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t1s with pride that I tender thé annualreport
to the President of th¥eetivities of the
National Science Foundation for the year 1976

I propose ta'discuss some of the specnfrc research

efforts supported y the’ Foundation as well as the
recent progress of American scientific research

in general, emphasrzrag the kind of basic inquiry .
which it 1s the primary duty of the Foundation to

“foster. In addition, l shall comment on some of the

larger issues of science policy and suggest ap- .
proaches that may assure the continued health and
strength of American scientific research in the
future - ) . .

This report sets forth a broad record of the
Foundation’s support of research’in areas ranging

from the most-fundamental investigation of quan-

with natural disasters, environmental quality, and
weather and climate It also discusses the Fou“n%ia-
tion’s important role in"scierrce education, science
manpower analysis, and science po]xcy studies
Advanges durmg 1976 again demonstrate that

. we have barely scratchied the surface of saientific

N

E

MCA‘ - . . i .

- . '
- N

discovery. The.recgnt successful constructién of . _

an entirely manmade gene and Pelated results in
biochemistry are leading us to new insights into
such prosaic but vital life processes as the pheto-‘
synthetic fixation of carbon dioxide and wét‘er by
plants into carbohydrates and protems for human
'nutntion and the natural fixation of nitrogen com-
' pounds for plant use by one~ce]led organisms
We have recorded*advances in abstract areas
fike mathematrcs that permlt the use of comput-
- N . ~

Q ' T a

tum properties of matter to apphed research dealing

] ‘

ing machines in more powerful and sdbtle ways, |
as well as advances in the electrical sciences ,
which may lead to the development of practical
device§ for communications in the infrared and
optical frequencies. There js evidence to suggest
that areas of materials research may be leading
a new range of Yéw-cpst materials with remarkable
properties—for example, & treatment of graphite
giving it an e]e.ctrictal conductivity 50 percent
greater than copper. We are realizing similar ad-
vances in understanding how catalysts stimulate
chemuical teactions of importance to major indus-
trial processes, and the exact way that fatigue
impyirs the strength of meta]s subject to cyclic .
loads . ' ‘

3

In the behawvioral and neural scnences, an

_ anthropologist supported by the Fourtdation and

the National Geographic Society has traced man’s
origins to 3% mullion years in the past, other |

“scientists have gained important insights into

the role of early experience’in the development’
of “wiring” the adult brain, in the very early
development of lingwistic concepts in primates

‘'and young children, and in the growth and self-

repair processes of the))raln These latter devel-
opments have 1mportar\\t implications for dealing -
with deprivation and ]earmng dnsabl]mes in
children and ultimately, perhaps, in copmg with

t brain damage itself.

»
\

>

A similar problemwis also the basis for impor- "

,t@nt work in the research app]rcatrons area.

There, a computerized neurological Measuring

| it

technique shows promise for a simple screening
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- testto-assigh in the early identification and
remediation of childrer’ who are likely to develop
learning problems. The computer ajso flgures

prominently in another 1mportant result in re-
search apphcatxonsa—methods to improve the earth-
q'uake resistance of structures, computer programs
developed in the coursé of reseagch on soil I
respenses to earthquakes are now in wide use by
engmeermg firms involved int stiuctural design '
and are being.ncorporated into building codes.
Several few actiyties intended to help the
Nation’s educational instatutions keep pace with r
. these rapid advances in science began in 1976, ’
including one _aimed primarily at improving instruc- /
tional programs at 2--and 4-year colleges NSF also’’
began a program to make it easier and more pro- ’/’
ductive for private citizens to take part in public
- polcy decxslons havmg strong science and tech- Y .
nology components
s Internationally, sc:entlfxc Inquiry 1s movxkng&«'
ahead today with a renewed vigor and frurtfulness,
and American inyestigators are playing a para-
mourtt role in this work This situation 1s par-
ticularly heartening hecause 1t follows a period
. of severe fundmg difficulties and even'a sise
of pessimism within the scientific commurity
itself about the opportunity which science mlght
have to contribute to America’s future Not
allof the constraints and problems in the;conduct
"ofUS science are solved by any meaps, bu.t I be-
heve s_olutxons for such difficulties as we face he
oy well within the reach of science policy i/‘ .

/
= f
The Role of New Knowledge in Economic Growth |

-

v 5

. i !
Somie regard n‘oder‘n science as the intellectual -
", edifice of the Age of Reason, an abstrict equiva-
.lerit of the majestic cathedrals which ¢xpregahe
creative impulse of the medieval pegigd. n-
deed, individual scientists often denv/f much the’

A

same sort of aesthetlc pleasure and excitement in .
contnbutmg details to this structure of'knowledgg

ERI

”~

as did the c‘arpenters and stonemasons of the
earlier'period 4 ' .
However, the' systematic gathermg of new
scientific knowledge 1s not solely an end,in itself, ,
_even if the individual scientist has no conception
of the ultimate practical significance of his work. *
Acquisition of new knowledge 1s a form of economic
investment, with an importance eq,ual to land,

labor, and capital, the more traditional components

of production and investment.
This iqvestment aspect of scientific inguhiry
is recognized by the economust, Edward F Derison,
in his major study, “Accounting for United States
Economic Growth 1929-1969.” Denison found
that “advances in knowledge” have been of major *
1mportance in natidnal economic growth, partic- .
ularly 1n the comparatﬁely recent penod of US.
history |
He found that advances in knowledge were re-
sp0n51ble for about 31 percent of the potential
v growth rate in national income over the entire
40-year peripd covered\)y his study, and that this
contribution edged upward to about 34 percent-
during the latter half of the period when there was
a marked expansion in the numbers of new scien-
tists and a distinct acceleration in the pace of basic
+ research.activaty It 1s noteworthy that this postwar
period hds been characterized by a new awareness
"of the importance of scientific knowledge to the*
Nation’s security and well-being, with the Govern-
ment, for the fifst timé, assuming a majot role in
the financial support of basic research in the uni-
versities and other inst tutjons It was this aware-
ness that led to the' formatjon of the Nati
Science Foundation in 1950 and to its majof role
today in promoting and suppbrtmg ba91c scxentlfxc
\inquity .

) te A

Fhe Interaction of Basic aﬁfi Goal-lielated Research -

Mdst of us c’ﬁ;n readily appreciate how specific
* technological advances, like the automobule, the:"

L




. , :
a_lrplan.e, electronic communications, and even the.
. hand-held calculator have increased our-econome
productivity and generglly our natiomal well-being
What is not generally abprematednls that these and
virtually all other major technological advances of -
the modern era are a cutmination of a remarkable
diversity of prl'gr advances 1n knowledge 1n areas
often entirely unrelated to one another ]
\ The Foundation has sponsored a number of
“tracet studies to examine in some depth the
lineal development of important technological
’ develop'ne;xts In one study performed by the 11T
Research lnstltute the critical events leading to
the electron mlcro§cope the video tape recorder,
the oral contraceptive, and other technological -
achievements were identified and examirred in
detail. What the investigators found was that, “on //’
*the average about 70 percent of all the critical
exents necessary to realize a major tegnological
development flow from scientific inquiry of the most
basic and nondirected kirikd. This generalized pre-
cursor activity tends to peak 20 to 30 years before
the appearance of the technological innovation
itself, long before the individual investigators or,
In. many cases, their s}ponsors, can have any idea of
the practical consequences their work may lead to

Only quite late jh the gestation of a ma)or
technologlcal innovation, followmg some act of
_“invention,” dos the scientific work begin to .

take on an apphed character, in whieh the in-

quiries are aimed at achieving a synthesis of the

prior knowledge in the form of aﬁpecjﬁc new.ca-
. pa\blhty or product” This apphed researth and
development contributés about 3p percent of the
critical knowledge necessary for a major innova-
tion, and the greatest amount of it tends to be
done in the decade m'\mechately precedlng the

innovation. - : ‘ s

|

A similar interaction between basic and apphed

research has been found in the biomedical- sciences,
\

despite the fact that biology 1s understandably
’
more focused on specific fuman needs than are

.
P .

-
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most of our other scientific endeavors® In an im-,
portant study of ten major advances in cardio-
vas;cular and pulmo’nary medicine and surgery over
the past 30 years, ]u]xus H. Comroe, Jr., and the
late Robert D, anps Science. Vol. 192, p- 105)
found that an average of 41 percent of all the
critical events necessary for major advances like
open heart suffgery or e‘ffeétn'/e drug treatment of
hypertension flowed from priof work of a non-
¢hinical natyre—that 1s, research that wasn't per- TN
formed with the.expectatiog that it had any direct

or indirect bearing on a clinical disorder of humans

"~ Thus interattion of basic afd applied research

gives us insight into the nature of techrological
imnovation. It skrikes me that we are dealing with

" 2%ort of intellectual riverine system. As the flow -,

of ideas nears its terminus, 1t is a forceful and pur- .
pOseful thimg But we cannot overlook the fact that
this great river must rise 4n thousands and tens of =
thousands of creeks and brooks at the higher eleva-
tions—arrd remotest limuts of its draipage basin It is

the myriad contributions of the latter that grve the

tiver its ultimate force and, quite simply, this 1s

why we mustnurture these earliest sources 1f

we are to.safeguard the creative force of the

entire process L

- »

‘T:he Pace of Scientific Advance _ . .

In recent yeafs a number of concerns have
been expressed about whether the process of scien-
tific discovery and innovation, with it§ potential for
economxc growth, can contmue at the present rate
These 1ssues intimately concern scientific advance -
itself, the process of discavery and innovation
which has made post-Renaissance Western culture a

' unlque‘phenomenon in human history.

In a series of lectures delivered at Yale Uni-
versity in 1959, and subsequently pub]nshed in. -
collected form. [Science Since Babylon' Yale University
Press '1961), the secience historian, Professor Derek

J de Solla Price, raised important questions about
x 4 *
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“tNe future of .science He observed that 80 to 90
percent of ‘all the sgientists. who ever lived were
alive at the time of his lectures, large]y because o
the exponentxtal growth rate it the numBers of*

« American scientists. He warned, correctly, that’ thxs i

" exffonential growth rate could not continue indef- °

«initely, and he Tczrec.ast that the‘g}owth of the force )
of trained scientists in the United States would be-
come “saturated” within about 30 years. In fact,
we now see a leveling-off in the numbers of trained
saentists which our higher education system 15 NowW
praducing

Professor de-Solla Price went on to"forecast a
number of distinct atlments Which would befall
American sciendeas the growth raté flattened.
These include a relentless increase in narrow
specializations in SClentlflC disciplines, a decline in
interdisciplinary cross- fert:]xzatxon, "too man
and a general -
dechine in the quality of American'science. History |

is-
. . 3
coveri€s chasing too few workers,”

has yet to confirm or reject Professor de Solla
Price’s predictions, but so far the pace of. rmporta?t

* discovery cont;nues to increase

Since 1960 wé have experienced the revolution
in earth{sciences called “plate tectonics “ In a single,
blinding stroke, this new theory of great, restless
.plates forming the outer skin of the Earth unified
old and disparate disciplines like geology, ocean- |
ography, seismology, vo]cano]og);, and others {\
similar revolution 1s under way today in the bio-
logical sciences, largely because of the increasing
depth of our understanding of the role-of nutleic”.
acxds in forming the gerietic blueprints of all living
oprgamsms and our powerful new abilities to ex-¢
plore and maniptlate complex cellular. processes
at unprecedented lévels of sophistication

. ~ ¢

New Tools to Amp]lfy Scientific Investigative 3
P’ower e .

*

. »
{ . .

. While the opening of major new frontiers hds,
contributed to sustaining the creative forces of

.
.

“«

-~

v ,
( T . ’ -

ryodern science; af least as large a contribution

’ -t
,has come from an array of powerful and sensitive

new instruments and experimental teChniques that
ampiify the/investigati:/e power. of our scientists.
- These new instruments and techniqués, many with

“ origins in physics, have been especxa]ly\he]pfu]

in chemistry and bxology where they increase both
the scope and speéd of scxentxf:c measurement’and -
analysis. The new instruments and techniques
dramatize the fact that our progress in scientific
disciplines need not be limited to the 'sheer num- .
bers of trained ‘stientific brains that'we can mobil-
1ze to gather data and solve problems. This is most
encouraging‘in a peribd when we see that the
wearlier rapid growth in our scientific manpower is
leveling off. Let ‘me mention some of these develop-
ments 1n somewhat greater’detax] - :
Laser Photochemistry and Spectroscopy—The laser
is unique in iteability to genetate sharp, powerful
pulses of highly cohetent radiation at optical and
near-optical wavelengths. Unlike the traditional
Burisen burner, whose heat excites mélecular bonds
indiscriminately, usually breaking the weakest ones
first, certain types of ]asers\operatxhg in the
infrared can be tuned to specific chemical bonds
within the molecule This may make it feasible to
deliver several quanta of energy to this bond, pos-
sibly cauding 1t to disrupt, while weaker bonds are
leftintact This raises the possibility that high- -
powered lasers will find major new roles for such
tasks ‘as the separation of heayy 1sotopes bf e]e-.
ments hke,.uramum as well as the se]ectlve syn-
thesis of new mg]ecu]ar species and compounds

. beyond the reach of the reaction paths present]y

available to chemistry.

Compuler,/\ugmentahon of Exxslmg&'umenls—
The rapid spread of the minicomputer and micro-

* computer Into the laboratory now enables scien-

tists to achleve new levels of speed.,and sensntxvxty

. wath their more conventional instruménts, like

nuclear magnetic resopance spectrometers Com- -z

" puters, together, with powerful mathematical pro-

-t

-
-
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grams, enable chemists to generate fast, accurate Thls enzy(ne' penmits certain bacteria associated
spectral measurements from exceedingly small sam- thh ‘sorhe plants to incorporate free atmospheric
ples of material Mathematical techniques pow make ._nitrogen into organic molecules. This offefs the
it possible to construct three-dimensional images ~ possibility of transferring to cereal-producing:plants
to very high resolutfor.\ in electron microscopy, ahd __~  the genes specifying the nitrogen-fixation ‘o
there has been,a ra?.ld development of instruments capability, alleviating the plants of their dependence /.
with small, built-in‘computers that allow essen- on costly chemucal fertilizers to assure maymim : .~ @

?

M . ! . . - N *

ally automatic operation ! growth and protein yield. . .
Restriction Enzymes—In the biologfcal revolution Many barriers must be-surmounted before we'b"
now under way, one of the most important ad- can hope to tailor the genetic characterlstlcs of
+" vances kas been the identification of an array of - plants and other organisms*in dlreqlons which -
specnahz‘ed proteins in bacter.la-—the restriction : will improve man’s welfare Nevertheless, we can
en;)’mmes—WH'Ch df’a\e strands of pucleic acids at - be optimistic that recombinant DNA ahd molecular
hghly speaific points "The nuclei¢ acid, DNA, en- ~ cloning will lead in the relat)vgly'near future to
codes the genetic information fhat specifies the  ° new capabllmes n blology One of the often “cited
architecture arl function of hving organisms from new possiblitiesis the insertiointo E. coli of the
viruses to man The task of Identlfylng' the set . gene from higher organisms controlling the syn-. -
'quence of subunits in a DNA molecule Of a smgle " thesis of insulin and other 1mportanbhbrm(;nes
_ gene s greatly facilitated by the use of s?zymes Currently, these hormones must be obtained S
= Today a chain of 20 DNA subunits can be se- * through much thore expensive methdds and often
quenced in a singfe afternoon Only a fgw vears in himited amounts. Utilization of the DNA recom-
ago, 1t took as long as 2 years to perform this task " Wnant methodd gy is likely to lead to 1ncreased
Molecular Clonmg Molecular biologists have  * * availability of stich hormones .
_ recently found ways to transfer genetic materal ° ' )
from one organism into an unrelated orgamsm Séme Constraints on U.S. Science _ .
where 1t may replicate and hopefully function in :
a normal manner. Experiments invelving the use of * While the-current health and strength of the '
such recombinant DNA material must be conducted American scientific epterprise 1s reassuring, | do :
in accord with guLdellﬁe&set by the Natlona} _ n&t believe we shoul overlook’certain areas o'f,' )
_Institutes of Health to minimyze risks ‘of untoward potential difficulty- ‘
results 'ﬂ,\ls technique offers new possibilities * : * First, we should be aware that one of the )
* for explo.rlng and manipulating the biochemistry prime factors in the dverall success of American. ,
of one-celled gr'gamsms at unprecedented levels " science 1s its remarkable diversity Not:only are *
of sophistication : . there mény investigators in unmversities, nonprofit
For example, if certain plasmids are used to * institutions, government, and industry attacking -
. “transfer foreign DNA into the- bacterium, E col, p fundamental scientific problems from many differ-.
as many as 1,000 copies of the transferred DNA . ent directions, but support for this activity has tra. -
can be produced-at each division of the bacterium /dmonally come from many sources.
*This process of “gene amplification” could lead . CIn ‘the post-World War Il period, the Federal .
>~ to the inexpensive production of transferred genes - Government has become the dominant source of
with.useful characteristics, such as the gene that support for basic research Yet in recent years .,
K spegifies the produc‘tlon of the enzyme nitrogenase " there has been a tendency to narrow the scope of |~
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basic research which can be condfCted in or sup-

ported.by certain elements of tJ# Government,

notably the Deféense Department We must ask our-, _

selves, whether, in a period i in which U S. securxty
“depends overwhe]mmg]y upon technp]ogxca] super-
iority, it is wise to inhibit the involvement of our
defense establishment to the full flow of new ideas
necessary to maiatain this superiority .am mind-
"fyl that the Foundation has 2 majer’ “responsibility

- within the Government to support basic research,

but [ do not interpret this as an exc]usxve respohs-
ibility” U 8 sciencg 1s strong because-of its plural-
'igtic character, and we must bear this in mind
‘when we consrder the need for. multiple we]]sprmgs
of 1ts Support. . .

® Second, we must deve]op more realistic .
. expectations abOut what can be’ achieved by large-
scale research campaxgns aimed at specific goals. -

Doubtless the success of the Manhattan Prolect of

World War H and the Apollo lunar program  have -

xconvinced many of our fellow qtqze‘ns that highly

- organized o‘peratnlohs of this type are the proper
way to achleve spectacufar results Yet | fear that *
ma‘ny of us lose sight of the fact that these’uc-
cessful projects enjoyed the good fortune of Testing

- on a comprehensive knowledge base constructed by
prior scientific research largely basic in character
Unfortunately, not all ]argersca]e research cam—/

. paigns have the sarme advaritage, and we find- that
where t@know]eﬂge base is-incomplete or defec-
tive'in some respect, ro amount of Federal commit-
ment can achieve solutlons without first obtaining
the needed-scientifrc under‘standmg We are‘ex-
periéncing current dxsappoinxment n the war on |,
cancer, and this e;cpernence should give us pause ‘.
before we.embark on other large-scale programs of

directed research, np matter how socially benehcnal

)he objectives.
< Having said this, I hasten to add that applled
research is and must remain a vital component
of our Federal science ‘programs, partxcu]ar]y in
"the mxss:oh agencies like the Defense Department
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" exating'and chalfenging® If-they havé a fault) -
" it may be thatthey have been geared too narfowly

" negative for college and tuniversity enrollm

o
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and NASA. Withgut it, we could hardly have .

SUperior weapongy or a Viking mission torMars—
and the latter, of course, has-given us a magnif-
icent opportunity to conduct basic research on

our nearést planetary neighbor in space. One of -
the important activities of the Féundatxon is

the RANN program=—Research App]xed to National
Needs—and Qne of its prime ob]ecmes is t0 focus

" U.S science r;esources on selected national’

prob]ems Throug‘h this program the Foundatxon
started a promising solar eénergy re§ea\'ch program
in the ear]y 1970’s, well in advance of'the oil

crasis. The program demonstrated Mhe feasibility

of heating major public buildings with solar energy
systems. This program was transferred to ERDA’
in fiscal year 1976 and now forms the.core of that
research effort. Both basic and ap_p];ed research
are necessary.in a balanced effort and, indeed,
each one nourishes and stimulates the other.

o' Third: there # reason for increasing don- !
cern about the diminishing prospects of younger )
scientists for emtry into the faculties of univer-
sities, which presently pprform more than half of all
U.S. basic research. The protflem is complicated
by demographic factorg which will turn sharply .

tsin’
the 1980’s and by the recent strong.inerease m'tl;e
proportion of tenured scientists and engineers on

umversxty-Facultles These cxrcumstances threaten
L4

a virtual “lockout” in many disciplines and could,
. ovel the longc’r term, vitiate American scxentlhc
performance.
¢ Fourth, Ibelxé’% wa must continue our
efforts to assure students the strongest possible
.educatjon in the sciences. From a pedagpgica]
point, the courses that have been designed .
In recerjt?ears. for instrucsion in mathematjes .-
and the sciences in the secondary schools a

to the needs of students with the specialist’s
interest in these subjects. While such students
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have received a marvelous: education, other éecond-.
ary students whose ﬁrlmary 1nterests lie elsawhere
may not have been so well served Becau?e_'o’n—e‘of
.- bur clear goals is a scientifically ertightened )
> citizenry, competent fo deal with important S -
policy issues in scienee and techrxology, I believe~
« We must give serious consnderanon to broadening ’
,and ext‘endlng our science educatlon,.pmgrams at,
‘the secondary level, as we have already done at
the elementary level. : . .
e Fifth, the time has come for a far- ranging

, and detatted study to’asbist m determimng where

the’ Nation should set 1its priorities for basic. ¢ *

research i the remaining 30"years of this certtury
The Foundation is presently looking into ways to . -
3r?ceed with this study, and I am hoﬁeful that its
completion will give us a clearer view of out
.scientific honzons and a firm basis for. making
critical pohicy ,c‘hotces in_the future =

Vannevar Bush, the principal érchxtec',t of Qur'
saientific effort in World War I, wrote m,}QiS'
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, shows that Bush'’s

.. N

':Basic research.lea‘ds to new-knowledge. «
" plt provides scientific capital It creates

theéfur,\d‘s from which the practic:a'l apphca-
tion of knowledge must be drawn. Néw prod-,
ucts and new processes do not appear full-
grawn They are founded on new principles
and pew conceptxons which'in turn are

' palnstakmg}y develpped by research in ,
the purest realms of sciefice.” v
. [N v * N ",

Those wora’s are contained in Bush s Report, |
Science— The Endlesc Frontier, Wthh was written
at the request of President Franklin'D.-Rooséxelt,
ih a ime of high opt;mlsm about the Tole of

science in Amen

postwar fyture The record . "
onfidence in 5c1enceﬂvas well-
placed Moreover I am confident that the fron-

tiers of science are as endless today as 30 years °
ago and- that science will contmue to,exert a

“dynamic and posmve force in ou?"socxety for the

next 30 years andiong be.yond ;
. . .
) Richard C. Atkinson
. 0 ¥
' Acting Drrector
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TICAL ARD PHYSICAL SCIENCES, AND EN(*EERIN(‘?

Mathematlcal and Physncal Scnences;
and Engmeermg

he Mathematlca] and Physical
Sciences, and Ergineering are
mature disciplines in the sense
that they have developéd a large body

. of firmly established experimental

results knit together wnth general,

' quantitative theories = The whole~
structure has attM remarkable -

predictive and manipulative capability

“which i§ exhibited tnh technological

.. artifacts farflng from electric power

-4

.

- stations an

"The energy

suspension bridges to
transistorized ratios; and from syny
thetic fibers to satellites Yet there
remain a great many ageas in which
understandxng 1s still incomplete,
partly because our new knowledge
leads us to ask mcreasingﬁy intelhigeht
questions about the processes of the
. physical umiverse Answers 'to' these
" questions in turn (as well,as the
practical applications that may even®

‘tually follow) ofterwrequire—and may
" have to wait for—new tools and new

mathesnatical techniques

For example, the nature of chemical

species at surfaces i1s an important,
- fundamental, and unanswered qyes-
tion _ in undefstanding ‘surface
catalysis ‘and *enzyme mechanisms.
tfansfer between ot
withig molecules is just beginning to
bq ,understooda In

jques are now bemg “Gtihzed to
study the pro‘agatxon of nonhnear'
waves,[&cludmg gravity waves and -

long s ¢ waves In the oceans and

the atmosphere. Ih' physics we still .

search for the ultimate fundamental
particles ang for an understanding of

Aruitoxt provided by Eic:
-

mathemahcs, ...

gravity and the role it ‘plays in;

- determinung the evolution, structure,
"and fate, of the unwerse In engineer-

ing: By what processes are <solid,
sedxme}nts transported In ‘water or
particulates {iffused ~ from * smoke-
stacks? What are the limits for com-
municationts use of the vast channel
capaaity inherent in the visible spec-
frum as an extension of the radio
spectrum? Matq;gls scientists* con-
tinue to search for the ynderlying,
causes of ctacks that propagate and
cause failure in metallic, ceramic, and
polymeric materials in structural
applications. And cothputer scientigfs
search for.new design principles that

-will lead to yet another generatxon of

computlng,;apablhty
* NSF's 45-programs in Mathenatical
and Physical Sciences, and Engineer-

»ing operate primarily through sup¥ -

port of individual research projects
The objective of this support is to
provide an orderly development of

r

Table 1

%ommltment to a parhcular~apphca—

. diverse

~~knowledge aud under- €
standing of natural’ phenomena
While/most of the new know]edg’e is,

-expected tG prove usefyl in the long

run; and gqme- frattion of it may )
prove usefut impnediately, for thf?/
mest part 1t js supported with no pre»
tiog," One._ great virtue of -basic v
research is that it provides scope for
the exam:nahon of phenomena ftom

-all possnble points of yiew,and fork .

recognltlon of the -multiple
applications. Many times .
Science turns a difficulty ‘at one point
nto an advantage at another, so tha
seemingly msupe:able difficulties gfe
outflanked by pregress made’in what

" at first sight appearea' to be"Whko

®

unwlated areas.
" Proposals .submitted to thése pro-
grams are generated by the intellec-
“tual initiative  of scientists - and-
engineers. In this-sense the proposals,
are characterized 'as, unsolicited. In

¢ ,

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

N

A3
2

{Dolldrs in Mihons) T e

-
‘.re

Fiscat Year 1974

« Fiscal Year 1975

Fiscal Year 1976 . Transition Quarter

o ] “Num Amoudt

Number ~ Amount

Number  Ambunt  Number * Amount

Chemistry

Engineenng

Physics

Malerials Research
Mathematical Sciences

> 722 $ 2664
©ne 2809
K}LY 3673
amn 3556
*7139 1450
. 164 976

828
710
k]
524
842
193

$3273 g suMes 20, (39
W26 ¢ 691 3585 18 9 -
22 354 4517 82 1056
453 609 4012 147 828
1646 838 1726 104, * -470
um - n6  ‘nx 51 298

Computer Research
plian

Total 3127 siSI a8 3428

$19096 3540  $19227 , T2 SM%
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. addition to the - research projects, abroad were called upon in fispdl year
- i
Conferences and workshops are sups 1976 to evaluate *proposalf’ for «he

ported to define and focus aftention
on. varigus resea.rch opportunitie’s

es on behalf of resdhrch workers.

who wish tp answer a specific scien-

? tific questxons or questions.. Despite
. the great number and diversity 5f
. . proposals, they are

derstnding the inteqt of the resdarch
and the signifcance "of the expected
results The review process brings to
Bear critical mind¢ to judge the mer:t
- of the progect that has been proposed -
ln this process some 15, 000 scientists

"from 4N parts of the country and
:\

individually
- evaluated by people capable ,of un-_

Mathematical* and Physical Scienges, .

. and Engmeermg programs A great’
Most proposals are submitted by .

‘g’demrc mstitutions in the United’
t

many’ of the .revrewers were from
universities, but many were also

*called upon from Government antd

industria] laboratories and from non-
profitresearch organizations’as well
The sutcessful proposals provided
support for the research efforts of

more than 6,700 scientists | and
engineers In addition/ moré than
4,200 graduat‘e sfudents Jhavae”an
opportunity for experienge yndithe

direction of some of the,Nation's best
researchers, a betefitial byproduct of
the quest for new knowledge

‘e
2 . . - .
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Physics - P
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Phydics s that branch of science
which studies the fundamental ]aws“
governing matter and energy over a
compJete range Of scale, from the
most elementary constituents ofe

* mgatter (quarks and leptons) td the
largest aggregation (the universe)
The.aim 1s a unified interpretation of
all phenomena into 2 single,
consistent explanahon based on
« detailed knowledge of the basic forces
acting on particles Physics has con-
. tinuously contributed new fun-
damental understanding of matter at
all levels of aggregation to the other
fields of science, and has provided the
underpinningg to mapy of our cur-
rent advances in ,science 2nd sech-
nology

NSF physics programs contrnbute
to increased. understanding of these
phenome(na by supporting high quah-
ty research projects n certain sub-
figlds of physics Four programs sup-

. port experimental work—elementary
particle physrcs, intermediate energy
physics; nuclear physics; and atomit,
molecular, and plasma physics The

¥
.

Q
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theoretical physics program supports
inve¥tigations on- the theggetical
framework within "which thé ex-
perimental results are interpreted A
sixth category, gravitational physics,
supports theoretical and experimen-
tal studies on grawity, the weakest of
all known forces in the universe. 4®
It has been kmown for decades that,
all matter 1s made ‘up .of basic
corwrtuents such as the proton,
neutron, andelectron, which we refer
to as the “elementary particles ” New
discoveries are adding considerable
weight to the theory that the .
“elementary” particles are not the
ultimate bulding blocks, but are n
turn made up of more basic pointhke
constituents called “quarks” Pug-
sung this 1dea,» NSF-supported
theorists  at Har}ard and at Cornell
have compared recently discovered
particles to states of an atom with
different confifurations of its con-
stituent, etectrons They have
predicted that, hike an atom, the new
‘particlgs should turn 1mto still further

‘new particles .(that 1s, new con-

°©

figurations of the constituents) with
the emission of energy in the fotm of ;
electrorhagnetic radiation During the »
summer of 1975,'daboratortes in the
United (States and 1n  Germany
reported” results which indicate that .
at least three of the pregircted sec-
ondary Particles do indeed exist

In addMion, the Foundation’s pro-  =x,
gram has ‘contributed sngmfrcantly to
knowledge of these new? particles”
through an A4ctive program of
research conducted bY a number of’
experintental. groups. At Cornell, groups
have measured the rate of production
of " the newsy Particles _in photon-
induced ‘processes near the threshold |
\en\grgy At the Feymu National
Accelerator Laboratory, a Columbia
University group ‘has cond¥cted
similar sfudies at.higher photon
#nergies NSF-funded groups from
Columbia, Chicago, Northeastern,
Washington, and Michigan State,
along with Energy Research and
Development ,Admlﬂ,lstratlon—\
supported groups, have measured the
production’rate of the new particles
using strongly mteractmg probes
such ‘as p1 mesons and protons,-and
‘have noted that p1 mesons appear to

» Y

be substantially morg effettive th , ‘
protons in producing these new |

states. The results of these- ex-
periments are essential inputs to the .
tReoretical effort - !
The guark structure of neutrons
and protons teach 15 a¥%umed to be
comrposed of three quark® has aiso
been shown to be important in-
understanding nucler and nuclear
processes  An. NSEF- supported
American Umversrty -Stapford-Bonn
collab‘orﬁon has found that scatter-
ing of high-energy electrons from
deuterium is much more "simply
understood 1n terms of a six:quark
structure of the deuteron than,in

.

" terms ofsthe usual neutron-proton

structure, with the binding “force
produced by meson exchange ,In
work carried out wn England, 1t has -
been shown that a careful study of
nucleat, beta- décay permits a deter-




"mination of the electrical charges *

carried by these quarks and thus

» distinguishes ,among dlfferent

. ‘theorles of the neutron and pmtén

substructure V. ’

In thesarea of weak interactions,

precise expgriments are testing our

" understanding of nuclear” beta-decay

. at high levels of precision A group at

Prmceton has used a wklotron to

" prepare excited ' Ne ineon) nudle:

which are then fed into an atomic

beam apparatus which'orients their

. spins The nlcler then beta-decay and

the asymmetry ot the decay products

with respect to the spin direction 15

medsured, as a function of beta

. energy, The resulta indicate that the

present theory of nuclear beta decay,

which has long been accepted, may
require modification

- The great extension of ‘astro-

nomical observation brought about

by the applxcamin of technology in

the garly 1900’s 'led. to a revpyal of °

interest in general relftivity, because

it see,med that the new objects being

discovered (such as quasars, pulsars,

X and compact X-ray sources) were

radiating more energv than could be

supplied y wmuclear procésses . The-

only possible source ot this energy

. appears to be gravity, which implies

that'the objects must by very concen-

trated and must\have very intense

« gravitational fields, fields so strdng

" that they would significantly affect

.

the propagation of hght Since 1970, -

theoretical research has shown that a
gravitationally collapsing body would

' produce a black hole It has been
syggested that the hidden propgrties

of a black hole could be completely
summarazed: by 1ts entr&p? A major
difficulty with this suggestion was

that it led to inconsistencies. unless
black holes emutted thermal radiatiGn

~ at temperatures above zero This
“1mpossjble according to classical gen-

.. eral relayvity, since the classical
theory predicts that black holes
should not “be vnsnble to an external,

observer
S.W. Hawking of the California

FRIC . 3

Aruitoxt provided by Eric

. o . '
Institute of Technology discovered,
however, that quantum effects would

cause black holes to emit thermal :are four passible .types of which the .

radiation® with a temperature above
zero, and that the final stage in the
life of a blackhole would produce a
tremendous expldsion, with an -ac-
companying Jburst of high energy
gamma rays Hawking, L.E\Parker'
{(Universit¥ of Wisconsin), an M.
Wald (University of Chiago) have
shown that the radistion coming off
1s like that emitted by any hot object

in all senses,. ;ncludnng the fatt that ’

different modes and different

numbers of particles in the same -

mode are completely uncorrelat&d
" This vear has seen much progress,
in small steps across the broad:
frontiers of physics Of special note
are the completion of a new cyclotron
" facility, the discovery of_j particle *
confirming the existence of “charm,”
“the possible’. discovery of new
jﬁ/;/erhea'vy elements” in nature, and
development of a new technique
for mapping the energy levels 1in
atoms and molecules >

Discove;y ofa
Charmed Baryon - ‘.

.

A team of physiaists from Colum-
bia, Fermilab, Hlinois, and.Hawan has
announced the discovery of a charmed
baryon—a subatomic particle in jhe
same family as protons and neutrons
The finding adds support to the view
that hadronic matter—those sub-
nuclear particles, such as the baryons,
which interact wvia™ the “strong”

‘muclear ~force—1s composed of basic

constituents known as quarks Until”
recently, the effects of only three
types  of quarks have* manifes
themselves, a fourth type of quark
referred -to as the ”charmed’quark" 15
required to explain Ahe latest
periments The “charm” 'that
characterizes the new baryop 1s
regarded as evndence “that the fourth
and “charmed” type of. quark s
indeed present Though a baryon 1s

15"
¢ .
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uarks, and a
know there

still composed of three
‘meson of two, we no

combinations can be made
“The idea that hadronic matter 1s.
made of quarks was proposed in the
€arly 1900’s To explain the particles
that were appearing 1n the ex-
periments of that time, three quarks
were feeded The three-quark picture
was used with remarkable’success to
classify the hundreds of hadronic
particles -that appeared n
perunents‘of the 1960’s
The need for a fourth quarm
later suggested to éxplain "a
phenomenon observed in those sub-
(ﬂuclear mterachons responstble for
the beta decay of nucler No candidate

" for such’a particle was observed until

November 1974, s the theory was
not taken seriously until then
Bécause of 1ts striking properties, the
fourth quark is said to be “charged”;
its existence implies a whole new
family of hadronic particles. .

“Charm” 15 an - attribute or
behavioral characteristic which, like
electric charge, 1s additive Nature
produces a charmed system by

provwlng pairs of charmed quarks,
one’ positive- the other “negative
Charm appears in integral units (0, 1,

2, etc) both positive and negative

Once” charm exists it 15 almost
indestructible Conversely it is almost
impossible to change a system ‘with
no charm into a system with charm

Although  difficult to destroy,
charm 1s not completely indestructi-
ble Over very long times 1t is
possible for charm to disappear-owing
to thre, effect of weak interactions,
weak because they take so long to act
As a result, charmed particles are
long lived, longevity 1s their distinc-

tive characteristic over other
hadrons .
The discovery of thg charmed

_baryon by physicists from Columbia

University, Fermilab,
of lhnoiss and the University of
Hawan s believed to copfirm ,the
presence of “charm” in mﬁure‘ The

the University

X’
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’baryon mass of 2 26 billion electron-
volts, 1its long lifetime before dis-
irftegrat®Mwand 1its fifal products of

'Y ‘-
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th'rough‘lts decay products, remained
intact too, ng before disintegrating
sed by the three-quark

PR

‘ay exactly fit expectations based picture The J/Psi was; therefore, pre-

the four-quark picture. °
Voo The grbup leader- of Athe ¥ rch'
team that found the pew ﬁa‘[}r
| Wonyong Lee of' Columbia lgllver—
sity, The effort at Columbis Univer
sity was supported through a grant
from the Natonal. Scnence Fpunda-
tion, and the experiment was per- _
‘formed at_ the Ferm Natlonal
" Accelerator Laboratory

—a

beryllium target “producing .many
-~ particles
from the target were baryons that
exhibited the.characteristic longeyity
“of a charmed particte The baryon’s

disintegration produgts were an %nt)-

Some of “those emergmg‘

med to be made ¢f a quark carrying
unut of posuive charm and an anti-
quark carrymg a -umt of negative
charm

he JiPs1
zero,

the charm of the quark 1s annulled by
the negative tharm of the anti-quark

Although the JIPsi and similar states
discovered shortly thereafter supplxed

In the expenmenr a beam d'f high® strong supporti.g, evidence, to tog-
energy gamma rays wa drfected at a, hrJ the reahty of gharm it

necessary- to find parficles in which'a
charmed quark fombined with one-or
more . of \the three other typgs of
uarke—tHbse which do not carry
charg  and- ‘which 1mgase no
neutrahtmg “effect

lambda baryon and two pi friesons, ~xCharm, h0wever remained €lusive
nbne of\ whlch carried the tharm A _single event believpd gto carry

bute The charm charactersstic? charh had been
Adxsqp dprmg the disintegration * neutrind interactions

f?und amo relatively stable “hucler
n 2 e Although = evidence
" Brookhaven National * ¢ pithwagy nucler has been sought in

Through the weak interaction 1t was
converted nto another aftribute
known to physicists as “strangeness "

" The strangeness is ideritified through s sgarches over
anti-lambda , were futile

the presence of the

baryon A shott time later, billionths ~

) of a second, even the strangeness
disappeared, when the anti- Tambda
baryon decayed "into amanti- proton
baryon and a p1 mesdn In tatal there

~were five observed particles whlch
_gave the event its unique signatute
The charmed events ase rare, 50 Sue
events were found among, 13‘m‘|lll(
high energy gamma ray mtergulons In

"+ the tdarget

The * Columbia-Ferylab- ”lanlS-
Hawan team, long interesfed ’
charm, intenstfied . its search for the
‘characteristi¢ followxﬁg the dnsqov-
eries in November 1974 of the JosPsi
particle—found simultaneéously by
others at Brookhaven National:
Laboratory and Stanford Linear
Accelerator Center (Those ekciting

¢ discoveries :gsuheg,mNobel prizes in
1976 for leaders of the two groups )
Ths pagticle,

o “-
il

. -

symilarly - deteQed ( certain number of partlcles the lower

chamber.  at
Laboratory. Ndwmuctwcan be learned,

however, from a mgle event Other

past two Yyegars
, It wad not unti]l the
finding reportéd gy the Colurpbia-
Fermilab-llinois-Haway group that

this latest lygk between observation.
and prediction ¥ad been made

1 summary, the basic combination
of quarks forming charmed baryons
has been found Physiaists are confi-
dent that 1n"addition to these charm-
Jed part nch spectrum of
othtrs marty of which will have,

hlgher masses, await discovery,

«

P?sible ‘Existence of -
uperheavy Nuclel

-

One of the models that physmsts
us *envision the nuclei of atoms ™
pictures the components, protons and
neutrons,* as drranged in orbits or
shells so that the individudl nucleons

“can move without bumping into each

other Each shell'can accommodate a’

-

.13:)— )

roscopic
'traksparent materials’ such as

.-

"skiells generally hold. fewer nucleons

than higher shells A nucleusswhich
has just enough protons oraneutrons
or both to fill its outermgst shell 15~
espeaially stable, 1e, more lLkely to
have formed in the past and less
likely to disintegrate once formed.
The numbers-2, 8,:20, 28, 50, 82, and
‘126 .were designated “'magic
. nymbers” because nurler with these
aumbers of neutrons were known to e
more stable, even though stable
elements 1n the hugher proton nurhbers
had not been observed

The heaviest commonly occurring
element 1sfplutomym, which has 94.
protons (Z=94) Nucler with up to 103
protons have been found 1n natare or,
created artificially in  particle
accelesatgrs Nuclei having 1n the
range of 114 to 130 protons were
predicted to exist, the “magic
nuinber” 126 protons shoald p oduce
the “Istand of Stablllty” a famly of

d

for

fusion experiments 3nd 1n meteorltes
‘results, of a new + experiment an-
nounced 1n June 1976 give evidence
that some of these nucler may occur
naturally and be more stable than

expected The periment 15 a
. collaboration beﬁ‘en a gedchemist,

R.V&*Gentry,4 Oak Ridge Napional
Laboratory, and six nuclear
physicists—T A Cahill and R.G.

Flocchini of the University of Califorg
mia, .Davis, and N.R. Fletcher, H.C.
Kaufman, L.R. Médsker, and J.W.
Nelson of Florida State University -
Heavy efem‘ents contalned n
mi crystal incidions 1n
ic

ean yeveal themselves by the pressﬂee
of " halos surroundu‘ig the inclusion.”
The halos result from the radiation
damaga of alpha, particles spon-

taneously emutted by Tactindes”— ¢

certain heavy radio elerpents
The size of the halg degends on the .
energy of the alpha particles In some

-cases, so-called giant halos, 5¢ to 100.
microns in “iameter, surrodnd 1n-
: <

.
oo
' \
. -’

e
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clusions These would require alpha’

particle decay energies substantially
" larger than those of krown-actimide
elements such as thorium or ac-
timum In this experiment, monazte
" sinclusions in brotite mica were bom-
, barded by energetic protons
clusions surrounded by normal and

57 million electron volt, (MeV)
protons frém the Florida State
tandem Van de Craaff accelerator

r—_The experiment was designed to

detect X-rays that would be prodticed
* f an incoming proton knocked an

electron out of the. second electronic”
superheavy atom. and an~

level of a
electron frofn the third level subse-

quently cascaded down to fll the,ﬂ

hole \The edergy of théw X-rays
pfoduced in the cascade Aepends on
the charge of” the’ nucleus of the
" atom.
From detailed analysis, of the
_v energies and relative intensities of
« the resulting Xarays,.as well “as the
sence /of good alternative ex-
lanations, the’ experimenters con-
. cluded the X-rays may have been
produced by elements with 116 and
126 protons The evidence for ele-
ment 124 1s less strong
Expenments with 1mproved sen-
sitivity  are Gider way at Flonda
. State, and they should help to
confirm or deny the existence of
superheavy glemants A confirmation
will,” be partidularly interesting
. beciuse 1t would imply that the
superheavy elemgids have lifetimes
against decay that are consnderably
longer than have been predicted
L]

". Indiana University .
Cyclotron Facility

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

- Q .
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A national facility. The new Indiana Uir?nversnty Cyclotron will be used to stddy fine
details of the structure and forces of atomic nucler its four separated magnetic
sectors (the man standing hedr the center shows their size) smpllfy'me highty
efficient particle accelerator, ease mamtenance and permit operatuOn with low -

electrical power consumption

[ 4

1975, and the first experimental data

were taken in ‘October 1975 The
cyclotron was operated at 150 MeV °
du most.of 1976, the full energy

20¢ MeV was- scheduled to be
achieved by'the end of the year ' ¢

The_central appatatus of the IUC

is- a three-stage accelerator consisting'
of a Cockcroft-Walton preinjector
and two cyclotrons, which are-iden-

tical except for scale—the main
. cyclotron 1s four times’larger than
the injector cyclotron 2

Each successive stage accelerates’.\
positively charged particles to hlgher
energy until they are directed at a
target by the majp cyclotron The
expected energies.of protons as they
are released from each stage are 06
MeV from the preinjector,.15 MeV
from *th& injector cyclotron, and 200
MeV from the main cyglotron By-
changing the magnetic fields and the
accelerating voltages other energies

17

<

-

‘smaller

can easily be pbtamned Qther particles
such as deuterons, alpha particles,
and hthum' nucler can also be
accelerated- .

