOGAN

Program Manager for the U.S-China
Cooperative Science Program

Division of International Programs

Directoratefor Scientific, Technological
and International Affairs

Tenure at NSF: 1986 to present

Special achievements:

Alice Hogan is the Foundation's key
person for management of bilateral
science activitieswith China under
NSFs U.S-China Cooperative Science
Program. This program remains one of
thelarget most complicated of US
intergovernmental agreements in sci-
ence and technology. For Hogan, thejob
presents a management challenge
many complexities. These range from
required use of the Chinese languageto
daying current  technical and policy
matters touching upon the interests of
mogt federal science mission agencies,
severd nonprofit entities, and NSFs
disciplinary ressarch programs.

All photos in this section are by Mort Broffman.

Alice Hogan maintains an "expert"
network of researcherswho have experi-
ence inworking with the Chinese. She
aso vidts active projects in China
whenever possible. Her effectivenessin
dte monitoring and progratn negotia
tions is strengthened by proficiency in
the Chinese language and a sound
knowledge of the culture. With this
background her close coordination

other programs a Hogan
enaures that quality science and mutual
benefit come from research supported
with our Chinese counterparts.

Hogan a so manages a cooperative
program involving scientists of the
United States and Taiwan, which hes a
prosperous economy and large cadre
of U.S-educated scientists. Hogan recog-
nized this potential strength and, over
the last year, successfully redirected the
thrust of this program, which now
benefitsfrom higher visibility and has
greater vaue to the United Statesfrom
ascientific perspective.

Alice Hogan often represents NS
a seminars and symposia on Chinaand
sheis increasingly recognized &s a
principal advisor to the Foundation's
Senior management on matters pertain-
ing to China and Taiwan.

Background/other interests:
Alice Hogan's interest in Adan studies
has been lifelong and marked by many
travels, including an early high school
exchange visit to Mdaysa and a three-
monthvisit to Chinain 1978. Her formal
education a Cornell and Michigan
focused on Asian studies.

Before joining NS-s international
division, Hogan worked with the Na
tional Oceanographic and Atmospheric

Administration for eight years. High-
lights of this association include work
with the satellite program and dme a
A on the ship Oceanographer with U.S
and Chinese scientists. Thelatter was the
first mgjor US government-sponsored
oceanographic project with China

Free time is devoted to long-
distance cycling, gardening, scuba
diving, and skiing. At NS~ Hogan dso
reservestime for involvement in ac-
tivities designed to encourage

of women and minorities

in science and engineering.

HSIUNG

Program Andyst
Office of Budget and Control
Office of the Director

Tenure at NSF: 1984 to present
Special

Hsiung's four years a NS, she
has made significant contributions, both
within and outside the Office of Budget
and Control (OBAC). As OBACspro-
gram andyg for the Mathematical and
Physica SciencesDirectorate (MPS), she
helps plan and prepare budget justifica
tions to the Office of Management and
Budget and the Congress When not
crunching numbers, Hsiung arranges
gourmet excursions to ethnic restau-
rantsfor an ever-widening group of MPS
rotators and their guess.

Born outside of London, Hsiung
wasraised in Oxford, England, earning

BA. MA. degrees mathema
des a Oxford Univergity. In addition, she
received an M.S. degreein management
from the Massschusdtts | nstitute of
Technology

Although raised outside of China,
sheisfluent in Mandarin Chinese, and
maintains close ties with family in
mainland China as well & in Taiwan,
England, and the United Sates She has
aso lectured a Chinese academic
ingtitutions on computer-aided manege-
ment decision making.

As a charter volunteer to NSFs
Equa Employment Opportunity Coun-
cil, she helped develop drategiesto
correct underrepresentation of Asan
Americans & Foundation.
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Deh-l Hsiung is active on the board of
directors for the local MIT alumni
organization. During tax seeson she
befounda freetax clinic, where she
volunteers to prepare tax forms for
low-income individuals.

LARRY GLARK

Program Manager
Ocean Technology Program
Directorate for Geostiences

Tenure at NSF: 1981 to

Specid

Larry Clarkjoined NS- in 1981 fromthe
Woods Hole Oceanographic Institution.
He was the first program manager for
the Ocean Technology program, estab-
lished to accderate the rate of adaptation

©92 NATIONAL SCIENCE FOUNDATION

of new instruments and technology for
ocean sciences.

Clark brings to his job a sound
understanding of the multi-disciplinary
ocean science community combined
with high performance sandards. These
arekey qualitiesin ajob where he must
accept ahigh leve of riskin the projects
he chooses to fund.

An example will illustrate Larry's
innovative gpproach to getting the most
out of the program's dollar One of his
projects involves using outdated NASA
communications satdllites. The NS~aup-
ported researcher onthiseffort operates
out of central Floridain order to have
aradio-free environment. He controls
the operations of severd satellites
were launched by NASA in the late
1960s Although past their NASA use,
these satellites provide data and voice
communicationfor shipsa  andfor
antarctic operations. All thisisdone a a
fraction of the cogt for commercia
services. The instruments have provided
valuable learning opportunitiesfor
sientists to integrate their field opera
tions with computers and laboratory
activities ashore.