The main cyglotron operates, in
principle, with 100 percent 1njection
efficiency and 100 percent extration
efficiency, all the injected beam being «
transported to the. target v;u;h-an'
energy resolution of 0 04 percent or
This permits very high
quahty experiments to be performed
and means that very little gesidual
radicactyvity wilf be producegem thé
cyelotron so that servicing and mm-
provements ‘whl be simplified.

The separated se;tor design of the
cyclotron gives a variety of
advantages—snmpllcny, accessibility
of components, ‘ability to operate the
_radiofrequency system at high
voltages and unusually low electncal
power consuipption .

The class 'of ékpenments to be




“
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performed with the new machine will
cover fine details of nuclear structure
and nuclede,forces The contemplated
research program 1s multifaceted and
‘ext.enswe, and séveral specific ac-
tivities have been planned for the
early running periods of the machjne
Pion productien caused by protons
bombarding nuclel, in which reactions
* yield neutral and positively charged
pions from several targets. will be the
supject of both early experiments and
theoretical work wt IUCF Elastic
. scattering from both protons :n%
composite projectiles off nucler wil
, test various theoretical models of the
scattering  Elasmc ,scattering  of
deGiterons. 'He t(hehum), and Li
(hithium) . pill bg of continuing 18-
terest, especially as the beam'energes
are raised The IUCF spectrggraph
will be used for wnelasjic scattering
studies, ™volving proton and
deuteron excitation on a wvariety of
’ nudear)ar ets ,
- * The dxperimentasl program is
proximately one-third in-house,
third outside "usera 3nd. one-thyrd
indide-outside collabgrations Al
‘perimgntal proposals are consid
on an equal basis by a Prograh
Adwvisory Committee, and “aluni-
-versity-appointed committee adwses
op policy Both these committees are
appointed from the nagronal science
community Alsd, ‘an elected” User
Group Corgmittee 15 very active In

=~ . the oferatiornydf sthe faglity,. .
s - \

»
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impro’véd Resolution of
' Atomic and
. Molecular, Structure

Essentially all atoms and molecules.
should exhibit }r}l’éra(tmns that have
not. been detectbd because of the
kmited energy resolution of electron
beams’ available Most pf these in-
teractions have not been adequatefy
- observed over their full energy fange
gr width, or assigned accurate
energies Many dther interactions

- have doubtless gone undetected for

2

[}

ones have undetected fine-structure
Conventional techniques for electron
beam generation are _llmlted to a
resolution of roughly a 50 milh-
electron volt (meV) spr'ead However,,
a new approach 1s now ylelding much
better energy resolution

Recent work at the Joint Institute
for Laboratory Astrophysics at
Boulder. Colo. utilized | the
monachromaticity and high intenstty
of hght from. a laser to detach
eléctrors from barium atoms and
form an electron heam of uniform
velocity The photoelectrons are thus
produced with a uniform kinetic
energy 17 me\ 1  the present
experimend), and are then accelerated
to the desired energy and focused on
target atoms in ‘a second beam Thg
energy of the electron beam 1s
carefully controlled by varying the
ccelerating’ potential
First results—for the scattering of
,monoenergetic electrons from argon
atoms—are very encouraging As the
beam interacts with the argon atoms,

L 7

-~ ’
some electrons are temporanly - . T
bound. ~ forming an s unstable,
negatively charged atom. argon-
‘minus (A7) After an instant, ther A
disintegrates, scattering the eléctrons
in a direchon differgnt from its
original patlr  Shght changes 1
electron -&nergy greatly increase or '~
decrease the probability of scattering
The energy range overs which the
scattering probability is kigh 1s called -
a resonance The resonance studle‘d 15
expected. fromn theoretical considera-t
tions, to have a natural energy spread

of '3 to 5 meVsand its observation at*
about 6 meV'is closg enough to-
confirm the theory Methods for
#urther sharperng the instrumental’
resolution arebeing.tested, and still K
narrower red®framces are being
observed . .

" This new technique opens up an
entirely new level of detail of atomig
and molecular structure to accurate

¢

" observations and allows a’number of

important predictions of the thedu7
of atomic structure to be checked

LY
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Chemistry ’

»

y

Chemnstry- deals wath the force® "

that bind atoms into molecules, the
forces between, molecules that ac-
count _for the different forms of
miter, and the way the forces can be-
Yltered for useful purposes Chemical
reactions ,are the transformations
among atoms and molecules that
bring about* new arr‘angg:wnts of
atoms 1n hew 'molecules “Chemists

. synthesize new mdlecules, explore

‘chan®s

the ways in which chemical reactions
octur, analyze the produgys of their
labors, develgp concegts' thatirelate to
structure and function, study the
energetics of chemical and physical
from the molecular to
macrosqopi levels, and altimately try
to relate these behaviors to the
distributions  of electrons n
molecules

. : 2 -
the same r?ason, wl"ule many knowp Chemistry h;&chang‘;e:d temarkaf)ly

K

¢ »

4

in the” past decade, propelled by a
combigation of fresh ideas from the
scientific communuty, technological
advances in computers (which hav
‘become an intrinsic part of chemical
instrumentationda and Federal sup-
port-for research The environmerttal
legislation of 1978 provided the |
driving force for a host of new |
inquiries into the nature of chemical
reactions of critical importance to
mankind More recently the energy
crisis has stimulated urgent inquiry
into energy-related chemistry 1n such
fields as synthesis, dynamics, ther-
modynamics, and chemical analysis,
each of which 1s inescapably®related
to effective solutionp of the energy
problem Each of these is a factor that
has underscored the significance of
NSF support of fundamental research
in a widg variety of chemical dis-
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-ciphnes. This sugport has contributed* face It has been estimated that the,
to recent reveplution5 in the way we _ value of goods prod ed annual%y. n
think about many chemical interac-  this country which *volve at least
. “tions and processes one. heterogeneous catalytic convgr-
Perhaps the next revolutian in  sion step in their manufacture ex-
*  chemistry s~ already under® way  ceeds $100 billion. These uses include
) T‘thnologlcal developments in ‘lasers— the fine chemical and pharmaceutlcal
S and consequently, laser chemistry ipdustries. the ol and petrochemical
are beginming po provide startling industries. and. thé tonversion of
B adVances 1n the understandmg of , noxious 'pollutants prior td" their
. chemical reactions on a, .time scale disgharge inte our, environment
never before achievable The laser'is 4 Despl‘te the 1mport Z:e vof heter-

superior radiation  source+ that ogeneous (atalysts and” ‘their ubig-
provides the chemlst a tool for* wtous use. the molecular detalls by

1
l
I selectively breaklng chomical bonds.  which caté‘lystscfunctlon «are largely

-~

vations made by other chemists in tie converted to

18th and, easly 19th centu);res
Chemical agents found to promote
reactions were called catalysts,’ and
! + Berzelius 'postulated a special force to,
account for these ejefations? To-

which reactants ar
*’reaction products’ Thus, a serigus -
theotetical effort * Yo' describe™ the
mech#usms’ of catalysis, -must -be
cotipled to the careful meastrement
of surface gepmetry: electropic struc- -

’

day cafatysss play ucial, economic  ture, composmonal analysis, and
role in the chemical industry, and vibrational  stfucture  Einally, al
+ perhaps of even greater importance 1s  measurement  of ca,talytlc reaction

the , fact that nearly all of the
processes of life involve cagalysts ot,

rates s also mandatory -
he. experlme‘ttal research by W.

some sort . Henry Weinberg at the Callforma
A hetarogeneous catalyst 15 or- - Institute of Technology has ag*a goal
dimarily a "solid substance. the the ‘understanding of all these in

catalytic function occurs at 1ts suf-  molecular detail Tormsure that the

[ ‘ . -
. A [ \ -

. \‘l‘ b~ . - ‘ \.']-':3
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ifor  the selective | excitation of ‘unknowm If these details were dn-"

vibgations that enhance chemical derst};o&i then cat‘alysts could. be

#.- reactions, and fof probing the ways' i talored for specific-use This could

which energy . isstransferrad ‘in 1n-  \mprove their efftCrenCy and return

tramolecul’ar and * mtdrmolecular vast savings in precious raw matertals

processes and enérgy

, *, Basic chermcal(es_earch also ander- *TAn endun’mg centro-{ersy among

' plns a crucal . Component ‘of ous chemists 15 whether the geometry dr.

‘hational economiy C s educated’ the electronic stifcture of a surface

. in our nefwork of research-based _ determings., the .catalytic ‘efflciency

-, universities provide the 'mtellecsual * Both are, ifl. fact. Amportant, and both
.sustéitdrice” on which ‘the cMmical must he. understoo

industry religs for staffing 1ts! nisms of eleme'htary catdlytic reac-

‘tesearch laboratories, 14 productién  tions are tO'lfs comprehended It s

facilities, 1ts techdical service 'essential to obtaln * both ,a*" com-

opqrations. and its ma.nagem@n‘at all posrtronal analysls and a measure-

levels . men(of the vibrational structure of

, R the citalyst surface during the course

- Molecular Details of of tHe chemical reaction THe readkton

Heterogeneous Catalysis rate ,may be related to the ~coMmposiz ’

R ) A ‘on. whereas the vibratiohal "struc-

) .The term'catalysis comés from the ture ¥ importarg in characterizing

Greek” kita—down, and | lvein—loosen /molecular feactionintermediates and

- JonsTacob Berzelius used_this term in *in formulatlng the reaction

B 1835 to correlate a number of obser- nfechamism (that 15, the*pathway) by

\ .o
work is performed ‘on well -
" characterized systems, the catalysts ..

are prepared in an ex\@gmely antisep-

tic environment; and Weimberg must *,
perform  the experiments® -at a
pressure comparable to that found in
interplapetary space The experimen- .. .
tal techniques used are complicated,
but the insight gained i is a major” step )

- toward understanding the heter-” ¢ °
ogeneous catalytic pracess - DI

. Weinberg s ‘investigating* the .
‘methanation reaction, in  which

hydrégen and carbon monoxider are ~
combined to férm methane (a clean
fuel). plus the * hydrogenation of
p.o]ynuclear aromatié  molecules "
These atter complex moleCules arg®
found coal tars and are also -
productsjof.the hquefactign of coal. to*

be useful. however, they- must be
modified further by chemical crack-

ing This 1s accomphshed by addmg
hydrogen :to them' through “the ’
hydrogenation reaction . Weinberg's
research., also/ bears ‘on pollutron

‘if. the mecha- * controk since the studies the oxidation

of catbon dmondxide and the .
‘simulfaneous, reduction of nitrfd
oxide This catalytic reactidn,.where
carbon monoxide and mitric oxide aré
jforverted to ‘the harmless reaction
produets carbon dioxide and nitrogen,
.occurs readily. in the presence of®
metals, in_ the expensive platinum
group. such as platrnum, palladium, -
rhodium. .and irdiumm. By under:
standing the' way in which the
catalysts functlon, 1t may be possnhle
to- desrgn-cheaper substitutes R

e

Fixing the Molecules of -
the- Bioinonganic Catalysis

ifrogen, water, carbon dxoxgde

‘and oxygen are basic to the E ths
bio oglcal cycé These mrole
‘might even be called the molecules of ™
life. because tl'\ey are esgential in two .
of the most .important bnolOglcal R
¥ processes \photosynthesls and
nitrogen fixation , The reactions *

B

. between these molecules indplants

yield the aming acids and car-+
bohydrates that are “the essence of

xS

'
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. the fopd we eat And the energy from
photosynthesis 1s released when
carbohydrates reatt with oxyddn, as
. in oxidation metabo 1sm, another
. fundamental life sustaining process'
¢ In nature,, photosynthesis provides
for the direct use-ind storage of solar -
energy. However, biological photo-
'synthesis, or fixation of carbon
dlox1de and $plitting of water, 1s an
extremely complex series of chemical
reactions that are not completely
understood Ope of the challengmg
questxons fac?fg seientists today 15
wl’lethér 'such a, reaction, or a similar
one, tan, be mimicked yn a less
compllcated way 1n the laboratory
These mimicked reactiops ate simpler
than nature’s, but they may resemble
the corresponding biological process
at least 1n some fundamental fashion
Lauri,Vaska at Clarkson Collége of
Technology has discovered and deter-
C . mined the'reaction by whichdcertain
simple ¢ompounds “of * iridium ~ and -
rhod (two metals of the platinum
family) fix carbon dlopde under,
ambierit. conditions The ‘reactions
occur 1n solution as well 4s between -

e Chomlcal fixes. Laun Vaskafat Clarkson Coilege (left} and John Bercaw at Caltéch ( rlght) In 3eparate rege
imic important biojogical processes in their |aboratories Knowledge galned frdm bothryaska's work

"+ made progress in trying to

[
- .

o e
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the solid metal compounds and gas-
eous CO, The produets contain
“fixed ca on dioxide,” 1.e., 1ts strdc-
ture and \the carbon-oxygen bond

‘properties ake drfferent [from those of

the free molecule Based on spectral
and 'chemica} properties,” the carbon

dioxide in thg product 1s consldered to
be bonded/ to the !metal through
carbon - | . “
Although the reactions of metal
complexes\ with  humerouws small

molecules {such as hydrogen, oxygen,
and rmtrogen), have .been studied
extensively during ‘the past decade,
studies involving carbon dioxide are

. of relatively recent origin The impor-
tance of Vaska's dlscoverles lies in the

fact that' thebe reactions are reversi-
Ble Gaseous <arbon dioxide, 1s
recovered when the system s
evacuated Iridium'and rhodium com-

_plexes'that rbact with C “might act

as catalysts for the cenyemsion of
carbon dwoxide to a carbghydiute 1n
the presence of a hydrogen soutge
(eg water) ‘and radiant energy
Experiments are tndereway to test
this hypothesis ¢ '

on photosynthesis-like reactions to fix carbon dioxyde and Bergaw s research on a syntk
prove smportant-to problems of food and energy supplies

.

ho

Another achievement of important

. chentical consequence has been the

1solation and structurd] characteriza-
tion of a cfucial intermethate product
In a synthetic nftrogen-flxlng system 4
This, was done in the labdratory of
John E' Bercaw at the California
Institute of Technology The develop-
ment of synthetic nitrogen-fixing
systems could lea to. more
economical prodpction of ¢ fert»llze,s,
and other mitrogen-based chemlcals,

‘which subsequently would have "an

"absorb molgcular mitrogen (N

-

impact.on worldwide food'and energy
1ssu£s . -

'Befcaw has_ developed synthetic
routes {eading to- two related cofn-
pounds contalmng either titamium,or
zlrcomum These two compounds,
permethyltitanocene, (C Me,) T, apd
permethylzirconocene, (C,Me,),Zr,
are extremely reactive and read|ly
,) whens
exposed ' to a mtrogen atrrlosphere
Subsequent tréitment’ of the
resultimg “dinitrogen complexes” with
hydrogen ¢hlorndé cleanly reduces a
nitrogen molecule to hydrazine
(N,H) ‘

systéh may someday,




: - o While a number of other_transition

metal-dinitrogen  complexes have
‘* been synthesized since theirr dis-
. covery in 1965, 1t haé " not been

possible, to reduce theirr bound ®
"y molecgel}t« nitrogén chemically The

»  umgquecharacteristics responsible for’

chemical activation of N, when bound

. 2 to permet‘hylznrconoqene‘ and '

permethyhitanocene are, therefore,

+~  of considerable lntere‘s/(
. N .

Infrared-Laser '
’ . P.hotophesttr;

. One of the oldest methods . of
performing a chemical reaction 1s to
< simply heat a Compound_umll one or
more chemfcal bonds break Reactions
of this type, known as thermal
decompositions, are very uéeful in the
pemoleum industry,  1n polyrger
chemistry’ and, indeed, 1n mostﬁareas
of chemlstry concerned with
transformations of-matter into other
forms One drawback of the conven-
tional heating of compounds 1s that 1t
energizes all chemical bonds to about
.the same_ extent Consequently, reac-"
‘tions are diffrcult to control and
/ require large inputs“of energy In
addition, the striking feature of the
process 1s that the decompositiohs
tend t(?og:cur.af only the weakest
bonds fn the- molecule This\means
that 1if ome desires to break a strong
- bond 1n a malecule but leave a weaker
/  bond mitagt,.‘an andirect method
eeded, - uswally one involving more
- han one chemica] transformation
In recent years, chemusts have
“» started using lasers to provnde energy
for driving chemical reactions One of
the most’ gemarkable applications -of
lasers for this p;u;pose involves the
use of high power (megawatt) carbon
dioxide Jasers These lasers emit a
large flux of coherent radiation 1n the
infr region of the electromag-
netic speyfrum This radiation can be
used supply energy to chemical
bopds However, ynlike therrmal

L4

[ Shld

be tuned to a precise wavelength that
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corresponds * to

a vibration of a
specific bond in a molecule *In this *
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reaction, on the other hand, .most of-
the absorbed energy goes into

way, energy may be puf into a* energizing a particular chemical bond

speaific: ‘chemical  bond’ witheut
energizing any other bonds.,
_ Ernest Grunwald of Brandeis Uni-
versity has begun a study of the
irradiation  of
using the carbén dioxide laser. His
early ryults show that this method
has the potential of becoming ex-
tremely useful in allowing selective
decomposmon of certain bonds in a
molecule, whil eeping others ingact
He finds that fvhén compound$ such
as fluorocarbons are irradiated with
pulses 'of infrared radiation *from a
megawatt carbon dioxide laser tuned
tg a speaific vibration of the target
molecule /the compounds decompose
via clearly defmed pathways.
Another rémarkable aspect- of “the
laser irradiationts that severalquanta
of energy are absorbed .by ‘specific
chemical bonds, This1s a direct result
of .the special properties of laser
radiationyThe radiation 15 both very.
intense ande coherent and can be
tuned to the precise frequency of a
strong absorption in a molecule This
facilitates the absorption of many
quanta of energy Moreover, all the

~ absorbed., energy becomes “locked”

into only the one molecular vibratiop
that 15 absorbing the laser radratron
The net result 1s that this one
vibration is excited as if the particular
bond were heated to a very shigh

.temperafure The bond rupture oc- |

curs even though the total energy of
the radiation absorbed™ by -the
molecule 15 less than the amount of
energy needed to decompose the
substance thermally

When a mo™®le 1s heated to a
"high temperature, only a small por-
tion of the applied heat 15 used in the
~decomposition process The apphed
heat 1s distributed’ ?mong all the

‘VIbrahons in the molecule, and in-

dividual molecules collide and
transfer parts of the heat energy to

heating, the carbon dioxide laser carr other molecules and stomthe walls of

the container In the laser-induced

selected ,molecules '

" high * power infrared lasers,

and thus is available fo initiate the
decomposition reaction As a resull,
the infrared laser induced ‘process is -
" very efficient .
Infrared laser photochemistry is in
_its infancy 'The--early results, how-
ever, 1ndicate that it could be
revoluhonary for 7 synthetic chem-
istry” In_principle, t should be possi-
ble to apply infrared photochemist®y
to synthesis of otherwise inaccessible
molecules and also ‘to activate,
ecules using small fractions of the
energy that has heretofore been .
needed, Further new developments
are expected in the neat future from
several laboratories The current
major obstacle is the lack of tunable,
other
than the carbon dioxide laser Rapid
development of that field, however, is
i expected to remove that hmitagion.

Chemieal Ins'trﬁméntatio"n

Practically all current screntific
endeavors, particularly  modern
chemistry, are based.'on Mmeasure-
ments and* on modern instrumenta- _-
tion Instruments such as infrared.
and nuclear magnetic resonance spec-
trometers,  mass .spectrometers: .
chromatographs, as well as a variety
of other types, are indispensable to
.chemical research In addition, the
revolution in modern electronics has
dramatically improved the capabilities
of these standard instruments and .
made available two powerful new
togfs the microcomputer and the
high power laser The Foundation’s
cherhical research nstrumentation
program -has provided the major
share of Federal funding for sup-
potting major "instrymerttation -
chemistry departarents and for the
development ofhew mstrumentahon
needed in chemistry

Development in nuclear magn 1€
resonance spectrometers over, the
past 5 years provudes ¥n excellent

-~
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made in modern 1ns£ruments and .of
- the mew areas of chemical research
" that develop as a result «of these
advances Magnetic kesonance spec-
. troscopy of protons provides chemists
with two basic pieces of information
(1) sthe chemical environment of
Rydrogen atoms gresent {e g CH, H-
C=C, OH, etc) and (2) the quantity

of each proton  species present
" Although conventional proton
’ nuclear magnetric resonance Is one of
W 5, the most powerful _tools at “the
chemmist’s disposal, it has a number of

: dragbacks* -* .
' e, It 1s not very sensitive, 100

milligrams swor more per sample
are needed

In co '!ex molecule§, . inter-
pretatiori of the proton spectra -

. samples. can be

. n about chemical or

\ dynamics s very

-
~ o The mstrume&ats are dlfflcult to
qperate and nﬁmtaln

* “With the agvem of fast,reliable,
low cost rilhlcompute’\ and

microcomputers, Fourler- transform

spectrometry has replaced the older

methods The fast Féurier-transform
. technology has greatly enhanced the

chemical utihty of nuclear magnetic

resonance spectroscopy of protons

and carben-13

Some of the advances Include

g Obtaining  spectra from 10-
microgram proton " samples 1s
. now routine, and 500-r\§nogram

and °smaller samples can be

i . measured provided that the
sashple 1s pure -

-» Natural abundance carbon-13

. « spectra are often dimpler to

ﬁ interpret ~ than protoMepestra

’ and provide a wealth of new
< anformation

3
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example of the*major lmprovemgnts'

arr be difficult and sometimes

.
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e In many cases high resolution
« nuclear magnetic resonancé
spectra £dn now be obtained on
sohds

.
- ’

L] .
s A wide range of new informa-

. tion concerming chemical and
‘ molecular’ dynamics 1s now
available - .

. The new
tremely
operate

instruments- are ex-
relhiable and easy to

v ¢

. This ln’strurnentatlo.n de\llopment

has revolutionized organic chemuistry, .

chinical chemlstry, natural products
chemlstry, and many other areas

'Aﬁ/excmng new development 1s the
. work of John Waugh and his research '
.group-at the Massachusetts Institute

of Technology By using the full®

power of -the pulsed Fourier-
transform nuclear magnetic
~-resonance methlod they have been
able to obtain resolutiog carbon-13 -
r\uclear magnetic resonancg spectra
of solul samples One especially 1n-
teresting direct consequence of

Y
.
-

. >
Waugh's research is the application of
this method by E.O. Stgyskal and |
Jacob Schaefer qf' the. ﬂonsanto
Company to. the insitu aﬂalysls of
various seeds, such.as soybea aid
wheat, for the composifron the
various oxls, starches, and protexn.s in
« the seeds. Since the nuclear magnetic
resonance method 15 totally nop-
déstructive, the seed can be plantet.
aljer analysns This technique can
save years in “the amount of tim
* required to develop.new plant hybrids
whose constituents are, tailored to
specific end uses. Another variation
of this new method, tusing double
Foufier-transform techmques, «has
enabled Waugh measure, \,
favorable cases, th exact geﬁ"netﬂtal
position of the hydrogen atoms in
crystalline samples to a precision of’
001 atomic units Such precision 1s
competitive with the widely used
method of X-ray diffraction; the new
.. method, however, 1s at 1ts best in |
locating hydrogen atoms that are ngt
,normally observable via X-ray tech-
niques . .

Mathematical and Computer Sciences .

The mathematical sciences program
of-NSF hag two major subdivisions
core mathematics and the appled
mathematical sciences Core math-
ematics differs from the physical
sclences 1n that it does mnot deal
directly with objects and events of
the physmﬁl world Rather 1t 1s a
structure dealm,g with objects of its
own perception, these being created
in the mind of man and trans
to the external world by g
symbolism Applied mathematics is a
more ambiguous term It 1s used by
some to refer to mathematlcs created
with the end 1n view of understand
ing the world around us” A second
usage 1s to call mathematics applted
whenever 1t 1s used to further man's

2

¢
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understanding of phenomena which
he observes in“the real world Thus
the term applied mathematical
sciences has come to be used to refer
roughly to areas of scientific knowl-
edge heavily saturated with math-
ematical structures, such as classical
mathematical physncs,o operatlogs
research, statlstxcs, certain elements
of computer science, mathematical
economics, and mathematical biolagy

In terms of dollar obligations, core
mathematics represents about 75
percent of’ the NSF mathematical
scences program, and  apphed
matematics about 2p#percent In the
instince of:core mathematics, NSF
supports most of the national effort
While st 1s difficult to obtain accurate

1

’
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estimates of the total support by NSF )

relative to that of other . agencies
becausegof administrative and defi-
nitional differences, available data

_indicate that NSF atcounts for about

@

60 percent. of the total Federal
support of the mathematical/sciences,
- . * L
anel about 90 percent of the support
of core mathematics .

The- health of mathematics in the
United St es 13 good Research n
‘ this cour& contigugs on at least as
high a level jn quality and probably
higher in quantitythan at any time in
our history Major trends in rgsearch
that have gradually emerged 1n recent

time and continue to manifest
themselves.are (1#the confluence of
older fields to produce new artd

dynafnic fields of research, (2) the
solution of important p%oblems‘;;
ancxent vmtage and (3) the in¢reasr
lmportance ‘of algebrdic’ methods in
the applications of mathematlcs

Unlike* the mathematical sciences,
which haye a long and.rich tradition,
computer science 1s barely 10 years
old @wing to its rapid development,
trends are more easily discerned than
in a more estabhished discipline
Perhaps the rhost striking change has
been the increased concern with the-
omputing process itself as “dis-
tinguished from the art of getting
answers from the computer

In this connection, a parallel can be
drawn with the role of mathematics
in science Each scientific discipline
devises jts. own mathematical
methodology for solvmg thg prob-

‘lems of concern to its own area /In

doing so it draws from mathematics’
incredibly varied and genturies-old
framework These mathematical con-
structs ofteh arose from practical
needs of the time that spawned thems

) often théy were products of a quest

ERI
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mathematical elegance 8nd beau-
ty In any event, the mathematics
stimulated by old problems, many. of
them no, longer interesfing, 1s con-
tinually revived for the solution ‘of
pressing new problems

- .

o
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- Computer science 1s rapwdly assum-

» ing that same_kind of role Not long
ago a scientist who was adept* at
using a computer in the solution of a
particular class of probléms, and who
made this his principal activity, would
be called a computer scientist Today,
this 1s becoming less true, research is,.
revealing  structural surularmes
among some apparently very
different problems when they are
viewed fr6m the perspective of
computing, and surprising differences
among others The study of these
structures and ‘their significance for
computer design, irrespective of the
“pltimate application, 1s defining the
new field pf computer sciences

The Invariant Subspace
' Problem .
.» Hilbert spaces are nfinite-

dimensional generalizations of or-
dmary, fimite, , Euchdean n-spaces
They play a pervasive role in many
branches of both pure and appled
mathematics, from represéntations of
groups to quantum mechanics to
differential equations As infinite-

dimensipnal analogues, they carry

both an algebraic vector structuyre,
which permits the useful representa-
tion of many problems, and related
geometry -or topology, which permits
matheM¥ticians to bring théir n-
tuitiohs to bear One of the most
intensively studied objects an all of
miathematics 1s that compoged of all
mappings of a Hilbert space that
preserve important algebraic and
geometric properties These map-
pings are called_the bounded linear
operators on the Hilbert space Some
of, them carry a portion—a
subspace—of the Hilbert space back
into 1tse!f Such a mapping 1s termed
“invanant ” An important problem in
Hilbert space  theory, the Invariant
ubspace Problem, asks whether

"

v
.
.

ptoblem, the resolution of which will

_allow greater understandmng of ghe

structure of bounded linear operators -
as well as of th ates themselves
Important progress toward answer-

« Ing Hus question was made recently

in both the positive and negative
directions A Russian, " V.1,

Lomonosov, showed during [1975-76
that the answer 1s ye!for a large class
of bounded lnear operators An
egually important negativé partial
result was obtained last year by Per
Enflo, of Stanford University, who
produted a Banach space (a further
generalization of'a Hilbert space with
a more complicated geometry) and.ar

operator on that space such that the

oMy nvanant subspaces of the
operator are the zer& vector and the
ire gpace .

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

*  Recent Résearch on

’ Geometry: Plateau’s Prohlem’

The elusive principles that govern
the shapes assumed by bubbles and
soap films have interested scientists
and mathematicians for at least a
century Such a quest-is not idle
Mathematncnans%ursue 1t because the
principles involved have relevance tg
ipportant  studies  of surfaces 1n
geometry,-and these, in turn, have

_relevance to minimal energy prifi-

every bounded linear operator has an

inwapiant subspace (other than the

zefo vector and .the entire pexe) '

‘Much work has been done op this

.
w

2
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caples in physics and epgineering
Investigation of the. number of
different forms taken by bubbles and ;
films suggests “several possible prin-..
ciples (17 A compound bubble or film
stretched on a wire frame consists of’
flat or smoothly curved surfaces
_smoothly joined together (2) There
are only two ways in which the
surfaces meet: Three surfaces-can
meet along a smooth curve, or six
surfaces meeting along four curves
can come together at a vertex (3)

) v
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Radiolaria show the curves and angles formed by thg bubbly froth
surrounds the organisms’ protoplagm when alive The skéletons, all thatfsurvive when
the animal dies, apparently form from the :natenal depogjted out of the gells at the film
margigs .{From Ernest Haeckel¢ Report on The Radiolaria Collegted by H.M.S.
- Challghger During The Years 1873-1866 ) .

o

5

+ The junctions bétween curves always
appear to meet at equal angles

Al
The Belgian physicist Joseph Ab
Plateau, who conducted his researché
mgre than a century ago, gecorded
these simple general rules, h‘nar’ne
has béen- given to the wide range of.

problems stemming from these and.
related phenomena . )

’
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Recently, Frederi
of Princeton Unuversity, and Jean E.
Taylor, of Rutgersf The State Univer-,
sity, have been

4 N
Thetr  proof fe\)ea}é /the  true
geomefric underpinning/of Plateau’s
‘rules, and~ goes beyond, sinceethe

fully determined by.Plateau’s three
rules. For example, /the mean cr-

sgparate ,iplece of +
e donstant, This ad-
difional condition/ and all/other such
conditions, appedr to befsatisified by.
the -Almgre del

o

variant
for the shape of a liquid in a container
rm when £apillary effects are
presept, and thefr additional applica-
gon/to changey 1n_ shape over time,
impinges upoAh an area ‘of .active
themiatical/ ‘research with many

{ake proper responses tontindes to

e a forefront research area; it has

also become an importént part of
many computer appliatlons' This
=tategory of computer reSearch 1s,
often- termed pattern recognition or
Image processing.

One example of a project in this
area .which combines _ forefront
research with an important applica-
ti8n 1s an’effort funded jointly by
NSF and NIH’s National Heart and
Lung Institute. - This project is
attempting to develop three-
Himensional reconstructions of rapid-
ly moving organs such as the heart,
and of large mdving organs such as
the lungs. ) s

Computer processing of images
provided by X-rays or ultrasound is
already in widespread use for brain

.

recognition problems where the parts
of the body’ are stationary. But the
analysis and representation of motion

3
!
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. 2 syry Thus, the
\'gcuses upon those areas

Heart and lung. Computerizéd reconstructions n’ three dsmensaons of ¢t

. heart (lefty and lung (right, with an indentation §howing the location of th)
intact animals are’ made possible by advanced mathematics and

... tomegraphic equprment This technique promises to become a powegul\

’
)
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¢ beating
heart) of
developing
ew medical

~diagnostic tool (Photos by Gabor Herman/SUNY-Buftalo )

/

pose sproblems for which more effi-
ctent computer procedures (algo-
nthms), more effective computer
configurations, and more efficient
. + mathematical processes are neces-
) research thrust

+ The research so far—by Gabor T
Herman of-~the State University of
New York at Buffalo, working with
physiwologists-at the Mayo Clinic—has
succeeded 1n X-raying the moving
heart” and lungs* of experimental
animals. The ‘expennménts, .however,
involve 1mposing constramts upon
the spbject that would be unaccept-

" able 1n a chnical situation Both the

computer algonithms and the X-ray

. .equipment are being modified, how-
‘ever, to bring what promses o be a
powerful . toql of medical diagnosis
closer to fruiton -

]

- Graph Problems

- Graphs can be used to describe the
underlying structur® of many psob-
lems that are solved on digital
computers These include, for exam-
ple, process schedulings minimization
of aircuit components, or traffic flow

~ problems, as well as the operation of

’

REK

g

. -
Non-planar. It

- /'
- . . .

computer  proggams  themselves
Because of the widespread occurrence
of these kinds of problems, the
procedures for s$dlving 'them are
attracting a good deal of ‘research
atfention .
One example, representative of a
broad. class of graph problems, 1s the

effort to determine whether a given

s I3

\

1S impossible to connect
the three houses (squares) to the three
utihties (circles) without at |east Qne
crossing, so the resulting graph must be
three-dimensional Knowing if a three-

.dimensional désign can be represented

on a two-dimensional graph 1s important
1n many applications, such as the layout
of electronic circuit boards As a result of
recent research, such problems are now
solvable with a greatly.reduced number of
steps

- .
+ - a

»

¢ - "

graph, which may have been initally*
designed in three dimensions—in a
prototype _electromic  circuit, #¥or
example—&n be laid out on a plane
without crossing wires. This 1s 1m-
portant toethe design of cirtuit boards
or integrated electronic circuits; the
manufacturing  process  requires
planarity, and crossed wires would -
lead to {hort arcuits

Until recently the known algo-
nthms required n? steps t&3olve this
problem, where n 1s the number of
vextices (1. , terminals) in the graplt
For a arcuit with 100 connection
points, abpit 1,000,000 operations,
were required Now Robert Tarjan of
Stanford University and John Hop-
croft of Cornell University have
discovered an algorithm that requires
"a number” of steps only proportional
to the number of vertices, i.e.
approximately 100 for the example
above.

This reduction was achieved by
applying modern computer scrence * .
techniques, te mathematical results L
going back ‘almost 250 years: the
formula developed'in 1736 by Swiss’
mathematiaian Leonhard Euler, From
the Euler formula, one qan deduce
that, 1f a graph 1s planar, then there
are no more thah 3n-3 edges 1n the .-
graph. Since this imphes that the
number of edges is lingar in relation
to the numbef of vertices, they
sought ah algorithm that is also
lineat ’ ’

The resulting algorithm employed
three computér science technigues in
an -optimal way. The graph~was" ’
broken down into smaller subgraphs,
and 1t was proven that, if the™a
subgraphs XMere planar, they could bé:
recombined in such a manner as to
embed the original graph in a pl
this "built on previous results by L.
Auslander and $.V. Parter (1961),
who themselves had an n? algorithm,
Then Tarjan and Hopcroft insured
that the various edges were con-
sidered 1n an gptimal order, so that
once a set of edges had been ‘con-
sidered, it would not have to be-

I

\




. * reevaluated And finally; they apphed
dafa structures of sufficient efficiensy
to insure that the data were accessed
in the proper order The result a

- L2

linear afgorithm for the determina-
fion of the planarify of a imult-
dimensional graph, 1n a manageable:

_number of steps .,

.

. -

Engineering

)
. ) .
. .
American ¢hgineering schools can

world leaders in science-based 1n-
-novative technology To a large
extent the schools’ ability to do this in
the future depends on “continuing
1nvolvement of faculty and: graduate
students in research that provides
new design principles, replaces em-
pincism by understanding, leads to
fundamentally new ap@proaches 1n

how relatively new science can be
applied to the solution of important
problems n energy convgrsion, re-
source management, production, or
other » areas of man-environment
interactions  Support  foe  such

NSF’s efigineering program
__—NSF 15 the gnl¢ principal soutce of
funds for %‘g—range ’ engineering,
réfearch, although colleges do obtain
support for work on more short-
renge problems from NSF's Research
Applied to National Needs (RANN)
progra nd from some mission-
onented _agencies Oftent the early,
“high risk” stages. of research are
supported by NSF's engineering pro-
.grams; later, when useful applhications
become clearly apparent, mission
. agencies or industry take over spon-
sorship or provide supplementary,
@panded support
The major research areas finded in
engineering are electrical sciences and
analysis (including systems science),
engineering chemistry and energetics,
and engineering mechanics .
* _ _The re¥arch effort in electrical
sciences has had major impact on the
newly emerging field of optical com-

-
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be proud of their success in educating.

Hdevice or process design, or shows

research in unwversities is provided by *

munications, where visible hght and
infrared are used in place of radio
frequencies to make possible vastly
greater volume and speed of informa-
tton transfer Work on new device
concepts for mforma,tfori processing

and measurement has been fostered -.

by "new developments in the un-
derstanding of the superconducting -
state of matter and by contmued
exploratlon of the properties of semi-+
conduggor materials Research 1n
plasmzﬂdynamlc_s has led to- an
understanding of some phehomena
that will be important to the eventual
harnessing of the thermonuclear
reaction for energy conversion
New 1deas n image analysis and
processing have found important
apphcations in medicine (radiology)
and agriculture {remofe sensing of
crop damage), mathematical systems
theory 1s being developed for applica-
tion to complex energy systems,
farge, interconnected -computer
networks, and, possibly, socio-
economic systems -
Research 1n engineering chemistry
and energetics has led to a better
understanding of mechanisms such as
catdlysis and masg transfer, which are
afundamental to many chemical
processes New methads for deter-
mining thermodynam:c properties of
c3Mplex mixtures have been devised
which will be extremely useful, for
example, in processing of natural gas
and n"coal conversion, and m many
other applications
New mathematical techniques have
been Qeveloped for the prediction of

heat transfer 1n complex con-
figurations, these are likely to lead to
. , i

AN

more efficient con:\bustion with fewer ,

pollutants. Progress. has also been

made 1n-characteizing mathematical-

ly the size ahd sépe of particles—an

essential step for improved design

«and automatic control of parhculate
processing operahons in the mineral

industries and

Ssystems .
Substantial new predictive capabxh-

ty has been achieyed in describing the

transport ‘of particle-carrying liquids

through porous. structures—know]-’

in waste disposal”

edge that will have a major impact on .

the design of wastewater treatment
facilities Improved understanding of
porous structures w:ll also be impor-
tant in devnsmg systems for secondary
and tertigry oil recovery from partially
exhausted_oil wells

- Research in engineering mechans
1s ‘concerned with problems in fluid
and sohd mechanics which are of
fundamental importance to engineer-
ing design and must be solved if
larger, more complex structures—
bwldings, dams,” pressure vessels—
are to be built safely with minimum
use of energy and materials. Concern
extends also to water resburtes and
environmental engineering, pollution
contrdl, geotechmcal engineering
{(which depends upon an understand-
ing of the properties of rock and soil),

and ‘to biomechanics involving the -

apphcatign of solid and fluid
mechanics to proBlems i blology\or

medicine. .
New and deeper understanding of

important phenomena has been ob-
tained and new math¥®matical, com-

“putational, and measurerment tech-
miques have been )applied, for
example, to turbuleht miing of

fluds, propagation of stress waves in
pressure containment vessels, sedi-
meént transport in rivers, and behav-
1or of frozen soils
3
More Precise
Thermodynamic D

High purity separation and precise
blendirg dre two crucial operations in



¢ -tly utilization af-wratural gas and
sified coal, both as fuels and as base
. SChemucals In order to achieve these
ob)ectlves with minimal energy gon-
sumption, *‘accurate thermod.ynamlc
- «data surch as vapor-liquid equilibrium
’ ' (VLE), muxture~ dgnsity, * .excess
- yolume, and interactidn .coefficients
are indispensible Some of these data
.have heretofore resulted from very
tedious - experimental pracedures
while «gthers must be taiculated or
predicted indirectly. from measurable
quantities, ogthereby _incurring  un-
acceptable errors Such difficulties
.+ Can now be q.\ercome by the novel
- use of the Blirnett apparatus
A typical Burnett run consists of
filling a cell with a flud, raising it'to

some elevated pressure, and then

- - making - a series of ¢onstant-
- temperature expansions , into  an

* evacuated _second cell,’ with the

pressure recorded after «each expan-
sion The advantage of this basic
Burnett procedure 1s that 1t requires
< * pressure and temperature bheasure-
ments only, thereby eliminatmg

. mass volume determinatigns
) Under sugport from NSF, K.R.
Hall and his. coworkers at Texas
A&M Unwversity have carefully con-
! structed a heliuM gas-bath ther-
mostat to maintain The temperature
within thg apparatus constant to
* within 0001° K Using a standargf
playinum  resistance
temperature .measurement can be
* made to within 00 K They have

+ also developed a unique techmque for

differential’

using a .pressure
. transducer, greatly simphfying ob-
, servations and achlevmgs precisions of

better thah 0005 percent of the
“.which are a

- préssure, order’ of
magnitude better than current
manufactyrer specnhcatxo‘ for this

- “neasuremgpt’

. A novel co/‘mg of the- 1sqch0r|c
_{constant-volu method with the
“basic Burnett dure  hasgalso

* « contrtbuted to this fubstantial in-

" crease in precision as well as furthg;J

N

errors associated -with §ampling andy’

thermometer, ?

.{ . -
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exp%‘al‘efﬂcxency A less ob-

vious but equally importdnt advan-
tage 15 that the volume dlsto;tlon due
ta pressure can be observed .ex-
perimentally relative to +the base
1sotherm . !

Hall and hus coworkers have also
gansed a mixing expenment that will
produce extremely precise composi-
tions, excess volumes, and interaction
_coefficients, all within the framework
of the coupled experiignt Most
recently til} have also copcéived an
experiment for vapor-hquid equilib-
rium studies by incgrporating a mag-
netic densimeter 1Mo one of the

' ' Butnett cells Basically the magnetic

densimeter is simply a magnetic float
.that can be levitated in the'fluid by a
magnetic field The current required”
to generate enough magnetic field to
lewstate tHe float 1s directly propor-
tional to the density of the flud
containing 1t Material-balances allow
the calculation of compositions from
the iquid and vapor phase densities
Sampllng and uchromatographlc
analysns, whxch are the  primary
sources of errors in the VLE experi-
ment, are thus 'elimmnated These
researchers have successfully oper-
ated a prototype ,and are in the

S I
15,

‘
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process of constructing a precise
apparatus- with” which activity coef-
ficlents with 0.1 percent ,accuracies

- should be routinely possible '

This research was started with an
NSF Research Initiation Grant to the
Unwversity* of Virgima, where Hall
taught as An assistant professor As .
the work proved to be su¢cessful and’
the results showed cdnsnderabk
promise for the energy mdustry
complementary support was préyided
from the’/}mencan Gas Assocnatlon

+ Kinetics of De'ep
K Bed Filtration -
’ -

Transpdrt\processes within porous
structures consititute a body of

‘ phenomena that are wvitally important

in many fields, including water and .
wastewater treatment, chemical react \
tor technology, hydrology, pil
recovery, and biolpgical systems A
continuing program of res€arch in
s area has already had a majot
impact on the field because it ‘has
succeeded in iitroducing a new and
more realistig model of the parous
strigture The=research was started
by an NSF grant fo'Chi-Tien and,
RaffuM Turén, of Syracuse Univer- |

Fittration in deep porous bedo’A new model to describe perous medla——ampoﬁant n
many punfication and industrial chemical \procasses——prdjlcts how parhc]es are ,

filtered from a fluid strea

colhision with the'channel wall (left) Italso accounts fdr

\

pore blopkqge oy acay tion of relahv& smajl parpcle$ (right) e )
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or hquid and su'b]ected to u'npulswe
and periodic, impiact loadings

. sity, to carry out a theoretjcal and
==+ experimental study of filtration 1n

deep porous. beds, with assistance However, the standard analytic
from then-graduate student A.C.. technigue, using expensive finite

*®  Payatakes. ’ difference or finite element computer
The, accurQ;y of the porous media codes, can handle only the simplest

model they developed, which- con- cases In recent years.a method that
gisted 6f a statistically -distributed had been developed by geophysncxsts
array of penodically coristricted to analyze elastic waves in layeréd
tubes, ‘was Such as to be capable for media bounded by plane surfaces wa/

the first time of quantitative pnedncC— apphed to this proglem At Cornelt

tion of the dynamic behavior’ of Unwersity, Y.H. Pao extended this

*. processes within porous structures ‘Method of Generalized Rays to

* * THerr results represent fhe first include curved surfaces in order to
s ngordus  and quantitative theory apply it to pressure vessels Pao’s

‘relatirig to filtration in-deep beds The - method proved very powerful n
porous media modet predicts-the rate
of removal of partjcles from the fluid

stream

(rae of fltration)

through

calculation of particle trajectories It

also accounts for

the tremendous

handling the more complex #ases,
such as vessels with large thxcknes{‘
and off-axis loading. An important
finding of this analysis 1s that large
tensile radial stresses may develop n s

being applied in the nuclear power
and other industrgs .to detect thé
possible fallure of pressure vessels.
The current state of the art is to place
a transducer on the structure and to
count the number of events per unit
time. This count 1s then used to

identify empirically the nature of the -

source (defect) gererating the
acoustic emussion. Pao Has shown
from his analysis that the count of
events per unit timé depends not only
on the nature of the source, but also
on many ofher factors such as
distance between sourcland receiver,
wall thickness,”and the
being tontained Thus the existing
AE_technique of associating the count
rate with the %ime hlstory of the
source 1s open to s question.
In order to ipffestigate this finding

pe of fluid _

"Pao and W.H. Sachse

increase of pressure drop and energy
consumption caused by deposition of

the vessel when subjected to dynamic

loadings . -

Under static internal pressure, the
radial stress in a vessel 15 always
compressive, ‘'with the peak magni
tude being equal to the . apphe
internal pressure . However, Pao’s
research demonstrated that under
dynamic loading the radial stress can
become tensde as a result of multiple
reﬂectionsz:fthe stress waves, and
that under -the most unfavorable
condltlons the ‘tensile stress can be
twice as large as the applied pressure
These restijts have not bken reported-
before i the open literature, and the
possibility of eveloping large tensile
radial stresses 15 not mcluded in the
current design of concrete contain-
ment vessels for nulear reactors
Since concrete 1s weak in resisting
tensile stress, such a large tensile

. radial stress may generate“cracks in
the concrete‘or cause it %o spall.

An unexpected result
research' relates to the current
procedure fog interpreting acoystic
emission signals. Acoustic emission
(AE) 1s a new technique being

", a relatively small amount of particles
The morphology of «the particle
deposits and the, geometry of the
porous media model show tbat entire
channels can be closed to flow by
lodging of & cluster of particles at a
nafrow passage '

This work has been followed by a
resurgence of dctivity,-as well ad new.

. contributions, n aerosa]l hitration,
.the ,morphology of particle deposits,

. iheat and mass transfer in trickle beds,

% and adsorption and chemical reaction

in packed bed systems It led to the

fact that. Payatakes now a professor

at the University of Houstonsafter a

year in industry, becamé the first

American to.win the Suttle Award of

the Filtration Society - ]

.. Dynamic Stress Analysis .of
’ Thick-Walled
'+ Pregpure WVesbels

An impdrtant pproblem that ghe
nuclear power industry mfust ‘deal
with > 1s determiming the dynamic
stresses and displacements in thick-"
'walled  spherical and cyhindrical
pressure vessels’contumng elther air _

location of cracks and materials
dgfects from the acoustic signals
(elastic waves) emittéd by them It is

a . - s v,

'\')4‘ ' - s 28 .
* N . . . 4 .

developed to detect the nature and ™ transmit,

in more

ha

eoretical study of pulse propagatnon
in a plate The properties 6f 'a wulse
generated by a symulated souyrce of

" defects are being examined to deter-
_mine the relatonship between the

time history of the source function
and, the signal received at the
transducer

Novel Devices for
' Optical Communications -

s the frequency of an information

carrying wave increases, so does its

potentially useful bandwidth: its
ability to carry information The use
of microwaves has vastly increased
the «carrying capacity of . com-
munications channels. The’ next
quanturh jump 18 seen as being in the
use of light as the carrying medium;

with its enormously higher frequen-
of this .ces, 1t offers the promise of expand-

ing useful bandwxdths‘by hundreds to

thousan? of* imes.
This depends, of course, on the
avaxlabxhty of the- technolpgy to

receive, and‘convert the
information carried in optical tom-
murications  sysfems. Recent

- developments in the field have made .

5 @
» ~f.
- »

gun an experimental and-
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it clear that closely .spaced metals current flows The current-voltage

have the inherent ability to provide
the high capacity (wide bandwidth)
needed for functions such as recep-
tion in light wave systems. It has
been experimentally and theoretically
deterrined that electronic currents at
frequencies corresponding to infrared
ot light wa?'gs can flow between two
such®closely spaced metals. In addi-
tioh, 1t has been observed that
currents at two or more high fre-
quencies can- be ‘mixed together to
generate carrents at new and very
high frequencies These results
demonstrate significant charactens-
tics that are requred for sub-
wayelength size infrared or optical
frequency mixers, " modulators, rec-’
tifsers, fréquency converters, and

# many other communication elenfents

which are commonplace at lower
frequencies today and which are
necessary for communication
systems

Why investigate metals for optical
frequencies? First, the characteristic
frequencies of metals arg un the
ultraviclet portion ~ of ' th®™s elec-
tromagnetic spectrum The electronic
I of. a metal interacts strongly
with optical radiation Also, metals in
close contact with one another can
pass electrons between thém within
107'® seconds.

One of thé processes “through, -

which a light wave Interagts with
closely spated metals is callecfelectron
tunneling. This process depends upon
the wave nature of electrons {quan-
tum mechanical effec}) Quantuni-
mechanically, the electron can travel
through the barrier if‘the barrier 1s.
thin enough, In a typical tunneling

process, a sharpened tungsten tip—as |
small ag 300 Angstroms in radius—*

nearly touches a gold surface. A thin
insulating , layer separates’ the two
metals to form the tunnel junction If
no voltage 1s applied to a tunneling
junction, no net current-of electrons

, flows from one metal electrode to
another Wherr a voltage is applied °

*across the jynction, however, net
. hd .
r . .

Q .
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characteristic exhibits nonlihear be;
havior | that s associa with the
tunneling current.

At the i ity .of California,
Bexgkeley, a fiumber of key results
have been obtainéd by T.K. Gustaf-
son and his colleagues in this new
field The highlights pf this research
m?de the further experimental and

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

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

‘

S ;_‘vf it %(:‘,-ff., - .

Antenna

SiO Iaye\r

= :
. ~

Nickel elpctrode,
(Surfape oxided). —

Substrate
(Quartz. snhcon?

< ~

« Nickel electrode
<+ 100 A thick

Optical hardware. The eventual devﬁﬁpment of the rich potential of optical
" communications depends on techniques to manipulate the optical signais in useful
devices Recent progress in the use of metal-to-metal junctions throygh which
electrons tunnel shows promise This nickel-gold junction diode,”in which the goid

antenna is only one-thousandth of &'miiim

frequency voitages

.
. M ~s

theoretical verification of electronic
models of tunneling and rectification
processes at optical frequencies, the
‘mixing of two optical frequencies,
and the fabrication of thin"film
junction’ devices- that have an ex-
tremely small area, similar to the

point contact structure, and operate’

under conditions of. high junction

-
> .
> v

ster wide, responds to infrared or optical

’
Further research in this area 1s likely
to have a profound influence upon
the future development of many
electronic - devices. In optical com-
munication systems, the research
may provide a unification of tech-

niques used both in present electyonic .

devices and in the gmerging field of

‘Integrated optics, gwhere ultrasmall
voltage and low junction cdrrent\It _campenents are fequired

ot

i




Materials impact to some degree
- virtually every' aspect of modern
- avilization They are of critical im-
portance to manufacturing and serv-
. ice technqlogies, to national defenge,
and to the solution of cotnplex energy

r
. and environmental problems -One of

materials research psogram «s to
s improve man’s understanding of the
basic scientific principles,and concepts
that underlie the pfoperties of

materials Pursuit of these otzfctnves
involves multiple science an
engineering disciplinés including sohd
state physics and chemustry,
metallurgy, ceramics, and polymer

" science L ~
Although . thdterials research ad-
vanced across a broad front during
. /the‘ past yéar, particularly note-
worthy progress occurred in the
* areas of surface science, sufferconduc-
tiyity, and in the preparation of
.. “ materials possessing unusual proper-
ties Sophisticated, new experimental
techniques played key roles in.many
of these developments, and none
more so than synthrotron radiation
In addition to 1ts exceptional intensi=
ty, short pulse length, and spatial
.directionality, s¥hchrotron, rddiation
- 15 nearly 100 percent plane-polarized
This last property has been used by
- N Smith and M Frautn of Bell Labs
and G. Lapeyre and his coworkers at
* Mentana State to study the angular-
dependent photoemission of electrons
. from the layer-cornpodnd tantalum
- sulfide  These vations, "Con-
ducted. at the synchrotron radiation
8 fachty at the University of Wiscoft-
sin, provide , insights - yto  the
- symmetry and energy-depe dence-of
- the local electronic statey, Such
- information 18 critically, impor
catalysis research (the search fgr

o

/ .

.

the principal objectivgs of NSF's.

~ 1V -

-“ Materlals Research

-~

ways to speed up specific cHemical
reactions) in that 1t provides an
understanding of the atomic nature
of surfaces and how surface atoms
. are affected bp-adsorbed molecules.

In understanding how catalysts,
work, ‘one ‘must w the sequence
"of steps by which the initial reatants
-are converted to the desired
products, 1.e, the ’reaction
mecharusm ” At the Calfornia In-
“stitute of Technology, W.G. God-

« dard, 1II, and his collaborators have

successfully used quantum theoretical
methods to calculate the relative
stabilities. of surface species. These

_initial results, which will be carefully

tested against additional experiments, -

permt them to 1dentify highly unlike-
ly reaction mechamisms and ‘to
propose more {éasonabl@ternatwes.

Metallurgists are also contnbuting
to the' advancement of Ccatalysis
research by studying. particle ag-
glomeration and smtering In catalysis
support systems ooperative
research efforts by ] Tien at'Colum-
bia University and N Gjostein at
Ford Scientific Laboratories' have
shown that decrease of catalytic

rate of catalytic reactions, and H

understood, cotld result in the.
__development of more  effective
catalysts.

A number of interesting new

materials have evolved from NSF
pr¥grams durinithe past year. At-tie
Unwersity of Chicago, J. Ito and his
collaborators have succeeded:for the
fifst time in growing sizable, gem-
quality, single crystals of several
sihcates by @~kygh temperature sol-
vent growth method The availability
of such specimens for ‘chegn‘al,
structural, and physical property

measurements _ hag always been
¢rucial to -progress in materials
research. .

Scientists at the University of
Pennsylvania are synthesizing

pounds fr the purpose of under-
standing hbw their physical propertigs
ate related to crystallographic,
chemicaly and electronic -structure
factors In one 1nstance, .graphite
reacted with antimony pentafluoride
yielded. a .material whose electrical
conductivity was about 150 percent
that of pure copper In the long term,
such fundamental studies could have
great practical significance Graphite s
abundant, hghter than copper; and can
be formed as exceedingly strong'fibers

Finally, efforts by R. W. Lenz and
W< ]. McKnight at the University of
Massachusetts have resulted in un-

selected {tercalated graphite com-

surface area 15 the primary reason fore ysual polymeric materials that func-.
the thermal degradation of supporteds tion as either rigid plastics or flexiblé

catalysts

A combined theoretical and ex-
perimental study at the University of
Califormia, San Diego, under the
direction of H. Suhl and M. B, Maple,
has ,demonstrated the effect of a
ferromagnetic  phase transiion n
nickel on the rate of surface oxida-
twon  Similar, effects have been
observed near the terroelectric trans:-
tion temperature ofy potasgium
niobate and the strutt/al transition
temperature of cobalt It
that these fluctuations determine the

15 speculated i

rubbers. Such matenals, known as*

thermoelastomers, have been pro- «

duced commeraally for a number of

years. However, previously available .
materials  lose’ their mechanical

strength at relatively low temper-

atures of about 100° C The Univer-

sity of Massachusetts’ thermoelas-~
tomers, which use pivalolactone as

the basic monomer, retain® their

mgchanical integrity at temperatures

approaching 200° C and possess
supertor mechanical strength at room
_temgerature. -

| )
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Male<ul n Metal Surfaces the-photoemission process in_those produce altermate thih layers of

" A'central problem in understanding
surface’ phenomena and catalyti¢
processes js the bondll\g configura-
tion af adsorbed atoms and
molecules . Although this encom-

gas phase molecules of interest to the
surface research £. W. Plummer and
T Gustafsson ‘measured the photo-
emission spectra for some 10 to 15
molecules, including nitrogen. carbon
monoxide, and carbon dioxide. while

on a substrate.
e layers can be

different material
The thickness of

“varied from 10 Angstroms to more

than 5,000 Angstroms.‘Whe{eas most

arrangements for growing materials ~ .

of this type-utiize moving sources

.passes both geometrical and elec- ] R Schneffer' and P Sovernn that deposit the material on a fixed
tronic copfjguration, 1t 1s currently developbd:a theory ‘capable of quan- substratg, the Stanford approach
the lack of geometrical information titatively “explaining the resitting 1nvolves stationary magnetron
that most seriously hmits progress in  data This joint gffort ift itself has led Sputter sources that deposit the

the fild, begause catalytic activity
“depends crucially “on the bonding
geometry of the adsorbed molecules
In a combined theoretical and ex-
perimental program. surfacé scien-

~

to a detailed understanding of the

layers alternately on a movmg sub-,

photolomzation process that repre- - strate This techmique yields a high

sents a major advance ip the field of
gas phase photoonization The sec-
ond, step in the program was to

rate of deposition of extremely: uni-
form -layers and permits 1mpgoved
control of important éxpemmental

tists 4t the University of Pennsyl- modify the theory to take into parameters such as the energy- of the ,
vafia . have succeeded in demon. account the changes introduced in the incident-sputtered atoms. ingeraction
strating how the ‘geometrical orien- .photpemission when the nfblecdles’ between' source and sam and

ration of simple molecules adsorbed
on a metal sur;face can be unam-

are adsorbed on a metal surface and
to measure the corresponding photo-

substrate temperature ~
To date. composite. layered strac-

biguously deterrhined - emission spectrum of the adsorbed tures of & number of different
The experimental approach molecules combirations of elements have been
employed by these researchers s This approach 1s currently being  prepared having a wide range of layer

angular-resolved photoemission spec-
troscopy In this technigue. polarized
ultraviolet hght (from the Syn-
c)'\rot{on Radiation Facility at the
Unifersity of Wisconsin)
. either at free mglgcules in the gas
phase or .at the same moleculgs
adsorbed on the metallic _surfaces
The inadent hight excites electrons
from the various electronic states
within the moleculés with an energy
sufficient to eject them from .the
molecules By measuring the energy
distribution of the emitted electrons
as”a function of angle and of the
polartzation and energy of the ince
dent radiation. a wealth of informa-

<

tion concerning the eletfronic and’

geometrical configuration of the
molecules can be obtained

An 1mportant key to the problem

15 directed

used to study other and more com-
plex molecules adsorbed on metal
surfaces and to investigate their

®lectronic as well as their geomgtrical
“properties

At the ™ame time 1t
lustrates a new and potentially
fryitful- direction for surface and
catalysis research. in  which the
propegties of solated gas-phase
molecules are used to obtain insight
into  related pr()ﬂaémes anvolving
actual surfaces
y

" The Formation of Layered.
Struttures

A process to form layered struc-
tures, and also amorphous composites
and synthetic crystals not observed in
nature, is under development at the
Materials Research Laboratory -at
Stanford Unlversny by a group led by
T. W. Barbee. %ese unique

- urring ‘
‘ /:Jenodlcally altérnating phases appear

thicknesses  X-ray diffraction,
together with Auger .spectroscopy.
has been successfully used to deter-
mine both the thickness and uniform-
ity of the layers (fow angle- X-ray -
diffraction) and the structure within
the. layers (high- angle X- ray diffrac-
tion) In “general, ‘as i the case of -
copper-niobium or moblum-tungsten
composites, well defined. -uniform”
layers having structures character-
1stic of each of the two Components
are produced These are manmade
examples of special. naturally oc-
structures In which two

in alloys® under certain condifions.
These materials had been studied
previously by other mvestigators
such as J. E. Hilhard at the
Northwestern Univetsity, who found
that they can exhibit unusull me-
chanical strength Ad ductility «

.

molecules 15 modified by t in-  materials are of conslderable potential _However. when the’ thxckness of
teractiog with the surface. dertain interest with respect to therr mechan-  the layers is reduced to below ap-
characteMstic fpatures of this dtruc- 1cal. magnetrc. and superconducting  proximately 40 Angstroms. unex- ‘
“tup¥ remain unehanged Thus. properti€s pected and unusual structures efn

Q

The synthesis process makes use of
physical vapor deposition methods to

31 -

appear In the case of both dopper-
niobium and nwbium-tungsten the

ERIC - | -
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trysthl lattices of the two materials
influence each “ other ‘(epnta‘xx) such
that the layered structure no, longer
exists. The resulting lattice Spacing
becomes , uniform. throyghout the
material. and ‘tcan range anywhere
, l!Jetween that of either of the two
constituent elements, depending on
the relative thickhesses of the layers
Similarly, the electronic properties no
longer exhibit a periodic variation,
.but are uniform thréughout the
structuse Since copper and niobium
are mutually insoluble 1n the' sohd
"state, these synthetic “alloy” crystals
represent totally new matarials th
* are®not observed In ‘nature Similar '
"interactions are observed in thin-
: layered composites Consisting  of
either tungsten or nmobiume with
,amorpl}ous materials such as ger-
: manium or carbon In these cases;
however, the intetaction between the -
‘layers caf induce the nprmally
_crystalline  metald " o be¢ome
amorphous also* Again, since these
metals are not ngrmally stable’in the
" amorphous state, riew materials that
do not occur In nature haye “been
produced o
In additibn to the interest in the
_ physical properties of these unusual
composite materials, they offer
potential” for ymportant applications
such as efficient “monochromators
and analyZers for X-ray spectroscopy,
optical ‘gratings ranging from the
1nfrqréa to the uf olet, and wafe ~
guides or “light pipes” for controlling
and directing X-rays .
Measuring Tiny Polym
_Single Crystals
0 :

The iimplest morphologic
available to polymer scienti
. polymer single cfystal Ho
polymer single crystals are typically
_only ten wavelengths of light (5
ticrons) on a side and 50 atoms (0 01
micron) thick*~the larger dimension 14
far less thag the diameter of a human
hair—and thug their physicabproper-
ties have not previously t:een directly
-

v
‘r
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So-called

amenable to study complex polycrystalline, multiphase
crystalline’ buik pblymers, however, systems. * .
* are composed of the tiny, randomly At the Case Western Reserve Unit
oriented single crystals embeddéd in  versity Materials Research

matrix Therefore, Laboratory, -R  Hoffman of the

an amorphous ;
until now 1t has been necessary to Physics Department, P H. Geil of the
infer the properties Jf the single .Department of Macromolecular Sci-

crystals from experiments on these

ence, ancb their coworkefs have now

*

* i 3

Méasuring Crystal properties. A newly deveioped device now’permits the direct
measurement of mechanical properties of single, microscopic crystals of polymers,
important in understanding the physical behavior of these widely used materials ina
Z'nanotensiiometer” this tiny polyethylene crystal, deposited between two movablé
surfaces, has been pulled to fracture and the force measured. The gap between the
surfaces 1s only threé-thousandths of a millimeter (Photo by Case Western Reserve
Materials Research Laboratory ) ®
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developed an instrumenit 2apable of
measuring directly’ the mechanical
properties of polymer single crystals
Called the nanotensilometer, the
instrument 1s constructed on the
concept of an inverted péndulum and
consists of two identical platforms
that move in concert so that external
mechanical wvibrations do not affect
their relative position The
polymer single crystal is deposited
from solution across the gap between
the two platforms The mechanicl
properties are measured by applying
an electromagnetic force, . which
. separates the platforms and stretches

- the sample The elongation of the

sample s determined from an ex-
tremely accurate.measurement of an
electrical “apgcitance ' The applied
force can be measured accurately to a
fracyion of a dyne, while the smallest
displacement that can be measured 1s
. 3. Angstroms, or about one atomic
radius It 15, planned 4o utilize the
nanotensilometer ‘g() conduct exten-
sive studies of the mechanical proper-
ties of a_varsety of polymer single

crystals The results of such measure-

ments and their interpretation should
be of intense interest to a broad
" spectrum. of the polymer scientific
commupigy

Fatigue of Mefallic Materials

. LY
If one mechanically loads and
unloads (cycles) an annealed metal,

nitially_at  hardens rapidly  With

. accumulating cycles, the  hardening

rate approaches zero, a condition
termkd saturation This 1s considered

prerequmeite ta crack initiation, which

may lead {o fatigue failure in service
Current theories of saturation are
based on transmission electron
microscopy  observations of dis-
locations _in” the bulk of fatigued
samples, yet currenf understanding
of matérials behavior under egwmplex
lpading conditions 1s very poor As an
example, 1t 1s not understood 'why

. ’

tiny_

f

- \
large loads - followed by small cycke
loads are, for certan metallic
maérlqls, less damaging than the
same loads applied in a different
Srder d ‘

C Laird and _his coworkers at the
University of Pennsylvania are trying
to understand, as a first step toward

"the solution of such problems, the

mechanism of cyclic deformatiger*of
copper single crystals in low/#strain
fatigue They addressed, the question

/ 4400 CYCLES

§ ,

300000 CYCLéS

ta) SPECIMEN C26
) A 00025

« 2750CYCLES

ib) SPECIMEN C14
3 ' 0005«

1420 CYCLES

12 000 CYCLES

tc) SRECIMEN C29
Av, = 0.01

Fatugue“defo;mation. Tensile loading and
unioading of an annealed metal results in
imitial rapid hardening « With increasing
cycles, the hardening rate settles to zero,
this i1s conswdered a prerequisite of crack
inttiation and 1s important in tfailure in
study of*a copper sample, 1t was dis-
covered thatfor a range of low strains, all
* strain 1s carried by slip bands, which
appear "as hnes on the surface As the
* applied strain s increased. the véiume
fraction of ship bands increases At about
1 percent shear strain the entire sample is

. a huge /(persistent) band Electron®
microsgdpy of these bands has led to a

model for 1ow strain cychc deformation

oo i

_about
“ength is a large persistent shp band

. . L4

AN

of whether plastic strain in saturation

was caused by flip-flop motion of
crystalline line defects called disloca-

tion dipoles between equilibrium
" positions, or by persistent shp
bands—concentrated  regions  of .

,deformation that can-be seen on the
surface of the crystal as step-like
offsets

.4
»+ They discovered that for a range of
low strains, all the strains are carrted -

by the persistent slip. bands and
essentially none by the dense arrays
of dislocation dipoles As the applied
strain % increased, the volume frac-
tion of persistent slip bands indyeages,
until at a plastic shear strain.range of
17 percent, the entiré gage

They further observed that within
thewrange of strains where persistent
slip bands are operating, the stress
«required to activate them 1s constant

he observation that bands slip and
reverse in a macroscopically observ-
able manner disposed, of one of the
competing models of fatigue defor-
mation, primarily based on the con-
cept of surface hardening Moreover,
thdy discovered that the individual
slip lines are microscopically reversi-
ble, but that, within tight groups of-
lines, mtor irreversibilities occur,
these integrate over thousands of
cycles to give the notch-peak
topography of which the initial

!fat\gue crack consists This s believed

to be the first direct gvidenge of
fatigue crack nucleation. Lastly, by
doing additional electron microscopy
,on the bands, a model was developed
to describe low strain eyclic deforma-
tion ‘

What has been observed in single
crystals applies to the individual
gramns of polycrystalline aggregates
The macroscopic stress-strath rela-
tionship 1s more comphcated, but a
method and direction of research to
tackle this complicated problem area.
has been devised

‘.
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, he reorganization of the Foun: - * - Table 2 .
dation 1n July 1975 resulted in A Astronomical, Atmospheric, Earth, and Ocean Scnnc‘os
thé combining of NSF's pro- ' ' od Tra F";" “‘:1197:' 19175'-197350 1976 )
grams in the®Astronomical, Atmos- nd Transition Quarter {July 1-Sept. 30, 1976)
pheric, Earth, and Ocean Stiences in a {Dokars in Mllions) -
singlé structure s1C -
ng N u t: hto sluﬁport ba lt v FiscalYew 19 Fisosl Yew 1975 Fuscal Yew 1976 Transition Quarter
research on the physical environmen ' 74 Number Amount  Number Amount  Wumber  Amount  Nomber  Amount
on Earth and in space. This com- oo, 175 s 9%T  1g1 $2093 201§ 1113 0 $46
. bining of responsibilitie for ‘support  Soar cipse Support 1 —0— 1 06 —0— —08-5

£ . - * Atmosphersc Scences  * 21 - 12 64, 43R 237 1491 9 2
of basig research with %Upport of o e earch \
major facilities, national cénters, and Program . 51 386 =82 "y 8 38l 10 100
large-scale research programs 15 Cumate Dynamcs e o 10 100° 31 ’;; 16 .:2

, : Earth Scences 4 el 26 1297, 2% it
beneficial for making decisions about oo L L pgan 8 108- .16 1050 5 um ! 350
the allocation of resources within the  oceanogaphy ., 92 1334 327 1528 320 1565 84S
disciplines and maintann - * Internatonal Decade of Ocean . '

>cip p for lh 1llhg over Exploration ©6 - 1379 159 W78 119 1542 % 3m

« u 1. views and assessing the healths of the i npaphi facites and . . .
. various fields Swpport % -1823 % 2064 70 1601 - W, 100
_ US Aatarctx Ressarch .

The overall objectives of the pro Pogam . U3 MM 1 5% —106 . 4858c 89 1343
grams are (1) to obtain new knowl-  wctc Research Program % 3y 35 363 % IR 7 130
edge 1p astronomys and the atmos- Total 1403 §12150 188 $13349 1560 S15829 . sow

+  pherj the - —
phernc scn;nces ovel:he enhrE) = Exciudes Natonal Research Centers

.. spectrum o physxca} phenomena, (2 ** inciudes Supplemental Appvopmbmolitwmlm%r procurement of two ski-equipped atrcratt.
to provide a.better understanding of, . - .
the physical and chemical makeup of ! ,
the Earth and its” geplogical history; Table 3 .
(}) to obfain further insights into the Astronomical, Atmospheric, Earth, and Ocean Sciences
oceans compdsition,- structure, be- ‘ . .National Ressarch Centers

: i - ¢ " Fiscal Yoars 1974; 1975, 1976 - g
havior, and resources, and examine $cal Tear : ' .
the effect of human activities on the. . ~ nd Transition Quarter (July 1-Sept. 30, 1976)
ocean environment and vice versa; (Dottars n Millans) -
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1onal Astronomy a ..
he pol Natonal Ast od -
the polar.regions R 'mm!.m’;‘r//\ $320 $ 320 4405 $110
The Foundation furnishes more . Kt Peak Natonal Obskuatory I . SRR T 215
Cerro Tololo Inter American ' .
. than half the Federal support to Observatory ¢ 260 . 268 345 . %0
3round -basgd astronomy an the U-  Natonal Radwo Astronomy -
nited Stated. A project’ of ‘major  Observtor 1210 1% 2.5 3%0 -~
t fh th National Center for Atmosphenc ,

1mpor ance m IS area 1s € con- Research 1750 1745 2383 484
tinuing constructian of the world’s Total 4320 “e50 54 6128 . $1749
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telescope, the Very Large Array, In
New Mexico This array,&consisting
of 27 antennas, 1s 4cheduled to be
¢ompleted in 1980 and will provide
details - of the universe at radio
wavelengths that exceed the'resolu-
tion of ground-base@ optical tele-
scopes There 1s great potential for
advances 1n astronomy in the coming
use of this and other new facilities
covering several wavelength ranges
and giving a more complete ph‘ysual
picture of cosmic objects

The increasing interest in the
chemistry of the lower atmosphere
and the stratosphere, particularly the
role of Ffluorogarbons 1n reducing
stratospheric has focused
attention on the Foundation’s support

ozone,

for research n the atmospheric
sciences These studies directed at
understanding how and why the

_atmosphere behaves as 1t does have

relied heavdy on the increasingly
sophtsticated (omputer models sups,
ported through the National-Center
for Atmospheric Research in Boulder,
Colo ’

In the Earth suences the plate
tectonics theory .has provided scien-
tists for the first time with a unifying
concept of gldbal structure and
composition, a model ot how the
major features of the. Earth’s surface
have been formed and changed. and
the first kevs to the basic driving.
forces of a dvnamic and changing
planet The Ocean Sediment Coring
Program has played an important
part in this effort through dniling
and coring ur the sediments and
upper basement rocks of the world’s
ocean basins . ! 2

In the ocean sciences, marine
scientists over the past-year have
made 1mportant discoveries in the
movermpent of the ocean waters, the
living "and nonliving resources of the
sea, and the role of the oceans n
shaping weather and climate Three
modern ocearfographic research ships
have been constructed over the past 2
years to replace worn out ships in the
academic oceanographic fleet

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

cdntinues 1n cooperation with ‘11
other Antarctic Treaty nations The
Foundafion 1s “also the lead Federal
agency for thet extension of research
in the Argtic :

. ) o
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300-foot antenna in Green Bank, W

provides about two-thirds of the®™ Va, and the National Astronomy and .

Federal support for ground-based
astronomy 1n the United States In
fiscal year 1976, NSF, supported
astronomers at over 100 universities,
private and university observatories,
ah?NSF-supported national observ-
atories Astronomers at universities
and colleges dpply to NSF for
research grants and to the national
centers for .observing time on radio
and optical telescopes The number of
apphicants,” the majority from In-
stitutions without research quality
telescopes, has been steadily rising

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

Redshift measurements place the
quasar 3C280 at a distance of 22
bilhion hght-years Last year a team of
scientists  studied” 3C286 and an
intervetting  galaxy with” “a  radio
interfergmeter the National Radio
Astronomy Qbservatory - (NRAO)

) o

3%

N
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lonosphere Center, (NAJC) 1,000-foot.
“anténna in Arecbo# PR These
studies provided independent evi-
dence that 3C286 15 at least 18 billion
light-years away If quasars are at
such cosmologlcal distances, then
measurements . of - angular
motions show that some are movinig
at speeds excegding the speed of light
" This 13, of course, in flat contradiction
to the current theoretical foundations
of science ) .
Since #1963, our picture of the
universe” has been e yriched with the
detection by, radio ahtennas of spec-
tral radiation from‘ vast clouds of!

interstelfar -molecules Most were
found with the RAQ 36-foot
millimeter wave antehna, and last

year NRAO added the 10n DCO" to
the fist The deuterium (the D in
DCO™) s primordial—having been
created very soon aftér the birth of
the universe Also, a'‘pew Infrared
spectrometer on the' -Kitp Peak
National ~Observatory (KPNO) %-
meter telescope made the first optical
discovery of an interstellar orgahi
molecule—acetylene, C H, We row.
know of -more than’ two dozen
organic molecules in deep space .,
During thp week of July 4, 1976, .
the newly upgraded NAIC 1,000-foot
antenna, operating as 6 a  radar.*
mapped Macrtian landing sites for the
NASA Viking 1. The new maps.
allowed,” NASA to alter
original course—avoiding 4 possibly
disastrous landing 1n rough terrain

In other areas of solar system

Viking's .

4
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astronomy, progress. still depends
heavily on ground-based observa-
tions An example 1s a careful study
of transiept holes in the Sun’s corona,
made using a spectraheliogram with
the KPNO Solar Vacuum ' Felescope
For the first time, 4’ one-to-one
corresponderte was found between
the occurrence of coronal holes and
geomagnetic storms here on Earth.
216 days later In another' study.
gbservations of thq infrared reflec-
tion from Pluto’ fpdicate that its
surface 1s covered™=with . frozen
methane, which 1s probably left over
from the origin of our solar system

With’ ever-improving estimates of
the age and gross density of the
universe,’ astronomers \are coming
clgser to predicting sts ultimate
evolution If the uhiverse 1s not dense
eﬂ’afgh,'or if 1t 15, older-than 16 to 20
billion years, it may be “open” and

continue to expand forever Other- -

wise, it should reverse xtb.present
expansion and contract Astronomers
at the Steward Obsery atory, Univer-
sity of Arnzona, using a new 1mage
tube \de¢veloped as part of NSF’s
instrument program, reéort sgectral
observations of huge clouds of gas in
what was thought to be empty space
Between galagies Discoveries such as
this tend to increase our estimates of

’the universe’s density -At about the

ERI

’

same time, another group, at the
University of Chicago, reported
results of a new radicactive dating
technique Primordial rhenium 187
found 1n meteorites slowly decays
into osmium }37, and measurements
of the rhenium 187/osmium 187 ratio
indicite the rhenium was formed as
much as 18 billion years a

These and other advances sustain * °

an historically recurrent theme,
Significant diséoveries 1n astronomy
have always followed the use of new
instrumentation As the following
pages .will bear out, we can now be
hopeful that by using a burgeoning
variety of new techniques astrono-

mers will give us a f ore
sophisticated picture of origin,”

ey

Lri

.
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evolution, composition, and ultimate
fate of the universe
-

° .

Stellar Nurseries .

‘Stars can form onlyin the densest.
most opaque regions’ of the in-
terstellar mediym But even though
visible light cannot escape from the
inner parts of these #'stellar nurs-
eries,” longer wavelength infrared
ridiation can pengetrate the dense
material The youngest stars in our
galaxy, then.are probably detectable
only zat infrared wavelengths From

this infrared Light. astronomers have(
’learned wb’ere ®stars form 1in our .

galaxy—but the question of how they
form s cansiderably more complex
To discoverthow gas clouds collapse

SR 4

N
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to make new stars, F J Vrba (Uni-
versity of Arizona) * and his
collaborators, S E Strom ahd K M
Strom (Kitt Peak National Observ- ,
atory), have recently comgleted a 2-
year study of four star-forming
reglons. Between 1974 and 1976 they
carried ouf their infrared observa-
tions with the 4-teter, 2 1-meter,
and 1 3-meter telescopes at Kitt Peak.
New detectors and telescope modifi-
cations have only recently made such .
a survey possible -
The first step in the investigation
was to pick out four dark clouds
which ‘are likgly sites of active star
formation The clouds take a variety
of 'shapes that suggest the process by
which the cloud 1s collapsing to form
stars The geometry of the weak

o ,fg%{f. i

‘Nursery for stars. Within the collapsing Qphiuclus cloud, where new Stars are
fofming, gas and dust tend to become ahgned with the cloud's weak magnetic field.
These alignments cabse the background starlight to become polarized Superpoesed
on this Palomar,Observatory Sky Survey print are vectors showing the amqunt and
directidn of polarization (the numbers signify sky pesitions only) Magnetic field hines
and. hence. regions of condensation follow the polarization lines
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,

.

L




~

"2

B .

26 ASTRONOMICAL ATMOSPHERIC EI;RTH AND OCEAN/SCt ?‘!CES

JEN Y

magnetic field in the cloud may play’a
role 1n the collapse, the field lines
may direct the gas flow, or at least
map the flow directions “The collapse
mechanism, 1n turn, may determine’
the efficiency of star fortnation in the
cloud To get a completé picture of
the- star-forming procegs, then, re-
quires knowledge a cloud’s
morphology, magnetic  field, and
embedded star population )

Surveys at the wavelength of 22
microns turned up numerous pont
‘sources clusteryng near the center of
each foud From counts of these
young stellar objects, the “astrono-
mers estimated the amount of matte
that hag actually condensed out o
the cloud to form new stars
*If a magnetic field 1s pregsent, it
causes a systematic aljgnment of the
dust gramns within the dark cloyd
The “aligned dust grains then polarjze
the hght from background stars, and

‘

" uthe polarization dirgctions map fthe

agnetic field lines For each clpud,
i{po‘lanzatmndlre yns for seyeral

zen background st £s were
ured _ . ) .

The magnetic-field geometries 1m-
ply that several methamisms can
inmtiate the wllapse of a cloftd—in
fact, each of the four idouds in the
study represents a différent
process The most efficient.
forming stars appears to the
collision of two dense flouds In this
case, at least 28 percent of the
onginal_cloud material} condensed to
form starsa Dynami¢ pressures,
rather than Yhe magneti field, have
the major influence Ton the cloud’s
evolution A lsecon

eas-

of a shock wave through t}\e gas, ha

produced stars |at an efficiency of 8
percent Anothef cloud gave evidence
of collapse ihdpced by a magnetic
instability Mogt of its stars have
formed at the bottom of a “magnetic
well “ Here, the cloud¢material and
the magnetic  field | are locked
together, and the field plays a domi-
nant role in the clouds evolution

i
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The fpurth cloud 1s simply undergo-
m‘# ajquiescent gravitatronal collapse
Itsé magnetic field 1s not strong
e‘éu,gh to prevent the collapse, and
the gloud material has pulled the freld
long with 1t as 1t collapsed radially
There appears to be no-orrelation
etiveen the strength of ghe magnetic
field and the efficiency of star forma-
tioh Instea@h the most important
fa¢tor 1s the collapse process The
fitst two mechanisms,
strong dynamic pressures, result in
extremely - efficient star formation
The latter two processes,-which are
more .quiescent, have much lower
efficiencies, anly 1 or Z percent of thes
cloud _material condenses into new
stars !

These are the first observational ~
answers to the question of how stars
are made Vrba's, results will -help
solve the more general problem of
star formation on the large scale, 2
crucial step toward understanding the
overall structure of our Milky Way
and all of the other billion galaxies in
the observable universe

- The Magellanic Plane ¥

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

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

clusters—each one & sphgrical con-
centration of hundreds of thousands
of stars—are scattered 1in a roughly

doud. whose 'spherical distribution enveloping the
_ collapse”was injtidted by the passag

Milkky Way Most such clusters bear a
basic resemblancte to one another,
because they were all formed at about
the same time and, therefore, com-
prise similar populations ‘of stars
This similarity can be seen readily by

plotting the colors- of all stars;in the

cluster versus their brightnesses In
the resulting “color-magmitude” plot,
the stars in each globular custer

trace out very similar patterns The

involving  known~ globular

“

stats are not distributed over the plot
at random, but instead e along well
defined bands according to their Intrm- |
sic brightnes$. i v .

However, when CTIO staff
astronomer W Kunkel, in collabora-
tion with- Canadian astronomer S,
Demers, plotted the color-magnitude
diagram of a distant globular cluster
in the constellation Reticulum, they -
found 1t to be unlke any of the
clusters in our
gataxy First, the band of the.diagram
traced out by the giant stars 1is
steeper than the analogous branch
for most clusters Second, the
Reticulum cluster has an unusually
large proportign of bright red stars
Searches for other such objects have
disclosed five more globulars with the
same features All of these anomalous
systems are at extremely large” dis-
tances from' the galactic center,
greater than 480 trillion miles

Five of the six share a furthet
property projected onto the sky, they
lie within a few degrees of a great
aircle, as 1if confined to a plane.
Significantly, the same great afcle
also passes through our, nearest
neighbor galaxies, the Large- and
Small Magellanic Clouds and the
band of hydrogen gas connecting,

.them The- probability that such a

distribution might anise by chrance 1s
less than 0002 Kunkel and Demers.
thus corfdluded that the Magellanic,
Clouds’ and the anomalous globular -

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

clusters may be relics of a*close
encounters between the Magellanjc
Clouds and our galky, Kunkel com-
-puted models of the hypothesized
interaction The computer produced a
"moving picture” of, the disruption
suffered by the Magellamc Clouds |
during a dose orbital pass around the
galaxy. Kunkel concludes that enough
of the geouter matenal of the
Mggellan®@ Clouds could have been
stripped off to form &’Magellamc
stream” of hydregen gas and the

’
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‘Nearest neighbor. The Small Magelianic Cloud 1s a satefiite to our own Milky Way
alaxy and iswvisible to the naked eye in the Southern Hemisphere Pecubar globular
ters rgcently observed at Cerro Tololo Inter-American Observatory suggest an

endounter between the Cloud and our
stripped off the outer material of the Cl¢h
stream and plane

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

Rad’ér,Mapping of the*
Surface of Venus -.

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

. .
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alaxy The close encounter may have

o form pecuhar objects in the Magellanic .

5a

tures were made with the new S-

band radar system by D B Campbell”

and R B Dyce of thg NAIC staff, and
G H Pettengill of thaMassachusetts
Institute of Technology. To obtain
clear and unambiguous pictures, the
scientists had to use the NAIC 1,000-
foot telescope 1n conjuncgion with a
100%feot steerable antenna “located 6
miles north of the main observatory.
These are connected by a microwave
radiov Ik and _each telescope

possesses  an” extremely~ sensitive

solid-state maser that has the re- -

quired signal-to-noise ratio charac-
terMcs for the mapping observa-

7 LR
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h‘o"ﬁS The radar echoes of the S-band
radar transmissions were measured
by both antehna's to determme
precisely the time of arrival, intensi-
ty, and frequency of the returning
pulses This information was then
used to determine the exact locations
of the echo-reglons and the strengths
of reflected signals
The first observational results gavef"

* .a’ picture of a region of Venus of

about 4 million square miles in ‘area.

The region extends 80° in longitude
and from 46° to 75° north lahf_ude'
The horizontdl resolution 1n th

pictures 1s about 12 miles’

" Two major features appeai in this
region One is a large basin extending
about 1,000 miles in the north-south
direction and 600 miles in t st-
west  direction—approximatel
size of the,Hudson Bay Its southern,
northern, and northwestern bound-

arles are brtfht rims which appear to -

be formed’by a series of sharp ridges
several hundted miles long To the
southt of the basin there 1s a region of
greater brightness This area has the
same , appearance as the ejecta
blankets of some lunar craters, places

. covered with debris that was thrown

out when large objects impacted the
lunar surface Two smaller craters
are located within the basin .

To the east of the basin 1s a very
large bright area about the size ofthe
State of Oklahoma This region,
previously detected at Arecibo and
named “"Maxwell,” 1s-a very rough
elevated plateau comprised of long
parallel ridges and canyons extending
for hundreds of miles. No feature like
thls exists on either the Earth or the
Moon It seems to overlie an older
surface and cannot. be the result of
meteoric impact Scnenhsts believe
«the feature 1s the result “of processes
internal to Venus, possibly the result
of a large eruption of Java

The feature “"Maxwell,” along with .
the bright rims of the adjacent basin,
appears to be the result of tectonic or’
mountain-building” activity en Venus
similar to that which has shaped the

the ®
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Through the clouds. This radar map of the surface of cloudl-shrouded Venus, made at
the Natioral Astronomy and lonosphere Center, rev, alarge-basin about the size
of Hudson Bay The basin 1s believed to be caused by the impactof a idrge object The

extensive bright region’adjacent to the basin has the same appearance as the debris

different results- during different
seasons, the astronomers correct the
arrival times tp an imaginary
stationary observatory at the center
of the solar system. This cogrection,
however, depends on knowing ‘the
position of the pulsar in the sky very
accurdtely If this’ well determined

location changes because ther"ﬁulsar is ,

moving! a steadily increasing error 1s
seen in the pulse arrival times, from
which the’-pulsar’s veloaity .can be
computed. Several sources have Heen
clocked in this way, yielding velogities
ranging from ‘50 to ~over 500
kilometers per second

Radio astronomers at two other
observatories have recently objained
similar —Tesults - usjf\g, the more
traditipnal technique of measuring
positions by radio interferometry
The motions across the skygof ten
pulsarsthave mow been determined, at _
least three are moving so fast that
they will eventually  escape the

gravitational pull of our galaxy and

will speed off into the vast emptiness
* of intergaldctic space’ Most of the

blankets near junar craters that were formed by impacts

surface of the Earth The large basin,
on the other hand, 1s remimiscent of
large lmpa‘Ct areas, simpar to the
maria of the Moon™ Thus, 1t appears
that processes which shaped both the
Earth and Moon were active at.some’
point dunngthe evolution .of Venus

Pulsars Rocketing
Through Space

-Since the first pulsar® was dis-
covereds in England 1n 1968, more

" than 150 have been detected, apd
one-third of them have been found
by the radio dstronomers.at the,
Umve;sny of Massachusetts T’he
pulsars are superdense , collapsed
stars, about 15 kilometers in diam-
eter, but with masses Uke that of the
Sun They are spinning, perhaps a
thousand times a second early in their
lives, and have highly intense
: ¢
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rﬁagnetlc fields, reaching one trilhon
times the Earthés field, all as a result
of the collapse They radiate intense ~
pulses of radio waves into space

By carefully examining ¢the arrival
times of radio pulses emitted by a
pulsar ovér 1,000 lght-years away}
David |+ Helfand, Joseph H Taylor,
and R N Manchester of the Univer-
sity of Massachusetts have deter-
mined that 1t is rocketing through

space gat « over 550 kilometers:*per
secc %r 1t milhion miles per Mgur

TR "observers record signals from
manylipulsars several times a week at
the Five College Radio sAstronomy

‘Observatory n ceptral -
Massachusetts The time at which the
pulses reach the télescope after*’

traveling, through space for hundreds
of years depends on wheYe the Earth
1s m tts annual path around the Sun
To avoid the confusion of getting

.

sources are moving away fr the
Eaith, as would-be expectéd -1f {agge
pulsars agl born 1n the violent
'collaﬂse/o .glantwstars near Cthe
galactic” plane X )

The Massachusetts l:adlp astrono-

N
fiers and their colleagues are examin-

~

ing various mechamsms to explan -

she acceleration ot Isars go high
veloeities sooff ifter they a
Dprihg  their 1mvestigations™ they
noticed "a strong correlation between
a pulsar’s veloaity and the estimate-of
the strength of itg magne’}ic,.(le,ld at

bisth. The sources with weak fields

born.