Otlier interests:

Larry is alicensed pilot. He once oper-
ated aseafood market  Cgpe Cod. He
has three children and is active in school
and church affairs.

CHARLES W FROST

Contractor Property Officer
Division of Administrative Services
Directorate for Administration

Tenure at NSF: 1959 to present

Special achievements:

In December 1959, Charles Frost trans-
ferred from the Office of the Interna-
tional Geophysica Year (IGY) to the
Office of Nationa and International
Affairsin N& For severd years he was
the Communications Officer for the US
Antarctic Ressarch Program and later
became the Logistics Officer, ensuring
that supplies, equipment, and personnel
arrived on timefor the seasond antarctic
programs.

Frost travelled to McMurdo Station,
Antarctica, in October 1963, to conduct
asurvey of field and support equipment
and to establish an inventory system for
this equipment. For his service, he
received the Antarctic Medd and was
honored by having ageographic feature
named for him. "Frost Spur" isamoun-
tain ridgelocated in the Dufek Massif of
Antarctica

In 1970 Frog transferred to Ad-
ministrative Services to work on NSFs
contractor and grantee property pro-
grams. In his position as NS~ Contractor
Property Officer, Frost has been respon-
siblefor oversight and inventory control
of al government-owned real and
persona property in the custody of

management responsiblity for all land,
buildings, and equipment associated
with four Nationa Centers, eight re-
search vessdls, the Michigan State Univer-
sty Cyclotron, and the antarctic pro-
gram.

Charles Frost has saved the Founda:
tion millions of dollars over the years
by acquiring excess government equip-
ment for use a the National Research
Centers. His acquisitions include air-
craft, ships, computers, tank trucks, fire
trucks, ambulances, and even 130 miles
of railroad track for theVery LargeArray
of telescopes|ocated outside of Socorro,

numerous leases, use permits, and other
agreementsfor land to be used by NS+
contractors for a variety of ongoing
scientific research projects— among



them the National Solar Observatory, the
Vey Large Array, and the Very Long
Basdine Array

Background/other interests:

Charles Frogt grew up in Rhode Idand
and now livesinArlington, VA. He isa
gports enthusiast and fan of both the
Boston Red Sox and the Boston Cdltics.
He serves on the board of his church
and dngsinits choir Heis dso a "Big
Band" owns acomplete collec-
tion of Glenn Miller records, including
75 "Origina" Blue Bird 78 RPM record-
ings.

In June 1988, Charles Frost com-
pletes 39 years of government service,
29 of them a the National Science
Foundation.

SANDRA HAIRSTON

Secretary  (Stenographer)
Office of the Generad Counsd

Tenure at NSF: 1978 to present

Special achievements:

Officeautomation is changing the
traditional job of secretary Sandra
Hairston has shown how athoroughly
competent person can take advantage of
those changes, adding content to her job
and vaue to her contribution.

Sendi Hairston began her career a
NS- as a program secretary in the
Division of Chemistry and served there
for sevenyearsin positions of increasing
importance. In 1985 she joined the
Office of the Generad Counsd, where
she has again been promoted and taken
on additional duties. Her formal tide
measksthe complexity and variety of
tasks she now performs and reveds
nothing of the calm and cheerful profi-
ciency with which she doesthem.

In addition to what remains of
traditional secretarial support for &
many &s five lawyers and one paraega
assdant, Hairston has important respon-
sibilities in Foundation's ethics and

program. She man-
agesthefiling of publicfinancia disclo-
aure reports by senior NS-officials and
participatesin the review of filed reports.

Hairston aso manages NS-sreview and
comment on proposed legidation and
on other federal agencies testimony or
legidative reports — afunction in which
time pressures are often extreme.
Sandi Hairston handleswith unruf-
fled aplomb these disparate duties and
pressures. She never loses her cam
demeanor and quick, quiet smile. Se
is the kind of person colleegues and
friends know they can depend upon.

Other interests:

When shes not sewing or reading (her
favorite hobbies), SandraHairston likes
to dabble in home improvement pro-
jects or tinker with her car She has
raised three children and isthe Clerk in
her church. She is a busy woman both
inside and outside the office.

SDNEY DRAGGAN

Polar Coordination Specidist, Antarctic
Division of Polar Programs
Directorate for Geosciences

Tenure at NSF: 1978 to present

Special achievements:

Dr Sidney Draggan is an ecologist who
joined the Foundation's Division of
Policy Resserch  Andydsin 1978. He
served there as andys of environmental
and human health policy issues of
interest to the federal government. His
specid interests are in the control and
testing of toxic subgtances Before
joining NSF Draggan served as Ecologi-
ca Effects Team Leader with the Office

of Toxic Subgtances of the U.S Environ-
mental Protection Agency as Senior
Visiting Research Fellow at the Monitor-
ing and Assessment Research Centre in
London, and as Research Ecologist &
O&k Ridge National Laboratory's En-
vironmental SciencesDivision. In 1987,
he edited and published four volumes
on long-term environmental research
and development requested by the
President's Council on Environmental
Quality Draggen is certified asaSenior
Ecologigt by the Ecological Society of
America

Dragganiswith the Polar Coordina-
tion and Information Section of NSFs
Division of Polar Programs. Hiswork
there focuses on implementing US
responsibilities under the Antarctic
Treaty and enforcing and strengthening
U.S legidation on the protection and
conservation of the antarctic environ-
ment. In 1987, Draggan became thefirst
NS gaff member towinter in Antarcfica,
a McMurdo Station on Rossidand.
During his 11 months there he drafted
reports  safe performance of research
a U.S antarctic gations and on
behaviora agpects of human isolation.
Background/other interests:
Sidney Draggan enjoys photography,
carpentry, and bicycling. Hereceived his
B.A. inbiological sciencesfrom City
College of New York and his PhD.in
ecology from Rutgers Universty.
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CHARLOTTE AUGHENBAUGH

Administrative Officer

Directorate for and

Physcd Sdences

Tenure at NSF: to present

Special achievements:

Charlotte Aughenbaugh joined the
Foundetionin inwhat was then the
Directorate for Scientific Personnel and
Education. Since 1968 she hes been
promoted through various positions in
theresearch directorates to her present
job, which she hes held since 1975.
Because long tenurein adminis-
trative positions and her outstanding
abilities, program and support staff
throughout the Foundation often seek
her professional counsd and advice.
She copes with this considerable drain
on her time with customary diplomacy
and good humor

For amogt two years during 1982
and 1983, Aughenbaugh served &
Administrative Assgant to the National
Science Board's Commission on Precol-
lege Education in Mathematics, Science,
and Technology, while smultaneoudy
retaining her full-time position in
Directorate for Mathematica and Phys-
cd Sdences (MPS). For six months in
1937 she held the position of Administra-
tive Officer for the new Office of Science
and Technology Centers, again in addi-
tion to her full-time responsibilities

94 NATIONAL SCIENCE FOUNDATION

within MPS In both instances she
handled her dua roles skillfully, effi-
ciently and cheerfully

Among the many citations and
awards that Aughenbaugh hes received
a NS is the Meritorious Service
Award second highest honor
conferred on a Foundation employee.

Other interests:

Throughout her long career a NS,
Charl otte Aughenbaugh has been active
in both the Credit Union and Employees
Association, serving in many positions,
including president of the latter group.
in officeor not, it is Charlotte
to whom people turn for ideas and
assdance Se isdso an accomplished
gardener as sanavidtraveler and
collector of such items as antique quilts.
Her frequent participation in auctions,
bazaars, and garage sdes has been
curtailed somewheat in recent months as
she has helped her husband build a
homein the mountains of Pennsylvania
Aughenbaugh aso hes two married
daughters, ason, and adog to keep her
occupied during her freetime.

HERRY COTT

Administrative Officer
Division of Cross-Disciplinary Ressarch

Tenure NSF: October 19/0to present

Special achievements:
Among Sherry Scott's significant con-
tributions to NS are development
and coordination of the Proposal Review
and Management Tracking Sysem (from
proposal to award) for the Engineering
Research Centers. The Centersprogram
is an innovative and highly visible NS~
effort, and Scott is responsible for
day-to-day administrative duties— from
budget administration to personnel
actions the Centers.

Many of the NS programs
Scott hes served over the years have
involved new operational procedures;
her persgstence and crestivity have
aided development of these initiatives.

Asafederal employee for more
than  years, Scott has been
employed by the Department of Hedlth,
Education, and Welfare (now Depart-
ment of Health and Human Services);

of Justice; Federal Trade
Commission; Department of Housing
and Urban Development; and the Secu-
rities and Exchange Commission.

Scott hes been an active member of
the NS- Employees Association, serving
in such officesas Secretary and Vice
President for Cooperative Activities. She
is one of the original members of NS~
Local 3403, American Federation of
Government Employees, and produc-
tion manager for that union's NS~
newsdetter, the Retort.

Other interests:

Sherry Scott is married, has two chil-
dren, and livesin Washington. She does
volunteer for theblind esareader
and as an escort; she isaso avolunteer
inthe critical care unit of alocal hospital.
At NS she takes the timeto be surethat
al birthdays of her fellow staff are
celebrated with a she
often makes herself



J AARK

Administrative Officer
Resource Center Maneger
Office of Legidative and Public Affairs

Tenure at NSF:

Special achievements:

J. Clark came to the Foundation
directly out of high school in In
fact, part sEenior-year requirement
for graduation was a part-time working
assgnment with NSE That assgnment
has become a career spanning amost
30 years of dedicated federal service.

Clark gtarted & NS-as aclerk-typid.
At the dme, the Foundadon was under
the leadership of Alan T. Waterman,
NSFsfirst Director Now, eight directors
later, Clark hes the dual roleof Adminis-
trative Officer/Resource Center Manager
for fhe Office of Legidative and Public
Affairs.