~all had low velocities (100 kilometers ~

per . second), whereas those - with
strong “tields had a wide range of

- speeds up to nearly 1,000 kilometers

pef second. .This relationship
suggested an’ electrodynamic origin,
“for the pulsar veloctties Such a rfiodel
was proposed * last year by E.
Tademaru and E¥R Harrison of the
University of Massachusetts. it views
t‘he rapidly rotating, newbor'n pule®r’

»
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a) a photor\_ rocke} The radiation
force that provxdks the aeceleration

v 1esults from- the slxght displacement

.of the centroid of the hoge magnetic
field fram the center of theystar

This new work on pulsars has "

.helped’estabhsh the velocnty distribu-
tion- “of. tiése sources” an esséntia) !
clue in interpreting their observed
distributian in the galaxy *

and
Rer

- National Astron; i
lonosphere C

4 - : .

The National ~Astrgpomy .and
Ionosphere Center, ‘operated, and

,managedbby Cornell Unwersxty under .

“eontract with NSF, provides dnig
facihities for visitor-oriented reseagc
programs in aerenomy angd radio and
radar astronomy The’ main nstru-
ment 1s the world’s largest .single
tadio[radar telescope This *device,
incorporating a 1,000-foot _diameter
fixed spherical antennat‘ 15 located in a
remote, radlo quiet valley 12 miles
south ‘of ‘the cty of Arecibo, P R
NAIC pravides telescope‘users with
administrative, .+ engiheering, and
technical support for their observing™
"programs The NAIC heidquarters
are Jocated on the Cornell campus,In
lthaca NY o4

- In September 1976 Corngll Uni-
versi¥y ended'a nearly 5-year fubcon-
tract effort@® upgrade the syrface of
the 1,000-footgreflector ESystems,
Inc, of Dallas"‘ex,,' she resutfating,
subcontractor, cogwpleted
complex tasks during the past several

ars, including’ the arrest of exten:
sive" groiind subsidence’on the digh
perimeter, diagnosjs and correction of

a difficult swrface Stexure- psoblemr

the design’ fabrlcat:on[ and
of , 88,778 precssion
aluminum panels Cornell is presently
préparing a-plan ¢o complete the final
sahgnment with CorndllINAIC *staff
using a. new_laser survey system
Allgnmen.t complehon ns schmfuled
for. late fiscal year” 1977 c .
Several important accom;?l:shments
_during fiseal year- #1976 were made

“and

several.
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Pulsar model. A pulsar is a rapidly rotating, very dense neutron star less than' 15
kilometers in diameter Charded particles, escaping from the surface along magnetic
tield lines near- the mégnettc axis, radiate a beam of energy in the radiofrequency

range These radiations are detected on Earth as pulses each tume’the
thropgh the' Eattns line of sight -

[ 1Y -
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usmg.the 2 380-megahertz planetary
radar sy These inclyded. the

hlgﬁ resdlution.mapping of the cloud- .

ed surfaca of Venus, the map-
ping and analysis of NASA- V\lung
Lander sites on Marg, and the det
~tion of the astero% 1580 Beﬂe’
These observations were made possi®
ble by the nlew remote 100-foot,
diamefer." " interferometer antenna

located 6 mllesfrqm.th*m observ-

an ln-
1,000-foot

whic fé

the

ing _site
terfero eteg, with
antenna .

A, long-sought develppment in
aeronomy was the first detection of
an incoherent backscatteg, echo from, -
free electrons in.the jonosphere. The
detection of this thOSpl’\el’lC ‘electron
componerit was the primary goal that
led to-the establishment of NAIC
mofe thar“ls yearlragd This, result
was possible’ becaude of the availabili-
ty of a sensitive, broad*band 4096-

gchanPel autocorrel®or that was

N AN

[

’

. . ' . ’
des;gﬁed and *built for the S-band
planetary radar program,, “
During fiscal year 1976, the NAIC
radiofgaday teléscope was used by 64
visiing  investrgators  from 30
domestic and, foreign research 4nd .
educational establlshments The.
number” of visiting scientists- was “68
pegrent larger than in the previous
year During the year, 72 perceht of
the observing time on the large,

_reflectér was allocated to ra@no

astronomy, 16 percent to |onosphenc
studies, ¥and L2 percent to ‘radar
astronomy. ¢

' . National Radio
Astronomy" Observatory

The Nitional Radio Astronomy
Obseryatory 1s operated and managed
gx Assocnated Universities, Ing, un-

s’ contract with the Foundation,
from sdentific and administrative
‘headquartérs located in Charlottgs-

peam sweepa‘ '

~
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, of the VLA began October 24, 1975,
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»ville, va sThe observ’tory‘ 15 equipped
_with four radic telescope systems—
three at the prmcipal observing site at
Greén Bank, W Va, and one on Kutt
Peak, near Tucson, Anz Early in
,fxscal year 1977, researc'h ‘operations
will begi’ with the partially com- -
pleted Very Large Array.(VLA), an
NRAO project for a 27-element radio
telescope capable of imaging celestial
radio emutters The VLA 1s lpcatéd on
the Plains of San Augustin, 50 miles
Socorro, 'N .
During the past a total of 270
vxslting observers (mclu
students) representing 83 ins®utions
used the NRAQ, telescopes -A new
featuge of the 16.\6 program was use
of the 140-foot telescope at Gréen
Bank inva. qetwork of telescopes,
performing ultaneous . observa-
tions over tr¥sdontinental baselines
This multistation, very long' baseline
interferorfleter, which provided 'a ’
regolutigh at least 100 times that of
existing - optical anstruments, was
used fo study tM€ fine structure in
radio sources The most' complex of
these expernments lnvolyegtelescopes
at eight locaglons

.Two -new"front-ends”
™ added to the 36 recetvers avall"\bi at-
the NRAO telescopes These aré a
3,120-3,370 megahertz dual- channbl
cooled: parametric amphfier system .
and .42 combihed 1,000-1,450
megahertz and 4,580-3990
megahertz “*dual-channel up-
converter/parametric , dmphfier’
System Both systems were tested o5}
- the'Green Bank telescopes in the late
summer of 1976. A C()mblned 80-120
glgahértz cooled-
mixe€r recemer 1s_nearing co:vletron,
‘andmwork 1S @ess Qn a.number
¥ ok maser sy i

Preliminary aperations and testlng

when the first antenna completed for
the 27-arftenna array was placed.an
operatidn Since that time, a totw! of
six antennas has béen completed and -
three of these ar@ow bemg used as
»an interferometer td"test the central

0y

g .75 .

have been. -

v

, UF -
elg'ctfomcs and complter systems in
the control building Of the six major_
site structures, - only the visiting

scientists  quarters remain to be

completed With-the completion of . percent.

the second increment of wye track
construction in September 1976, 11
miles of the north arm,.1.2 miles of.
the’ southeast arm, and 6 5 miles of
the southwest .arm will.be_ available

- v

w »,

Inc,’under contract with -QSE. As'a
‘natignal “center, it makes, first-rate
reséarch facilities available to astron- -
omers throughout the country. Sixty
of all telescope time. is
erved for visiting astronomers,
who are awarded time on the basis of
their research.proposals The remain- *
ing 40 percent of the time is allocated
to resident.staff members, who carrg

for the start of research operations * out their own research programs and

The VLA is scheduled to: be eom-

- pleted in fiscal year 1981.

'
,

Kitt Peak -
National Observatory

.

Katt. Peak “National Obsérvatory,
rizona,

1s'

of Um-

lKate in_ southern
ope_rated b‘ the Ass
versitiés-for Researky
- .

L

.
.
”~ . . A

supervise the development of new
equipment

Iwo of the optical tel.escopgs are

. designed especially for solar observa-

ronor®,

tions, the other nine are used.for
stiidies of planets, stars, titterstellar ..
matertal, and external galaxies The
telescopes* range in size from 4
meters (the second largest'reflectorin -

~

Under construction. ‘At tré s»te “of the Yery Large Array 'n New Me>gco the fifth

along the southwest arm

antennd of an eventual 27+element radio lelescope nears completian This view looks
lof the wye-shaped tracks on‘whvch the antennas can be

. positiongd  When completed N 1981 .1t will be the world's most sensitive radno

. telescope and able to detect never- befoq‘seen facets of the universe
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“ meter telescope
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the country) to 31 centimeters Each
has special functions The 31-
centimeter -Schmidt, for example, 1s
ideal for wide-field surveys and comet

otography, the 4-meter telestope 1s

° 3

_ L\

.. .
. s ASTROMNOMICAL #TMOSPHERIC, EARTH, AND OCEAN SCIENCES 31 .
4 .

and’infrared radiation Modern detec-
tors have been crucial to the success
of the observatory’s new spec-
trometers .

During an observing fun, com-

reserved for faint-object astronomy * puters psogrammed with new

During the past year the obsery-
atory has placed greatest emphasis on
developihg Mewaeways to make the
best possible use of®this array ‘of
telescopes Two Fourier Transform
Spectrometers installed at .the . 4
nd at the McMath
Solar Telescgpe.) will allow faint
objects to become accessible  and
brighter objects to be observed i1n a
fraction of;. the time required
previouslys KPNO also supports an
active program to develop the best
available detectors for Both visible

-

software can control the telescope
motions with precision—of special
importance to daytime observations
at infrared wavelengths The com-
puters can also handle an un-
precedented amount of data at
several stages acquisition from the
detector, on-Lkne reductions during
the obsefving sessiofl, and latet
analysis at the dwntown offices

. Duripg figcal vyear 1976, .278
visiting %cne'r_}lsts from 77 US in-
stitutions and 10 foreign countries
observed with KPNO-telescopes

Taking the Sun's temperature. The amount of suniight rgaching the Earth affects our
climate and 1s girectly responsible for all life as we-know 1t—yet we don't know how
constant this radiation really 1S A study under way at Kitt Peak Rationa! Observatory
to monifor the Sun's Brightness may provide new insight intg fchimate-changtng
. mechanisms This view of,the solar surface was-obtained with.the McMath Solar
Telescope

Q
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Cerro Tololo
Inter-American Ob®ervatory

., The Cerro Tololo Intér-Amé
Observatory 1s operated b e
Association ' of Univertities  for
Research 1n’Astrononty, Inc., under -
contract with the National Science
Foundation Located in the Chilean
Andes at a southern latitude of 30°,
CTMO s the Southern Hemisphere
counterpart of the Kitt Peak National
Observatory, Its site atop a 2,200-

meter mountain js one of the finest in =

the world-for astronemical observa-
tions The observatory headquarters,
located in the coastal aty of La
Serena, include a library, a'computing
center, engineering and
facilities, and staff housing

During fiscal year 1976, special
attention was given to preparing-the
4-meter telescope for visitor use The
prime focyg was made avalable to
v1sni~1ng scientists 1n January of 1976,
and later in the year the Rit?’\ey-
Chretien spectrogfiph and firect
camera were also in use *

Work has continugd to improve the
usefulness of all eght telescopes
sharing the mountaintop In partic-
ular, more sensitive detectors have
beén’ tested, and computers are now
used for telescope control and data
acqusition. The computer control

‘system for the 4-megter telescope was

reécently completed, and th‘(,pomhng
accuracy of the telescope 1s now
better than 2 seconds of arc

Other observatory 'services have
also been improved The installation
of frequency conversion equipment
on Cerro Tololo allows ihterconnec-
tion to the commercial electrical
\ service In La +Serena, an
instrument and maintenance shop
was cdmpleted, this® will be used to
fabricate and repair instrumentation
under the close supervision of the
scientific and englneering support
staff A new ten-unit dormitory 1s
now awvallable for visiting observers
using the computer and other
facilities at the headquarters .

L3
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To improve the administrative
efficiency. of bbservatory operations,

a scientific programs division has

been estabished Managed by a ~
support scientist and a’ steering operated under contract with NSF by,

" committee ,of staff scientists,’ the
division 15 now responsible for the
operation of all telescopes :

e <
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~ Sacramento Peak
+ Observatory. =

The Sacramento Peak Obsérvatory,

" the Assgciation of Universities for
Research 1n -Astronomy, Inc,
provides unique instrumentation and

mncuw TS ROTATE o
(250 TOWS) —er__}

T eea rogus Extaen

.~

faciities for advanced research in @
solar, physics and related disciplines ~
The SPQ.faclities are-located at an’
elevatlon( of 9,200 feet "in the
Sacramento Mountains of south-
.central New Mexico : )

On July 11976, responsibility. for
SPO was transferred from the U.S

~
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Solar physics. The 7-year-old Solar Vacuum Tower Tel@scope ﬂSacrame‘nto Peak Observatory in New Mexico provides critical
data about solar flares, magnetic fields, and the velocitres of matter in the solar atposphere s m-nnc!}gused quartz entrance

window 18 136 1eeLabove ground level, and the bottdom of the gvacuated optical ﬁnem 18 193 feet b

ejow ground’
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AirForce to NSF In fiscalyear 1977.
the USAF 1s fundmpg S0 percent of
the SPO operational costs, which are
estimated at $15 milion In fiscal

_year 1978 and fiscal year 1979. the
USAF will provide $325.000 each
year”

" AURA. the NSF contractor respon-
sible for SPO, will operate and
managey’ SPO during a “15-month
interim  period. extenamg through
- September 30, 1977, while N
selects a permanent operator An Ad
hoc - committee  of scentific an
business experts was established in
June 1976 to advise NSF* on

- -
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telescope ‘with an echelle spec-
trograph, digital diode ,array, and
universal birefringent filter, 1t 1s
capable of prodpcing simultaneous
real-time 1mages of the Sun in widely
separated wavelength bands Other
instruments include “two 40-
centimeter aperture coronagraphs, a
40-centimeter telescope with a solar
magnetograph, and several smaller
instruments desngned for polgrization
measurerpents and other studies
Telescope users are provided with
data reduction services that include a

corfputer, a microdensitometer. a

operational matters and 'long- ré’nge’blmk comparator, and a measuring

programs at SPO. inlluding a pro-
posed management strutture The
committee i1s expected to (report by
January 197%,

The principal instrument at SPO s
a 357-foot high solar vacuum tower

engine During fiscal year 1976. while

. under the aegis of the USAF, SPO

facihities were usel} by 30 -in
vestigators from 24 domestic 2hd
foreign research and educational 1in-

stitutions

Atmospheric Sciences

The Foundations research, pro-

~~grams n atmospherw_sciences have

.tas their goal. the increase of knowl-

. « edge and understanding of the behav-

10or of the Earth’s atmosphere The
redim of atmospheric-sciences begins
at the surface of the Eagth awhere the.
atmospherg interfaces with the land
and the waters and continues to%

. ’
outer reaches of space pwheyre
mgrges and imteracts Wf{m at-

mosphere of the Sun To stpdy such a
vast regimé calls for. talents from
many disciplines l\tmospherlc
sciences. therefore. 15 ttself a derived
diseiphine 1n which the basic knowl-
edge from . physics. . chemistry, .
mathematics, biology. and other
sciences 15 apphed n warious ways
and through many t@&hniques” to
“improve our understanding of how

" and why t mosphere behaves as
u does

ERI

Aruitoxt provided by Eric
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One " of the best ‘recognized
applications of our understanding 1s
to weather'forecasting It might be
said that all these studies in atmos,
pheric sciences. which are aimed at

improving our fundamental kpowh
edge about the physical system of the

Earth’s atmosphere, have as their

ultimate goal the improvement of
weather forecasnng even though
only a few of theni are intended to
‘ c&ntnbute directly to that process

However, the research supported

by NSF may contribute directly to the
splution or alleviation of such ‘atmos-
pheric problems as thpse associated
with pollution from major lnd\lstnes
growing population) and other
societal actions that affect the at-
mosphere in various and subtle ways
The problem of drought. for example.
has assumed = major importance
_tecentl¥ because of 1its relation to the

‘2

$

v 8
P

availability of water and thus to crop
yields add food production Unfor-
tunately, little 1s known about the’
cause or causes of drought or why
 certain lands can support a good crop

in some Yyears and in other years .,

suffer from a drought. Certainly the

* drought problem s associated #ith °

changes in the general atculation of

- .the atmosphere. but we do not-know

why changes take place in the general
greulation Modeling and simulation
studies plus sensitivity analyses and
diagnostic studies are helfiffg
unravel the problem. but it"will take
many vyears until the' causes are
identifigd 4.4 TFuture drought con-

ditions can be relhably forecast At _

this time. a concentrated effort 1s
under way nationally and °inter-
nationally to understand better the
general circulation of the atmosphere
The pavoft from this study will be
‘better and 1ongQr range pweather
forecasts

.
T A
Severe storms such as tornadoed

and large thunderstorms that bring

. hail, hghtning, "and high winds capse

a great deal of damage in ¢he Untted
States Again,
known and understoed about these
systems Why do they form? Where
'and when will' they strike? An
increasing amount of NSF-supported
research 1in the atmospheric gciences

= 15 directed Wowards studres of thgse

severe weather phenomena and
methods to analyze the results of
field studies,” . ¢ .
ere are three basic atmospheric
reseatch programs—solar-terrestrial,
aeronomy. and °meteorolqu Two
other programs—the Global Atmos-
pheric Research Program (GARP) and
. climate dynamics—are

agency and international programs
All of these programs support. fun-

very little 1s really'

to- ~

—_—-

mults- -
disciphinary an&components of inter--

damental research thyough grants tor
individual  investigatprs., most _of

whom are located at dofCersities

. The--National Center for Atmos-
pheric Research. with headquarters
and facihities in Boulder, Colo,

LY
sup-
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* - Palestine, Tex ). that are-too large’dr _
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ports a brpad spectrum of research in , (IMS)'—a ‘coordinated, international,

atmospheric ‘scierices In addition” st
provides facilities, such as- a major
computer, arcraft, and a saentifx
balloon-launching  facthty ~(In

expensive for an individual institution
to maintain . -

International Magnetospheric
Stuay '

The magnetosphere 1s a region of
our neamspace environment, con-
trolled by the extension of the Earth’s
magnetic field, in which the flux of
energetic particles .-from the Sun
causes some of the more dynamic
upper atmospheric -phenomena, such
as magnetic storms and auroras One
of the major purposes of the curfnt
International Magnetospheric Study

‘o

Northem fights.

cSoperative research program—is to
understand the solar influence on the
atmospheric - 1wnospheric - magneto-
spheric interaction For example, 1t 1s

many ‘m:i{lion$ of amper‘es,ﬂ)l:lgmatmg
deep in space * but nside the
magnetosphere, impinge on the polar
upper atmosphere, pass through the
<1onosphere, and return to
magnetosphere These currents are
enhanced during polar substorms,
which in turn appear to be triggered
by the solar mpagnetic field ‘It s the:
purpose of the IMS to study these
phenomena through coordination of
ongoing grograms and by taking
advantage of unmique spacecraft “op-
portunities available during 1976-79
The key ingredients of the IMS are

a multination list of spacécraft, new
B

Ab.roras. such as this one seen frosh the route of the Trans-Alaska

Pipeiine; resujt fiom the snteraction of particles from the Sun and the Earth's
atmosphere Legrning’ more about this solar influence is the purpose of the

Internatignal Magnetospheric Study
[ ]
Y

well known that electric currents of

the °

ground-based intrument arrays.,
some of which will greatly advance
international data exchange standards
by using simultaneous data collection,
processing, and dissemination 1n real

time at an exnstmg__ge.;\tral data
facility, incoherent scatter Yadars, the

Satellite Situation Center, which
keeps sciéntists informed about -the
status of satellites and expemments,
and a variety of ground-based
balloon, rocket, and aiwcraft ex-
periments While the IMS reduires
some hew facilities and support, it s
based primarily on the effective use
of presently planned programs -

In fiscal year 1976 NSF's solar-,

terrestrial and aeronomy programs
funded major portions of the ground-
based networks The magne.tomete?"
network repr¥sents the highest,
priority item and 1s being acqunéed
with cooperation from the National
Oceanic  and  Atmospherc  Ad-
ministration and the U S Geological
Survey The installation, calibratjon,
and operation of the magnetometers
will be handled by, various university

-

ghoups n fiscal year 1976 only one *

group, at the Geophysical Institute,
University of Alaska, was funded to
initiate work at the remote sites in
Alaska Other university groups will
install units it North America and a
few Pacific 1slands during fiscal y€ar

1977 The magnetometer Metwork -

will be dense enough to permit
estimation *of 1onospheric current$
with previously unobtainable ac-,
curacy Associated with the network
of magnetometers will be riometers
(instruments designed to measure the
radio absorption ini:the upper at-
mosphere due to energetic. particle
bombardment) Thefe
were constructed dliring fiecal year
1976 and will be [installed «n, high
-latitude_sites duriag fiscal year 1977
Three groups have been funded to
install a coordinated network of sky-
-scanning auroral photometers across
.the northern United States, Canada.
- and Alaska These photomsters are
démgne/d\ to maﬁ atmospheric hight

[N

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

Only a few field experiments were
supported 1n 1976, although this
activity 1s expected® to intrease.
vigorously as I'MS progresses Two
very low frequency (VLF) ex-
penimen¥ were funded in 1976, the
first of which has already completed
its  field operational phase_ This
thvolved the xn)ectlox;pf S'LF\radlo
energy into the ionosphere over New '
Zealand using a high-powered,
ground-based ' transmitter and a
balloon-borne antenna The VLF e-
missions were transmitted through

. % magnetosphere and received at
d

-~

.
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Bay. Alaska .The modulation of
the VLF emissions by magnetospHeric

o~ i‘ﬁfalasma_a’llows them to be used as a

diagnostic tool for probing the upper
atmosphere The data from this
campaign {Operation Skyhook Kiwi)
ane now being analyzed by scientists
a,t&};e Aerospace Corporation n
conmction with® ssmilar data ob-
taitned from Air Force satellites.
Another m¥jww Compor?ent of the
IMS s incoherent scatter radar, a
radar’ technique that detects and
analyzes radar returns from individ-
ual 10ns in the atmosphere to study a
and dynamical
processes. The United States sup-
ports three incoherent radar m-
stallations- The National Astronomy

and lonosphere Centeér near Arecibo.
PR. the Millstone Hill Faciity in

Massachuselts. and the Chatanika
Radar in Ala¥a, Partidl support 1s
also provided for the Jicamarca Radid

Q

-~ o
Observatory 1n Peru The. two
northernmost U S radars (Millstone
Hill and Chatanika) are being funded
for campaigns- oriented towards the

" IMS Millstone Hill will receive a new

1Department of Defense surplus)
steerible dish “antenna that will
considerably enhance 1ts power as a

. research tool Chatanika already has

received® new electronic hardware
Also, Chatanika“has recently demog-
strated an ability to measure winds in
the troposphere and stratosphere. a
previously unexpected capability that
will be exploited during the IMS for
tudies of the coupling betweéen the
magnetosphere. the 1onosphere, and
the atmosphere ’

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

programs . .
‘ * -

Composition of Selar Flares

. Solar flares—the most wviolent of
nearby cosmic  phenomena—are
thought to be explosive releases ‘of
magnetic énéTgy which eject hot gas
{plasma} and energétic particles into
the spacgbetween the Earth and the
Sun Both the plasma and the par-
ticles can reach the Earth’s environ-
ment, causing severe atmospheric
disturbances

Using ‘data obtained by NASA
satellites (IMP 4% 5. and 8}, John
Simpson and colleagues at the Enrico
Fermi Inshitute_of the University of
Chicago have bewg_able to show that
these flares eject energetic particles

%hat are preferentially rich in the

elements heavier than hydrogen
While the Sun is composed largely of
hydrogen. it appears that the flare
process tends to select heavier

» respectively)

L]
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elements for acceleration and ejec-
.tion An ever more surprsing result
of the most recent analyses 1s that
the flare-generated energetic particles
are especially rich in the iron group of
elements (mostly 1ron, but possibly
including some nickel) These are’
important results that will provide a
clue to the detailed mechanism by
which the flarés obtain their energy

Alajkan Yolcaffic Emissions

The volcanic peak on St Augustine
Island 1in Alaska began its fourth

major etupfion of th%entury on

january 24. 1976. prod®ing heavy
ashfalls on Homer and Anchorage (60
and 180 miles north of the volcano.
Immediately following
this eruption. the cloud physics group
at the University of Washington
requested funds to obtain airborne
measuremenss from the emissions of
St Augustine This request was
approved and on February 7 the
Univegsity of Washington atmos-"
pheric research aircraft was on site in
Homer During the next 11 days. ten
research- flights were made and a
unique set of particle and gas meas-
urements swas obtained ‘in, the
emisdions from St Augustine

The plume from the volcano was
very dense and produced almost
complete darkness within the alrcreft
cabin during penetr s The par-
“ticles in  the pluw;lso caused
considerable wear on the arcraft (for
example. 1/1000 of an inch was
removed from each propeller) A
preliminary analysis of the data:
shows the rate of particle emissions
from the volcano ranged from 1,000
kilograms per second to a staggering -
one million kilograms per second.
These figures lwcate that worldwide

_ volcanic emussions are much higher
+ .

than previously estimated and must
role in global *

play a significant
pollution  and climate vanability.
through a change in radiational

characteristcs of the atmosphere ¢~
s ¢ .
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Mt St Augustirfe, AlasRa. Aithough an eruptio

.

f this size, which occurred In

February 1976, 1s significant primarly for its local atmospheric poliution, major
eruptions (like Krakatoa in 1883) can poliute entire hemispheres of the Earth' (Rhoto
o

by University of Washington )

.y,

_ Circulation in'the
Tropical Troposphere

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

. (TWERLE) has given saentists from

the National Center for Atmospheric
Research (NCAR), the University of
Wisconsin, and NASA a first look at
some phgpomena of the atmospheric
arculation at a level of about 14
Jilometers in the upper tropical
troposphere The circulation differs
markedly from that in temperate
latitudes at similar altitudes One
‘characteristic 1s .an apparent in-
terhemispheric exchange of air at the,
altitude at which the balloons were
flown Other results include thé
long-period  gravity
waves and deep convective cr-
culations and the abiity of the
balloons to act as sensitive probes of
turbulent diffusion 1n thes upper
troposphere and lower stratosphere
In TW?I.E, 411 Ssuperpressufe,

i

-

ERI!

Aruitoxt provided by Eic:

~

»

- ~

constant-leve!l batloons were launched
over a peried from May 1975 to
January 1976, 272 from sites in 'the
tropics and 139 from Chmstchurch,
New Zealand The balloons carried an
array of sensors to detect pressure,
temperature. and balloon _ altitude,
these data were transmitted to a
receiver aboard the Nimbus 6 satellite
each time 1t passed over the balloons
In addftion. the balloons sent signals
that could be analyzed' to abtain the
speed and direction of the balloons as
they were carried along by the winds ~
The wind fields themselves could
thus be deduced from balloon
motions - ¢ o
Of the balloons flown from
Christchurch, 33, sometime in their

hfetimes, - crossed the Equator into

the Northern Hemisphere “The
crossings occurred only in two
narrow bands of longitude between
180° and 140° E -(from central
Australia to the International
Dateline) and between 0° and 30° W
(over the Atlantic between South

\Ampnca and Africa) TWERLE scien-

’ ~

<
>
. A

. S

usts theorize that a connection
betweer the two hemspheres at the
14-kilometer level 1s effected through
features of the large-scale planetary

" airculation 1n the tropics often called

“midoceanic troughs”—areas of lower
pressure ) ’
TWERLE scientists also discovered
that a ballopn -platform registéring
pressure, temperature, and altitude
can be a.powerful and economical tool_ _
for studying wave motion 1n the high |
atmosphere Three kinds of wavé
motion could be detected a neutral
balloon oscillation (the balloon restor-
ing 1tself to equilibrium density level
after a perturbation) with a period of
about 4 .minutes, a lee-wave oscilla-
tion 1n  balloons launched from
Christchurch passing downstream of
orographic barriers, with & period of
6 to 7 5 minutes, and oscillations with

persods between 30 minutes and 157 * .

hours ‘that are believed to be the
signatures of gravity waves All three
types o& waves [ay originate near
the ground from any number of
sources (the motion of the oceans,
convective arculations) and may be
"dissipated at the tropopause, con-

"versely, they may be excited at the

tropopause and”have no dssociation
with topography beneath them A
‘study of energy flux statistics that
can be calculated from the ball
r"notnc')ns may  help to pinpoint the
sourceé .

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

tropical Atlantic, for example,<as a
.«
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persistent feature indicating that the
upper-level winds tend to converge or
move inward over this geographical
region The wirtual absence #of
balloons 1n the vicinity of the mon-
soonal easterly flow over northern
Afnica, the Indian QOcean, and In-
donesia, which persisted during the
period of the experiment, indicated
that the winds fanned outward or
diverged over these points Persis-
tent, large-scale areas of mean-
divergence Or convergence of upper-
level winds of such a magnitude have
hot, been observed at midlatitudes
Further analysis should reveal how
such tropical features are integrated
into  the general circulation of the
Earth }

The experiment will- be repeated
duning the First Global Atmospheric
Research ,Program (GARP) Global
Experiment (FGGE), one of' the
experiments of GARP The satelljte
receiver system will be the French
ARGOS system aboard TIROS N

"NCAR will fly 300 TWERLE-type

balloons In the tropics under the
support of the National Oceanic and
Atmospheric Administration

‘Global Atmospheric = -
Research Program

Results .of the Global Atmospheric
Research Program’s {GARP) first
experiment, the GARP Atlantic
Tropical Experlment (GATE), began
to emerge in fiscal year 1976 Data
collected during the summer 1974
observational phase of GATE have
been edited, validated, and archived
-and are now available to the scientific
commumty. One data set contains
low- and highdevel tropical wands
denved from satelhte doud informa-
tion Ths 1s'a very important applica-
tion of meteorological satelhite infor-
mation to the tropics, a data-sparse

. region

From a GATE praject designed to
characterize airborne™ particles
(aerosols) transported from the
African Continent over the Atlantic

Q
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Interhemispheric air exchange. More than

400 of these scientific balloons were
flown between May 1975 and January
4976 1n an 'NCAR/NASA/University of
Wisconsin study of ‘air circulation 14
kilometers above the tropics This infor-
mation 1s important to understanding-how
the. general circulatiog. of the world's
atmosphere'determmes weather patterns

Ocean, a possible
impact on weather
chmate was discovered

anthropogenic

In semiarid

.regions bordering deserts, rainfall .us

highly variable With development
comes Increased grazing, ploughing,
and cultivation of new fand, plus
of trees Overgrazing in-
fluences aerosol generation, s and
during dry periods vast reservoirs of
dusf are transported into the at-
mosphere by winds This dust
modifies the radiative properties of
the ‘atmosphere to @ significant
degree and may lead to suppressed
precipgation  This, in turn, would
INcrease aerodol loadlng

4:1

and perhaps*

- where
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Several new and unexpected find-’
_ings .are emerging from the Indian

Ocean Experiment (INDEX), a study
of the structure of the eirculation in
the western Indian Ocean INDEX 1s
a predecessor of a ‘GARP regional
experiment, the Monsoon Expen-
ment (MONEX),
during 1978-79 MONEX 1s one of

several experiments embedded within
the Firs (;,CARP Global Experiment '

Under- -
’current (a fast moving, subsurface,

(FGGE)' The Equatonal
eastward flowing current) has been
found to be considerably more com-
plex than at first thought A depth-
dependent altermating structure of
the undercurrent, which persists to
depths of at least 3 to 5 kilometers,

suggests that 1t 1s not clear exactly

what one should identfy as the

“Equatorial Unrdercurrent.” .
In a related INDEX effort, six
satellite-tracked drifter buoys re-

leased in the equatorial Indian Ocean

were caught in a large clockwise gyre
whose existence was totally un-
kgown The gyre or eddy had a mean
speed of 70 centimeters per S¥cond

and maximum speeds in excess of 200 _

centimeters per second
" Prehminary results of another
GARP effort, the Air Mass Transfor-

mation Experiment (AMTEX), were,

discussed by scientists from Japan,
Austria, Canada, and the United
States at a conference in Tokyo n
September 1975 AMTEX was
designed to'increase understanding of

wintertime airmass modification 1n

regions where cold, dry continental
air flows over warm ocean watér
The region of the warm Kuroshio
current In the East "China Sea, a
strongly preferred region for intense
winter storm development, was
selected The physical processes in-
volved are thoughfto play a similar
role in the Gulf Stream region off the
southeast coast of the Unitgd States
many intense storms are
gengratéed AMTEX results indicate a
substantial variation in energy input

from the ocean to the lowec\_@t

‘

that will be held.

‘
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Storrny weather. Resutlts of a Global Atmospheric Research Program study of the flow
of cold. dry continentd! air over warm water in the East,China Sea (the research area
1s outlined} wiil help explain how intense winter storms develop The cjoud patterns in
this February 16, 1976, satellite photo resuit'from this cold air/warm water interaction.
simylar processes probably operate in the Gulf Stream off the southeastern Uniteds
States (Photo courtesy of E M, Agee/Purdue University ) .

” -

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

Climate Dynamics

Studies by researchers at the
mont-Doherty Geological Observ-
tory and Brown University of the
frequency of past climatic changes as
o g

RIC .7
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deduced from envxr{nmentally sen- *
sitive indicators preserved in deep sea
cores have provided valuable’insight
into mechanisms of chimatic change

f

- " o

”

100,000 41,000, and 23,000 years,

which are the same as the Earth's -

eccentricity, obliquity, and preces-
sion. cycles While both the climatic
and astronomical cycles are generally
in phase, the 41,000- and 23,000-year
climatic cycles systematically lag the

« obliquity and precession cycles. These
evidenee -

studies show demonst
of some sorbital control for chmatic
change and indicate possible lags in
the chmatic response given by the
Earth to-changes in 1ts orbital posi-
tion . T
The srelationsiip between sea sur-
face temperature anomalies.and con-
tinental climates 1s becoming elearer
as a resdlt of research conducted by.
John Kutzbach and Ravid Houghton

of the University of*Wisconsin and ~

clitdate® modelers at _ the National
Center for ' Atmospheric ~Research
These researchers have demonstrated
that the NCAR General Circulation
Model exhibits a well defined
response to changes im sea surface,
teperatures ln‘m"odel experiments,
sea surface temperature angmalies in
the North Pacific Ocean’ produced a,
wavelike pefturbation i1n the upper
air patterns extending downstream
over the continental United States,
thus supporting an earher hypothesis
of Bjerknes (UCLA) and Namias
(Scripps) . -

With a positive changeé 1n sea

surface” temperature there 1s an
ihcrease of atmospbere temperfature
extending to mid-tro ere, In-

‘creased vertical motion, and an:upper
level ‘increase of pressurq coupled
with a low level decrease of'préssure.
Low pressure Tsystems form and/or
intensify over such an area With a

These researchers have ‘shown that “egativé sea surface tempRrature

thé long-term climatic variations in
both hemispheres over “the past
400,000 years have the same perio-
dicities ‘and constant phase relation-
ship as variations of the Earth’s
orbital parameters The indicators of °
past ocean §urface temperature, con-
tinental ice volume, and species
abundance fluctuate with periods of

oy

change, the response 1s exactly op-
posite. These significant findings
emphasize the important role of sea
surface temperatures in regulating
continental ¢himate and forgn a useful -
point of departure for fontinued and
further examinatidn and understand-
ing of aspects of actuil mid-latitude
atmosphere-ocean interaction

’

po-
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" National Center for .
Atmospheric Research

The National Center for Atmos-
pheric Research (NCAR); located in
Boulder, Colg, conducts, in coopera-
tion  with universities and other
institutions, large atmospheric
research programs of national, and
international importance NCAR also
develops and provides major research
facihties 1n. support of atmospheric
research prografts NCAR s
operated by the University Corpora-
tion for ~ Atmospheric Research
(UCAR), a nonprofit consortium of

42 US. and 2 Canadian universtties,

under contract with NSF
This past year NCAR scientists
completed the first direct comparison

of forecasts produced by several -

" large-scale numerical weather predic-

tion models Some of the results
confirmed expectations For example,
all the models display some of the
same characteristic errors, 'they

" forecast phase speeds for waves n

.(e.g.,

the atmosphere that are slower than
the actual atmosphenc mogtons, they
predict weaker amplltudes ‘than those
that are observed, and they describe
the development and decay cycle of
disturbances poorly
Other conclusions were un

pected Even though-the three models
were developed independently and
employed distinct methods of calcula-
tion, they produced forecasts_that
were surpr‘xsmgly‘snmi]ar Morsa)ver,
the scientisgd had expected that the
largest forécast errors might occur
over gedgraphic areas” with the
smallést amount of obs ~data
over oceans), buf the actual
forécasts showed no simple
geographic dependence, even in the
first 24 hours. The first quantitative
evaluation of different models
provides some diréctions for future

research. All the models need to be ,.

improved ta reduce their common

errors. ' .
Results’ from the battery of solar

telescopes operated by . astronauts

ERI
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,abeard  Skylab have

" referred to by terms such as

3

contributed
greatly o the_anderstanding of a
number of problems.n solar physics.

- NCAR’s white-hght coronagraph was

one of six telgacopes flown
spacecraft Usiflg Skylab data, so

39
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Ancther 1mportant NCAR ac-
complishment 1n fiscal year 1976 was
the selection of a "fifth-generation”
computer, to be delivered in 1977
The new computer and associated
hardware will enable scientists to

scientists are clanfying relationships

between events in the Sun’s tenuous
outer atmesphere—the corona—and
the structure and dynamics of the
interplanetary medium The most
general result from Skylab 1s the
changed scentific picture of .the
corona what was thought to be
always a relagyely quiescent outer
atmosphere proved at the time of
Skylab (near a minimum 1n the solar
‘activity cycle) t,oRbe a hlghly dymamic
structured regio

As a national center, NCAR
develops and operates a variety of
special research .faclities During the
past year, NCAR’s fleet of in-
strumented arcraft participated in a
varniety of experiments, studying hail

-over northeastern Colorado, measur-

ing hydroxyl radicals 1n the
stratosphere, and'sampling the plume
of an Alagkan' volcano

-
Y

ts as the First GARP Global

, peripheral )
NCAR’s

L)

. weather observing and
system, the Portable Autpmated
Mesonet (PAM) in fiscal year 1976
PAM samples data at the same time
at each of, 15 field network stations,
¢éverages thé data locally, and then
transmuts 1t via a telemetry hnk to a
) base station so scientists can “watch”
surface weather patternsacross an
entire network in real time. PAM
. thus rl:?rents a technological ad-
vance over a whole previous genera-
tion of instrumentation

1

, Earth Sciences

D:rmg the past decade, geology (or
earth saences) has undergone a
‘major revolution, the second 1n the
history of this saence &€ommonly
“sea-
floor spreading” and “plate tectohics”
or “global tectonics,” 1t has pro»ﬁded‘
us for the first time with a unifymg
concépt of global structure and
compositign, a model of how the
major features of the Earth’s surface
have been formed and changed, and
the first keys to the basic driving
forces of a dynamic and ever-
changing planet. The concept has
enormous promise in explaining the

origin and locations’ of earthquakes,,

'
volcanoes, and the processes involved

" 51
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in faulting. and mountain building,
with practical applications in nataral
disasters and the formation of
deposits of minerals and fossil fuels

It would be difficult ta overstate
the success of the plate tectonics
modelr 1n bnp,gmg together the
dlverse specialties that constitute the
earth sciences Ten years ago no one
would reasonably Aave predicted that
paleontologists, ~ geomagnetists,
marine geologists, petrologists, struc-
_tural geologists, and seismologists
would be working in concert to
supply crucial tests for a concept
comparable to thft~of the Bohr atom
in simplicity, elegance, and potential
to explain a wide range of diverse
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observations Yet this has indeed
happened, and the result ks been a
revitaization of the geological
scxences“"(‘ﬁ‘fﬁparable to that whieh
swept physics at the beginning of the
century
But the new theory s still in its
childhodd Although most major lines
of evidence reinforce the model, there
are some phenomena that appear. in
part or In toto to be inconsistent with
the plate tectonics model, and there
are dghers that appear at this stage to
be unrelated Therefore ths attrac-
- tive and promismg theory needs very
'trmcal testing and evaluation lts
implications  and 1ts  heutations  in
explaining the Earth need thorough
exploration

Thus a good deal of the research
supported by the earth sciences
* program 1s focused directly on the
elaboration and testing of the plate
tectonics model And most of these
projects are subsumed under the U S
part of the International Geo-
dynamics Project, an effort involving
some 45 nations Many are also
closely related to fundamental earth-

quake studies
Nearly as exciting as geodynamics

per se 1s the focus and new significance
that plate tectonics has given to much
_of the “old-hne” geoLpgxc reseakch

I

«~

.

Thus, projects.that study the granites
of a mountain belt—fihe research but
of local signsficance 25 years ago—are
now - pieces in the whole global
picture of subductign zories and plate
boundaries And the study of fluid
inclusions 1n crystals tells us not only
the temperature at which an_ore
deposit formed but also somethlng
about the temperature and physical-
cherfucal conditions of the descending
slab of a crustal plate

A major and special source of
current geological data 1s the Deep
Sea Drilling Project « Having made

major contributions both to the plate,

tectomnics model and to general
geologic knowledge, the project
entered” its fourth or formal Inter-
national \ Phase in Npvember 1975
More than just a mere extension of
the early reconnaissance drilling, this
new phase focuses more on problems
and will involve both deepes—penetra-
tion and more continuous coring The
results should add greatly to our
understanding of the history of ocean
basins and the evolution of the outer
crust

-

Fluid Inclusions
4

Many ore deposits, especially the

metal"s,ulfldes, form by the precipita-

tion and growth of munerals from
hot, saline watér solutions that move
through rocks Small droplets of,
these fluids are commonly trapped.by
growing crystals as microscopic fluid
inclusions. The past decade has seen
renewed and increased interest in the
study® of these fluid inclusions

because they are a powerful tool in
reconstructing the physicdl-chemucal
formation

of of

conditions
deposnts % -

ore

One of the targets of the studles 15
temperature The coefticient of ther-
mal expansion of the fluid 1s more
than that of the enclosing crystal, and
vacuoles (small cavities) are formed in
the inclusions-when the deposit cools.
But the process 1s reversible, so that

‘when we observe the temperature at

which. the vacuoles disappear on
heating, we derive an estirnate of the
temperature of the solution at the
time of entrapment The salinity of
these solutions has also been es-
timated 1n an analogaus mannér by
observing fgeézing point depression

Of even greater interest are the
specific compositions of the flud
inclusions and the minerals that form .
in the cavities by precipitation on
cooling of the deposnt Attempts at

'Minerarhlstory New methods for studying microscopic pockets of fiuid trapped in Iarger crystals now permitthe reconstruction of
details of how hydrothermal ote deposits were formed Atthe left small bubblesin fluid laclusuonm fluorite crystal canrevealthe

temperature of the solution when it was entrapped At the nght. a scanning electron microgra
.

different mnnera!s that have crystalknzed from the entrapped fluid

»
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composition _are now being made
using laser excited Raman $pec-
troscopy “for i situ partlal ciemical
analyses and by opening and analyz-
ang thé volatihzed constituents of
individual . inclusions » by laser
microprobe methods These methods
are still in the development stage

A significant advance 1n 1dentifying

the minerals in the cavities has been ~
made by geochemists at the Univer-
sity of Michigan This group. led by
Willam C Kelly, includes F W
Metzger, B E Nesbitt, and £ ]
Essene Previous attempts at iden-
“tification of «the inclusions mvolved
optical _and transmis electron
_microscopy. but neither method was
precise because of interference by the
enclosing crystal  The Michigan
“~grBup has,now developed a technique
. of definitsvely Qetermlmng the com-
positign of the inclusions by using a
combination of scanming electron
mICroscopy and eneriﬁsperswe
analysis of the X-ray rum ex-
cited by the electron beam The
analys'ls'ls made on crystals in which
the inclusions have begn exposed by
fracturing Y .