When the devel opment of resource
centers began to take hold & NS~ in
1986, Clark applied her skillsto creating
a center that could handle the critical
and time-sendtive functions of legida
tive and public affairs. Her knowledge
of both the internal and externa work-
ings of the Foundation isvauable in
helping the office accomplish itsmis-
son. addition, for well over 15 years
Clark hes balanced her administrative
duties with service on many Credit
Union and Employee Association
committees.

to present

Background/other interests:

Originally from Swarthmore, PA, Darla
Clark moved to northern Virginiain
1956. Resding closeto her two brothers
and parents, she now livesin Burke, VA,
where she enjoys animas, gardening,
boating, and tennis. Her favorite vacation
oot is Myrtle Beach, South Carolina

JOHN YELLEN

Program Director for Anthropology

Division of Behaviora and
Neurd Sciences

Directorate for Biological, Behaviord,
and Socid Sdences

Tenure at NSF: 1977 to present

Special achievements:

The anthropology program has grown
under John Ydlen's direction into one
of the largest and most complex in the
Foundation. Yélen hes overseenfhe
development of two major initiatives:
support for sysematic (usualy museum-
based) anthropological collections and
support for archaeometric laboratories.
The laboratory program reflects a-
chaeologists need to maintain sate-of-
the-art expertise in to
meeaure the age of artifacts.

Archaeologists ded with sendtive
materids in their research, snce many
of the artifacts are national tressures.
Yédlen hes worked with Mexican and
African authorities to maintain U.S
researchers acoess to archaeological
dteswhileassuring that the host govern-
ments concerns are met.

John Yédlen took a sabbatical from
his Foundadon dutiesin 1982 to conduct
archaeological research in Botswana,
where he excavated a Stone Age Site and
continued his studies of changes among
thelocal Bushmen peoples. Someof his
results were published in Science
magazine in 1985.

WhileinAfrica, Ydlenworked with
hiswife Alison Brooks, adso an an-
thropoligist, and they brought their two
young children to share the
experience.

Background/other interests:

JohnYelenreceived hisB.A. in English
from Hobart College (1964) and his
Ph.D. in anthropology from Harvard
(1974). He has done archaeological
research in Eag Africaand hes been a
pioneer inthe field of enthnoarchaeol-
ogy (the study of how living peoples use
artifects dtat will later become a-
chaeological material), focusing upon
the |Kung Bushmen. He has published
a Archaeological Approaches to
the Present, and many professional
articles. He is ds0 an avid birdwatcher
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CHAPTER

hebreakthroughs in superconductivity
research cited earlier in this annual
report symbolize the importance of
basic research supported by Na
donal Science Foundadon. The poten-
tial economic and technological
payoffsfrom discovery of new
high-temperature superconductors
are great, but the findings came only
after years of laboratorywork steadily
funded by NSE Similarly, some of the
clearest photographs and most impor-
tant studies of the spectacular super-
nova explosion of 1987 were made
possible by an NSF-supported obser-
vatory that opened with little fanfare

aChilean mountaintop in the early
1960's.

In 1687, Issac Newton published a
landmark book that revolutionized
science. Now, some 300 years later,
NSF looks forward with new vigor to
continued support of high-quality
research master-
piece— chalenges the scientific com.-
munity and may even change our
world.

NATIONAL SCIENCE FOUNDATION
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APPENDIX

NATIONAL SCIENCE FOUNDATION
STAFF

(as of September 30, 1987)

Director,
Erich Bloch
Deputy Director,
John H. Moore
Senior Science Advisor,
JamesE Hays
General Counsdl,
Charles Herz
Deputy General Counsel,
Robert M. Andersen
Director, Office of Legislative and Public Affairs,
Raymond E. Bye, J.
Controller, Office of Budget, Audit, and Control,
Sandra D. Toye
Director, Office of Information
Congtance K. McLindon
Director, Office of Science and Technology
Centers Development,
Alan |. Leshner
Assistant Director for Biological, Behavioral,
and Social Sciences,
David T.
Executive Officer,
Franklin Harris
Head, Office of Interdirectorate Research
Coordination,
Thomas S Quarles
Director, Division of Behavioral and
Neural Sciences,
Richard T. Louttit
Director, Division of Biotic Systems and
Resources,
John L. Brooks
Director, Division of Cellular Biosciences,
(Acting) Bruce Umminger
Director, Division of Molecular
Biosciences,
James H. Brown
Director, Division of Social and Economic
Science,
Roberta B. Miller

Clutter)

Systems,

NATIONAL SCIENCE FOUNDATION

Assistant Director for Computer and
Information Science and  Engineering,
C. Gordon Bell

Executive Officer,
Charles N. Brownstein

Director, Division Advanced Scientific
Computing, (Acting)

Melvyn Ciment

Director, Division of Computer and
Computation Research,

Peter A. Freeman

Director, Division of Information,
and Intelligent Systems,
Yi-Tzuu Chien

Director, Division of Microelectronic
Information Processing Systems,
Bernard Chern

Director, Division of Networking and
Communications Research and
Infrastructure,

Stephen S Wolff
Assistant Director for
Nam R Suh

Deputy Assistant Director for

Carl  Hall

Head, Officefor Engineering

Development,

William S Butcher

Director, Division of Cross-Disciplinary
Research,

Marshall M. Lih

Director, Division of Engineering Science
in Chemical, Biochemical, and
Engineering,

E. M. Sparrow

Director, Division of Engineering Science
in Electrical, Communications, and
Systems  Engineering,

Allen R Stubberud

Director, Division of Engineering Science
in Mechanics, Structures, and Materials
Engineering,

Win Aung

Director, Division of Fundamental
Research in Critical Engineering Systems,
(Acting)

Michael R Geus

Director, Division of Fundamental
Research in Emerging Engineering
Technology,

Frank L. Huband

Director, Division for Science Base
Development in Design, Manufacturing,
and Computer-Integrated  Engineering,
Michael J

Robotics

Engineering,
Engineering,

Infrastructure



Rensselaer Polytechnic Institute

Computer graphics: simulations of everyday objects through atechnique known asray tracing
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Assistant Director for
Robert  Corell
Executive Officer,
Kurt  Sandved
Director, Division of Atmospheric Sciences,
Eugene Bierly
Director, Division of Earth Sciences,
lan D.
Director, Division of Ocean Sciences,
M. Grant Gross
Director, Division of Polar Programs,
Peter E. Wilkniss
Assistant Director for Mathematical and Physical
Sciences,
Richard S Nicholson
Executive Officer,
M, Kent Wilson
Director, Division of Astronomical Sciences,
Laura E Bautz
Director, Division of Chemistry, (Acting)
Kenneth F. Hancock
Director, Division of Materials Research,
(Acting)
Adriaan  de Graaf
Director, Division of Mathematical
Sciences,
Judith S Sunley
Director, Division of Physics,
Gerard M. Crawley
Assistant Director for Science and Engineering
Education,
Bassam Z. Shakhashiri
Executive Officer,
Peter E. Yankwich
Head, Office of College Science
Instrumentation,
Robert F. Watson
Head, Office of Undergraduate Science,
Engineering, and Mathematics Education,
(Acting)
Robert F Watson
Head, Office of Sudies and Program
Assessment,
William H. Schmidt
Director, Division of Teacher Preparation
and Enhancement,
Arnold L, Strassenburg
Director, Division of Materials

Geosciences,

Development, Research, and Informal
Science Education,

George W Tressal

Director, Division of Research Career
Development,

Terence L. Porter
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Assistant Director for Scientific, Technological,
and Intemational  Affairs,
J. Green

Executive Officer,

Richard R Ries

Direaor, Office of SmaU Business Research

and Development,

Donald Senich

Director, Office of Small and

Disadvantaged Business Utilization,

Donald Senich

Director, Division of Industrial Science and
Technological  Innovation,

Donald Senich

Director, Division of Research Initiation
and Improvement, (Acting)

Joseph G. Danek

Director, Division of International
Programs,

John R Boright
Director, Division of Policy Research and
Analysis,
Peter W House
Director, Division of Science Resources
Sudies,
William L. Stewart
Assistant Director for ~ Administration,
Geoffrey M. Fenstermacher
Director, Office of Equal Opportunity,
Brenda M. Brush
Director, Division of Financial
Management,
Kenneth B. Foster
Director, Division of Grants and Contracts,
William B. Cole, .
Director, Division of Personnel and
Management,
Margaret L. Windus
Director, Division of Administrative
Services,
Robert E. Schmitz

NATIONAL SCIENCE BOARD

(addresses as of Sept. 30, 1987)

Terms Expire May 10, 1988

WARREN J. BAKER, President, California
Polytechnic State University, Sm Luis
Obispo, CA

ROBERT E Chairman of the Execu-
tive Committee, Philadelphia Electric Co.,
Philadelphia, PA

CHARLESE. HESS (Vice Chairman, National
Science Board), Dean, Collegeof Agricultural
and Environmental Sciences, University of
Cdiforniaa Davis, Davis, CA

CHARLES L. HOSLER, Vice President for Re-
search and Dean of Graduate School,
Pennsylvania State University  University
Park, PA

WILLIAM E MILLER, President and Chief
Executive Officer, SRl International, Menlo
Park, CA

WILLIAM A, NIERENBERG, Director Emeritus,
Scripps Institution of Oceanography
University of California a Sn Diego,

CA

NORMAN C. RASMUSSEN, McAfee Professor of
Engineering, Massachusetts I nstitute of
Technology, Cambridge, MA

ROLAND W SCHMITT (Chairman, National
Science Board), Senior Vice President and
Chief Scientist, General Electric Company,
Schenectady, NY

Terms Expire May 10, 1990

PERRY L. ADKISSON, Chancellor, TexasA&M
University System, College Station, TX
G. ANDERSON, Senior Research
Fellow, The Hoover Institution, Stanford
University, Stanford, CA
C, BLACK, Director, Los Angdes County
Museum of Natural History LosAngdes, CA
R. COLWELL, Director, Maryland
Biotechnology Institute, and Professor of
Microbiology, University of Maryland,
Adelphi, MD



THOMAS B. DAY, President, Sen Diego State
University, Sasn Diego, CA

JAMES J. DUDERSTADT, Vice President for
Academic Affairsand Provogt, University of
Michigan, Ann Arbor, Ml

K. JUNE Manager, Environ-
mental Sciences, Atlantic Richfield Com-
pany, LasAngdles, CA

KENNETH L. NORDTVEDT, JR., Professor of
Physics, Montana State University
Bozeman, MT

Terms Expire May 10, 1992

FREDERICK BROOKS R, Kenan Professor of
Computer Science, Department of Computer
Science, University of North Carolina, Chapel
Hill, NC