Using this® method they * have
identified a complex assembjage of
inclusion minerals in fluorite (rystals
that cdme from the fampus gold- tel-
luride deposits of the.Colorado Front -
Range Prehminary identifications
have ‘also bBeen made of the
assemblages present 1n  quartz
crystals from gold-bearing veins of
the Ormental Mine at Alleghany.
Calf . and from calcite crystals in the
carbonatite rocks ‘at Magnet Cove.
Ark. The development of this tech-
mique 1s of prime importance in that
. the inclusion mineral assemblages

reflect the chemical composition; total
salimity."and cooling history of these
deposits  The fact  that ind
inclusions can.be analyzed makes 1t
possible to trace the history of
crystallization of ore deposits,’ it
should, therefore, Jead “to substantial
new knowledge about their modes of
formation .

7
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A Very Long :
Period Seismic Array

An area of geoph;srcal research of
great interest and potential practical
importance 1s the basic study ‘of
earthquakes Even though a lot of
hard work lLes ahead, enough
progress - has been made. since the
1964-Good Friday quake 1n Alaska to
provide encouragement that
earthquakes can be predicted

One important element in, earth-
quake research 1s the measurement of
crustal stress *'on a global scale.
because there 1s increasing reason to
believe that local earthquake oc-
currences are related to such global
behavior Thus. fncreased knowledge

such
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about stressés in the Earth on a
worldwide basis will aid research
directed at earthquake prediction on
the more local level

To this end. a nétwork of modified
La-Coste * 'Romberg vertical
accelerometers 1s currently being
installed by University of California.e
San Diego. scientists at selected sites
around the world The “instruments
.are the most sensitive ever developed,
and the network, which will optimally |
consist of approximately 20 stations, ™
will provide® a unique set of high-
quality. very long period digital data.

Stations are presently-instailed at
Pinon Flat, Calif . " Canberra,
Australia. Nana. Peru. Sutherland,
South Africa. Halifax. Nova Scotia.--

wans v b T
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Global network for long period seismology. This network of seismic instruments will §
provide better data for the study of the free oscillations of the Edfth, the distribution of
global stress patterns solid Earth tiges, and earthquake source mechanisms Seven

stations areé now operating (colore
squares
<

triangles), profected 5|tes are shown by open
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Garm, US SR., and Rarotonga, Cook -
Islands. The station at Garm, "sn-

- stalled 1n September 1976, 1s the fifst

a only permanent western
seismograph stationl in the Soviet,
n Other stations definitel$ to be
installed include Brazihia, Hawau, and
Alask# In the case of foreign
stations, the Ugited States provides .

“the equipment and such maintenance

as Is necessary, while the foreign
nation provides all operational costs
as well the critical geographical
position™ Success of the network
depends omy international scientific
cooperation Data are available to all

interested scientists  through the
Environmental Data  Center of.
NOAA

As of September 1976, seven

.stations were operational Although
most of these have not been rumning
long enough for multiple record
analysis {1e, to use them as a
snetwork}, signifrcant scientific results

“have already been obtained from the

analysis of single statron” data For
example, the procéssing of several
weeks' records from Nana, Peru,
show clearly-the g-hourly tide at the
1 to 2 percent level, something never
before seen From such data, 1t will be
possible to determine whether the
elastic properties of the Earth vary as

- a function of tidal period—mportant

-
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infermation for studies of the Earth’s
core In the seismic band, a new
method , to selectively amplhfy the
long-lasting vibratien modes (high Q)
will aid other studies of deep earth
structures From the records of the ’
recent Guatemala earthquake, for
example, Q was determined for many
of the fundamental modes and some
overtones to an accuracy of 3 to 4
percent, far greater accuracy than
ever beéore achieved

’ With the completion of the sixth
and . seventh stations, it 1s now
possiblé to look at-source mechanisms
of large earthquakes in the dqng
peripd band The:rtc'ords from-s
stations should enable the determina-
tion of the pattern of stregs release

c '

v
.

for t}n;e ‘intervals of 1 minute to 1
hour and should permrt us to know
what useful precursors, 1f any, can be_
observed for large earthquakes)

. Ocean Sediment - ¢~
Coring Program

For the past 8 years, the Deep Sea-
Drnilling Project, a part of the NSF
Ocean Sgdiment Coring Program, has
been, drilhng and coriig in the
sedimegts and upper basement rocks

. of the world’s ocean basiws to deter- )

Cture,”

mine therr composition, stru
p
- s .

7

*Aboard G£OMAR GHALLENGER - Philip Rabinowitz of Lamont-Doheérty Geological
- Observatory. a co-chief scientist on Leg 45 of thé Deep Sea Drithing Project, inspects
a downhole hydrophone used to measurg sonic. characieristics of tocky-bselow the T
ocean-floor DSDP resgarch un 1976 resulted in new findings about young crustal «
material and about events associated with the sphitting of North America from Europe’
.and Africa '

“

. .
and geologic hl?;ry. The project 1s
managed fo the Foundation by the
University of California, wigh the
Sciipps lns‘ti@mn'oﬁ Oeeal#graphy

-of the university responsible for

accomphshing the project’s scientific

* objettives The University of Califor-

-~

nia subcontracts with Global Marine, .,

Inc y(GMI) to perform the actual,
%lrilllng and coring bperations using
GMY’s ship Glognar ghallenger.

Early In fiscal ye& 1976 the project
completed its third phase of
operations By the end of this phase
573 holes at 392(different sites were

. - \
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A ? drllled in all the major d¢ep water . Legs #4, 47, and 48 were lﬂwportal"n
ocean basindand seas of the world A® in d rmining  the history of fke

total of, 493 shlpboard smtnsbs"- early opening of the Atlantic Ocean

. parncnpmed in the first three phases Huge submarine  mudflow and:
of ocean arlll g." 196. persons have avalanche deposits were discovered

< served as sci€ lflc advnser& to the . on both sides of the Atlantic, Chaotic

* prq;ett A total of 54, 194-; arate  pebbles,dumps of mud. and* crinkled
. samples wege distributed to 528 U S Jayers of ooze were carrie
and fore\gn scientists from a‘ademlc relatively shallow shelves
1nsmunons industry, ahd govern-  water, prdbab‘ly carving submarine
avent agencies - u,anvons a(ross the slope as they~
. . « The fourth phase (o4n dnlhng .went Large’ quantitigs  of organic
+ the lntgnatld‘l Phase "of atter quickly buried by this process
«- Drilfing (”’ eing condu art the right geological egonditions

with increased )nternahonal suppe
+ In January.®o74, thé Soliet Union

conversion nto o1l and das

.43

more than 2,700 meters and, in th'e(
Bay of Biscay., swampg fr fringed with
coral reefs sank 1,200 meters below
sea level Stréng submalne cursents
along the continental malgin at done

place swept away lanket of
sediments over 3 kilometers thick At
other times, stagnant conditions
developed,

ulting in the accumula-”
tion of blacgorgamc-nch sediments

Clues to help date’ tBe origin of the
Sahara Desert and evidence forcold
currents that may have changed the
Atlantic Ocean’s chmate l'}elp'{‘ us
better understand the paleoenviton-

Evidence indicates that when Nort/ment' of the Atlantic regron
’

signed a Ve andum ot Under’  Mhnericd first split from Europe an Glomar  Challenger  will finish  the
standing  wigh TNSE, apteang tO " Africa there was a rapid collapse of _ present  Atlant®® Ocean _dnlling
contribute 51 0 mllhun per year to,, the continental margin  Off the, sche by February 1977 At Yhat

the project for 5 years -Since’ the  United States
. begmnr%f of fiscal  year 1976,
agreements to contribute $1 0 milion o
per year to IPOD were signed by | | N

ere were Bahama-

timWgat will embark on a 2-year

dagan, the United Kingdom, France. . -

afd the Federal Republic of Germany -

Drylings, operations during  fiscal
wear 1@7@egoncentratéd on two main
objectives {1) to’dnll as deéply into
the basaltic crust” of the ocean as
possible within a himited tyne frame
to determyne

ok sedimetts along  the
Ocean marglns to better undécstand
t leoeytronmental (hanges that
xlace when North Amgma split
from .Europe’and Afnca LT
Legs 45 and” 46 were devoted to
. drlllmg/nto the basaltic rocks ap-,
proximately 90 ,miles from each side
of the Mid- Atlantic Ridge 4t'§22°
Jatitude  While a_pgreat deal was
learned about .)Luupg crustal material
neir a . ge ax1§ when fractured
basalt 4pd layers qf basaltic sand were
penetrated. drilling was diffacult and
maximuf penetratigr-was hmlt‘gd to
" 664 meters The detection of s veral
. rpagnet reversals m ;ust a-few
. hundred&fee; of basalt was a surprise
to most scientists The first deep-sea
well-4pgging program in cry“s-tallm}'
Procks - was successfully‘caﬁd out
P after drilling opetations, cea®

' s i
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Its or, ynd évoluhon,
and (2* to penetrje thg thxc:/w;d/geg

type tidal Hats that capidly subsided Paafic O.ce:an program -

’ B

C Oceah Sciences
O . i : -

I 3 3 .
. The overall objective of “NSF's  chemistry, submarine geology and
. programs in the ocean sciénces is to geophysics. and blologlc_al

improve our understanding of,the oceanography

nature of the ocean, 1ts |nfluen(e on
aur acuvmes and our <wn impact on
f'he mgrine "envirofnient  Ths s
agcomplished through three ‘major
programs one bastc research pro-
gram ta support projects of individual,
scientists at the oceanographic in-
-shtugmns a second to support a
fimited namber’ of large. managed
projects, and a third progrant to
provide  for the acqusition. and
operating costs of the ships and other
oceanographic facilities negded to

carry out these research program:
Support for Yindividual research
projects  provi more than 300
grants in fiscal Jedr 1976 to individ-
! scentists Jor developing fun-
_damental knglvledge about - the:
oceans, their§fontents, and the sea
“floor Investigations concentrate on *
physical qcean phy. marige
- 4

The International Decade of Ocey
Exploration supports large-scale, mul-*
tidisciplinary, international projects
focused on the role of the oceans in
climate, “food production, pollution,
energy, and natural respurces, with
considerable parnapanon by many., /o
“nations afound the worlde These
efforts are 1ncorporated into foyr «
programs—enyvironmental  fore-
casting. environmental qifality, ‘sea-
bed assessnfent. and living resources

chanographlg facilities and sup-
port contributes digectly to these
oceanographic research efforts by
providing Support for 30 research
ships and* a number of specialized
facilities, these are scheduled ‘on'a
shared‘use basis’ «Bas_ec; on 1ts pro-
grams for review and evaluation of
academic’  fleet rformance and
material cond

~ NSF ‘:,g/ports a
. . at . . .

-
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continuing ”effort to upgrade the
fatilities necéssary to sustain a vialsg
Jceanographic research effort at the
Nation’s unjversifies * .

/ .
Cycling of:Dissolved ~
Organic Matter in

' the Sea
Energ v 1n tre ocean has been
studped many vears from the

Sergpectae of the dassicat model ot a
food chain—diatoms through ppe-
pods and Krill to tish and wMles
However, recent studies by a numper
of researchers have revealed that the
majo portion ot the ocean’s av ailable
énergv Tav. be Howing through a
web omprised  of  disséhed
Qrganic  matter, nonliving . organic
cparticles and those micrgorgamisms
such as bacteria thot wan onsums
“this organic matter directls Little 15
known about the nature and concen-
tfation either  the “dissolved
material or the con~umeér organisms
n Sl(’bll‘l’th‘(ﬂ the Univeraty of

of -

Ri0de [sland has directed hi stadies "

tos ards tbm{" problems h»rft'{vhﬂ
years, and. on a recest project he
foqused the thin
laver
sone

% attention’ on

f
;‘lrtl‘qu.\rl\, likelv to betattedted ©
such al petroleum
He tound that this
microlaver, and particularly the ul-
.+ thathin “skyn” at the Wwater surtade, 1
nch m carbon .
apparently ot ph\toplankmn'nr'.,gm
this  water
‘demopstraged that 1t supports actives
n
those

dissolved  organy
using

conden-

ot

micrebial
tratiens
laboratgry gultuses

. Siwie _hypotheses that the
upward nocturial migration of grazs-
ing  cooplankton  may  senve
'transpprt and subsequently release
.these dissolved matenials into “the
surface ‘watems Nﬂrusu»pu observa-
tions of blue-pigmented v copepods
floatimg on the water surface pro-
vided *an interesting Hlustrafion” of

R f\;‘(md web deW[ssulv(-d

populations
appraching

to

.

)
h

A
water at the sea surface? a

L}
Primary‘corisumers.

hve in the surfape watecs (Photo by

organics A large perdentage of the
copepods were infested with a” suc-

toran (stalked protosoan)
scopic sections  through the suc-
terrany’ indicated  that  they are

_tonsuming the microotganisms thriv-
ing 1n these rich surface waters The
suctorians.and their copepod hosts
are, turn, source
larger hvertebiates and larval fish

n a

. By

Wy

MicFo-

of food for '

-
chamber

ood.chain mteractions n the ocean’s.very thin surface layer '
may be far more-important to marine Ife than previouslydhought Fypicdl inhabitants \ N
of this mlcrotayer,are’shown in this electron fiicrograph of the surface of a blue
copepod that has been cotonized by*a suctchian protozoaft The protozoan usges its
, combination of outer and inner-feeding,tentaoles to capture and ingest bacjeria that
‘hn'Scebunh/Umv'érsny of Rhode Island )
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In further stydies 1R waters below
the surface” microlayers, Sieburth
employed & diffusion  culture  ap-

Pagatus to measure the i situ growth -
r:ste microorgdnsms 'Thé
diffusion culture system 1s a chamber *
divided by a membrane. The mem-
brane acts to’cage a papulation of
microorgamsms on one side of the
while exposing them™te
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natural flu;es of dissolved :wrga‘ (s
.*that 'achve‘ly diffuse through

14

s _ *

]

. N ad .
the = longstanding | discrepancy:
between our esUmates of the stand-

pores in the me\b:ane In g‘umrast to ;N8 stocks of zooplankton, fish a

previous experiments ini, c‘lused
«bottles, thxs chamber’ allqwed “the
mlcroblal *populations to achiede

mammal growth rates refledmg the
dynamxcs of the $upplv “of dissolved
“matersal “in the seawater The
resulting growth rates were

. "
orders of magmtude « higher than

generally reported for the ‘open sea
This experiment suggests that a large
amount ot organic matter’1$ n a
dynamic  state, rapudly sovded by
microorganisms  In ‘additpon,  the
resulting b‘uurml bromass indicates
that the opén ocgans aré ‘more
productve  than vwas  previoudly

thought ‘T}'ns ®finding helps explain

. “. .

two ,

whales, and™ the
phytoplankton production presurged

”

» :
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global p]ate tectonics Stated very
briefly, the Earth’s outer shell 1s made
up of a small number of-lafge semi-

wsufficient o rigid plates that move, rglative to one

another New oceanic crust 1s formed

to support these populations While 1 at the crest of ‘midoceaq, ridges and

this work requires additional substan-
tiatson, 1t provides an important new
perspective in our “efforts to deter-
mine the processes that maintain the
lopg-termequilibnium gf hite 1puthe
s€a R : 0~‘\
¢ ) . P
. Project FAMDUS: . .
-~ Sea-Floor th

Ungerstanding,of
the ,ocean crusk
vanged m recejnt ars as a result of
the de\elopment of the theorv of

tricture of

LATE
VOLCANISM

then migrates or spreads laterally

from the crest at a tfate of the order
of several Centimeters per year
Ultimately, it sinks into the Earth's
mantle at the oceanic trenches
Project FAMOQOUS, an abbreviation
for French-American Mid-Ocean Un-
dersea Studils, concentrated on ex-
,amining the tectontc and geochemical
processes active at midocean nidge
crests A segment of the inner rift

a$8 rapidly wad- ¢ valley of the Mid-Atlantic nidge was

investigated in detailjfrom the sub-
mersible  Alin The chief diving

: PRIMARY
VOLCANISM

Seams of the Earth. A model and cross-sectional diagram"reflectmg observations.made with the submersible AL VIN alongrthe,
Mid-Atlantic ridge.. show the raised central volcanic area, the lower coHapsed zones on euSher side, and the uplifted area still

further from the spreading center
\ ]
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scientists, R D Ballard, 1R

Heirtzler,"and W B Bryah-of Wood:
Hole Oceanographnclnsmutnon T
van Andel of Oregon State Univer-
sity, and ] G Moore of the Ug-
-Geological Survey, made 15 traversss

~ across the floor of the nift and.up the

flanking valley, walls to. thé~ first,
major fault scarps The data trom
Aloin were broadened with informa-
tion collectedteg the area with more
corn@entional ﬁ%@es leading to_a
complete geological mterpretauoh of
khe study area

‘The geologic model shows that the
central part of the nft s a produat of

®

striking

. .
‘alréady‘present, producing a zonation

within the. chamber ivhich 15 en-
hanced by fractional crystallization

show, in general, an orderly progres-
sion of young to older rocks going
from tRe axis to thé valley walls A
few anomalously old rocks are found
in the axial depressioh The most
anomaly, how.&:ver', 15 a
scatter of very young rogks across the

entire width bf the valley floor Thig,

suggests that a shalle
resergar exists with free ¢

magma

floor 'Episodes of major volcano

xtensive volcanic activity and active fbuilding along the axis apparently

faulting Small volcanoey are bwlt up
along the spreading axis, shortly after
formation, the volcanic structure 1s
modified by vertical-callapse, which
leads to a reduction in the botto

relief This process is reversed in the

alternate with rgduced’ actwity alarig
the axis and more widespread activity
from the secondary fissures -
Results from Project EAMOUS are
being incorporated into kinematic.and
dynamic models of ‘the sea-floor

munica--
tion across the midthy of fthe. valley*

\
-

the Moon and Sun Numerical models
have been very successful in predict-
ing tidal heights over very small

Age sequences for ts_e lava flows gebgraphic agfas However, in some

regions of the oc®an, particularly near
the Equator, vanatwns in the sea
level records cannot be explamed
simply as tides For example, some 20
years ago Gordon Groves, now with
the Unmiversity of Hawau, pointed out
a 4-day oscilation in the tropical
Pactfic Some scientists speculated
that this and other unexplained
variatiéns might be due to intérnal
motions i the sei—large .distur-
bances of the interior of the ocean
‘due to 1its large densnty variatrons
These ‘internal motidbns ean
generated - by interactions with the
atmospheric wind and pressure fields,
as well as bv the interactions bétween
tides and the irregulat bottom How-
evey, they are usually thought to

outer parts of the rift valley as up\f«’ spreading process It i1s apparent that « generate only 1mpercepnble changes

begins Here the tensional nature of

x Al
the stresses changes to vertical.shear

as the volcanic blocks are ineor-

on the spatial and temporal s¢ale of

*this study, the processes in midocean

nft » systems are ‘not COnhnUOL‘S

— porated into the walley walls ahd Additional laboratory analyses of the

E

°
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elevated During the variousstages ot

rock samples’ should define the shape

uplhift, terraces are formed and Some of* the magma reservoirs and the

of the onginal volanwes cgn ke
recognizel ‘vhneralnbmal

samples recovered by the subMersi-
ble, eoupled with tha examination of
volcanic flow features, show that
secandary fissures within the, nift
valley The source regionsifor the
flows—magma chambers—are

. shallaw and show considerable vana-

tion 1n comp(mtmn The - range ‘L
‘yolcanic rock typge’ found 1n this

~ small area 1s approximately the same

as the variations tound along the
entire length ¢f the “Nid-Atlantic
ridge Thus, 't appears that magmatic
processes  such Las fractional
crystalhzatlrm or - varigble® part al
melting are important factors n
controlling composition of individual
groups of lava flows Magma batches
arriving at the magmd chamber do

. not completely mix with the magma

and grea,ter
geochemigal analyses of vulmm(' rock genlogl( study of

. some of the lava flows wome-frqm ~ generating

of events with  much
‘prgcision , ‘The detailed”
fre FAMOUS area:
cbupled with geophysical models of

sequence,

the deeper crustal structure and
volcanic -emplacement processes, are
improved © geodynamic,

models for this seafloor growth

I8

Equatorial Tidesy Sea Levels,

*and Iqterna‘l Motions

A recent discovery by Carl Wunsch
of the Massachusetts Institute of
Technology has shown that 1t may bé
possible to study wvery lopg-teria
var:ations 1n oceanrc water
movements bv the proper mterpreta-

tion of d on tides—phencmeana
that- have recarded for cen-
tun? ¢

Tides can, 1n general be thought of
as pericdic changes 1n sea level”
p:a»duced by the gravitational pull of.

-
. 9%

“in surface Jevel
“Wunsch’s surprising dlscovery was
that small but significant portions of
seé level variations #re C,aused by
atmospherically - driven intternal
motions and not entirely by tidal
motions In fact, if tide records are
properly interpreted, several densny-
depende-nt internal motions “can  be
“seen”’ supenmposed on the surface
tides Wunsch and a colleague, A E.
Gull, from the University of Cam-
_bridge, showed theoretically that
sevegal t)/pes of nontidal internal
" motion can occur near the Equator.
that they are caused by variations in
atmospherlc « wind 'cqndmons ‘and
that they can explain some of the
unexpected camponents observed 1
equatorial Pagfic tide gauge recohés
To pursue this finding, tide gauges
have been placed on 1slands of the

Indian Ocean as ¢ metkod of studying’

the respon’e of that'ocean’to the verv

large annual changes in the w:nd

conditions associated with the mon-
soor Preliminary analysis of these
recotds -and of historical data n-
dicates that the monsoon can be

treated as a periodic disturbance with .

. N L , ' /\\ ‘e

e

* a




L

T structure by James Luyten of the

b

-

-

4
{

i - Ny

~
v

; , .
an. annual, or Possibly’ semiannual
period An apphcation by Wunsch of &

- model used by meteorologists shows
Jhat thls periodic forcing can resultust
a layesed motion at fhe Equator, with »-s
the water at alternating levels mov-

. 1ing eastward ot westward The layers
themselves move upward .and

4 downward very slowly, and on the
basis of short-term current measure-
ments look like the usual eéquatdrial™
currents and undercurre0t§ Recent
measurements of the vertieal velocity -

Moters S i

3
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[

ASTRONQMICﬁL ATMOSPHERICMEARTH AND QOCEAN SCIENCES ~ 47

. -

Mt

-

Woods Hole 'Oceanographd™ Institu- "
tion tend to agree’ with Wunsch's
analysis

.

970

In summary, equatorial ocean wir-
culation 15 a complicated air-sea
jnteractiond problem with' lpng time
scales and.with a varigty of ‘&E»anal -
scales  Very lopg-ter :mbormgs
(possibly - for séveral years) of
pressure- and current
needéd to observe these m i
Because the ocean: and atmosphere
‘haw similar time scales- in sthese
equatorial regipns, it 1s here t'hat one
15 hikely to make the most immediate
progress In under,standm;’ocear‘nc
motions forced.by the atmosphere
There 15 some hope that' this wall
eventuallglead to an understanding
of the eftects of the ocean on the
'at.mosp‘here, which 1s critical to our
understanding of clrmate:'- :

.

L.

e e I

[}

¥,

K9

>

bm

.

P : ) ~
» Equatorial tides. An 8-year record (top) of the north-south-compongnts of wi

indian Ocean’, shows the p
* meteorological mo

afjrees well with acgaal measurements (left) made 1,000 miles west of the Maldi

Institution These findingsexplain how certain tidal variations an
. of ocean/atmosphere interagtyons .

dic changes associated with the monsodh
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d at the Maldiv Islands, very nearthe Equatorinthe *

rl Wunsch of MIT used these annual cycles and a
rment below the surface (night). a caiculation that
vis byylames Luyten of Woods Hole Oceanographic

q parts of the Equator|a[l.gnderCu{reng 9gystem érfe actually a result
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Intemational Decade of -
Ocean Exploration.* -

tidn Expenament (CEPEX), supported
by IDOE's envir

program, uses larg

A’;h.e Contrplled Ecosystem Pollu-

mental + quality

lastic enclosures
waters of Saanich
Inlet, Vancouver Island, British*
Columbia, to assess the long-term,
low-level effects of pollutants on
commuguiks of -marine #rganisms
captured i these cylinders In fiscal
year 1970, CEPEX scientists from

bons have . simular etfects/on
orgamisms otcupying the lower levels
of the marine food chain. Specifically,
bafteria show an imitial decrease )n
‘population when exposed to these
pollutants, followed by a population
increase  Researthers also obseryed
that bacteria built a tolerance to the
metals used in ‘the experiment, and
that this tolerance transferred to
other metals as wells For example;
bacteria’ that became tolerant to

that copper, mercury, and hydmﬁ‘r-,

coppef also Gecame .tolerant to mer- .

Canada, the Umited States, ury In addition, -they found that
United Kingdom found mdica.‘mns‘p ecies of phytoplankton bécome

-

7

CLIMAP. Based on studits of fossiis in deep sea sediment cores this map
duning the most recent ice age The darkest shade A, with an albedo for reﬂect‘mty

* and ice. with tHe contour {Inas representing elevation of the e sheet above sea leve
percent, is sandy deseft patchy snow. and snow-covered dense conife
loess. steppes, and semi-desert D, albedo between 20 and 24 percent,
1s forested and thickly vegetated fand F. with albedo tess than

temperatures shown n degrees Celsius

America) represent a sea levaf lowerng of 85 meters

Aruntoxt provided by Eic
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rpus forest C,

'a‘e“cted in the same ordex régérdléss
Y the pollutant, whetheg copper,
mercury, or petroleum The loss of
those species 1s reflected in the loss-of
the zooplankton that feéd on them
Thus the effect on ths population
becomes predictable with farrly good
preciston, regardless of the pollutant.
Ip the environmental forecasting
program, scientists i the North
Pacific Experiment (NORPAX) have
found that femperature abnormalities
previously found at the sea §urfac%

.actually penetrated into the “upper

layer of the ocean To study “the
evolution of these heat anomalies in

represents the-global#nvironment 18,000 years ago
of sunhight} greater than 4G.perceit, IS snow

W

| in meters B, an albed® between 30 and 39
an aibedo befleen 25 and 29 percent, 1s
savanna-and dry §rassiandiE, aibedo below 20 percent,
percent, 18 Ice-frfe oceart and.lake with - sea-surfdace

Continental ‘outlmes (note the icé-fred 1and connectyon between Asia and North




the North Central Pacific Ocean and
their relationship to the overlying
atfibsphere, NORPAX has a con-
tinuing measurement program using
ships and aircraft "of opportunity
NORPAX scentists have also made

lorfg-term “forecasts of . weather ds’

part of ‘their research Recently, they
accyrately .predicted low rainfall over
the: midwest dyring the summer ot
1976 and the development of El Nifior
conthitions, 1n the Eastern Tropical
Pacific’ earlier that 5‘me vear .
Analysis in deep sea
sediment corés has enabled scientists
in the CLIMAP iClimate Lohg-range
Investigation, ,Mapping ahd Predr-
tion}? Praject to dé»Cribe the main
globat environthental features 18,000
years ago Thlck ice sheets stretched
as far south as New York, sea surtacg
watef's werg waer bv an avera e of
23° C, sea level was bower by nearl\
300%eet, and"the Gulf Stream was
located far to the south™df its present

Uf f()’:’:l]’:

path: running almost west to éast, i

contrast to the more dortherly
pattern tMat it now follows As also

reported 1n "the Cllmate Dynamics

. 'S e
P .o
» i - . .
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and deposits them as ”hyd.rothgmal"
sediments on the sea floor The
northern portion of the East Pacific
Rise lies under the zZome of high
biological productivity of the
equatorial Paafic syrface waters
Here, barium and zinc are supplied by
the shells of. surface-dwelling
organisms that accumulate on the sea
floor Away from the rise crest,
aluminum, silica, and to a'less extent,.
iron ands zinc, are supplied by’ land.

lmportan‘t effects on the ecosystems
It also appears that large changes in
density of undercurrents have a large

responsible for the collapse  of
biological productivity observed dur-
ing the 1976 El Nifio Scientists are
now planning the Joint-Il experiment,
the most intensive study yet
attempted of the rich Peruvnan up-
welling system

‘

debris carried away from\ South  -Research has also continued in the
America by deep ocean curreNts In  seagrass ecosystem study,, which
some areas nickel, Brrium, cppper, « deals with the biological and environ-
and Wnc are desived directf .from  mental _processes  affecting  the
séawater along with the Wdrother- growth, reproduction, and distribu-

tion of rootéd marine grasses These
‘grasses are important as a nursery
for fisheries and as a potential’
receiver of pollutants released into
the marine environment

mal sediments, as well as through
alteration of surfacesediments

Along  the Galapagos -Spreading
Center, northeast of the Galapagos
Islands. scientists from Oregon State, |
Stanford, the Scripps Institution of

’

“ 0
Oceanography, the Massachusetts Oceanographic Facilities
Institute  of,.. Technology, "and the 3
nd- ort -
Woodd *Hole Oceanggraphic Institu- . a Supp ‘
tion dre examining the hydrothermal The “academic fleet” consists of’

airculation process that leads to the’ .approximately 30 major oceangoing,
production of metal-rich sed1§nts and coastal research ships operated
where new ocean floor 1s forme

section of this repurt CLMAP by academic Iaborato,rles to carry out

. v
_scipntists have used this data to making sea-floor heat flow and federally supported research pro;ects
demonstrfte that «changes in the *“bottom water temperature measure- Ship-opérating  and ship- using 1n-

-

Earth*s solar orbit are the main (huse
of global (imate, (hanges These
changes seem to occur 1M cygles of
about 23,000, 41,000, and ’100,000
yeasg_ This data also indicated that
chimate changes 1n the Southerr
Hemisphere occur about 3,000 years
before similar changes occur in the
Northern Hemisphere ¢
Scientists from Cregon State Un'™
versity and the Hawan Institute of
Geophysics have contimued to analyze
the origins of metal-rich sediments in
the eastern equatorial Pacific as part
of the seabed assessment program
Vanations in these sediments ap
to be associated with the kind of

.ocear environmerit 1n which “they

E

occur For example, nedr the crest of
the [ast Pacific Rise, seawater flows
through the new sea flpot, removes
minerals from the new oceanic crust,

.
’

Q
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stitutions have joined in a voluntary
assoctation called UNOLS—the
Universit Natl Oceanographlc
Laborator Sys m—to ymprove the
utihization and gffectiveness 'of the

ments, these scientists have béen able
to identify several areas where this
hydrothermal circulation 1s presently
taking place. The research submersi-
ble Alvwm will be used during the
commng year for samphng of this
distharging _water Until now the shared equitably

temgerature and,composition of this® Capabllmes of the fleet have been
water have been inferred erither from greatly enhanced during 197v oy the
laboratorv studies of basalt-seawater replac®ment of three converted ships’
interaction or statistically by chemical ok World War 1l vintage with the
analyses of large numbers of sedi- three new Qceanus class ships whose
ment samples The use of Altm wills construction was funded by the
allow this water tg be sampled direct- Foundation R/V Qceanus. the first and
namesake ship of “the class, was
dehivered late in 1975 and assigned to
the Woods Hole Oceanographic In
stitution, which also_carried out the™
original design studies R/ Wecoma,

As a rgsult of five international
field exper ments or. different coastal
upwelling ecosystems, scientists 1n
the living resources program have
,now  shewn that fairly  small
“differences 1n wind, the shape of the
sea floor, dengity and stability fields

- » ’ A

in the water, and arculation have

-impact in fact, these changes may be"

fleet and ensure 4hat ship time 1s 4

N

--
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respective operating indtitutions and

have been performing capably on tull- *

scalé’ research programs smce th
spring of 1976 Construction of R 1
Endeavor which will be operated by
the University of Rhode Island, was
completed 1n October. 1970,  Outfit-
ting 1> scheduled for the ¥vinter, and
Endeavor should be in full service early
in 1877 Title td all three.ships 15
retained by the Foundation They are
assigned to the operator institutions
rengwable 3-vear Charter
Partv Agreements/ '

The distinguishing features of the
Oceanus are fleability  and
economy “Although onh 177 feet in
overall length,"they earry a saentific
party ranging from 12 to lo petsons,
contain 1,000 square feet of
laboratory space, and have a large
open afterdeck that allows tor easy
handling of all types of over-the-side
oceanogrephic gear Another 1mpor-
tant design feature 1> the placement

L‘ld s

over

of quarters and I3boratones  low.

amdships, wheré they are least
affected by motion Heavy construc-
tion, deep draft, and high freeboard
make the ships exceptionally stable.
steady, and ‘dry—lmpnrhtant charag.
teristics for worldwide, year-round
use Controllable speeds range from
dead to 158 knots, with a
cruising speed of 145, the con-
trollable  pitch  propellor,  fully
trainable bow  thruster, and Kort
nosrle  steering  provide  full
maneuverability wnder wav and on
station The ships hate a range of
= 00 rmiles and 30-davs’ endurance
Econcmical  operating
from a modern engine room, the use
of eadily maintaineds standard marine
- equipment, and the need for a crew
of only 12 persons . ’
Wsth the
preseatly funded, construction activi-
.ty nas been complsted and NSF 15
now turnimg Yo consideration  Of
future qgeeds During 1970, the
oceanographu facihities and support

slow

Costs  result

delivery of  Endezor

program fundéd conceptual design

studies and’tests of existing designs

Q

RIC
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Modern research ship. B VENDEAVOR, the thitd of three new oceanographic vessels,
was.added to the Nation's academic flegt in 1976 This 177-foot-long OCEANUS-class

,;eijes'gned expressly for research 1s being operatéd by the University of Rhode
and ’ .

.

for a polar research vessel and for
coastal ships ranging from 85 to 135
feet 1in length These studies should
be readv for evaluation early in 1977
" The Foundation continues  to,
provide a substantial share of the
operatgnat support for the Deep

operated by Woods Hole ada nal-
QOceanographic Faality This support

.

s provided under an agreement,
.signed 1n 1975 by thé Foundation, the

epartment of the N'a_vy,' and the
National Oceankc and Atmdspheric
Admimistrahon  During 1970, Foun-
dation grantegs utihzed the unique
depth capébnhtne‘s of Al for collec-
tions, e‘penments; and vbservations
in fields ranging frdm microbiclogy to
peophysics & o

.

- .

¢ ., . ‘ :
' United States Antarctic Research

[N

7

A University of Maine glaciologst
has shown that, on the Ross Ice
Shelf, tempegature of the ice at a
depth of 10 fheters rose 1° C between
1958 and 1974 The temperature at
average mmsal air temperature at the
surface  Surface “temperatures at
Byrd and McMurdo stations also rose
duning this period

a proved indiator of

. TN -
Others. have documented the
temperature rise in much’ of the
Southern Hemisphere and have
suggested that, 1f ‘the greenhouse
effect of increasing atmospheric car-
bon dinxide causes global warming,
the trend probably will become
appareft first in Antarctica How-
ever, at the same time the 1° C rise
occurred in Antarctica, the Northern
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Hemjsphere cooled, arfl the Ross Tce
Shelf data alone do not confirm global
warming

Meteorologv‘contlnued in 1976 as
an important part of the U'S Antarc-
tic Research Program [n addition to
routine surface, and upper . air
monitoring at gouth Pole and Mc-
Murdo, research included study of
atmospheric . chemustry, énergy
“transfer, precipitation from a

cloudless sky, and aerosol forfation,

South Pole 1s one of the six US -
operated stations for global monitor-
ing  for chmatic change These
stations méasyre carbon dioxide,
ozone, aerosol, and solar radiation
levels to identify long-term trends in
thes concentration of atmospheric

. constituents that may change climate

To e

ble collection of data away

from “stations, one of the antarctic

program's LC-130 ~airplanes was
fitted with air sampling ports, sen-
sors, and a logging system In add:-
tion, two air-droppable data-

L
Q

RIC *

‘and

collection " buoys were tested near
McMurdo .

A Unwversity of Calfornia gromp
has ‘obtained antarctic data that
resolve apparent inconsistencies 1n
models formulated to explain ac-

cumulation 1n  the sea of such

pollutants as
(PCB) PCB has been

bs
reﬁm relatively high concentra-

tton in seawater of the North-Atlantic
in wirtually

except Antarctica, despite exhaustive

+ analysis of antarctic samples DDT, .

however, was present in the antarct:c
samples The models ‘attmibute entry

into the sea algost entirely to
atmospheric transpor®, and- it
appeared DDT was reaching

that
Antarcma\).brough the atmosphere
while PCB was' not .
In a new attempt to determlne if
P&B was present in antartic snow,
larger samples than those previously

the polychlorinated

Through the ic cores obtained w1th this ng 1in McMurdo Sound are helpmg to clarify the glacial and geoiogac processes In
Antarct yer the past 60 milhon years . R -
. -

“of 100 Kkilogrims'

every marine’
organism exarmined from all areas

examined were obtained by melting

I
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processed, permitting, detection of
PCB in the parts per quadrillion
Yange PCB was thereby shown to
reach Antarctica through the at-
mosphere, although concentrations
were several times lower than those
of DDT

Penguin eggs. including . some
collected several years previously in

r more were,

which PCB had not been detected,

were also reexamined using a tech-
nique that ‘removed compounds in-
terfering with analysis for PCB. PCB
was detected 1n all the eggs. All data
now are consistent with a model of
global atmosphenc transport of DDT
afti BCB

~+ The United States, Japan, and New

Zezland completed a S-year dnlling
project in the McMurdo Sound region
in 1976 The project resulted 1n
recovery of tock and-seédiment cores
from the deepest holes ever drilled on

.

e
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the continent and was the finst to use
sea 1ce as a drilhing platform - Scien-
tists at laboratories in the three
participating nations are analyzing
the several hundted meters
recovered core Preliminary analysis
has clanfied the glacial and geological
history of the region during the
. Cenozoic era Permafrost was found
to be over 400 meters deep at
McMurdo Station, far deeper than
previously estimated, this finding
negates a possibility suggested earler
to heat and power the station
geothermally Holes drilled through
the ice-free valleys of southern
Victoria Land reveated active ground-

cant role in heat and water: transfer
.. 1in the area
, The Coast Guard icebreaker Qlauer

of Ocesnographv ccientist headed the
research team
The ice-strengthened research ship
lilas Oriadas operated by Argentina
~ and used cooperatively by Wrgentine
and US scentists,, made three
cruises 1n _fiscel year 1976 Research
ed in the ‘Sa’na Sea to

I to obtain sediment cores, and to
investigate the oceamc pelar front
=2one Also. US biologists waprked

- RS
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water systems. which have a signifi-
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"aboard the French antarctic research

ship Marion Dufresne to extend prima«y
productivity dtudies into the southern
Indian Oceard * ~

Of the four U S antarctic research

stations. three—McMurdo, South

Pole.* and Palmer—operated

thropghout fiscal year. 1976 Ascase of

hepatitis 1n December 1975 forced

evacuation * and closyre of the

fourthr—Siple Station—for the 1976

austral winter The station, which

supports projects n - upper’ at-

mosphere physics and i1s impor#t to,
the 1976-78 International

_Magnetospheric  Study. was reoc-

cupied 1n late 1976, ;

Dugng the = 197571976 cggustral
summer, a major project wgrepalr
and retrieval &f three LC-130 (Ski—

.

Jo. ’

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

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

pom o wm ae

Analys.sof the data 1s in progress and
Is expected to give the best descrip-
tion to date of the behaviorof sea e
in response to atmospheric and
oceanic processes The experiment
culminated 5 years of planning and
pilot studies Objectives are to un-~
derstand fthe relationship of arctic
protesses to climate and to improve
‘teéhmques of 1ce fore(astmg)The
Upiversity of Washingten, Seattle, 1s
coordinating the project under con-
tragt with NSF

-

77 entered the Weddell-Sea (adjaceny to - _: ~ ;‘ - ‘
Antarctica in the Atlantic sector) to v L . 4 .
continue a physical oceanographic . Arctic ReseaTCh ,
study begun in the late 1900's Two ~ , ’\
bottom-mounted current metersy \ ’ L, PR
emplaced in 1975 were recovered. the * . : { . .
year's datg show that northward flow US- and Canadian investigators The second year of the Research on
of Antarctic Bottom Water formed in completed a 14-thonth study in May  Arctic Tundra Environments projct
“the Weddell Sea 1s concentrated on . 1976 of haw dir. ice. and sea interact comprsed 17 teams involving some
the western side and modulated By in the Arctic Ocean” Four manned 45 scentists from 15 universities
tddl currents This dense. nutrient- <amps on sea ice.-eight unmanned The work was conducted at two sites

. rich water mass can be traced into the  data-collettion buoys interrogated by  on the® North Slope of Alaska.
Northern Hemisphere The ship satellite, remote-sensing airplanes,  Terrestrial studies were done | at
‘occupied 58 hydrographic stations, as and a nuclear submarine collected Meade River to characterize the land

. fapw south as ©7°45 S latitude data in a large area 000 kilometers forms and \zegetatnonéltommlirxmtes,

. Salinity-temperature-depth  “nd  northeast of Barrow, Alaska The _iffieasure the physiological response of

. conductivitv-temperdture-depth  re-  breakup of sea ice in, October 1973 plants to. physical conditions, ~and
corders were deploved. and water and  forced abandonment of the main assess the effect of grazers on . .
knll samples were taken for heavy camp, ‘but all majog goals of the vegetation. Mappipg of soil and->
‘metal analysis A Scripps Institutior”  expemment  were accomplished  vegetation 15 complged. experimeénts

or grazing effects .pre in progress
guatic studies at Joolk Lake, near
e trans-Alaska pipeline route, have
logicg] structure
| developed a model!
of biological productivity, yielded data
on .environmental and recreational
stresses, and developed mathematical ‘
models for predicting biological con-
sequences of variobs disturbances
The Cold Regions Research and
Engineering Laboratory, Hanover, .
N H . 15 the coordinating office

.
M |
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Ceophysmst: from St Louws Uni-
versity, working with scientists from
Poland, West Germany, and Norway,
set up portable seismic stations, on
Svalbard during the Sgmener of 1970
Earthquake, epicenters e located
and -analyzed to help determine the
present ‘tectonic activity of this area
of the arctic continental shelf The
group set off large explosnons and
measured the sound waves at dis-
tances of 100 and 200 kilometers as
they passed through the deep crust of
the Earth benegth Svalbard These
data will help to determine crustal
structure and composition *

The Foundation pubh:hed a wom-
prehensive statement ot federally
supborte:d arctic research performed
in fiscal 1970, 1t 15 available from the . North Slope. At Meade River, Alaska, researchers continue studies of the impacts of
Rivision ot Polar Programs . grazing and other ecological stresses on the fragile tundra environment

. -
.
e . '

AlDJéX This main camp was ane of four g}anned »nsta!lanons established on the sea ice 600 kilometers northeast of Barrow,
Qlaska for a study of ar/iTe/sea interactions and possible effects on climate in the arctic (Photo by Norbert Untersteiner )
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Biological, Behavioral, and Social
Sciences

s¥organization of the Founda-
tion in July 1975 fesulted in

the setting up ‘of -the
JBiological, Behavioral, and Social
Sciences prograps as a separate

adminstrative entity witgn NSF
Research in these progra ranges
from studres on the fund¥mental
molecules of life to the complex
vinteractons of human beings and

societal organizations, collectivelyand

individually, the research deals with
some of {today’s major scientific
challenges and rewarding discoveries

Although the N#tion has made
remarkable advances toward allevi-
afing,.the pressing problems of food,
populanon, health, energy, and en-
vironment, many of the longer term
solutions will be fgund within the
constraints of new biological knowl-
edge and the limits of our understand-

ing of humankind The problems in *

- biological, behavioral, and socal
sciences are attracting considerable
intellectual talent and effort, the
results "of this research will be ripe
for exploitation over the next several
. ‘decades. In furthering basic knowl-

.. edge in these important fields, 1t 1s
our expectation that the Nation’s
research capabihities on natural and
social phenomena will be strength-
ened in a significant manner

This is perhaps best illustrated in
those areas in which the Foundation
assumes equal or “lead” agencystatus
in contributing Yo the Federal efforts
in support of basic:academic research
In the*social sciences NSF provides 58

. ’~

y
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percent of the Federal support to
universities, ranging from 36‘percent
In economics to 93 percent in pohtical
science Approximately 70 percent of
the basic research in ecology 1s
supported by NSF, and in systematic
biology the Foundation is.the primary’
source of support for academic
research

NSF's reorganization in early fiscal -
year 1976 brought with 1t new
recognition  of ‘the Foundation’s
responsibilities in the behavioral and
neural sciences. Neuroscience 1s
ainong the fastest growing of the
sciencef, attracting INcreasing
numbers of young scientists as well
, as established ones who are changing
fields to undertake the challenge of
understandl.ng how the nervous.
system and brain function Also,
-because basic research 1n the psy-
chological sciences, anthropology, and
hnguistics has recelved diminished

Federal support in recent years from

other agencies, the Foundation’s
responsibility has increased ‘conso-
nant with new scentific oppor-
tunities in these areas.