E ALBERT COTTON,

Foundation Distinguished Professor of
Chemistry and Director, Laboratory for
Molecular Structure and Bonding, Texas
A&M University, College Station, TX

MARY L. GOOD, President, Engineered Materids
Reseerch, Allied-Signa Corporation, Des
Plaines, IL

JOHN C. HANCOCK, Executive Vice President,
Corporate Development and Technology,
United Telecommunications, Inc.,

KS

JAMES B. HOLDERMAN, President, University of
South Carolina, Columbia, SC

JAMES L. POWELL, President, Franklinand
Marshall College, Lancagter, PA

FRANK H.T RHODES, President, Cornell
Universty, Ithaca, NY

HOWARD A. Senior Vice
President for Research and Devel opment
and chief Scientist, Monsanto Company,
<. Louis, MO

Member Ex Officio

ERICH BLOCH, Director, Nationa Science
Foundation, Washington, DC

*

THOMAS UBOIS, Executive Officer, National
Science Board, National Science Founda-
tion, Washington, DC

computer programmer Augusta Ada Byron, Countess of
Lovelace and daughter of the poet Lord Byron, devised
computer programs for an early mechanical computer Most
scholars consider her to be the first computer programmer
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APPENDIX

PATENTSAND INVENTIONS RESULTING FROM ACTIVITIES SUPPORTED NSF

Duringfiscal year 1987, the Foundation received 147 invention disclosures.
Allocations of rightsto 48 of thoseinventionswere made by September 30,
1987. These resulted indedicadon to the public through publicationin 11
cases, retention of principal patent rights by the grantee or inventor in 37
instances, and transfer to other government agencies in 2 cases Licenses
werereceived by the Foundadon in 54 patent applications tiled by grantees
and contractors who retained principal rights intheir inventions.

FINANCIAL FISCALYEAR (DOLLARSIN MILLIONS)

Research and Related Activities Engineering: .
. i Chemical, Biochemical,
Appropriation

Thermal Eng $ 2842
M echanics, Structures,
Fund Availability Materials Eng 25.09
Fiscal year Appropriation Electrical, Communications,
Unobligated balance available, start Systems Eng 22.58
of year 1.48 Design, Manufacturing,
Adjustments to prior year accounts ... 4.47 Computer-Integrated Eng 14.28
Fiscal year 1987 availability Emerging Engineering
Technologies 15.74
Obligations Critical _En_gir_leering Systems 24.68
Biological, Behavioral, and Social Sciences: Cross-Disciplinary Research 32.29
Molecular Biosciences Subtotal, Engineering
Cellular Biosciences 53.79 Geosciences:
Biotic Systems and Resour ces 58.30 Atmospheric Sciences 93.46
Behavioral and Neural Sciences 43.32 Earth Sciences 49.92
Social and Economic Science 31.16 Ocean Sciences 133.74
Instrumentation and Resources 28.57 Arctic Research Program 8.09
Subtotal, Biological, Behavioral, Subtotal, Geosciences
and Social Sciences $ 25931 M athematical and Physical Sciences:
Computer and Information Science and Engineering: Mathematical Sciences $ 59.92
Computer and Computation Astronomical Sciences 85.05
Resear ch $ 1904 Physics 116.98
Information, Robotics, and Chemistry 93.84
Intelligent Systems 17.02 Materials Research 108.87
Microelectronic I nformation Subtotal, Mathematical and
Processing Systems Physical Sciences
Advanced Scientific Computing 43.05 Scientific, Technological, and International Affairs:
Networking and Communications Industrial Science and
Research apd InfrasFrygture 982 Technological Innovation $ 16.78
Cross-Disciplinary Activities International Cooperative
Subtotal, Computer and Scientiflc Activities 10.45
Information Science and Policy Research and Analysis 185
Engineering $ 116.86 Science Resources Studies
Resear ch I nitiation and
Improvement 10.94

Subtotal, Scientific,
Technological, and
International Affairs

12 NATIONAL SCIENCE FOUNDATION

$ 163.08

$ 285.21

$ 464.66

$ 43.78



Program Development and
Management
Subtotal, obligations

tJnobligated balance available,
end of year

Unobligated balance lapsing

Total, fiscal year availability
for Resear ch and Related
Activities

U.S. Antarctic Program Activities
Appropriation

Fund Availability

Fiscal year 1987 appropriation $ 117.00
Unobligated balance available, start
of year .08
Adjustments to prior year accounts ... .20
Fiscal year availability
Obligations
U.S. Antarctic Research Program $ 1262
Operations Support 76.96
Major Construction and
Procurement 27.70

Total, fiscal year availability
for U.S. Antarctic Program
Activities

Obligations
Research Career Development
MaterialsDevelopment, Resear ch,
and Informal Science Education ..
1.26 Teacher Preparation and
Enhancement
Studies and Program Assessment ...
Under graduate Science, Engineering,
and Mathematics Education
Subtotal, obligations
Unobligated balance available, end
of year
Unobligated balance lapsing
Total, fiscal 1987
availability for Science and
Engineering Education
Activities

77.77

A7

SOURCE: Fiscal Year 1989 Budget to
of Estimates of Appropriations

$ 117.28

Special Foreign Currency Appropriation

Fund Availability

Fiscal year appropriation $ .70
Unobligated balance available, start

of year .02
Adjustments to prior year accounts ... .04

Fiscal year 1987 availability

Obligations
Special Foreign Currency $ 72
balance lapsing .04

Total, fiscal year availability
for Special Foreign Currency
Program

.76

$

Science and Engineering Education Activities

Appropriation

Fund
Fiscal year 1987 appropriation $ 99.00
Unobligated balance available, start
of year .03
Adjustments to prior year accounts ... _ .02

Fiscal year 1987 availability

Heat transfer patterns on a circular tube

99.05

27.27
29.48
30.49
2.20
9.50

$ 98.94

.06

.05

$ 99.05

-Justification
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Table
Sciences, Fiscal Year 1987
(Dollarsin Millions)

Number of

Awards

Molecular Biosciences 673

Cellular Biosciences 824

Biotic Systems and Resources 743

Behavioral and Neural Sciences 810
Social and Economic Science

Instrumentation and Resour ces 319

Total 3,860

Table 2. Computer and Information

Biological, Behavioral, and Social Sciences,

Amount
$ 44.17
53.79
58.30
43.32

28.57

Science

and Engineering, Fiscal Year 1987

(Dollarsin Millions)

Number of
Awards
Computer and Computation
Research 272
Information, Robotics and
Intelligent Systems 237
Microelectronic Information
Processing Systems 155
Advanced Scientiflc Computing 44
Networ kingand Communications
Research and Infrastructure 80
Cross-Disciplinary Activities 62
Total 850

e 3. Engineering, Fiscal Year
(Dollars in Millions)

Number of
Awards

Chemical, Biochemical, and Thermal
528

M echanics, Structures, and Materials
473

Systems Engineering 369
Design, Manufacturing, and Computer -

Integrated Engineering 195
Emerging Engineering Technologies ... 192
Critical Engineering Systems 335
Cross-Disciplinary Research 73

Total 2,165
104 NATIONALSCIENCE FOUNDATION

Amount
$ 19.04
17.02

11.61
43.05

9.82
16.32

1987

Amount

$ 28.42
25.09
22.58
14.28
24.68

32.29
$163.08

Table 4. Geosciences, Fiscal Year
(Dollars in Millions)

Number of

Awards

Atmospheric Sciences 610
Earth Sciences 773
Ocean Sciences 838
Arctic Research 97
Total 2,318

Table 5. Mathematical and Physical
Fiscal Year 1987
(Dollars in Millions)

Number of

Awards

Mathematical Sciences 1,339
Astronomical Sciences 287
Physics 563
Chemistry 1,118
Materials Resear ch 873
Total 4,180

1987

Amount
93.46
49.92

133.74
8.09
$285.21

Sciences,

Amount

$ 59.92
85.05
116.98
93.84
108.87

$464.66

Table 6. Science and Engineering Education,

Fiscal Year 1987
(Dollarsin Millions)

Number of

Awards

Research Career Development 155
MaterialsDevelopment, Resear ch and

Informal Science Education 152

Teacher Preparation and

Enhancement 286

Studies and Program Assesment 23
Under graduate Science, Engineering,

and Mathematics Education 347

Total 963

Amount

29.48

30.49
2.20

9.50
$98.94



Table 7. Scientific, Technological, and
Intemational Affairs, Fiscal Year 1987
(Dollars in Millions)

Number of
Awards Amount
Industrial S& T Innovation 227 $16.78
Internat'l. Coop. Sci. Activ 461 10.45
Policy Research and Analysis 29 1.85
Science Resources Studies 41 3.76
Resear ch Initiation and | mprovement 86
Total 844 $43.78
Night sky

Table 8. U.S.Antarctic Program, Fiscal Year 1987

(Dollarsin Millions)

Number of

Awards

U.S. Antarctic Research Program 146
Operations Support 17
Major Construction and Procurement . 4
Total 167

SOURCE: Fiscal Year

of Estimates of Appropriations (Quantitative
Program DataTables).
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$ 12.62
76.96
27.70

Budget to Congress-Justification
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APPENDIX

OFFICE OF THE DIRECTOR

Alan T.Waterman Award Committee
E. ElInfante
Dean, Institute of Teclinology
University of Minnesota
Minneapolis, MN
Committee on Equal Opportunities
in Science and Engineering
M. McBay
Dean for Student Affairs
Massachusetts I nstitute of Technology
Cambridge, MA
National Science Foundation
Advisory Council
Lois Rice
Senior Vice President
Control Data Corporation
Washington, DC
President's Committee on the National
Medal of Science
Robert H. Cannon, J.
Professor and Chairman
Department of Aeronautics and Astronautics
Stanford University
Stanford, CA
Task Force on Women, Minorities, and
the Handicapped in Science and
Technology
Co-Chairs
Jaime Oaxaca
President
Wilcox Electric, Inc.
Kansss City MO
Ann Reynolds
chancellor
Cdlifornia State University System
Long Beach, CA

BIOLOGICAL, BEHAVIORAL, AND
SOCIAL SCIENCES

Advisory Committee for Biological,
Behavioral, and Social Sciences
Peter Raven

Director, Missouri Botanical Garden

. Louis, MO
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(addr esses effective as of September 30,