The Foundation also has taken.on
greater responsibility in the plant
sciencesga research effort of immense

‘impartance to the world's food prob-

lems Although support for this work
has* grown ' to approximately “one-

third of that available in NSF's basik/

researchs in the biologlc'\al sciences,
with  somewhat larger amounts
avajlable from other agencies, there
are “still many promising areas of
research going unexplored These
opportunities arise from new tech-
niques” for manipulating plant cells
experimentally and recent instrumen-
tagion_that allows plant processes to
be‘ quantified more accurately and
rapidly ‘in both laboratary and field
situations.,
L)

. . v LI
S - T Table & N
. Bnoloucal Behavionl. and Social Scunccs "~
f1scal Years 1974, 1975, 1976 - B .
PR and Transition Quarter (July 1-Sept. 30, 1976),
(Dollan‘: Millions) : . N
Eiscal Yesr 1974 Fiscal Year 1975« Fiscal Yewr 1976 Tranggon Quarter
_ . Number  Amount  Number _ Amount Nomber _ Amount  Number  Amount
Physiology, Celluiar and T
MolecularBioiogy 9 §3685 1006 sah 1059 sa3e o 81200
Behavggaiind Neural Sciences 8 1528 , W 1850 539 1968 . 140 547
Envirdhmenta) Brology Jhm. an . 2605 534 - 268 1% 715
Social Scrences 405 1881 359 1775 364 1881 100 31
Totst 245 30267 2390 S10417 2490 . $10903 7 M
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Physiology, Cellular, and Molecular. Biology

. »

N physiology, cellular, and molecular
biology programs 1s concerned with
‘fundamental phenomena central to all
biological research cellular sub-
cellular activities that affectfactivities
and functions of an entird plant or
animal It has become papparent
during 1976 that we are €nt@ging an
-era 1in which
concepts of the past are being extend-
‘ed to explain phenomena at higher
levels of complexity namely, from
tells and cell systems to higher
orgarisms, including man  Re-

searchers 1n this area currently are

. xperiencing the excitement of dis-
) cowéry and an information explosion
.- miparable to those that launched

the “new +biology” more than two
_ decades ago -

-~ The curfent concenttation of
research at higher levels of complexi-
4y 15 due to a number of factors Toa

. greater extent than ever before basic
researchers are directing their efforts
to challenges that have obvious
relevanie to problems of health and
agriculture Disciplinary boundaries
in biology have virtually disappeared,
and much of today’s research 1s
problem-oriented, approached _aith
multidisciplinary methodolagies Ma-
jor “factors that have catapulfed
biological research with complex
systems to new levels of sophistica-

4

< tion are the development and adapty-

tion of advanced instrumentation and
ref.nements in technique For n-
stance, a variety of cell types now can
be (ﬂthed unde laboratory con-
ditfons 1in which they can grow,

divide, and ‘be experimentally

manipulated  With the use Sof .

biochemical, biophysical, genetic, and
physiological  methodologies,  the
dynamic processes of -these cells—
such as cellular division, growth,
~ differentiation, specialized functions,

v |
ERIC. . .
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.- _ Research supported by the -

€ discoveries and-

movement, and communication—can
now be analyzed quantitatively Also,
with new understanding of viruses

*that mf;ct higher ppnt and animal

cells, re¥earchers ¢ap now use these
viruses as probes within cells to
modify specific cell functions 1n
controlled ways—for instance, to
alter, 1mitiate, and inhibit certain cell
processes

N techniques have been
developed for 1solating and analyzing
subcellular  structurés such  as
ribosomes, mitochondria, “and
chloroplasts These structures, as
well as chromosomes and other-
aggregates “of complex biopolymers,
can be studied to determine the
relationship of their molecular struc-
ture and organization to their func-
_tional properties. This type of
anal%sns 1s at an eaBly stage but 1s
atfracting sufficient attention so that
rapid progress can be anticipated 1r
unders@ndlng many phenomena for’

xample, how enzymes effect’
catalysis, hdw genes are turned “on”
and “off¥% the rationale of the genetic
code and the spatial arrangement of"
genes on chromosomes, the actmities
of the ribosomal machinery during
protéein synthesis, and the intricaciess

of energy transduction in chloroplasts -

and mitochondna .
Mator-technical advances that may
be expected to have a marked.effgct
on the direction and rate of progress
in  biological research include, the'
development of methodologies that
permit the analysis and experimental
‘manipulation of genetic mate:\m,j
Foremost of these advances 1s th
discovery of the mode of action
restricion enzymes and thg subsé-

* gdent use of this knowledge for
mapping the genetic material at the _ allow rgplication to occur, become

nucleotide level For example, hybrid *
DNA molecules can be propagated m
witro and then transposed fo a host cell

"

- 65

3
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The cleavage of DNA by restriction
enzymes coupled with techniques such
as gel electrophoresis, filter
hybridization, and use of the electron
microscope for visualizing individual
DNA molecules pfovide a-new ‘level
of ~gnalytical reaglving power “for
biological problems that previously
could not be attacked In theory, 1t 1s
now possible to aralyzesgenetically at
"the molecular level any amimal, plant,
or virus, including those that are not

. amenable to genetic analﬁ.ls- by
traditional m¥ethods Individgal genes
and the elements that control their

_activity and their prodwgs can“be
1solated and studied with pect to
structure and function This new
approach for studying intracellular
regulation in higher organisms 15
particularly significant - because this
as been a relatively intractable area

- t .
Geng Structure and Functiog

One of the most yexating "and.
rapidly moving areas of basic research
1in modern biology 1s the study of the
relationships between the structure
and function of genes—in organisms
as primitive as bacteria to those as
complicated as mhn Such research
crosses the boungaries of genetics,
biochegustry, af@®nolecular, cell, and

"developmental » biology,  thereby |
representing an interchsciplinaty ap- -« -
proach that uses the most powerful
tools of each disciplipesy |

The theoretical and practic#®cor- |
r%r’ﬁnes of this research rely on the
fade—that restricti enzymes are
available which caf break two DNA
molecuies from /different biological
origins so thatfhey can subsequently
be spliced together to make a hybrd
or chimery¢’ mdlecule By the addition
of special enzymes called polymerases
and SAgases, the hybrid molecule,
conytal the particular genes under.
inyestigation plus those genes that

rologically inseparable |
The" Foundation 1S supporting im+ |
./portant basic research dealing with ~
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htechnique of immense potential for

~ understanding the details: of how genes function makes use of restriction enzymes
There gxist in certam bacteria small rifgs 6+BNA carrying a few genes 8eparate from

the
restriction enzye, as can DNA from an animal

djfferent kinds of DNA can be recombined into a new plaemid, w

Cteria’s chromosomes “ These  rings, 'or plasmids, egn be broker by the

Cell When mixed, parts of these two

high
introduced to th® bacterium and reproduced m‘freat numbers f.or&her.study

- C .
the thedf'y _and ,f)ra'ctlg_e’ of gene
-isolation and amplification, the abylity
to make’,multxpl@gene copies The
results and benefifs™ from this (Y
research should bé' both  immediate
and far-reaching, including a fun-
damental’, understanding _of how
. genes are’exprggsed and controlled to .
how they replicate asd recombine .

®
-

e

* A research teamat the Univers
sity of Cglfornia, San Diego, 1s
Studying®t plechanism by

. which certain genes cari control

. the Efxahon-.‘ of ‘fa;mosphemc

.
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carpon dioxide in plants,( a
physgjogical cess fundamen-
tal” to all l'laorms on our
planet. . '

At Harvard University, ‘a roup,
1s pursuing the genes responsi-
ble for ‘"mtrogen fixation by

ecial bacteria which sare at-
tached #the roots of fegumes
'such ag- soybeans, peanuts, and
.peas and which are resppnsible
for “the* primary 4ource of
organic nitrogen necessary fer
growth of food crops’

cah then by >

v .

>
. A\secon/Haxard group is.

. examining how genes for~the :
nucheic  acid\ Jcomponent of
ribosomes are dbntrélled These

. Are~genes that ultimately affect’
the phenotype of .an organism
by influencing thé types
proteins that the cell "produ

" and their rate's of synthesis.

- ® Genes isolated from the
fly, Drosophila, in a Stan

* Unifsity laboratory .are being
‘used as*a model system to study
how repetitive sequences in the

o §? o

histon® genes affect the waw #
genes act apd are cqntrolled

4 -under horponal influence

)

n .

EY

e A Unwversity of California, San
Pfancisco, team 1s studying the
topalogical organizatipn of mul-

# tiple .copies of ‘mitdchopdrial
genes, while another group‘at

- the’l}mversi'ty of lowa 1s ins
vestigating the mechanisms, by

. " which_these genes orchestrate -
mitochondrial protein, synthesis

-.? Since muochondria are the
poerhouses of a cell,_the fun-q
damental ¢differences between
.the organizatien of cellular and
of mitochondrial genes must be  *
explored to elucidate thevdrions .
ways in which in.f‘nona “- -
<« potential fflnally expressed

- ®%Hemoglobin is an essential com--
* _ponfnt of blood in that it carries
oxygen to all vital tissues and
orgath. A Harvard University’
Mabefatory 1s examining -how
rabbit globin- genes offect
*+ hemoglabin’synthesis .by study-
ing both the regulatory gene
, sequences. the mechanisms
by which thes® genes are
trandcribed A research team at
"Yale University 1s studying both
the * normal .and thalassemia
N globin . genes « from  human -
beings In-addition to tlarifying
the* methods by which normal '
__ genes act and are controlled, this@%
study also has pfovided a com- '
« -parative analysis of an abnormal

a

gl

o
.
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colinterp of

_ the * human
hemoglofin geng )

Varwus .stages of gene amplfica-
tion have been accomplished in each
of these systems , Research made
pogstble by this amplification 1s, 1n
most cases, just beginning However,
at" least two of the studies already
have produced important results THe
Harvard group, which 1s studymg

. genes responsible for, nitMgen fixa-

’

s

\d

tion, has taken a first step toward

-giving nonlegumirious plants  the
blologlcal vapactty for nitrogen fixa-
“tion *This group has made two

important gecent advances First, the
Bacterial replication vehicle, to which

the two groups of nitrogen-fixation

genes have been joined, has been’
shown toasuivive transfer to plant
cells § Second, two indepeident
rephcation vehicles have, been con-
structed, each containing a bloc of the
. nitrogen-fixati8n genés One of these
" hybrid u has been cloned, the

+ - ‘other will be cloned Shortly The next

AY
step 1s to select a recombinant

replication “vehicle contaiming  both

oo Zets of .nitrogen-fixation genes to

%4

.

Q

E
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terpt insertion fhito plant cells The
Stanford Umversnkgmup, Studying
< %he histgne genes’from Drosophilu. has
ssolated the histone messenger RNA,
artd has determined the length of the,
messenger and the way In which 1t 15
« 'processed by the cell tounut size This

JRE aumr‘llshed by the formation of

spgcial loops between the histone
gene DNA and the messenger RNA
that 1s tmnscnbed %nd procgssed
‘from 1t

A .very different approach toward
tha goal of understandmg gene
strugture and funch()n also has been
under way fdr the pastdecade Af the
Massachuasetts ‘Institute  of
nology a gene. thut codes for' a -
suppressor transfer RNA for the
amino acid tyrosine has been syn-
thesized  with.  “off-the-sheif”
chemicals The. research team has
shown unequivocally that the 199-
unit polynucleotide consists of botif
tRe start-and-stop portion of the gene

TELh' ‘

as well as the gene itself. After its

synthess m nucleotide units and *
develop *into .short single-
steanded CWins, the complete struc-

ture was introduced into a bact nal )

®irain that previously lacked

function The result was a complete v
restoration of normal functlon to the

bacteral-cell .

' - “

Advances In,')Phoiosynthesis i

« Our ability to produce‘adequate

foodstuffs for future generations wik -
be linked, in part, to our-ability to
Increase crop produetivity, some
technologies for increased productivi-
ty of agricultural crops depend, 1n
turn, on a basic undersf¥nding of -
plants One of the most 1mportant
aspects of plant science 15 the process
of photosynthesis, wheggin solar
energy converts carbon ide In the_
plants 1nto blochemicals necessary-for
plant growth

NSF- suppt)rted research 1n this
ard@Phas dealt-vih various aspects of-
photosynthests, from the capture of
photon's (sunlight energy) by
chlorophyll to the synthests of chains:
of carEo atoms, ‘and mcluamg the
actions an@ontrol of genes involved”
ip the prOfs Resegrchers at the
Umvex;smes of Bochester and Califor-
nia, Berkeley, have been studyiny, the
way 1n which hght energy 1s “cap-
tured” by chlorophyll molecules and
funneled to.the* “reaction centers,’
discrete complexes of chlorophyll and
other molecules, where the actual

ansformation of l!ght to *electrical .
eneygy oOccurs Considerable progress ,
has beeh made at the UniveTsity pf
Waghington, University of California,
San Diego, Unwversity of ‘Penn-
sylvama, and City_University Qf New,
York 1n clanfymg the mrocess. of,
erergy "trandduction in the regction
centeis of plapts and photosynthetic
bactena wn terms of time sequence

-

and e nature of the .molecules
invol#ed .
After the e]ectrm" has’ been

sep’r'ated from the chloro'phyll.m the

-llght induced

_oiher

LY L)

. .
reaction centers, tthe
“transferred” through

8equence of “acceptors” for eventual
use n the manufactiire of G-
bohydgate Numerous proteins, 6ften

associated with the plant membranes, _

re ywdlved in this electron transport

ocess,” which *1s coupled to the

oduction of high-energy com-
pouﬂds necessary for driving fun-
damental biochemical reactions’in the
plant Of particutsg interesf ameng
the many research projectg on this
- electron transpo pl’(’SduCth[\ of

high-energy compoundas 1> work at .

Purdue on the basic interptetation of
potentials 1n
photosynthetic membranes and the
questiof of whether hydrogén ion
gradeents are Oupled to active
transport processes

A aew techmology based on a’
phetaelectron -microscope developed
at the University of Oregon and the
Qregon Graduate Center will enable
scientists to study chlorophyll and
pigment complexes 1n the
photosynthenc membranes of plant
chloroplastsq This microscope shows
images of electrons selecnv{y ejécted
from the chlorophyll by a laser beam.
With specific lateral and depth resolu-"
tion, 1t wnll be 'pdesible tq detesnine
the locatlon andg
pigment within the membrares This
techmique has’the “potential to yield
further information on the pathways

of electron flow during photosynthe-
T . . \ :
. Y

ces in N

f itrogen
. Fixation .

A resdarch area spar)nsr:g the whole
_spectru of NShs anYSlokO&y,
cellular, and molecular biology pro-
gram , cbncerns the process’ of
nitrggen fixation bys rhizobia, the
particular bacteria on roots Of

leguminous plants: In addition to the
genetic work mentiened prevmusly,
ptogress 1is bemg made 1In numerous
other aspecl% of Whe process -Basic
‘wotk, vat “Stanford . on the,

oncentration of the*

’

~
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molybdenum protein of the complex The question of how rhizobia are municat:

enzyme,

mtrogenasey that catalyzes

attracted td the  roots of legumes Panzees

c:{l\s mdevelo’ped with chim-

ave proved , valuable for

the reductron of nitrogen, has pro-

where nitrogen- fmng nodules are training language-deficient children’
vided new information_ on the

formed s a crucial facetof the whold" Also, parallel findings in_ research

chemical state afd envirgfment of
the molybdenunt atom = Simularly,”.
investigations, M  Wisconsing and
Minnesota have farther illuminated
sthe chemical state and environment
- of the iron &tomsin both thé iron and
irgn-molybdenurd proteins In addi-
ti6n to this work on the catalytic site,
scientists at Wiscqnsin and Purdue
have characterized urther the s
unit structure of the enzyme, as well
as the nature and regulation of the
* metabolic pathway in nitrogen fixa-

process, an example of the general
area of investigation  1nvolving
chemical specificity Work being con-
ducteiat Colorado, Montana State,
and the University of Minnesota 1s 1n
the process of elucidating this topis
Various aspects of work at the
molecular and submolecular level are
enabling enzymologists, geneticisés,
bio®ngineers, and crop specialists to

*

animals—and ultimately to provide
,k‘nowledgg that will assist in in-
creasing plant productivity

tion =

~

o Behavioral and Neural Sciences
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with children and chimpanzees show |

that the processes of language
development can now.fpr the first
time- be studied undeg scientifically
controlled condmons One sucb find-
ing shows that “conCepts in both
children and chimpanZees develop

before language labels are attached to .

them This imphes that early
language development 1s not simply a

determihe hife processes of plants and  fwatter of imitating adult language
_but requires the prior maturation of
cognitive functioning An offshoot of

teaching sign language to, s
panzees 15 a new interest by linguists
in the use of sign fanguage Wy deaf
“people

Research on cognitive processed
(sometimes called “higher mental-

" A
processes”) has created a great deal of .

One

excitement i1n the past year

"> The bghavioral and neural scnencess methods of technology, including approach, called information prodess-

cohtinue to be among the most
'rapidly developing areas of science
During. the past year the behavioral

autoradiographic and enzyme tracer
technique$ to delineaté nerve
-pathways and the use of computer

and netiral sflences.programs were technology for three-dimensional
reor ized within the: Foundation to  reconstruction of neurogs , and
tomical relationships of entire

. focus research Srr human and amma:/ﬁv\a
) behawof and the orgalhsystem that/ nervous systems of small ofganisms,
dlrettl,y underlies behavnor—-the ner-
. veus s§stem

One of-the most important recent
flr@mgs in the neurosmenc‘es 15 the
. demonstration Of “sprouting” or

+ growth_of nerve axons frém an adult  key “objectike of the behavioral
animal in vitro (outsﬂe ‘the organism), neurdl sciences Erom studied® with
indicating a much greater capacity for»m*ant animals, there 15 much ews-
growth and chdnge- in, the nervous dence that the nervous systems—and
systenf*than was thought prewfously hénce the behavior—of animals may
to be the case Q-ther 1mportant " be aﬁcted pe:manently by environ-
- ﬁndmgs include the 1dept1f1cat10n of a* mental events durmg critical periods
number " of . previously” unknown  of ' early lfe »
+ chemmcal fleurotransmtters responsi- provide, the basis tor undqrstaﬁdnng
ble for excitation or inmbition of  the éMects ofearly deprivation in the
. neuron$ in the brayn Using simple lnv\of chnldren Another research
mvertebrate, animals;  fesearchers- area in which work with animals has
Rave sfown that the learmng‘ process  begun to improve our capabilities for
resuits 4rom ‘changes 11 synaptic. deahng with human problems gs that
transmission at critical junctrons #n  of language learning by chrmpapgees
* tHe brain’s neural arcuit  New . Trmnmg proccdures 'm €Om-

to understand the-fine structure afid
function of the brain 4

Understanding the development of
the bra&aqd of human behavior 15, a

.

have provided increased opportunities *

research may * -from

img, andlyzes complex ,menwal
operations  into Lunctxonal isub-
processes These subprocesses, bear-
ing a variety of technical- names,
allow important distinctions to 'b'e‘
made when disease or other factors
interfere  with  human  learning,
memory,-or thought To focus most
" effectively “on current and expected
advances 4n this ared, & new NSF’
program, memory and
procgsses, was formed during fiscal
year 1976

A second new program, sehsory,
physielogy and perception, was es-
tablished formally to be responsive to
the rapid developments occurring in
research on all sensory systems
involved in recewing information
the envirorfnent—especially
vision’and heapng Knowledge of the
fundamental nature of hearing, f'or
example, - has begn advanced

-

" significantly throug'h recent research

In microanatomy, electrgphysxology,
and ‘hfiman and ‘animal
chophysigs A particularly important
research area deals awith a“type of

. e
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accompanies aging

Knowledge of cultural ﬁ\e{j\omena
also has advanced significantly i the

i

past year As an example, large-sca'le ‘,
unbiased

research  concerning
evaluatigns of social, programs 1s
beginning to produce importaft

- ~—~—sesults. Spurces of bias in the early

evaluation of such national pro¥rams
as Head Start have been dentified
and corrected, withr the resulfing
reanalysis Showing’ more fgneficial
effects of this.program than\those
previously estimated In andtherarea,
social  psychologt « has
focused ori how persons respond to*
experience with eve'nt.s that are out
of their gontrol The I';ESl;th indicate
that , such experiences can *cause
’ -.mdlwd_ual:s to l:ggcome'passwe in the
face of seemingly uncontneliable, but
later controllable, events.. Current
efforts are focusing on hov\}ih
“learned helplessne§s; Enay“be er;
come I J

In ‘thé feld of anthropology,
" research conducted by.US sTientists
in Africa and Asia has Shown new
evidence indicating the origins of man
as garly as 3% millign yests ago
Archaeological research ‘'on
agricultural technolog sugfests
that early irnigation techmques® may
have been more efficient than those
in use today Another 1hvestigation
produced the interesting finding that
even in prehistoric timés the concen-
tration of mercury in fish was well
above, the cancentrationé in° the
surrounding gnwironment :
’

During the year,” NSF’s programs in
behavioral and Theural sciences,
together with those of the socia|
sciences, were reviewed by a special
commuttee of the Natipnal Academy
of Sciences Possiblqy}ve most impor-
tant genergl ' ~wdcommepdation
presented in the firtal report, Social and
Behavioral Scienck 1’ the Natonal Scrence

Foundagion. 15 the need for larger scale
research ~ efforts Mhan ,hav& been

supported regularly in the past in”

[} N ~

« pearly all central ‘nervous system

these fields Injtiatives in response to
the recmmengation are under way

" .Adaptability of the Brain -

Plasticity or adaptabilityis the most
sal@nt@aractgmsnc of the brain; the
brain’s"adaptabijlity E}QI:ESSES itsglf in -

opergtions, but especially ingrecovery
from damage A dramatic. example of
such recovery 15 the case ‘of a youngs
American soldier in <the’ Korean
¢Smpaign, who sustained a massive
 fran  wound involving ' the  léft’
parieto-tempero-stcipital  ared” At‘

first he was totally ®inaple to speak, ,axonal 'spyoutmg (nerve"

but ih 3 months he was using/two-
word sentences Eight years later, he .
had recovered fully and. exhibited

normal speech Neurosciengists have bs

long beep concerped with the prob-.

N : Rt
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Nerve growth in 4he braip. The. hjppoca

emotion, vigpgral activity. short-term memory, and other behavior, has recently been ~

lem of how the brain is o marvelous-
ly flesable; and various approaches
have been taken to study this*plastici-
ty This flexibiity 1s’ e pecially
pronounced. during _ear pvelop-
ment, and 1ncreasing attention to how

the brain changes dufing this period .
has been particularly fruitful Newer

findings suggest the’ flexibility per--

sists at older ages .

.. Gary S. Lynch of the University of

Califérma, Irvine, has successfully
used 3 humbdr sof biological tech-
niques to detect the processes by
which, the brain recovers aftes being
damaged. Lynch “first Showed that
‘growth)
takes plate 4n the hippocampus part’
5t the adult raf brain in response to a
lesion, He used both light and~elec-
tron fnicroscopy to “mdp” the extent
of,the sprouting and used* biachemcal
- . , »

mpus, a part of the brain imphcated in

shown to "sprout” new nerve cells jn response tQ njury An experimental technigue
has now been devised to study sptouting from normg} hippofmpus trssue removed ’
from the brain a step of great imporfance,in un.de,rstar’\dmg mechanisms underlying

this neural piasticity e
.t »
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and electrophysiological expenme'_n}ts
. to verify that this new growth was |
indeed functional These initial ex-
periments were carried out i wve {in
.the hving ypecres? “for several years *
and*clearly esfqblrshed sprouting 1~
the brain as a reproducble
phenomenon
« As «the research progressed, how-
ever, it became clear that there were
limitations to a strictlyyn zuvo analysis
For example, the sprouting 15 preced-
ed by a tremendous. prohferation of
ghal cells (non- -nerve’ cells in the
w:-rvn) “intthe regron into which the”
nerves would later grow In oo, it
v was 1mpossrble to detetmine the
underlyrng nrolécular - mechanisms
.. Considerations of this sortided Lynch
{to develop a device where sprouting
could be studied un titro _outside the
organism, 1n 3 much more controlled
manner After "much drfflculw,,thrs
young investigator devised a special
chamber .n which “shces” of the
hippocampus could be malntalned as”
normal (nonlesiongd)
then developed additional new ‘tech-
niques, necessary to study. sproghing
v this chamber “These Proneering
fenchnrques have bénefited many

’
~--other netiToscentists

- .
v

afic

# \where he can more easrly detect and
measure changes For example, he 13
determining what matenals are
» released by, the shces to trigget the
prolrferanon of gllal cells and if shees
from norrpal hlppocamp‘s release
matemals _.that - suppress the ghal
prohferatlork.once these substances

[y

rain tissye He .

first,
. presbyeuyys 1s found In recordg n-

2

rosciences, his approach ] character-
1stic of many superbly’ trained young
neuroscientists In captrast to a

Uecade ago when a neurostientist

tended to be either @ Aeuroanatomist,
a neurochemist, a neurophysiologst,
or a neuropsychelogtst,

given problem and attempt to bring
the full technological fange of
modern biological methods derived
from a number of disciplines to bear
on-that problem Thli approach more
than any othet srngle factor underlhes
the success of Lynch’s research pro-
gram _'r:‘

"Hearing Loss—Prespyéusié .

The hearing abality of h‘?qmans and

many*other animals d&teriorates with-"
- increasing age The loss of hearing,

called presbycusis, 1s so’widespread in
today’s society that-essenttially every

man and woman eventually cen- .

counters “it. ‘PresbychSrs 15 tymcally
fnore severe for mén than women,
and’ st curs more rapdly at Figh
frequenties bf sopund than at low The
ecorded 1ncidence

-that sustained

dicamghg - Egypfraris

Lynch is ‘now, searc’hmg‘:for vhe~ _permanertt hearing lgss cénturies ago
spe il:star!ces . thay, ‘underlle" as a 'repult' oMmthe
sprouting ®n shces of bran -tissue -_‘Cataracts of the N While any’

scientists have argued that specrflc
changes ‘in the auditery system are
directly ca'usedr,or facdnated by a
m@isy environment, it 1s not clear IF
the changes resul; frem exposu?e to
noise or are due to general
physiologicals aging

Harlow' W Ages of sthe School o-f

today’
" neurdscientists are oriented toward a

. of _

.
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number and diameter of nerve fibers
serving the auditory mechanisms as
well as a ‘parallel reduction in the
pumber of receptor cells However, it
is difficult sto obtain well preserved
- human matenial, and the @bserved
mogifications Jhay have bgen\pro-
duced by some external-agent, 1t
desirable for Ades fp compare these
results with those obtained on inner
ears from ag;d nonhuman psmates,
preserved under controfled laboratory
conditions The early results of thest
investigations confirm the findings 1n
humans . '

" A L)
Worknng i conjunction with the
Yerkes‘anate Center in Atlanta,

Ga, Ades_and his asdociates dis-

-" covered-several anatomcal changes in

aged primates which may be relate
to the presBycus:s phehomenon )
- example, abnormal changes were
fOund in the structure of the m¢m-
brane bétween the sensory hair
of the cochlea-(inner ear) and }he
{fibers that are primanly réspon ble
for, transmlbtlng auditory lnformatlon
to ‘the central nervous system These
changes occur at the afferent synaptic
junction and appear to be of sufficient
magnitude to lmpede normal synaptic
activity, .

Vagious other changes \appear n
the aged cochlea Formlstance, thére
sa formanon of large vacuoles and a ~
significant lntracellular accumulation .
of lnpo-t‘ﬁscm ‘a brochemrcal product
g¢f deterioration) it the speaific ge

-sory and supporting Deiters ls

There Iso an abnormally
devioped minf‘d structyre that
projects m the ,cuticular plate

... are identified and charécterrzed ) Elecmcal ‘Engineeripg at the Univer- ".above the. hair celt nnto the receptor

plans to resntroduce them into the.,’
‘whote anunal, to “vertfy “their®
« ‘molecular® acnons and determrne their
gehquoral effects This work has
provnded sclaptists with a method._of .
manipulating one form @f neural
plasticity ,and of understanding 1t
undephying molecular mechanisms
though Eynch’s work has” had

Unusual ampact upon the ‘heu-
Q ) B
ERIC .
L
o, > ..

P L

sity of Ilhnois and, his sassociates
recently have docutenfed. “neutig-
anatomical changes in the audltor'y
system that apparently occur

advanced age They conducted 'pos
mortem studies on tHe- vesfibular

sensory- ebnheha and, seneory netvea volde® in

fibers 1n elderly‘humans and found a
considerable reduction’ 1n both the

'75

~ cell 1tself (Although thus, strutture g
.may ‘be present in young amme]s,,rt
increases in size and length with ./
* intreasing agé) Akso; the number of
macrophage cells in the inner ear
increasés * -

~
\

and- his associates are
contintiing effort pnman-
ly addressed to two questions (1) Are
the “neuroanatomical chapges ob-

.
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‘s&ved .in aged cochlear and vestibular
"mechanisms similar to the neuro-
anatomical effects caused by lntense
nose? and (¥ Are auditory mecha-
nisms that have deteriorated becausr

to noise-than “pristine” ears? .
From the results of this research,
our knowlgdge of the aging .process
. and -the” effects Hf nowe ‘on the

Bnly slowly, but the continued uSé‘%f
Sequénce methoffology 15 likely to

provide more accuratg informatiop of™
divergence lineages, especnally. in -

' audxtory system will be- greatly ex- - cases where the fossil record 1s poors

,of the aging process more susceptlb panded . o .
\ -

- L N . '

. Environmental Biology
.’ Al ' . N
L « . .
LY B . ;
Ma;or parts of systematic b&y mutat rates qf structural genes

and ecology, the core disciph f appea be }arggbfmdeﬁendent of
NSF's” envnronment_al_ biology pro-* rates of evolutibn ag judged by

grams,’ have undergone profound
transitions during regent years Until
recently systematjcs—the classifica-
tion of.plants and animals tomdcate
only
infer genetlé relatlonshlps from readw
ly discermible anatomical” similarities
Since the 1950's, bowever, knowledge
of the molecular structure of proteins
and of DNA C
acid) - in certain taxpnormpic “groups,
partecularly vertebrage®” has made 1t
possible to inquire dlrectly about_ the
similarities cor differences in the
molécular structure of organisms By
“comparing gmilir classes of Protein
molecules tHat cah be isolated easily
in  reasonably pure form—blood
proteins such as hemoglobin and
“albumin—the readily detected
differences in the amino acd se-
quence ‘of the molecules " cane be
atthibuted to differences in structural
genes, that 1s,, the DNA sequences
th “‘code for these proteins
e hypothesis underlying studies
of ‘AllanAC Wilson and assocjates at
he . of California,
erkele At careful examina-
tion of € products of specific
structural 'genes from groups that
experiencBd"" contrasting rates of
orgamismal change would provxde
=fformation on the mutation rates of
the genes and poss;bly on the rates of
in different species of
orgamisms But contrary to expec-
tations, theé work suggests that the

'
. 1 ¢

nE]{[lC ,' | : |

* T

-
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(deoxyribose nuclesc,

,Enat(omnéalﬂ charactenistics of the
species For example, Wilson and his
coworkers * have evidence . that
albumif - has evolved,” at “abqut the
same rate in ‘frogs and mammals
\‘Further,‘they have compared” 44,
proteins of humans "and chlmpanzees
. and found them 99 percent ideritical;

'yet, from .a traditional , anatomical
basis the two primateg@peciks are
classified in different famihes

Although only- a few of the struc-,
tural proteins have bedn’ compared,
the evidence suggests strongly that
the rates of DNA .change in struc-
tural genes have lttle :relation to
rates of -overall evolutiony of the
emselves Sincé the slow

»

species
rate of change 1n the. DNA' of
structural, genes appears not to

explain orgamismal evglution, Wilson
15 NOW teshn'g the hypothesis that the
basis  for adaptwe evolution of
‘organisms 1s primarily through the
mutation rate of the ‘regulatery
genes —-senes that control the ac-,
tivation of the’ straictural genes
Wilsom argueés that

action of regulatory genes known to - gram

function in ‘bacterial systems will be

applcable " to, higher
Through theit work, Wilson and hus.
('ow‘grkens

molecuﬁ

evolutiorf™ and have

ave sharpened the focus ' ects has continue

Commu.mty ecology has - con--
stitited the 1ntellectual core “of the
science of ecology since its beginning
early in this century. It is still
thriving, askihg new questions, delv-
ing deeper into, ones long asked . The
natire of coadaptive. interactions

> between plants and the 1nsects that

feed upon them, for example, has
long piqued the interest of ecologists.
On the basis of new knowledge for-
example, of the biochemical’ identity
of a variety of “secondary subst'ances‘

.

“that . pl.ants aré known to pr .

more” sophlstlcated ecological tnst .
aré emerging. New téchniques aof*
microchefnical ahalygis are paving the
way for the ssudy of the population.
genetic aspetts of the relationships as’
well ‘
. Dlsag the past decade two dls-
cnp{mary offshbots of systematics and

l 4

'

ecology have developed populathn

biology ~ and ecosystem science.
*Various " lines _of investigation' by
cothmunity_, ecologxsté and by
systematists are caming to focus
more precisely. on, multijBceted
‘analyses of the.biology of “natural
populations Jhe facets includedpopus-

lation genetics, behavior, and
physiology,” ‘as well as ecological
Telationships - Toe

Ecosystem science, embodymg art

>

approach that was evident early in}

the history of ecalogy, ~has made
. substantial progress through the US

. biome programs under the audpices
the mode of* of the International Biological Pro-

(IBP)

as

IBP cornpleted‘ its “exX-

istence . forgnal: arganization”

p
organisms - several years ago,. but the support ef

some of these large integrated proj-
iDunng fi1scal yeax
1976 these biome pro;ects were In

undertaken challenging studles orf varymg stages “of« completion, and a

the evolutionaty~ ,s;gmfncance of
“regulatory genes” This ambmous

second generation of integrated

prolect will provide def:n;hve cesults i scale? was hegun—a meaeure“bf tHe

. .
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ecpsystep research “projects, smallet’
hd - ) : - .
o. » t
=‘ AN . R
A

s




. .

, , .
initial pgpgrams’ success In large part
the new studies extend and refine
ihsights, information, and techniques
developed §n the IBP-initiated proj--:
ects> The taiga ecosystem study in
Alaska, & prime example, was for~
mulated mainly by scientists who .

'

,‘ Hgold Modney "of Stanford, Uni-

participated i the Tundra Biomé |

project*

Adaptatidns ot Plantgmo
Ex'treme Environments

versity and Olle Bjérkman and joseph
Berry of the Carnegie Institution of

_ Washington are t#ying to bridge the

gap . that exist5 between 1n-
vestigations_of fiedd ecology, whole
-plant physiology, and studies at the
ce

£
ting ta upcover, the adap-

19

it ubcellutar levels. They =

Transplant garden. Scientists studying e tolerance of desert plhnts to the extreme

nisms that enable certain envirdnment gf Death Valley. Calif , are trying to learn morggabout the adaptive
A m namsms t 'enable plants to survive under such condition®¥Such research may
plants to m]erate’ and «n some be’ useful in the development of new kinds of food crops that can be grown under

cases even thrive, In stress en-
vironments that are lethal to plants in
general For "this purpose they are
companrfg the .performance of pléhts

desert condmons -

N

those of plants transplanted from

*+ occupying habhats thit are extreme contrasting climates such as cool

¥

1n one respect or another )
One ‘such environment 1s the
desert Hoor of Death Valley, Calif,

oceaquc habitats Further studies on
. these plants, grown.under a series of
prec:sely controlled environments in

oné of the hottest and most apd- the Carneg:e laboratory at Stanford,

environments on_ Earth In summer,

" the plants myst tolerate temperatures

that often reach or even exceed 50° C
. (122° F), while at the same time
haying to cope with extremely dry air
- (about 5 percént relative. humldxty)
and very hmntéd water supply Plants
{that are active and able to grow
unger these Conditions must have

. *special adaptanons to .resist therma}

permit these workers to separate the
effects of varfous stress factors, such
as- high temperatures and severe
drought, as wells as to analyze the
. componentggrowth processes and the
properties of  cellular comporents
such as chloroplast membranes and
enzymes

. The Tresearch reveals striking
differences among higher plantg with

" stability

“the chlorep

occurs at about 46° C (115° F), and its
productivity exceeds that of most
plants on Earth even in lush chimates
with  moderate temperatures and
ample water supply The ability: of
Tidesttoma  and. sevétal other hot
desert plants,“uch as the créosote
bush, larrea divaricata, , to endure
extreme heat which 1s-lethal ta-plants
¥rom temperate chmadtes .15 in large
part due to an unusually higlfthermal
of thair photosynthetic
machinery ginvolving components of

’asf membranes responsi-
ble for-photochemical activity as well
as erizymes of the Cco, flx-ngﬁystem

. and drought injury And at the sange regard to their capaglies to utilize ~ Tidestromia  (and  numerous® other
time be able to carry oOt photosyn-  water, photosynthesu%l, grow, and species from 15 famifies, mostly of
. fhesis with-a high efficiency of water '~ s¥tvive Prqbably the most spec- dry tropical and subtropical origin)
use With the ad of a specially  tatular example s Trdestromia  also possesses an especiallysefficient
quipped mobile laborauéfy,and an  oblgngifolia. natwe to the flgor of mechanism for CO, fixation, called

~ experimental transplant garden; these

mnvestigators are able to studyethe

.* productiwty and key, physiological

E
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ptrocesses, such as phgmsvntheéls, )n
extreme desert plants in the Ive .
sites and also to compare them, with
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Death «Valley This remarkable plant
has #ts peaks activity, 'with, very rapld
ngVv"th dunng the hottest part ‘of
the year, but 1s "dormant during the
mild winter and.spring The optimum
rawe of photosynthesis and growth

"

ST

‘the unusual

the C pathway of photosynthesis
This pathway, in corpbination wath-
heat stability of fits
photosynthetic apparatus, enables
Tidestromip to malrﬁ\ extraordinarily
fast rates of photosynthe@s and
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growth in the extreme summer heat
‘and to make very efficient use of the
ltmited water supply
Many other species occupying the
floor of Death ' Valley, including
several species of Atripler (saltbush),
-~ possess the C, pathway of photosyn-
thesis, but plants with the conven-
tional C, pathway, also, are present
and have developed special ‘mecha-
nisms for survival For example, the
evergreen shrub, larrea divaricata. 1s
gapable of seasonally adjusting its
photosynthietic temperature depend-
‘ence in an adaptive manner Perhaps
-the most striking feature of this
species 1s 1ts abiity not only to
endure very' high levels of water
stress but also, to photosynthesize at
normal .rktes, even when, as a conse-
quence of ®w soil moisture and very
dry air, the water potential of the
plant has fallen to very low levels (-35
td0 bars) In plants from moderate
chimates,  photosynthesis  wusually
ceases at about -10 to -15 bars, and
p“longed stress’ below -17 bars
generally 1s lethal The mechanisms
responsible for the ability of larrea
' affd certain other desert plants,
including Atriplex hymenelytra. to retain
normal rates of photosynthesis under™
severe drought~ are curgemtly the
subject ®of intensive study ®y the
" Carnegie-Stanford Group -
Another interesting and potentially
. “ruséful aspect of the research s the
genetic studies 1in which C, species
and C, species of Atriplex are hyBrid-
12@d m order to determine the r‘ie of
“inhentance of the C, photosynthagic
pathway [t would, of course, be
enormously wseful If scientists could *
discover how gome of the characteris-
tics of desert-adapted plants cou)d be
- introdudced 1nto plants that are useful
for food, fiber, fodder for ammals,

. Fuel, or .even soil stabilization Intro-

duction of such adaptations through

plant, breeding probably will be very ¢

difficult  H wever,
feastbility of

before the
efforts -can be,

evaluated, it 1s, of course, mecessary

that these adaptive, mechanjsms ‘be

v -
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identified and"éharactenzed The
Mooney-Bjorkman-Berry project 1s a
basic research program to discover,
analyze, and understand the
responses and adaptations of plants
to harsh environments As such, 1t is
a good example of the fundamental
work that must underhe the develop-
ment “of cﬁ:s that can tolerate
environmental stresses and make
efficient usg of Limited resources

‘Plants and Their
Insect Herbivores

Most plants synthesize compoynds
that have the effect of protecting
them from attack by insects Not
surprisingly, 1in the course of time

\V e

. *
-

- )

and his coworkergmt Cornell Univer-
“sity have been studying the chemrcal
ecology.. gnergetics, and population
biology of two closely related, leaf;
eating, swallowtal butterfhes that
hve in the Ithaca, NY., area but
which feed in" quite different
situations. h

The black swallowtail, Papiio polyx-
enes. feeds on the Wild carrot and its
relatives of the umbellifer family
Leaves of wild carrot, with relatively
high cOntents of nitrogen, sodium,
and water, provide a nutritious,
though somewhat sparsely dis-
persed, food source for the black”
swallowtail, which detoxifies the
speafic qualitative poisons that act as
barriers to many other insect species

herbivorous insects have developed - The

second

species,

the

tiger

metabolic systems to detoxify these
noxious plant compounds These
relationships between plants sand
insects are Of mMcreasing interest
because they may have led to the use
of “natural” strategies for plant
protection In an effort to learn more
about these relationships, Paul Feeny

7 o

swallowtall, P glaucus. feeds on-the
leaves of many familes of forest
trees While the canopy of these trees
s a seemingly abundant food source,
1t 1s notnutnitiows since it 1s relatively
low in the sutrogen, water, and
sodium required by growing insects.

The scientists have found that

Ai\‘ ’{ ') ’,
as

A

Plant defense strategies. This caterpiliar.of the biack swaliowtai butterfly 1s one of the
few 1nsects able to eat and tolerate the specific chemicals in thig annual umbeikfer

plant .Cémmunity ecologists suggest ghat many plants use

hemical defense

mechanisms $
that food suppl!

as this, in which only a few insect specieg can locate and adapt to

n the other hand, |

ves of longstanding perenni:al plants, such as

trees. are subject to being eatenby/many species of insects They tend to develop
general, multiple toxins that act to gt the 'population growth of fheir insect

pfdators (Photo by Paul Feeny/Cornell

~» v
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black swallowt ay c.ﬂerplllars feeding
" an the weedy wld carrot mature in 3
weeks Caterpillars of the tiger
swallowtail, feeding. on the forest
canopy, however, take 8 weeks to
mature Compounding the rethrdant
effect of the low nutritive level of the
tree leaves 1s the presence of tannins
and terpenes, both of which interfere
" with the imsect’s utilization of the
nitrogen present in the leayes
Drawing on these observations,
Feeny and his coporkers Thpve
developed a general hypothesis about
he nature’ and consequef®®s of the,
consistent and predictable differences

% 1n chemical defenses of plants that

-

.

.

characterize recently distirbed-areas
as' compared with those of more
stable areas The disturbed
tvpically are’dominated by a diversity
ot short-lived fannual) plants, ,many
of which nfake small amounts of
highly toxic chemicals that absolltely
repel most herbivorous ipsects A few
insects have the ability to detoxify
the compounds made by different
annual plant species -The black
swallowtail, for example, 1s one of the
few to’ feed upon the umbellifer
plants such as wild %arrots The
larvae of the"cabbage butterfly select
plants such as wild crucifers upon
,which they grow well Contrasted
with this 15 the defenswe strategy
developed by plants of long-persisting
communitied For example, in an oak
forest, chemicals such as tannins,
resins, or terpenes that deter rnsects
often, are made 1n reldtively large
quan'twes These'substan;es canng}
be combated effectively i’Jy insects *

areas

They .tend to have a dosage -response

. effect. on 1nsect growth slowing 1t
down in a quantitative way- the md¥e
tannin, the slower the herbivoré’s
growth R

The

patchy and

) relatively
ephemesfal nature of the annual-plant

populations  of recently disturbed
areas makes 1t more difficylt “for
many kinds of herbivorous insects fo
find and exploit these plants as a food
source Under these arcumstances

_ closed canopy forest while a sparse

the qualltanv " chemical defenses,

imposing 'less of a metabolic cost,

suffice to wprotect the plants from'
excessive defoliation The established
canopy trees, on thé other hand,

persist for long penods of time As
*they are readily available to a great
variety of insect herbivores, they
must’ protect’ themselves by the
metabolically, cdstly production of
large amounts of toxins, with which
very few insect species can‘cope

forest type knowg After a century of
growth, a black.spruce tree rhay be
little taller than a person Individual
needles may be retained 25 years, and
- the older trees retain
branches arrayed on the bole beneath
- the small crown of living branches
Thxs dry, "standing ‘dead” materal
makes the ,black spruce ecogystem -
particularlysusceptable to forest fizes
In addition, their _shallbw root
system, exte;wdlng above the mineral
, so1l, makes the tréees readily suscepti-
A|askan Taiga Ecosystem “ble to erosion, especially along river
banks -
Frequent fires an.d the action of the
_abundant glacier-fed, silt-ladén rivers
continuously modify the landscape
and topography, of Alaska’s vast
interior basin  The ~ plants that
become established on newly de-
posited riverbanks belong to species
different from those that become
'(eestabllshéd on burned areas For
instance, willow and poplar are
among the pioneer speciesythat grow
on newly formed riverbanks, while
black spruce and other plants become
reestablished on burned sites This
study of the black spruce-taiga
ecosystem, under the direction of
Keith Van Cleve, University of
Alaska, and Ted Dyrness, US Forest
Service, 15 aimed at understanding
growth, succession, and the dyhamics
of nutrient-cycling in thys ecosystem
The study A5™being conducted on
lands cont@n part by the Bureau
of Land Management Additional
long-term data are being suppled by
the U’S Forest Service, whlchw
contributing investigators and equip-
ment
The slow growth rate of the black
spruce reflects the influence of low
soil, temperature. and high soil
moisture content on the rates of
Jorganic matter mineralization and -
nutrient cycling PBut even the slow
growing black spruce trees seem to
further deprass the already marginal
ecosystem productivity The protec
tion provided by these trees permits
the growth of a thick mat of feather-

Unhke bhe confmunity secologist,
the ecosvstem ecologist studies the
structure and dynamics’ of major
distinctive elements of the world’s
biotic landscape U'S scientists were
the pioneers m studying large-scale
biomes Under the auspiceg=~of th
International  Biological  Progra
(IBP), the _western grasslands and
deserts,. the eastern deciduous -
forests, and the western coniferous
forests were the subject of integrated
studies

A sngmflcant post-IBP biome study
examining the taiga, or subarctic
fogest, in Alaska 1s under way This
forest charactenistically 1s/dggninated
by spruce, vanously mixed with
deciduous trees and shrubs On well
drawned sites and southern: slopes,
white spruce 'Piea glauca’.dominates a

open ~ forest dominated by black
spruce (Piea marana) occupies the
extensive poorly drained areas, sites
underlain by permafros{, and the
"cool, north-facing slopes * Black
spruce-taiga extends to the limits of
tree growth, both 1n the high altitude
mpuntains and to the north where 1t
15 replaced by ground-hugging tundra
vegétatiod Of the 140 million hec-
tares in the Alaskan interior, about
one-quarter 1s covered by sparse open
forest Taiga, bog, and fen.vegetation
form the most widgpread ground
tover 1n interior Alaska

The black spruce ecosystem
appears to be the least produhlve

\thelr dead. _

’

.
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. Taiga ecosystem. A typical succession oﬁiant species in the sparse taiga forests of
Alaska begins with willows andspoplars on newly formed siity riverbanks -and
progresses. as the community ages and the silt bufis up above flood levels, to
spruce Growth of ground mosses under the protection of the spruce eventually
retards the tree growth by sequestering nutrients and by promoting shallower
permatrost Frequent fires that Burn off the mosses and older trees can rejuvenate the

spruce forest Current studres should be helpful in developing land

approaches

mosses over the litter-strewn soll
' The results to date indicate that'the
development of this moss mat further
retards the growth of the black
spruce 1 two ways First, the mosses
compete wntithe spruce roots for the
nutrients released by *minaeralization
of fallen organic matter Second, the
moss mat acts as a feather qunlt,
insulating the soil from warming
during the brief hot summer and thus
retarding mineralization As.the mat
thickens, the permafrost surface
. gradually approaches the upper layer

of the mineral soil and further

retards tree growtl The study team

management

2

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

. -.Social Sciences

P

. '
Human socal instbitutions  are
variable and complex, and they
change constantly n response to
shifting circumstances The'study of
social institutions thus presents a
demandyig challenge for sciéntific
-
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mqulry—}o discern basic patterns of
human social”organization, to deter—=
mine the general principles that
explain how social 1nstitutio¥s change

Zand affect each other, and to describe
the 1mpact of changing institutional

arrangements on the quality of,
human. Yife and the achievement of
social goals. Social science knowledge
contributes to our comprehension of
what 1s happening as social change
intrudes.to disrupt familiar routine.
Such knowledge ‘also provides the
basis for enlightened public policies .
that will affect the well-being of ogr
own and futige generations.,

The scientific study of fsocial in-
stitutions 1s charactjnzed y several
distinctive features: {1) the
general patterns and prina
extend beyond ‘the particulars
‘given time and place, (2)
dependence on reliable and repr
ble data describing sogial instit
and their functioning, and (3) the
systematic test of general principles
against reliable data.

In  contemporary social “science,
general principles.may be expressed_
in many ways, such as in the form of
mathematical models or verbal
statements of comparison They also
may be formulated' to pertain to
relatively large human groupings

. such as nations, omplex®organiza-

tions, or commumties—or to the
relations between individual persons
and the effect of the social context on
individual response Recognizing the
uneven'development of various social
science subfields and the potential
interplay- between principles that
pertan to wndividual interrelations
and larger aggregates, NSF gives
priority to studies that promise to
contribute to the systematic develop-
ment of abstract principles: that can
serve as general gmdes for - un-
derstanding basic processes of social
life and institutional change.
Reliable and useful social science
data require the painstaking efforts
of individual investigators and, -fre-
quently, of relatively large and highly
organized teams of workers The lack
of adequate descriptive data coh-
tinues to be'a major impediment to
the accelerated developmnt of the
social science disciplingg In response
to this condition, Nfsupports the
.

¢




development of broadly useful data
reésources which can  be _ made
available to the general social seience
community, This support s most
clearly illystrated in the development
of social indicators designed to reflect
trends and differentials in the quality
of life and thds to help éxplore how
major institutional changes affect the
well-being  of individual «tizens
. Other social science programs also
are working toward the production
and distribution of data resources and
toward the improvement of data
collection technrques These devetop-
ments are expected to enhance the
* capabilities of future socal science
research to contribute effectively to
the development of more adequate
and comprehensive social scientific
findings
The systematic testing of general
formulations against relevant data
constitutes the most demanding, the
most exciting, "and Frequent]y the
most visibly fruitful aspect of social
sciences research Such work builds
on the development of models an
princples worthy of extensive
testing It also gequires methodo-
logical developments that permut
assembling appropriate data an
assessing the corréspondence be-
tween the implications of the for-
mulation being tested and the out-
comes in the data being analyzed In
some areas of secial sCience investi-
gation, the necessary groundwork in
. _ building models-and assessing data
esources, has not been completed
Currefit work
trajed on explgratory investigations,
methodological developments, and
the development of datsPesources In
otMer areas of investigation, models
have been developed, and appropriate
but imperfect dafa can be assembled
to test their mphdations This kind of
work ® most highly developed in ‘ec-
oagmics, where functional econo-
metric models operate on many levels
(local, regional, national, and inter-
national) and concern many topics,
such as 'housnng education. and the

®
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financial markets Such models are
becoming increasingly common In
other social science disciplines too

In some areas of social science, the
*accumulated knowledge base 1s not
- sufficient to permit the formulation
and testing of multivaniate
planatory models Here, wark may be
supported fiot because 1t represents
the culmination of work that has led
to a profound understanding of social
phenomena but because 1t répresents
the early stages in that effort—
exploratory and descriptive work 1n
new areas of investigation, methodo-
logical developments that promuse to
enhance " the quality of future sub-
stantive work, or examinations of the
tenability of tentative and relatnely
crude generalizations

ex-

Foreign Policy Decision
Analysis

Complex international negotiations
often entail anticipations by each
party concerning future decisions by
the other parties involved It 1s,
\therefore, of considerable importance
td. determine the major factors that
1nfTF¢nce forefn policy decisions Of
particular interest 1s the degree to
which, and the conditiqns under
which, decisions are shaped by the
personal style of political leaders, by

Sbureaucratic habits that are resistant |

%o change, or by economuc iriterests
These aré among tie factors berng
explored as determinants of foreign
policy decisions 1n a series of studies
based on a carefully coded data file of
foreign policy events of 36 nations
during the period 1959-68

One of these studies, the Com-
parative Research on “Events of
Nations. (CREON)  project, 15" a mul-
tiunversity research venture directed
by pringpal investigator Charles
Hermann «f Ohio State University,
Maupce A East of the Unlversny of

Kentucky, and Stephen A Salmore of '

Rutgers, The State University Their
detailed data file draws together
informagon from diverse sources,

U

7

, BIOLOG!CAL BEHAVIDRAL AND SOCIAL SCIENCES
~

v -
~-

- <

o .

including content analyses of the
responses of heads of state at press
conferences during' the period
covered The file contains a variety of @

information : such as the personal
characteristics  of pohjical leaders,
structures and standa¥d operating

procedures of defense and fereign-
offices, constitutional charactenstics
of pohtical regimes, social, economic,
and pohtical attributes of the nations,
the structure of regional poltical
systems, the past behavior of the
nations in the conduct of their
foreign  policies, and transitory
situations and events surrounding
each 1dentified foreign policy decision. |
. The investigators have been able to
explore the depree of assocation
between potential predictors of
foraign policy and the actual sut- .
come, and to assess the relative
weight qf pargicular factors under
various conditions On the basis_of
their analysis, they Teport that mdst
foreign policy decisions are mad€
within  narrowly constricfing
bureaucratic  constraints of the
defense and foreign offices Only
under conditions of great crisis are

leaders, the researchers
o characterize the
according to various
traits Under crisis con-
ditions, ¥particular facets of. the
leaders’ personalities—fog 1nstance,
their “need for power,” internal self-
control, distrust of othersy or "Beli€fs
about the nature _of man and the
political order-played a dominant
role in influencing foregn pohcy
decisions: Foreign policy decisions
made in noncrisis situations, on the
other hand, werfe more closely related
to the’ constraints Jmposed by past
decisions, bureaucratic,and pohtical , .
procedures, and natisnal economic
‘interests . . :

3 The data file for this project lends
itself to a variety of exploratpry

* marks gpf thi
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analyses, amnd those working on the-

CREON project already have pub-

ished a number of them Currently

they are integrating these analyses
into a .coherent theory of foreign
policy decisionmaking This 1s one of
several currently funded projects
designed to increase understanding of
factors related to foreign policy
deasions For example, Ole Holsti of
Duke University and Alexander,
George of Stanford University are
investigating the influence of
decisionmakers’ basi beliefs about
political yssues on their foreign policy
decisions Robert Axelrod of the
University of Michigan is examining
the processes by which participants in
small groups having different beliefs
and values reach political decisions
Studies such as’ these promise to
extend our understanding ‘of how
decisjonmakers resolve difficuly and
complex 1ssues Although the factors
that influence su¢h decisions remain
incompletely conceptualized and the
nature of ‘their’ (nfluence under.
different conditions s not yet well
understood, 4here 1s a growing ac-
cumulation of findings to 1lluminate
how po]mcal teaddrs resolve conflict-
?akmg decisions on-
matters of vital ¢hncern

) .

4
How erican Adults
Allocate Their Time

.fundanfental area,of measurement in
social- indicators research, because it
directly reflects many aspects of Life
quality Sinee 1974, they Foundation

.

, . *How peopfe allocate their time 1s a -

his been supporting a major national _

survey of time-use among Americah
families - The durvey 15 a project -of
"the University of Michigan’s Istitute
for Social Research, which conducted

study in the
years ago
Although basically a replication of
the 1965-66_study, the presgnt sur-
vey has been planned to pmaﬂe data

.

United States just 10

the first con}prehensnve time-budget

e L
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useful to .another NSF-supported

weekly hours devoted to various

project dealing with the feasibility of .activities 1s scheduled to -appear in

extending national income accounting
to include productive activities ot-
curning outside the marketplace
Particular attention 1s bemg given to
tnpaid produttive activities in order
to arrive at a more realistic system of
economic accounts and, 1n particular,
to improve our understanding of the
household as the Nation’s basic
economic unit ¢
The survey also has been planned
to serve the needs of those Federal
agencies concerned with such matters
as income secunity and unemploy-
ment Moreover, 1t-1s expected that
an evep wider range of Goveyment
and- private organizations will find
the results highly useful for polity
analysis in such areas as transporta-
tion, heajth, the mass media,
housework, childcare; and volunteer
actwities i
The

several

mtroduces
imnovations

present survey
“methodological

that make 1t the most sophisticated

research of its kind The types of
analytic results anticipated from the
research thus will go beyond curcent-
lv available information on time-use.
For example,s considerable pffort’ 1s
deyoted to developing an accounting®
system to differentiate usg of time as
“output” fvaluable at the\lage rate)
verdus time as “input” (ptire con-
sumption) If a quantitative assess-
ment of this problem canbe achieved,
answers may be obtained to questions
such as. What economlc‘ value’can we.
attach to housework? How much do
leisure achvities contriute to work;
performance or acco&?lshments?
How will new household technot-
ogies, ke microwave ovens or cable

" TV, affect the way time is spent?

Although survey procedures are
still in the fynal stage of completaon, 1t
1s  pgssible to present some
prebminary results which confpare
estimates of time allocatsdh from t
early phases of the* present survey
with those obtaiped 1¢ years ago A
detailed expositiorr of differences in

.
1

Social Indicators 1976, a publication
currently bemg prepared by the
"Office of Management and Budget.

qu} for Pay. On an average,’
Americans spent lesfitime working
(including commuting) 1 1975 than
they did in 1965 This 1s true for both
men and women Adthough college
graduates and the 24-45 age group
increased their work hours, the rest’
of the population worked less (This

shift refers only to the employed ¥

segment of the population and 1s not’
affected by the higher unemployment
rates of 1975)

Famidy Care Time spent on famuly
cares activities (mainly housework)
Ras fallen almost 20 percent As was
truesn 1965, most of the family care
activity falls to women whether or
not they work outside the home
Again 1n 1975 na difference has been
found tn the amount -off housework
done by married-men whether or not
their” wives had outside employment

Free Time. With less time being °

‘spent on work and family care n

1975, 1t 1s not surprising to find that
Americans had more free time 1n
1975 than in 1965 The-difference 1s
sigmficant, totaling almest 5 hours
per week The most drargatic rise in-
free time .s registered by employed
women, whose total free time 1n 1975
almost matched that of employed °
men Among the working population
in. both 1965 -and 1975, there 1s a
curvilinear’ rglationship betweerf age
and free time, the youngest (agedl_S?
25) and the oldest (aged, 56-65)
having the most of At Older people
r:gxs&ered a large. %)p in social life
amd in visiting friefs .and relations
between 1965 and 1975 The levekgf »
education, which was Unrelated_to
social hfe 1n 1965, now seems to be
related to 1t in a positive direction. In
other words, 1 years ago people

_engaged equally 1n social activities,

regardless of how much education
they had Now, those with hlgher‘

A
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. Spending m{\‘ése early prelnmmary results of a major national survey of ho adults allocate their time suggest sugmfrcant .
. shifts in relative amounts of time spent on work and frée time over a 10-year gpan , ..
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education tend to engage m@re in  wvisiing In 1965 there ‘was an snmllar informaton collected 10 years
social life ¢han those with less educa-  edugational gap ine media use—the ago The major analytic work s still
tion ~ . more educated tended to watch less  to be done and the data will become

Mass Media Tlrﬁ <spent watching “television than the less educated By mong Interpretable as they are-
television ap’pears,to have increased.. 1975 this gap had closed, only the entered nto soaal ™accouhting
Reading time has stayed about the college graduate group repqrted less  frameworks and are ‘mapped against
same as’in 1965, but time spent ‘media i8e than othezgroups in 1975.  significant social events of the past 10
listening “to radio and watching It must be stressed that the above yea,rs—such as the ene'rgy_crisxs, th
movigs has dechned The major findings are only Prehmigary and fise of “counter-cultures,” and th
increase in television viewing was . represent a first crudf. cut at deter-  various political, economxc,jd;soclal .
among women, who also showed the,  mining the general sHape of time-use  movements aimed at creating greater’
main decrease 1n h%’\/xsework and’ . information in companisen.to roughly  equity 1n our society - -
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he goal of - NSF's Science, pragrams was a sgeries of @on— help _ctizeps use scentific and
* technical anformation in,order, to deal

Educationsprogram 15 to in-
itiate and support. activities to
strengthen educdtion, in the sciences
a®8ll levels.
Foundation
the means

bjected ‘ this

by which 1¥can be

g!essndnd actions tlfat affected the
“science ‘education pr
first of these was the terrhination of

the sec,ond was the es-
tablishment of® tWa new programs

ram area. The * more effectively with 1ssues of public

policy In shaping-the new programs,

uring the past year, the 4 ‘the insfitutional grants foy science™ NSF has solicatgd the opinions of
oal and prografn,

sciehce educators and interested
citizens through a series of regional

achieved to close scrutipy - Ag’a rest.ﬂt designed to improve sciepce educa- meetings. This 15 gart of a broader

this critical- ‘examnatiort, the =
program his been restructumd into
following four, coherent areas. .
5(15(: manpower 1mprogement. whpse
ob)echves are to-identify and’ en-
courage scxennfnc talent, to-assist in
the maintenance ' of high. standards
and quality in the training of students
and professronais in the sciences, and
to simulate morg pgrticipation in the
sciences by minofities, women, and
the handicapped ’
Science educatygn rtsour&s 1mprovement,
e 15 to strengthen and

struction and research tralmng n
schopls, colleges, and universities,

Scrence education development andy recmrrh

yvhose objectiveggare to’advance our

ledge of how scientific cbngepts

sses and*skills are learned and

'to encgurage the developaient ®of

means’ by which. the learnin

processes in science can be improvéd
. Séience_and socrety. whose ob;ecnve 18 -

to bring about greater understanding”

of science-and technology as it affects |
the’

.contemporary life, “inclpding

.tion; and the thlr&vas the establish-

ment of a new program designed to
M . .
- L
A "

1

effort to identify and address national.
needs in science education.’ ¥’

.
f
. ’

. .. - .

4
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.+ * Science' Manpower Improvement - -
v ‘ . . .
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* Programs that support the im-

provement of scientific personnel

'prowde the Nation with _a more

effective® sugply of "scientific
manpower—a central and traditional
responsibiity of the Foundation

Student-oriented programs prowde g
undergraduate .

- high school and
students w1th «experience in scientific

activities' to encourage - thelr entry“
gﬂto sc1enhf|c .careers, At the grad"

uate  and . post,d’octoraL levels,” the
emphasis 1s on tralnlng highly
ta}qnted young scnennsts, particularly

training for research and teaching in i
saentific areas selated to national®

needs FacultyZoriented prograins are

,~soc1al and ethial implicattons and. designed to enhance the competence

e

RIC -0 "7

congequences OS an_ xncreasxngly
-technology dependent soc1ety
* A factor ‘h this fealignment of

S s . .

Ry ¢ ‘

of teachers as to maintain high
'quahtxr)\ the training of students and

prafeddpnals in the sciences
. . cos
-
, -~ ' . X
Y
L . 83
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“and, O.pportunme"s_' nq}

.

.

Studént-Oriented - o -
rograms

. — g -

The* student-oriented  -programs
encourage students of $pecial interegt
and ability by pr3viding challenges
usually ,

available at their level
v ‘. .

Stwnt Sclence Training -

In the 125 progects supported in
1976,  some % high  school

students recewed special instruction
in science"and participated in research

projcts at colleges or Unxversmep_

&ifty-twd of -these. pro,ecbs involv

high-ability  secondary school
students “whose opporturities have
Been hmited by the facilities and

instruction .available in their own
high schools.. * Tt
' 1 .

et
- t’\) .
-~
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- SIudenl Sclonce Training. High school ;tuda\(s take advant ) -\

. ot mtepswe schertte instruction oppostunities at four colieges
{1) env:ronmenlal biology of a pond: gt Wartburg Coliege in
lowa, (2).math, probabihity. and cDmpyter jinguage a(Alat;ama
State Umversity, (3) computer pro g of phy§;os F

i .a!tronomy data at East Carolina University, (4) oceanographuc

. sﬁmplp analysns at the Umvemny of Rhodt-:’fsland

wic. ¥ 84
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‘ . Table 5 -
. " - . Science Manpower Improvement
. Fiscal Year 1976 and Transmwmc (July 1-Sept. 30, 1976)
» L N .
Z
- ] Fiscal Year 1976 Transibon Quartsr}
N Proposals Awards Number o Awards
! R Individuals
Number Amount Nomber Amount Supported  Number Amount
Fetlowships and T M 7492 $IEP9TIM 776 $16250523 850 11 $521.748
» Graduate Fetiowships n Scence , .
and Enpreenng . 6419 53100000 - S50 11372685 550 1 527748
Facutty Feflowships in Science - -
Apphed 1o Socreta) Problems 538, 8504704 b 1.299 960 19 —0— —0—
“Energy Retated Postdoctoral - F 3
». Fethowships 155 5454 000 118 1414336 118 —0— —0—
Energy Related Graduate -
Traneesmps ¥ 80 11739000 2 2163542 103 —0— —0—
Student Oreented Programs 1391 23408735 395 5471033 6467 1 5595
Stodent Science Tranming 320 = 6960580 125 1544957 4400 i 5595
Underdraduate Reseach .

Participation - 627 9664335 201 2543770 1481 —0— —0—
Studént Origmated Studses 484 6783 820 69 982 306 586 —0— —0—
Women n Science - 14 512857 kt] 1003431 ° 6350 1 1.266
Facutty Programs 235 3351932 116 2157150 3582 —0— —0—
Facutty Short Courses 13 913392 13 894450 * 3325 .0 —0— —0—
Faculty Research Participation “22 2438540 103 1262 700 227 —0~ —0—

Tol ©' 96 S106%346 1320 SM8R13 17219 -~ 13 $53509
. - p -
, ' ~ N i
* - e -

This program provides oppor-
tupities to undergraduate students,

* have ‘completed a_substantial
portion of their science requirements,

. for full-time work with college facul-
ty on research projects,-an opportuti-
ty that goes beyond what 1s normally
available 1 .the .curricula of the

Nation's collégqs, In 1976, among the |

201 projects at 163 colleges and
universities for 1,481 yndergraduates
were 3 designed to acquaint students
with the research-actwties pf indus-,

trial laboratories o~

Stqdent-OriQinated Studies

¢ - . 'Y
To entourage students to assutne
more responsibility for \their ogn

learming and to stimulatd, therr In®*  women who received a bachelor’s or Ing “needs

térest in science, this program sup-
ports gresearch activities tonceived
and carned oyt by the undergraduate
students théhselves * ywith  anly

..* »munimal faculty supervision In 1976,

-

69. award
students at 63 colleges and univer-
sities Most of the projetts were
aimed at providing data rélevant to
the planning or ~administering of
_public programs ¢

Women in Science ’

'ln fisﬁl year 1.976°,°the’ first year*of
full operation for this program, NSF
supported ' 22 ¢ .science  career
workshops 1n 17 Statés apd 11
science career facilitation ‘projects in
1Q States and the District of Colum-
bia About 6,000 womeri participated
in the workshops, which -provide
women students :with candid_ infor-
matidn about career opportunities 1n
"vatious fields of science and various
sectars of the economy The facilita-
tion * projects helped 4dbout 350

master’s degree between 2 and 15
"years ago and needed a short, spevial-
ly designed educational expertence to
enter or reentér employment or

graduate degree, programs In their”
. 8 ¢ : 4
. g

" K ’

s supported the work of 586 ~

\
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fields of science TFhe proje:ctS‘s'{Jp-
_ported were in fields of science
judged to have greater than usual
un g‘representapon of women and
good opportunities for employment.

Graduate and Ppstdoctoral
Programs

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

Graduate Fellowships

. New 3-year Graduate Fellowships
. were awarded in fiscal year 1976 to
550 beginning graduate students n

ing This program 1s the only sizeable
"one—Federal or otherwise—spanning
the sciences in ffhich the fellows are
selected 'In 4 ional competition
according to abyity Because only
about one of every 11 applicants ¢an
be selected for an 4dward, these
fellows represent the most promising
graduates of our colleges’ In addstion
to the 550 fellows, almost 2,000
additional highly qualified applicants
were accorded honorable mentibn, an
wdentification that assists_many of
thém i, obtaining alternative awards
without ‘which they would be unable
to undertake graduate study. :

-

Energy-Related Graduate '
Traineeships,

~

To help meet the Nation's.emerg-
r scientific and
professional manpower trained in
energy-telated areas, 29 grants were
_made to 26 institutions 1n support of
the enerfy-relafd training ,and
research of 103 graduate students

~

scrence;” matheinatres: = and—engmreer--
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Each traineeship provides fored years
of work 1n one,&f two research areas
coal or nonrenewable resour®s (such
as extractive metallurgy, geothermal
reservorrs, explorative geophysigs,
geochemistry _of hydrdtherntal
uranwum  deposits, and tertiary ol
recovery) . H

‘ -
oo
‘'

Energy-Relatéd " .
Postdoctoral Fellowships

Fellowshipwawar®s* were made to
118 young scieptists demonstrating
speual aptitude for study and
research on energy-relate?oblems
The fellows receive stipends in sup-
port ot up t& a year of research and
trainimg to Ihcreasertheir competence
n rgsearch and'l‘nstructlon In energy-.

related areas .
. V4

Faculty-Oriénted Programs

These prog} s, whrch‘ enhance
the professno'n‘;‘ skils  of " science
teachers, imptove both process and
coptent nf sclenie mnstruchion for all -~
“Students . ., R
‘College Faculty ‘Short Course's
Ths program 4o expuse faculty o
new <cwentific knr\wlnérge and -ex-
pedite s didseminafion ze
classroom s of partwular salue to
faculty ~trog,2- and 4-year colleg#s.
wrthout a:k'
frams  Fortyafge ditferent short
@oursty- were Ottered in 427 classes
held” at 13, field cefters across the

in

Nation .Appiusmati!y 3,200 college ©

teachers aggesrded ‘these short, inten:
sive presentations by ‘expttis Alsoin,
fiscal yvear 1976, 150 Jugh school
Science™” teachers attended’ three
wourses .offered as a trial-run of the
GOf this format-for second-
aty shool teachers The fm?g‘ram has
imvolved teachers from all of the_50
States and Puerto Rico, representing
one-half tp" two-thirds of al] the
Cinstitutsons of higher education in the
;- Nation

by n

A)

campus research pro--*

-

»

Faculty Fellowships in Science

‘Applied to Societal Rroblems

These fellowships, awarded to 79
experlenced tealhers 1n 2- and 4-year
colleges and universities, enabled
tb'egn to undertake independent study
and research to increase their com-
petence in areas specifically related to
the Nation’s problems. and their
possible solutions The fellows, from
69 colleges and univérsities 1n 31
States, conducted, théir projects for
periods ranging from 3 to 9 months
at, institutions appropriate to the
topic, of the prajects The topics
ranged from the development of
physics courses for _students 1n
health-related fields to an improvéd
understanding of criminal behavior
and violence DT

bt

Faculty Régearch Participation

This  pragram assists  College
. teachers in reevaluating the relevance
of their course materials to the needs
and requirements of students To
help do this, science, faculty par-
ticipate " in  the ongoing * researcht
activittes pf 1industrial laboratories
and research mstitutes In its 3 years
of operation, the program suppdrted
the pasticipation of over 500 gollege
teachers in such appled fesearch
experiences The projects m 1976
included research on energy conver-
sion  and  recovery,  pollutants,
biomedical products ¢ and systems,
computer  control . of industmal
processing, exploitation. and develop-
ment of materials, - and electronic
devices for communication, diagnosis,
and processing

Facuity Redearch-Participation. Marlon_John.son, a*faculty member at FéderaCity’
Cgllege 1in Washington D C, participates n a project to separate and purify
ﬁ%log»cal matenals with Lows McCreight at’ General. Electric’s Space Science

Laboratory .

’
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Science Education ReSources: Imptovement -

T . ‘o o v
The primary ebjective g NSF's
Scienceeducation resources prove-

ment programs s to stréngthen arld .
improve the science educatmn\bnd
research training xapablhtles ot

schools, colleges, and universitres
T ese* ‘programs, support equipment
" purchase, reseanh

ment, - and W\jnswe mul-
4
programs an .science’

_tidisciplipary
education The regional meetings
held in early fiscal vear 1976 durmg
the development of the two newest
programs—Research Initiation and
“Support, and Comprehensive Assist-
ance to Undergraduate Science
" Education—contributed sigffficantly
“to their imitial success by allowing the
Poundation to focus on the rgalrstic
Teeds of the science educationycom-
munity Those who. attended the
meetings also indicated their commut-
* mertt to support for these programs
by volunteermg to serve on réview
panels . .

) Research !nmatlon and
. ‘Support -

The Regéarch lmt.xatlon'and‘Sup—

course improve- .

October

.cons:derah(;rf

port (RIAS) program was estaphshed

B ™

some $59 million was submmed for’
the Fqundation’s consideration by the
s March 15 ciosmg date
esulfs of the’ competition were
unced ‘on -June 23, 1976, with

N )
bv the Congress o August 9, 19754 $4O Million being awarded to 19

to_provade assistfnce to institutions
aof tugher learnig in thejr ebforts to
lmprove the- quality, effectiveness,
"and effmency of* their graduate and
\postgéradu'ate programs for young
scientists and engineers For the’
purposes - Of this - program, “young
$cieritists am@engineers” are defined
a% graduate students, postdoctoral
appointees,
members who have earned their
highest spostgraduate . degree during”
the past 5 vears . .

To halp shape the program and to
give it visibility, 761 B.5 institutions
offering graduate programs in science
were invited to send represéntatives
tg six regional meefings held in.
of 1975 in Chicago,
Houston, Denver, 1os Angeles, apd
Washington t.ao meetings) The-394
attendees provided -extensive com-
ments on §nd react;ons to a draft o
the RIAS guideiines, which had begn

 “mailed to them before the meetings

Fhese sugz recerved careful
formulah‘pn ‘of
ehnes .

prnpnsala requesting

ceston

the final RIA
A total of 28

-
0

Ry
- q
» - N \ - v
. o4
v ’ Table 6 =~ ° .
. Scrence Education Resources imptovement’
' ~ Fiscal Year 1976 and Transttion ‘Quarter (July f- Sevt 30.°1976)
- . : v S . .
() e - s -
T, . - Fuscat Yea'1976 P franton Quarter,
* ' - s Award? = Awlrds Awards
. . Mumber  Amount  Nudber _ bmoy~t o Number | Aemeunt
Comprehensue Assistance to Undcrgndum A N
Scence Educaton - 760" $15i 354 540 S $10uh73 T o8 33558
R Mmorty Instiutions Soence lmorovmem . &0 16981 548° 26 474252} 1 41515
. 100a! Low o Impraeemem LY 41247 ” 104% | ~0— —H
Wnstiuchional Equipment 16490 1813719 329 2934%  —0— —0-
* "wmprovement of PreCoege Msteuction N IS S TE) 307 a3 285230
: Reseaioh Indution and Sugipont 61, 59319779 Jg _A0089% -0— 0=,
@ T : 7951 $252 87831 - §24.320 302 . 5 - $320603
\ — — > — v
- c Y
) * “ ~
Q -

¢ v

or nontenured faculty -

_the Uni

, Towa State™~wli p_rov:fe a%‘anced
trammg -and services in®computation

Jinstitutions ~ Of “the fgrantees, six

, were so-called research universities,
.five- were other doctorate-granting
institutions .

lnsqtutlgns SIX were
whose graduafe training 15 conducted;
for the mosf part, at the master’s
level, and two were consortia®

Projects supported dlffef widely m
their complexity, and orgamzatlon
Some ‘institutions have tried to

.address their traimung and ‘research

needs at the departmerital or in-
terdepartmental level At Brown
University, fory example, the
Geological Sciencea Department and
the Engineering Divisfon aré poolmg
tn resources to strengthen an
[ ging lnitldnmlynnal y proglamin
tectanophysics, which deals with the
physics of deformation i the Earth

*Other colieges and universities, on
the other hand, have approached the
problem’ in an 1nstitution-wide mode
Typital ot this approach 1s.a pregram,
at lowa State Untversitv to improve
the tramung & young sclentists in the
effective use of new digrtal informa-
tion techniques for expenmental
control, data acquistien, large data-
based manwpulation, and speciahized
computation . By drawing Yogether

elpmems and stpengths existing in
'the Departmenty of Electrical “Engit

neermg and Computer Science and

to young sc1€ntlstscbfrom four colleges
and 20 departments

Twn of the awards were made to

institutions acting in consort One -
such grant provides support for &
joint  doctord] pregram plant

biology conducted by Lehman College
of the City University ot New. York

‘and the New York Botanical Garden

Fhe program enriches the research

-

.
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.

and training  opportunities available Com re“leﬂsive Assustance IO

to .young scientists at Lehman by
~providing modern laboratdry facihties

< that will allow them to take fuller

dvantage of the outstanding 're-

L sources of the Botanical Garden

.
.

Improvement of Pre-College

lnstruction
s .

.

U ergraduate Science
- Education _

{

. T

CAUSE was established %y legisla-. |
tiop on Augtst 9..1975 lts major
objective 15 to strengthen the science
education capabihties of predomi-
nantly * undergraduate educational
insthtltions and departments or
groups of departments Amiards are

The pnmarx purpdse of this Pro- | made for revitalizing or |mprov1ng

" gram s to improve elementary and”
secondary scheol science education by

providing support, for the develop- . ’

ment of modpls for more effective

pre-service and in-service, teacher
education

In the area of pre service teacher
educatmn in 1976,
concentrated =its support oh the

assessifent of the ihpact of previous-*
ly de»e ped. rwdels rather than on
the™evglopment of additional new
modéts’ Two.such awafds were made
<this past’ vear Also, the Navajo

the Foundation - representatives

science’ ‘education . withm. #-year
colleged, 2-year colleges, groups of
such mstitations, and for the ypder-
graduate _cormponents of «adyanced-
degree fnst,ltuhon'g , o

In the fall of 1975 the program held
13 regional conferences at which
“tehgible <IN
stitutions made suggestions to 1m-
.prove, the draft guidelines, Final

3

from

guidélmes were 1ssued 1n Novembers

1925, with proposals due by February
lo. 197 On June 18 1976, 59,
awards were arinounced - totaling

Division of Educat*m received a- $10 1 millon, denial letters were sent

plarning award directed toward in-
creasing the nuimber of Navaje
teachers of science and mathematics
As a way to encourate_a coor-
dinatéd attack on complex problem
Anvolving State,
systems of scieng® educatjon,
Faundation awards relativelv .Jarge
+»sums of money in a few large-scale
pmlents “that mvolve several strat@ in,

regional, or ‘urbag

R the edugational strusture’ This year

W

©. of practicing

grants were made 1n further suppor,t ’ educatmn standarﬁ{

the™

fs)r 701" proposals requesting $1:~9'
million .

It 1s- too early to’ deterrmine the
success or impact” of 4 given local

PR 4 &

15 evident from fiscal yMar 1976
proposals that CAUSE must continue
to address the reeds of a.wariety of
mstitutigns —large arrd small,” public*
and prwate—that have expenenced a
dechne\_ in undergraduate
over the past

of ProlectCntySc:ence in.New York decade "In” sufigorting Yhese ym-

City's middle schools and the Oragon
Mathematics Education pm|€’ct '

provements, particular attention’will
‘have to be given to a Large number of

The Foundation® s contlnumg its. indntutiops heretofore.umnVolved ih

efforts to improve the teaching skills
classroom  teachers
through the supgort of localized
Teachers Centers Renewal grants
wcre made to Teachers’ Centers In
Lahforma Colorddo, and*Wisconsin
An. ongo t‘”'d party evalimdion of

.. these Cen:ers s berng conducted

E

-

RIC

Aruitoxt provided by Eic:

undér ‘Foundation support through
the Department of 6aignee*Educition
at the Lnwversity of Georgia

0‘ . Al

the science education activities of the

5ﬁim|ect On a national level, however,

SCIQUCE )

Foundation C&pgress wandatéd that .

20 percent of <CAUSE - funds be
awarded «té 2-year colleges In fiscal
year 1976 the.buccess ratios tor 2-
vear and ‘t-year colleges - were ap-
proximately equal :

CAUSE -prejects reflett each in-°

stitution’s umique efferts to improve
undergraduagte  science ' education,
Therefore, a majmat)" of awards'deal

“ing,

«

with  several | science .disciphines
representing the coordinated efforgs
of their science divisions or depart-
ments Comprehensive educational
strategies mclude varying degrees of
course revision, development  of
audip-tutorial activities, use Qf com-
puter technology, improvement of
field or classroom instructional
facilities, staff traiming, or purchase
of related gdtructional equipment
F,i)'r 'example Xne College of Idaho will
incorpodrate modern computing
facilries wgthin the course work of
undergraduite science classrooms
The project calls for the purchase of a°
" minicomputer and requisite training
of science faculty 1n __thé use of
cémputers, At Mohave Communrty
College. funds will bé. used to
purchase two mobile science vans
needed to \sex‘ve. undergraduate
studen’fs 1R -semote regions Ad-
ﬂmonal funds will be provided for .

.spécific nstructional equlpment and.

for the development of expanded
course offerings in the physical and-
biological sciences ’

4

, Educational Program
-Restructuring ' .

The primary ‘purposes of . edu-
cational program restructurlng are to
encourage the development, te;ﬁng
and .evaluation of new or uncdnden-
tlonal apgroaches to all aspects: of
science mstrugtlon at the undergrad-

uate level, and to produce changesin, '

the undergradusite science learning
experiegces of science majars.
scnenc’malors Qnrolled In science
courses; or those preparing spettfical-
ly for careers as teacherspf elemen-
tary and secondary school science
In fiscal year 1976 this program-
comnpleted 1ts evolution from supp_srg

,of massive institutional restructuring

projects to highly focused prgects for
restructuring of lecal cours® contert
or 'method of delivery Awards}rang-.
from #2.700 to $25,000 wen't jo
69 colleges anmmersmes In Spp-
port- of Wpnovative scrence teaching

‘nons ‘s

g

¥

.

.

.
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. Projects designed by “indiidual or .

small groups of
members
At the State bnnersxty of New

York in Binghamton, undergraduate

Science  faculty,

“mgcience majors will gain experience in

‘

communicating scientific knowledge
vto ‘the Jay pubhic while they are still
preparing themselv® for stientific
careers* The project involves an
interdgciphinary (ollaboration among
the several science departments, the
English Department, and the
Educationdt Communicatidns bepart-
e . .
The (hemistry faculty at Xavier
University ot Louisiana will de\,eltrp
iearting muodules for use in two
geaeral chemistry laboratory codrses

andwill conduct alpltot study of theiry

effectiveness At Hillsborough Comr-
munity Canege in Tappa, Flosida

computer programs will be developed

for student use to :txmulate basic

physical goncepts and to  permt
mathema‘al modeding of physical
T processgs OF systems  And’ at the
Lnnersity of the Pac:fio, in Stockton,
Caht, a multidisciplinary.  upper-
diviswon, watuial sucace laboratory

course will be designedrexpressiy for
*»
science majors I he course will make

students a of - the
terrelationships  between ‘scigptific
disciphines and deagh tnem the \?alue
of skille and methods ®.f d::ctplnnee

',‘.tfwr than the ;tudentts AWwn Maiers
L) Y i

Instructional Scientific'
. Equipment Prograin

» This program continics €5 provade
~small grants to bott
collegés and udivers.ticd as matching
ds to support scentffic and or

ingtructional

cquipment ~

,and currculum revisions ln
fiscal year 1976 th w program mad le
329 awards.«averaging $8.,930, to277

Jgnstitutions lm..utd i 49 States, m
District of Columbia, and the Com

. monwea_!th of Puerto Ricos

" The graatest humbers of 'firop'osals

n-
.

2- and 4-year

~purchases.

and resultant awards this year 1n:
\L\Qed pro]ectSe in" the ¢ physical
~“suiences, fpllowed by the life sciences

into sciencé <areers and to.improve
the quality. of science education
programs at, minority nstitutions,

and enginpeering The earth and social NSF suppor? projects designed to
sciences Avere relatively as successful “effect long#ange * ‘improvements 1n
in they competition as the other scaence education at Institutions
scier s:  but submitted femr__whoseenrollmentsarepredommantl/{
~profosals ’ _Black, Native-American, Spariish-
~ Grants were made fo 'support speaklng or other dlsadvantaged

purchase of. equipment ranging over
_minicomputers in  engineering,
seismic apparatus for use in geology.

uipment to perform data manipula-
ti in the social. sciences, and
analytical
sciences [t 15 perhaps’ notewortny
that o5 percent of the funds to be
expended fpr—these projects will
_support’ th putchase of « com-
putational 'EW t for use in a
~anety of scnen\csﬁzmstructlonal ac-
tivities

)

Minority Institutions .
Science Improvement

o ~help “increase
underrepresented ethnic minorities
N ' ° \

[ . [
-~ «

- . ‘\

equipmenj for ‘the life,

“ethnic.minbrities Approximatély 200
»2- and 4-year colleges and univer-
sities, . which enroll _more ghan
400,000 students, are eligible to
participate in the program

T This fiscal year 85 awards were
made by the minority institutions
.science improvement program and by
, the xesearch initiation” for minority
lnstltutlon lmproxement program
" Thgse whcluded 26 multlyear in-
stitutional science improvement proj-

. ect aWards' 6 regional briefing con-

fere?tce awards designed to inform
newly . eligible 1nstitutions, of the
programs, and 53 grahts to individual
saience faculty members at 26 minori.

résearch e
. ! -
. A )

<

\‘
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Science Education Deire_lé‘phent ahd Research,

A . € .

. —
The science education development
and research programs assist in the
impro¥ement of teaching and learn-
“ing through support for’th‘ develop-
ment, evaluation, and use of
novative 1nstructidnal technologes,
. teaching  metho ind course

graterials to increase the quality, cost-

n-

effectiveness. ‘and curreritaess of
- zsaience education tat “all levels -
Several kinds? of projects were

d to jmplement spec;tic science' s supported during flscal year 1976 A

number of them involve the develop-

g ind testing of new materials for .