COMPUTER AND INFORMATION
SCIENCE AND ENGINEERING

Advisory Committee for Computer and
Computation Research

John E. Hopcroft

Joseph C. Ford Professor of Computer Science
Cornell University

Ithaca, NY

Advisory Committee for Information,
Robotics, and Intelligent Systems
Jeck Schwartz

Courant Institute

New York University

New York, NY

Advisory Committee for Microelec-
tronic Information Processing Systems
Peter Will

Hewlett Peckard Laboratories

Pdo Alto, CA

ENGINEERING

Advisory Committee for Engineering
Herbert H. Richardson

Chancellor and Dean of Engineering
TexasA&M
College Station. TX
John W Lyons (Vice Chair)
Director, National Engineering Laboratories
National Bureau of Standards
Gaithersburg, MD

Advisory Committee for Design, Manu-
focturing, and Computer-Integrated
Engineering

Stuart G. Miller

Corporate Research and Devel opment
Schenectedy,

Advisory Committee for Engineering
Sciencein Chemical, Biochemical, and
Thermal Engineering

CharlesA. Eckert

Department of Chemical Engineering
University' of Illinois

Urbana,

Advisory Committee for Engineering
Sciencein Electrical, Communications,
and Systems Engineering

Bruce A. Eisenstein

Department of Electrical and Computer
Engineering

Drexel University

Philadelphia, PA

Advisory Committee for Engineering
Science in Mechanics, Structures, and
Materials Engineering

Karl N. Reid

Dean, College of Engineering, Architecture and
Technology

Oklahoma State University

Stillwater, OK

Advisory Committee for Critical
Engineering Systems

Dwight A. Sangrey

Department of Civil Engineering
Carnegie Méellon University

Pittsburgh, PA

Advisory Committee for Emerging
Engineering Technologies
ElsaM. Garmire

Director

Center for Lager Studies

University of Southern California

Los CA

GEOSCIENCES

Advisory Committee for Atmospheric
Sciences

Margaret Kivelson

Institute of Geophysics and Planetary Physics
University of California, Los Angeles

Los Angeles, CA

Advisory Committee for Earth Sciences
Arthur R Green

Exxon Production Research Company
Houston, TX

Advisory Committee for Ocean Sciences
Brian T. Lewis

Department of Oceanography

University of Washington

Sesitle, WA

Advisory Committee for Polar Programs
John E. Hobbie

The Ecosystems Center

Marine Biology Laboratory

Woods Hole, MA



MATHEMATICAL AND PHYSICAL
SCIENCES

Advisory Committee for Astronomical
Sciences
Hugh M. Van Horn
Department of Physics and Astronomy
University of Rochester
Rochester, NY
Advisory Committee for Chemistry
Marl; S Wrighton
Massachusetts Institute of
Department of Chemistry
Cambridge, MA
Advisory Committee for Materials
Research
Alexel A. Maradudin
Department of Physics
University of California
Irvine, CA
Advisory
Sciences

J. Lewis
Department of Mathematics
University of Michigan
Ann Arbor, M1
Advisory Committee for Physics
Homer A. Ned
University of Michigan
Ann Arbor, MI
DOE/NSF Nuclear Science Advisory
Committee
Ernest Henley
Department of Physics
University of Washington
Sesitle, WA

for Mathematical

SCIENCE AND
EDUCATION

Advisory Committee for Science and
Engineering Education

Gerald Holton

Jefferson Physics Laboratory

Harvard University

Cambridge, MA,

Margaret MacVicar, (Vice Chair)

Dean, Undergraduate Education
Massachusetts | nstitute of Technology
Cambridge, MA

SCIENTIFIC, TECHNOLOGICAL,AND
INTERNATIONAL AFFAIRS

Advisory Committee for Industrial
Science and Technological | nnovation
Alfred Brown

Consultant

Washington, DC

Advisory Committee for I nter national
Programs

J. Thomas Ratchford

Asociate Executive Officer

American Association for the Advancement of
Science

Washington, DC

Advisory Committee for Science
Resour ces Studies

(no chair named as of 9-30-87)

Instrumentation: At the University of Illinois at Chicago, afaculty

member plots agraph inthe animal laboratory.
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Terrestrial biology in Antarctica
since the International

MOSAIC

The National Science Foundation ischarged to help stretch and
redefine research frontiers. It must also communicate with

the scientists, engineers, administrators, educators, and students
at work along those frontiers. Part of that job falls tothe
magazine Mosaic, a uniquely readable and reliable account
ot current work andthought inthevast array of research areas
with which NSF isconcerned. Mosaic has shown itself to

be valuable to those who study, or otherwise
care about scientific and engineering research. Itis also
generally available. Toreceive a sample copy, write: Distribution,
Mosaic (527), NSF, Washington, D.C. 20550.

antarctic

OF THE
UNITED
UL STATES
The Antarctic Journal of United States,

established in 1966, is published quarterly
(March, June, September, and December)

a fifth annual review issue by the Divi-
sion of Polar Programs of the National
Science Foundation. The Journai reports on
U.S. activities in Antarcticaand related
activities elsewhere, and on trends in the
U.S. Antarctic Research Program. For acur-
rent review of U.S. antarctic activities, use
the form on this card.
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