-use’ In elementary and secondary
sthoul ;ue.ntq, courses  These
.tam".as help prepare students for

more advanced work 1n scientific and’

tec},\qologl(al felds and also provide

,Q‘o
~ s

= ——

a -

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

Qther projects are ntended to
improve science  education. at the
cotiege level Instructicha)’materials
were developed; innovative delivery

" tmodes were tested, and new curricula

were designed to improve the
capablllty of colleges and universities’
to educate scnenhsts and engineers
JLrants were also made to identify
"more effective ways to deliver con-
nwing education to practicing soen;
tists arnd engineers Finally, several
nvestigators are s€elung to ‘ievelqp

3

comﬁttr -based xnstructlonal sysum?'

.

e. flow “of ty institutions for 1fTEi4TITg scnentlflc v

“
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P , 3 “Table 7 % ) in-service and instpuctional resoufce
) Scrence_Education Development and Research ' materials _from' “which teachers of’
i fiscal Year 1876 md.Tnnsmon Quarter (July 1-Sept. 30, 1976) mathematxcs can, select to extend
) : - - B ) their gwn knowledge and to increase
-, - Fiscal Year 1976 ,Tnnston Qurter « the flexibility bf the ledrning environ- -
. Proposais ! Awargs Awards " ° . Lt ’ .
. L Nombel - Amount  Number - Amount  Number . Amount ment for thexr] s;udents Tlle‘i:
Pre-College Materuats Development, ' ' maternials, suitable forguse at t‘ .
Testng and Evquabon 3l se2017 4 sizaome  muddle-school level, treat such topics
. MaRatés i Hugher £4i 57 245818 6 $30327] i
Scrnce o £ m‘{"”‘ l ] \ :as measureme{\t and tdhe mletnc
Educgton -, 15 88600 | —0— —0— system” ‘and “re ations and graphs
v . Ky B
) t"x“:‘”"m”w 5 i o o A group led by Watson M. Laetsch
Technoopcal innovabgn n Educaten  © 8 T pe5s05 2 684238 of the Lawrence Hall of Science at the
. Specal Studwes and Expenmental , University of Califermia, Berkeley, is
Proects . . & 116252 ! 255965 designing instructional strategie
_Tg-l T _ m.s?; M7 S1092128 13 $26015% teaching, biology through out .
8 . ’ . , ‘;n
that ultumately ‘can make in- % Lt
’ dwxduahzed Instruction avaiable at
costs that are competitive with con- * . ~
ventional instructional -systems. '
Pre-Callegé Materials
_ _ Developinent, Testing, and N v
- Evaluation o .
N «
L Fiscal year ‘1976 was a time for» i s,

intensive review and’ reevdluat»on of :
this program and its achievements
ahd ongaemng rationale. FoHowmg the '
_soliutation  of nompatiens froh ~ .
V|rtually every interested professional™’
and avic orgamization 11 the Nation,
.. 73- experts cofivened 1n_ Washington ,
N in December 1975 for a week’s
5 - exhdustive study of .the prodycts .of
- “19 Foundation- stfpported -prijects
. They submitted ewtensive comme 4
criticisms, apd recommendations &}
. . "These reviews provided a basis for, 3§
NSF’s support for the continuation or
compTetlon of severd projects’ far*
. .example Earle'L Lomon of Educatidn
Development Cen?er feceived a grant -
to complete tl’;e development rand
. * " classroom ‘testing of instructional *
>+ units that teach mathegfatics and
science to elementary school children -
* by engaging ' them 1n investigations

into a variety bf practical problems A Junior high sciece.: Students In Los Angeles worik on'a uritt of the’ widely ised

-

L4

project at the University of Oregon,  ntermediate’Science Curricetum Study. a series of science oourses devejoped with
directed by Alan Hoffer, 1s dévelopidg  NSF suoport o . A . .
’ . N o - ' " ) . ) ’ " é 0
. . ' ' . /
, Q . N - . o "
ERIC T U - -
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Jactivities The American Psy-
choldgical. Association” receved  a
grant to continue the development of
a course on human behavior The
project. staff,
Carleton  College, “1s* producing
modular units for use in secondary
school psychology courses The Foun-
dation 1s also supporting the develop-
ment of a hngh schaol course 1n
American goVernment by the
Amernican Political Science Assecia-
tion 1n a project directed by Howard,
Mehlmger N

One newly funded proect may
prove to typify the more discrete
targeting of f nd»rfn.that 15 expected
to be the program's rule in the
-future Increpsing ‘ scholarly . accept-
ance of the Jprinciples of plate tec-
tonigs has trdnsformed the sciencé of
geology during the past décade,
outtating virtually all teaching of
earth science Under the diréction of
the President of the National Associa-
tion of Geology Teachers, Edward C
Stoever, Jrs University ofF-Okiahroma, -
classroom  teachers,  researchers
Knowledgeable in crustal evolution,
and support personnel at six collgge-
based development centers will
produce approximately 30 supple-
mental nstructional units 1n areas
where the impact of recent discov-
eries has chahged what needs to be
taught at introductory-level courses

Also supported 1n 1976 was &
further test of the thesis that scieace
museums need not be stad nor
musty, but furction best ..when
visitors “‘can integrate learning dnd
enjoyment” as they “ + share and
feel at home with the cumulative and
increasingly coherent awareness of
nature that 1s the traditlonal harvest
‘of scentists Frank Oppen-
hmmer,
asco-based Exgloratonum since 1969,
has qnught to make discovering the
museum “like “stumbling into the
kelly of a giant whale where some
mad sgtérttict has found a hGme “ A
recent award wil test. hs qof‘on that
%saence museums are. mast effective

L 4

led by John Bare of-

Director of - the San Krar®

when they are places where,'p&eﬁle

‘not only learn, but do so0,as they'

Yparticipate—touch, pound, open, pull
on, look through listen to, screech at,
.and cimb through” the exhibitions
In addition, three contracts - have
been let to produce objective needs
analyses 1n relevant aspects of pre-
college science education The award-
ing of major grants to devélop new
pre-college curnicula  has  been
suspended until these fmdmg can be
considéred . ;

-
T

Alternatives in Higher
Edycation.

Projects in' this category are de-
signed to\increase the educational
options available to fieople who pust
use scienge and engjheering 1n their
wark;‘as well 4s thosq who are going
into academic or industnal science
careers In fiscal year 1976 the
program continued to focus on the

—developrmernt—of materials for ex-
perimental «courses and for programs
dealing with new areas of science, on
new mddes of delivering science
instructidh, on the .development of
alternatives to traditional’science and
engineering degree programs, and.on

the development of prototype pro-,

grams forfuture technicians who will
serve as assistants to scientists and
engineers -

Updating of many college-level
science cdurses 1s hampered by at
least ,two faftors most college
-professors have insufficient time to
work into their classroom presen-
tatigns all the new matenals and
dlscoveoes needed to keep their
instruction currgnt, and some are too
overloaded or too remote from the
professional mainstream even to keep

' e .

1
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materials must be designed with
adequate’attention to the structure of
that system if they are to be effective
This program, accordingly, 1s.con-
ducting  several-—concutrent- ex-
penments to provide additional in-
sights into what influences the choice
of )'nsf'rucnonal materials 1n  the
scientific and engineering discsphnegy
Several ‘new projects are ilustrative

of these éxperiments Colin Moodie .

of Purdue Upnuiversity 1s developing
and tesnng jva.néty of educational
materials - relevant to production’
engineering The American Univer-
sities Field, Staff has alfeady produced
25 hlms tracing themes such as the
role of women through different
cultirés Now Norman Miller 1s
directing the development and testing,
of essays designed to a%sist students
enrolled 1n variotis scollege social
science courses to derive maximum

benefit fromr wviewing the films

Finally, the Education Development
Cehter s developing modutar instruc-
tonal units gn topics 1n mathematics+
for use

N scence students A major
goal of t roject, which will show

the applications of mathematics to
problems n the. natural and social
scences, . is to devise procedures
through which such,units can be
génerated, reviewed, catalogued, and
rétrieved for use by faculty members
ag part-of their regu‘iar professwnal
duties

At the University of Illinos, Paul
Handler and his colleagties are
préparlngrlnstru;tlor,\al units on pop-
. ulation and its effect on the social and
*economic wellkbeing of the peoplesb
the world These new units, along

. with specifications dor the storage

and retnieval of existing demographic
data 1n a variety of computerized data
banks, will make 1t possible forMocjal

abreast of allshe highly speclalized' and physncal science nstructors 1n

content their tourses should include
Since virtually every,.decision gs to
what will be taught to a given college
[ ! [
class is" made by the -professor ‘who
presides over that classroom, dis-
tribution  ‘systems - for

M 1

curriculag:
»

other colleges and universities -to
incorporafe ‘up-to-date matenal -on
population-related issq'es into their
courses Also, the American Society
for Microbiology 1s intensifyirig 1ts
efforts to improve and diversify the

6.
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array of teaching |aids. available to
instructors of courses in

biology .

Othes projects are focusing on
“makmg nmpr%ems in the‘teaching
process *John J\Allan, I, and | J
Lagowsk: at the University of TeXas
Austin are completing a 4-year

dy of the impact of computer-
ased instruction at .a large univer-
sity  Previous support had enabled
instructors 1n many different” dis-
aiplines*to use interactive terminals,

‘micro-

interactive graphics, laboratory data .

acquisition and process control, mark-
#nse grading, real-time video projec-
tion, and terminal-controlled video
and slides in their courses At the
university of Chicafe, Wilham D
@attison has been organizing teaching
development programs. for doctoral
‘students in geography, and the
Assdaiation for. American Geogra-
phers pas assuined responsiblity for
extending educational reform in the
teaching of geography throughout
the. undergraduate and pre-college
tevels‘

The alternatives i higher educa-
tion pregram has also supported a
number of projects aimed * at
generatn\g new curricula For exam-
ple. the University of Michigan ard
Massachusetta Instituge of Tech;
nology are cooperating :n designing
ind testimg 2 program for vntroducmg
the latest computer-aided meathods of
designing ships® »inth theis programs in

. naval architecture, Northwestern
Universitv 1s expernimenting with a
novel plan for providing undergrad-

uate sc/ince students with enough

balance/ in the major
ciplines to permit.each candidate to
_ select either graduate work an any
one of several dxHerent frelds or
embloyment in an mterdxscxplmqry
area Because this prorect, directed by
Reobert C Speed, willadmut on]y very
able students, graduation after 3

- years will be possxblc“or somg,,even

thougTw the oourses will be ngorous
and thorough t

.

Q
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Science and Engineering
Technician Education -
Program !

.
.

f’ro‘posals .to develop and test’
curricular programs for training
technicians to contribute to res€arch
development in specific subfields of
science and engineering were re-
viewed this past year by a panel of

experts, which made sevetal recom- #

mendationss for awards ~ Typical of
these 1s a project at Oklahoma State
University for the development of a
model program for the training of
electrical techniciams  with  special

‘expertise in power engineering A

very different activity 1s being led by
Robert Tinker of Springfield-
Technical Commumty. College, which
15 developing improved materials for
basic courses in physics and
mathematics suitable for a wide range
of prospective technicians  «

-

4 N ' .
Continuing Education for -
Scientists’ and Engineers

While no'major new projects in the
delivery of tontmuing educauon to
suentists and engineers were Ini-
tiated durni f197b,§everal projects
started the previagsiyear continued
their efforts . Ty f these is the
work of Jack shian at Yhe'
- University of souttggn Califorma,
where he and his colleggues have
been developing materials for courses
offered on closed=circuit television
The courses are available at off-
campus sites convenently located
with respect to fhe aerospace in-
dustries 'where the intended

Uengineering studenis ar€ employed

An innovative fedture of }hlstsystem
15 the inclusion of opportunities for
the students-at their various remote

s :
locations tof interact, via an au'dlo

* channel with the l[\struct()r on the

campus the lecture

progress

while 1s'e1n

L3 . .

- Techn loglcal Innoyauon
n Educauon -

Durmg the past several
‘support has been provided for several
experimental- computer-based’ sys-
tems of instruction Fisqal ygar 1976
saw a phasing "out o
support for system. development apd

“ the beginning of a greater emphasi¥™.

on how the tomputer can be used tq
improve learning, the development of
computer  courseware, and in-
vestigations into the -ost-effec-

‘iveness of compyrter-based instruc-

tion Terminal grants were made_to
the University of {llmons in support of
the PLATO system, to the Mitre
Corporation to complete development
of the TICCIT system# and to the
Educational Tes}#ng Service for the
evaltion of these systems
Research into the -role the com-

“puter can play facilitating learning 1s

being conducted by Seymour Papert at
MIT Papert teaches young children to

progfam mechanical devices and com-
puters to run mazes, draw diagrams,
and solve problems, and then studies

how these talents affect the students’

motivation for further activities and ’

the numerical and verbal skills they
display in performing basic tasks At

the Univérsity of:Calsfornia; Irvine,”
Alfred Bork 1s.developing istruc-
tional matergls thatexploit thegraph-
ical capabilities of .a computer and
testing them on relatively large
numbers of students who are enrolled
in various Rhysics courses. Detailed
records are kept of how nfany students
use the materials, the times and cr-
cumstances characteristic of their
uses, and the nature of assistance the
students seek and receie At Sfan-
ford University, Patrick Suppes 1s
directing inyestigations into the use of
the computer gs a language processor

Included .1y this work are efforts to
explore the potentlalofcomputer gen-
erated speech and ‘the possibility of
“teaching. readmg more effectively by

cémbining audio materials, and com- #

b4
PpWter- assnsted instrugtion techmques

darge-scale -

“years,”

-
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Science dand Society
~ . v, 4 . .
Severa] different ‘activities were shoyld they be judged? How, can

consolidated into a new science and
soclety program in 1976 to prqvide a

- focus for issues arising out of the
. changing relationships between the
- spientific and  technological com-
- munities and the society of which
‘they are part The increased
specialization and institutionalization
of science and technology and their
pervasive influence on contemporary
hife have added to a growing concern
about the ethical implications and
social  consequences of these sac-

‘ nvmes The problem of % tcountabili-
" has emerged as a_central social

lésue affecting science no less than
govérnment. business, education, and

. obr other major institutions It 1s the
distinctive task of the science and

. society program to trygto bring about

citizens who are not scientists par-
ticipate effectively 1n public policy
decisions - with 1mportant scientific
and technological components? Each
of the programs approaghes these
difficult and perplexing questionsin a
different way

»

v -

Science for-Citizens *
E

Authorized by Congress in fiscal.
year 1976, the science for ¢itizens

program seeks: -
&

e To facilitate the participation of
scientists and nonscxermsts in
the processes: by which pyblic
‘pohcy issues wnth sxgmf:cant
scientific and technological com-
ponents are 'resolved

“in¢luding private xitiz

oy
o, “

,
_. SGIENCE EDUCATION

- In response to the Congressionat
mandate to seek broad ptiblic "par-
.icipation in the development of the
program. NSF sponsored seven
regiongl forums in December 1975
prior to submitting a program plan to
Congress~ Over 1,400 _persons con-
tributed to the plagging process,

*s and public
officials, persons from business, in-
dustry. labor, ®and consulting firms,
directors, staff. and volunteers in
scignce museums and centers; and
Mpresentatives of public interest
groups and professional societies The
report to Congress offered nine
program. options, '

_Ethical and Human Value
Implications of Science
anid Technology (EHVIST)

R & v
The cal and human value
implicatfons of science and
techndlogy program was established
in 1975 and deal_s with such fuestions

.

greater understanding of these | as .
changes and problems. both amon . /
: 8 pr 8 * To gnpble citizens, lndlvndt)@lly ¢ The ethlcai problems and con-
the general public and within the d coltectivbl d d
- 4 and coltecivily, to idéntfy an flicts generated by’scnenhﬂc and
« = scentific "and technological com-, R
t th g l > secure scientific ,and technreal [echnologlcalA developments’ as
munines, themsejves ’ information  that will enable they affect both the ‘scientific
: How do the activities of scientists . deal ffectivel
5 ' them to deal more erfectively comn‘umty nd the larger socie-
affect our lives? How and by whom h o
. . with 15sues of public pohicy ty .
are decisions.made about the direc- - ¢ ’
tion of scientific activities and the * To establish effective dialogies - o The impact of changing ethical
Y
resources invested in them. and how ,  between atizeng: ,pg,scxenhsts and social' standards on  the
¢hould these decisions be made 1n a espedially at ]osafyan communi- © - Soentific and’  technological
, de atic society? Against what -ty fvels. tha lead "to. * enterprise, including the issues
( ethical and social standards can and mCR")fExﬁmutd n‘iﬁrstandmg\ * rased in establishing “research
o . ' /;.,i AN prionities and 1n regula‘tmg the
' ¢ L conduct of research
) v L ~ s - '
v Tibled.: . I ‘ ¢ The ethical 1ssues and problems
Science and Sociely hat 2 h enc 4
Fiscal Yoar 1976 and Transition Quarter (Julyl'Sth 30, 1976) . that “anise within science an
~n technalégy. ingluding those en-
ny L
Cou;ltered by scentists agd
Fiscal Year 1376 — Trangtion Quarter
“ ' \ T e o o engineers ‘In their professxor'\al
' Ndmber A(man' Numbér  Amount o Number . _Ameabat CapacCitigs »,
Scpnce, for Calbng ] I R SO e .
Pubkc Understanding of poence .o g0 u. s’ 1 saw ® The, processes of interaction
Eibcal 200 Muman ¥aiue imphcabons y ’ ! between science and society that
g O Scwce wd Tethnoboyy ‘ e 1L R L P |/ geherate value conflicts and
Total , N - Rt -] 3".%‘7@ 83 $2 342.083 ‘4\{ + $200.231 .‘ . ‘thOSE that may lead *to their
1 ln program nt stage No propo ed or awards made ; - T resolution ® -
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. .
~ In 1976 the program supperted
experimeqtal nstitutes and  work-
shops, national and international con” |
ferences and symposia, interdisciphs’
« nary tesearch, and the preparation of
reference materials ,Several awards
were made jointly by “the' EHVIST
program and the Natponal-Endow-
ment for the Humanities, including'
one to siupport ~an experimental
institute on’ethical theory for scien-
, tists and engmee.rs interested in
teaching and research pn the subject,
and another to support an inter-
.- discplinary workshop to design an
. agenda for studying thé relationship

_types of human hving envirdnments

A number of awards went to studies

of‘the ethical 1ssues arising in partic-

" ular-tases f saentific research or out

" _of particular forms of techhological
development Some of these projects

focus or.envirohmental 1ssues .and

IR v

[

of American values- to alternative
A .

Histery of recombinant DNA guidehnes. The MIT Technology Stu
relatng to the ongoing debate (such as this wo[kmg session of st
DNA research (Photo by Andrew Stern for National Academy: of Sciences )

others on the interactions between
individual  and, social  values and
scientific and technological develop~
ment One project, for example, deals
with the ethical questions surround-
ing the disrmissal of three engineers
employed by a rapid transit district
who vonCed-.th‘efr concern-about the

potential safety of the automatic train ~

control system .

Fiscal year 1970 marks the'second .

year of a project to collect and make
“accessible all printed qugd oral history
materials on the deve’;pmqnt of th

controversial  recombimant DNA
research guidelines and on the events
that followed The 'p’vro%am also
funded conferences, worksﬂops\,:and
svmposia to begin the process of
«Aievglop'fﬁﬁ"thual guidelines for

_scientists in s,e‘eral fields. ingdgding

those conductmg gesearch on human

tissue cultures “and_ on" humag

reproductive biology (Jointly fundeg
. Yoo

with theWNational Instiggteé of Mental
Health)= Computer »scibntists
psychdlogists at work in Mhe ciumynal
justice system will alo bekonsidering

the development of ethical guidelines

.at workshops funded by the program

in 1976-"
i

- Public Understanding

. " of Science, -

This program directs its 3ctivities
toward increasing public understand-
ing of the social and intellectual
processes underlying sclence and
technology and of the saentific and
technological components of public
policy 1ssues The program supports
projects that make ‘use of a variety of
communication channels including,
for example, television and other
mass media, museum exhibits, lec-
tures, conferences, forums, and scien-

dies Program 1s compiling a gaitection of historical materials
fentists at the 1975 Asilomar Conferende) over recombinant

and-
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_ hfic )ouriva/én and publ ton. .
Given the divérsity of backglﬁmds .
educa fon, and intetests of American - -
cmzens, some pgojects are almed at
special audlences such as minority .

é/‘grqups, rural’ popylations, ~senior <

atizens, and union members Recent /

projects mnclude: _ ‘.. R Ty
NOYA#This popular public televx- . \‘

SI0N science program now reaches.an -

audjence' estimated at four taggeven :

mnllxoh\vlewe;s each week. During*

the cu¥rent season it presented
programs -on topics ranging from : -
genetics an astronomy- sto energy ~
and 1nsecticides. >

Saence for local TV neios A group at

the Massachusetts lnstﬁte of e
Technology 1s exploring a new* ap: .
proacR™o dissemipatify science snfor< o
mation through local TV news pro-
grams A series,of- brref films on
world food p{oblems. will be tested
this year; 1f successfyl, the project -
?could become the basis for a new .
science news service
Public awareness program The coun-
try’s largest stientific society, the
American Association for{t}le Ad-
vancement of Science, has begufi“a ..
comprehensive ~ program including \
regional .seminars about science and
technology, mass media internships
and workshops to “improve science
- reporting, and a science film re\}lew-
Ing service Lo
Astronomy n the parks The A}nemcan
Astronomical ‘Society and +the
NahongU’ark Service hale begun ‘a
pregram in which_ park rangers and -
natutfists {gach visitors about the
“stars and the universe as well as the
local ecology and geology .

The Chrisfmas Lectures For the past 6
years, several Chicago universities
have cooperated tp present a series of
public lectures by world -famous
sciendists who discuss the frontleTs of
sqierce in lay terms

Science, for  chldren’s ,trlrz'xsmn
gmrday moa";‘? television, thxx Sf: ?uppon gsenes c::lsacnence é:loseulps haﬁ " Television’s Mr leard‘s producing
een prepargd.for use on netwon television during children's sfiows In eac » '
segment Mr Wizald peesents a very closé -view of some famihiar science-related a  sefies ({f R- -second  sCiencev
object Children are challenged fo guess the object while they are told a bitof the segments to be incorporated 1n com-

.
f

e

science background J *  meraal chldren’s TV programs -
‘ ‘. e ) . i ¢ s ,
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Research Applied To Ll -
‘National ‘Needs '~ . ST

» . e . , .
SF _establjshed the Research nonrelewable  resources yan  the Technologae—integration of science and |
JApplied to Natwnal Needs national interest technoi!gy as an essential resource
(RANN) prograni in. 197b to Envirgiment—enhancement of the INto the policy and program planning

bring” the resources of science and
teghnology to bear on selected impbr-
tant nahonal problems To do thns,
the RANN program acts to .

' i

: ® ldentipy national needs that are
not being addtessed by existing
research agencies, provide early

Nation’s capaqty to mitigate environ-
» mental hazards, whether natural or
manmade

Prddummtv—pollcy research and
developmént of new technologies tp
help improve the productivity of the
public and privatdgsectors ,of the

and execution activities of State and
local governments, .and test and
evaluation of selected incentives that
the Federal Government may proper-
ly and effectively use to increase
R&D investment in the frivate sector
where new technology 1s needed in
the national interest

. warning of potential national feconomy . During fiscal year 1976, the further

- problems, and imitiate assess- Explpratorw Research and  Technobgy  phase-down of energy research 1

- :j‘nents hand resgarch thabt ad- Assessment—research and assessment R ANN continued as the Energy
ress these needs and problems ., provide better usidefstanding of Research and.- Development  Ad:

® Increase the effective use of
science and gechnology an deal-
Ing w1tb~r1at10nal problems |

® Shorten the .leadtime between

.'the long-range social, environmental,

and economic impact of new
technology applications, and to iden-
hfy and- analyze emerging national
problems that may ‘be avoided or

ministration enlargéd its energy R&D
efforts This phase-down included a
transfer of technical oversight
responsibility for 125 projects being
supported at a level of over

2 . b

. basic scientific discoveries and
relevant practical applications ameliorated by effective application of  $21,000,000 in fossil energy, energy
* - science and technology - tion
and serve as a bridge between BY , conservation, solar energy., and
the Foundation’s basic research Intergovernmental  Science and  Public  geothermal, energy ’ .
) * programs apd the deve]opment . o ' .
~ demonstratiofi, and opdratlonal - Table 9
* programs of Federal mision Research Applied to National Needs -
< g ‘and  local P Fiscal Years 1974, 1975, 1976
. agencies, oState ‘and loca ) and Transition Quarter (July 1-Sept. 30, 1976)
governments, and industry . - | ‘ ’ ‘
{Dohlars in Milhons)
® Assure the' communicatipn and .
use of the research results s * Fiscal Year 1974 Fiscal Year 1975, Fscal Year 1976 Transition Quarter
¢ -h *of th s d' . __ _MNumber  Amount  Number  Amount  Number  Amount  Number  Amount
In turtheranceof these goals, and ¢ o0 0 28, 82972, T2%  $BBM 19 $1520 3§32
reflectyng changing natronal  Ewroamdbes , 169 585 . 10 036 1% 2698 58 638
priorities, RANN., reorganized ites Productwty ° 35 s 18 16y 1% ul 50 636
’ . intergovernmental Science and R&D
activitigs n fiscal year 1976 to focus,  peentes 26 096 s - 284 6 4 18 Lo
. on the following five major areas Explor®ory Research and ‘ .
Resources —strategies and new * fechnoogy Asessment —r M. V. e o 2 04
fotal - 615 7 7 ‘ M
« technologies that will make posstble . . 476 04 ) otl s Wy % se
more effectnve'use of cenewable—and ¢ The R&D iocentives Program was nof incioded in RANN in Fiscal Year 1974 L ]
- . - - -~
. .
. Q . ¢
‘ . s P .
ERIC : . , :
. ;. .
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RANN looks to small business,
w:th' its history of nnovation and
new pechnology development as an
important participant in its research
programs This invo'vement with
small business was increased in 1976
through a 2-day RANN National
Small Business Cofiference held in
Washington and -through increased
awards made* to small business The
National Small Business Conference
provided to somé 100 small business

.
i

’

.

L

“
.

I

representative$ 1nformation on
RANN as well as access to NSF
program mangagers and to represent-
atives of 14 Federal agencies with
the largest research and demelopment
budgets During fiscal, year 1976,
somge 56 awatds, totaling $5 2 million,
were made to smfall business This
represented 8 5 percent of RANN's
funding and exceeded they 5 percent
minimum level. reqiired by the.Con-
gress ,

¢

A

- Resources

¥

The problems the United States
contends with in  deve Lopmg and
managing the natural resources’ i
needs are domplicated, today by
increased worldwide demand and

. competition for resources; and by
inadequate 1ncentives for continued
technological progress in the produc-
tion of many resources The re-

-production

" has provided preliminary estimat

.

sources program supports research to-"

“develop altérnate policies

technical solutions

L

Resource Systems

[
The, resource _ systems prog'ranj,
- through its focus on system defiru-
*tion, - analysis, and, evaluation 1n
. nonenergy areas, seeks better ways
, A  to deal with resource problems It
also provides 4 way to integrite the

-“identify emerging problems and to”

and
e

y  results of exploratory research on.

renewable and nonrenewable re-
sources Into this assessment process
Research on food resource systems

has focused on major cbmmodities,
such as beef, 1n order to identify “and
assess alternative ways to provide,

. 'nutnitious products, meet food quali-
- ty and safety requirements,’ and
minimuze the use of fossil energy and

. other competitive, resource nputs
‘ Researchers at Colorado State Uni-
. versjty have cempleted a data snyen-

.
.

ERI
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tory of energy and protein.and an
imitial model showing the resources
needed for six alternapive beef
systems in Colorado.
Work at the University of Kentugky

jof
the potential for producing red meat
In areas
the principal feed And work at
Washington Unuiversity, St Lous,
indicates  that  6rganic cropﬁmg
methods may offer.an economloally
acceptable alternative to the"energy‘

intensive and resource- consumpnve -

conventional  feedlot  operations,
which require gram produced from
irngated land .

Research-in other food commodity
areas, such as the application of
enzyme technology to the processing
and storage of dairy products and the
dentification  and  evaluation  of
management alternatives for fisheries
in the extended jurisdiction, 1s ex-
pected to yield a better understanding
of the consequences.of the introduc-
tion of new techniques
, Research on energy systems has
continued to develop and evaluate
improved analytical methods and
modeling techniques, expand the
needed data base, and create new
ways to help design, plan, evaluate,
and implement alternate solutidns In

a number of areas the program has
+
!

here forage can be used as

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

Continuing effort 1s mproving
models to include t!? impacts of
potential environmental and eco- -

nomic policy decisions on energy sup-
plv, and expanding modeling activ-*
ities to indude nonenergy tesources
and their relation to the energy
supply system Studies of techniques
to improve the efficient use of energy
have also been completed, including
the effect of alternative electrical rate
structures, retrd8fit. strategies for
buldings, the use® of underground
structures, policies to reduce
automobile gasoline' consumption,
and end use énergy efficncy IR

addition, the program has evaluated

- the

effe(tlveness of - existing
leglslahve measures and developed
new strategies for a wide range of
energy conservation problems .

3

Renewable Resources

l The three high priority areas for
research 1p the renewgble resources
program—biomass utibZdtion, in-
novative biosynthetic techgiques, and
nonconventional foods—gained their
impetus from results of studies such
as The Federal Role in Increasing Productior.
ty of the US Food Systm, and Proten
Resources and Technology. .

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

.

e
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be converted to food and othef useful
" material¢ ) *

‘A _major area of research on
imnovative biosynthetic techmques 1s
‘biological . nitrogen  fixation  The
synthesis of ammonia from molecular
mitrogert in the air by vapious natural
Biological systems represents
single predominant contributor of
“fixed”  mtrogen ~on this planet
However, few people, realize how

extensive this process really 1s Every:

year “throughout the world, ap-
proximfely 175 million tons of
natural nutfogen fertilizer, incliding

90 m#lon tons, on agricultural soil, .

are fixed by microerganisms, that is,
'bacten&‘and blue-green algae This
compares  with 10 million tons
produced chemcally on a worldwide
basis, inctuding 9 million tons in the
United States The manufacture of
this chemically prodiced nitrogen
fertilrzer requires fossil fuels, a
ronrenewable resource of decreasing
abundance and increasing cost Ob-
viously, it 1s important to investigate

means to enhance the natural ability”

of nitrogen-fixing microbes in nature
as a way to reduce our dependence on
commercial fertihzers
Nitrogen-fixing microbes contain a
delicate. feedback mechanism which
immediately  shuts  off  further

+ qutrogen fixation as soon as sufficient

ammoma has been synthesized to
meet the growth and metabolic
requirements of the orgamsm Two

projects were imtiated in fiscal year

1976 to construct mutants, of such
orgamisms 1n whih the feedback
-mechamsm 15 no longer functional
Results from both projects have been
highly encouraging

The project at the University of
Wisconsin, Madison, has produced
mdtants of the nitrogen-fuang soil
organism  A:zofobacter Vinelandu  that
continue to synthesize ammonia and
gxcrete 1t into the surrounding
medium = "

Similarly, the project at the Univer-
. sity of Califorma, Davis, has con-

‘structed mutants of Klebsiella
" - 9

ERI
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Nitrogen fixer. Nitrogenase enzyme (crystals of which are shown here in a
microphotograph) occurring naturally in some microbes performs the important job
of catalyzing the transformation q} mol€cular nitrogen to ammonia nkeded for plant
growth Research projects are under way to~find ways to take advantage of the ,
properties” of these microbes to reduce man's need for manufactured nitrogen
_fertilizers (Photo by Winston Brill/Universty of Wisconsin ) .
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- Brewumomze and a blue-green -algae could easidy reduce the loss by t least

.which _also excrete

’

ammonia™ A
mutant of K Pneumonae provided a
400 to 500 percent Increask 10
ammonia production overgthe parent
strain Blue-green algae’ are par-
ticularly important since they have
the ability to use sunhght as a source
of energy-dnd watgr as the source of
hydrogen to reduce molecular
nitrogen ‘o ammonta

In ariother biosynthetic area, it has
been found at the Unwersity " ofs
Miami that many marine algae oc-
curring 1n the tropical or subtrepical
regions are able“to use the eretgy of
sunlight to split water and release
molecular  hydrogen—a .. potential
enefgy source During fiscal year
1976, a very active and highly stable
blue-green algae was 1solated which
1s five to eight times more active than
the best piwously known hydrogen-
producing microbe,

Nonconventional food research has
involved projects i1n leaf protein,’
olseed protein, and methods to
overcome barriers that irthibit the use
of new protein resources A project
initiated at the University of Wiscon-
sin has produced significant’progress.

.in developing a system to harvest and ~

_Without

¢ -
annually If successful, thisTresearch
: L

process forage The system will
minimize field losses, maximize
nutri®t use, and allow fa\;mers' to
harvest vheir crops when they are at
the height of nutritional quahity,
interruptipn by poor
weather The traditional means to
harvest alfalfa requires drying. the
crop in the field until 1t reaches a low
enough level of moisture for it to be

;stored .11t -the silo This 1s usually

accompanied<by huge losses, up to 25
percent of dry matter and feed
nutriett In areas where there 13
frequent rainfail in the early summer,
the entire first cutting 1s often lost A
conservative estimate’ indicates that
losses ancurred throughout the:Na-

50 f)ercent .
The lack of an .accepted rapid
methgd to assess the protein quality
of foods 1s a major.problem facing the
food lnd’ustry, regulatory:;agencnes,
anq, reseagchers 1n food techndlogy, .
nutntion,,and plant breeding It 1s
also a major obstacle to the use of
novel sources of protemn in food
products The problem has become
acute 1n recent years because of the
demands for nutntional labelihg on’
priocessed foods and growing con-
sumer interests in.the quality of all”
foods At present, the only method

acceptable to the regulatory agencies -

for determining protein quality 1s the
protein efficiency ratio (PER} test. It
1s an expensive ($225 to $300, per
sample) and time-consuming (min-
mum of 28 days) procedure using rats
as the assay organism, and there 1s no
substitute as yet for 1t in the quahty
tontrolof procesded food products
However, the University wof
Nebraska is attempting to develop a
method \to predict the nutritional
quality. ~ombinations of proteins
used 1n footkfortification .They have
found that an vitro enzymatic
digestion procedure shows prothise as
a means to predict the protenn

m

efficiencyy ratio of a given source of

protein It 15 hoped ‘that with ad-
ditional refinements, such as meas-
urements on the rate of liberation of
essential ammno aads (eg lysine and
methionine) and on the redponse. of
the digest in supporting the growth
of a single cell protozoan, a rapid and
inexpensive methodology can be
developed ‘ ’

Nonrenewable Resdurces '

~JOo *provide nme:ly technical and
econoniic ,options to strengthen the
Nation’s long-te rm mineral resource
postu\"e while achieving 1ts social,
enYironmental, ecomomic, and conser-

tion during the harvesting of (ust one YVation goals, this program supports

crop, alfalfa, exceed $400 mllion

XY

research 1n mineral market behavior
and shortages, resource conservatipn,
-

-
3 .

. -
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and advanced processing” technol-
ogles r |
The mineral market behavior pro-
gram focuses on investment be- .
havior 1n a number of mineral in-
dustries, evaluatiop of alternative ;
measures of resource scaraty, and -
international aspects of mineral trade’
and worldwide mineral demand:
Studies on investment behavior werg
recently completed for the,zinc and
nickel industries In the zinc industry,
the combined impact of the U.S. zinc
stockpile, tanff, and quota policies
were shown to adversely affect
investment in the domestic industry.-
-In the area of resource scarc;iy,'_n
was concluded that ‘the most com- _
monly cted measure of resource
scarcity, umit cost, is such an am-

_biguous indicator of scarcity that it * . .

should not be used Among " #ts'
deficiencies are the fact that the index
%s a lagging, not a leading, indicator,

_that 1t reveals nothing about future ..

costs of extraction, and that 1t does
p ; .

not warn of impending physical ex-

haustion ¢ ‘

In the field of advaln_céd pMessing -
Milton Wadsworth, *

technélogles',,
University 'of Utah, combined forces
“with the Martin Marietta
Laboratories inyBaltimore, Md, to
search for altdrnative methods \to",
process” relatively small deposits of
low grade copper ores Such deposits
are nagt currently being_used for, a
numbet  of - environmental, and
economi¢ reasons assoclated with
scale of operations After examining a
number ¢f alternatives, they have
narrowed their research 'to an acid
ferric dulfate leach process A

chalcopxrne {(copper ore) concentraté *

15 grouhd to less than 1-micron size
in an “attritor” prior to"multistage
T y " e
leaching A key feature resilung
from grinding in the attritor 1s that
for a givén energy input, up to twice
as much copper can be leached as 1s

., realiped by conventional ball milling.
*Gold, silver, and sulfur may be

recdvered as byproducts  of the
procesl%, and the sulfur-produced 1s

L
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.™imates by

“fiscal year 1976 the Ffire research

N 7/
tRe equivalent 1n purity to distitled
sulffur  Prehminary economic es-
Martin  Marietta
Laboratories show an investment of

<-with $1,500 per ton for a conven-

’

.
. X
* .

«- - i -
" %620 per ton of copper for a 45,000- . mental decisionmaking, (2) methods

This for predicting land- use and other

secondary consequences of ertviron-

.tional 130,000-ton-per-year plant mental coatrol, (3) management of-
.

‘ . jesnduals from muniapal and indus-

ton-per-year plant compares

. : : ) . . 0 . rial sources, and (4) synthesxs‘.and

: - . testing of regional environmental
Environment management strategies .

. " . Scientists at the Unwversity of

- . - ] Califorma, Davis, - are continuing

RANN environmental programs
arg directed toward the improvement
OfSClentlflC bases for the mitigation
gf major environmental hazards and
4he rational management of environ-
mental resnurc’e.s‘ Ultimately, the
results of this research can save lives,
reduce 1njury and property damage,
and relieve ecolpgical, social, "and
economic  disruption By encom-
passing both manmade and natural
hazards, these programs " provide
systematic analyses ‘of major environ-
mental hazards This, in turn, permits
a unified approach to the formulation
of policies ;

In 1976; research 1h RANN's en:
virgnment program was supported in
seven separate areas (1) regional
environmental management, (2) en-
vironmental aspects .of trace. con-
taminants, ¢3) environmental effects
of energy, (4} weather modification,
{8) earthquake engineering, (6) fire
redearch, and {7) societal response to
natural’ hazards and disasters Ing

program was transferred, along with
personnel, to the Department of
Commerce Similarly, research under
the' environmental effects of energy’

+ program was phased out and the new

ERI
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Energy- Researgh and Dewvelopment
Administration assumed responsibili-
ty for it '

» . a ' »

- Regional Environmental .
" Management

* ¢
Research supported by this pro-
gram *synthesmes and evaluates
procedéres to manage factors that

()

- )

their work with the Galifornia Tahee
Regional Planning Agency in the
~preparation of a generadl plan for the™
development of the Lake Tahoe basin
The regional plan will correlate land
use (includmg water and air re-
sources), transportation, conserva-
tion, recreation, and public services

‘significantly affect the health and
well-béing of humans and the
regiontal ecosystems upon which they
depend Solutions to. preblems of
-regional ecosystem quality require
consideration at a scale sttficiently
large to: provide measureable

relationships  between population  and facilities >

changes, land use, material, energy, , ResearcK under the direction of

and economic factors v John*G. Trump at the Massachusetts
During 1976, specific program Institute of Technology has led to the

drea were (1) improved economic  design 'and construction of a facility,
and ecological bases for environ- - for determining the feasibiity of

Municipal sludge. Management of sludges produced by the Nation's increasing
. number of municipal wastewater treatment plants is an already large and growing
problem The Deer Istand Metropolitan District Commission's (Boston) Wagtewater
Treatment Plant 1S Cooperating with the Massachusetts Institute of Technology In
conducting an expénment to determine the feasibility of using high-energy ele¢trons
as an economical way to disinfect siudges for safe handling * ‘

v ’ »
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using high energy electrons to dis- ’

anfect municipal wastewater, sl‘uc‘lge
and treate@effluents Disinfection of
sludges may be necessary to reduce
risk of “infection that may. be
associated with placement of sludges
on ag’ncu]gurall soil An in-line urit,
Jdocated at the Deer Island Wastewater
Treatment Plant of the Boston Metro-
politan letrlct Commission, began
operating in May 1976 The standard,
hlgh‘energy electron so.tfrce installed
there will deliver_a dose of 400,000
rads, which 15 anticipated to.fbe ade-
quate for disinfectron of up to 100,000
gallons of sludge per day The cost of

electron treatment for dismfection is -

estimated to be in the range of $10 per
sdry ton of sludge When .combmﬁd
with subsequent digect injection of
sludges 1nto soil a¥ap additional cost of
%15 per ton, the total represents a
s_uBstanhal .savings frqm thg‘ currént
costs of managingsludge, which range
up to $100" per. dry- ton Electron-
fadiation ;treatmer‘\t of sludges to
- achieve disinfection 1s expected to be
much less costly than. use of radioac-
tive Yotopes guch as Cobalt 60 and
Cesu&v 137 or. the use of heat
Indications are that ®™®ectron-
. treatment of the slydges will improve
their capability for being dewatered,
thereby teducing the cost of trans-
portation to disposal sites

. T

Environmental Aspects of
Trace Contaminants’

- The environmental aspects of trace
contarqnnants program 1S Concsrned
with the Wdentification, quantification,
and assessment of the impact of the
spread 1in the enyjronment “of haz-
ardous chemical matermls, both man-
made and naturally occurring *
* Using a sensiive new detection
method called theymal energy
analysis, NSF-supported scientists at
Thermo Eleciron Corporation 1n
Waltham. Mass. have found large
amounts of ‘mitrbsamines. in eight

.

brands of-cutting’ ils that are widely

.
N &
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* Environmegtal warning. NSF-su'prrtep' scientists, using
analysis, found that some formulations of cutting fluids,

2
5
3
3
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a new method of chemlcal
used in metalworking tools

iike this one. contained possibly hazardous amounts of nitrosamines, a family of
compounds that are suspected human carcinogens

.

2

]

4

. \ -
used in indystry to reduce friction
)

and heat n cutting metals
Nitrosamines. formed from the tom-
bination of nitrites and amines, both
of which are cdmmon in aur environ-

ment, are known to cause cancer n,

_"amimals and are suspected of causing

it, in humans David Fine of Thermo
Electron had previously reported to
the American Chemical ‘Society that
nitrosapunés routinely contaminate
several herbicides, 1icluding one used
- on tomato and other food crops
In collaboration with the Harnis
C Qunty_: Tex . Pollution Control De-
partment, researchers at Washing-
ton. University have collected efflu-
ent _water- from _several ' plants
discharging into the Houston Ship
‘ghannel and subjected 1t to the
“ Afhes test,” a bacterial test for the
“presence of mutagenic (and probably
carunnéer}u) chemyals  Effluents
from & pulp plant, an ol refinery. a
steel mil), and twd_ industrial waste

- ¢ R
. i , 1().;
h . Y ) -

\ -

+
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tteatment plants were studied Of the
five sources tested, the black liquor
from the .pulp plant was clearly
negative, effluents from thHe refinery
and one rtdustrial Was.te'treﬁtment'
plant were clegrly positive and amust
be regarded as delivering “presump-
tive” carcinogens into receiving
waters Results” Ifmm the second
waste treatment plant were border-
Jine Results from the steel mull efe
fluent were® ambigupus, but when
Separated intp. fjve' components by
“thin-layer chromatography. two

the five were mutagenic and one Wil§
toxic to the bacternsa Extracts of
particulate 'matter from St Lous and
Chicago air have also beer subjected

to the® Antes test Mutagenic
matenals were, defimitely present in
both and more{ copncentrated 1n

material from’ the\centr'al Cities thart
in that from outlying areas

. At the Unwersity of California,
Davis. an NSF-supported reseaf(cﬁ

n .

N
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Smog chemistry. As a way to Iearfé more abowt the sequences of chemical reactions
that occur in polluted air, James N Pitts, Jr . at the Umiversity of Cahfornia, Riverside,
uses a 200-cubc-foot reacjion chamber for simulation expenments

.

group has developed an autpmated
methodology for analyzing aerosol -

‘samples, 1t has since been adopted for.

routine use by the Califorma Air
Resources
many times faster and
method, and the nual saving in
Californa alone will be about equal
the cost of the project And 1n
southern Calyforma, tresearch at the
Unwversity of Cahfornia, Rivereide, 1s
defining  the chemistry of. the
photochemical smog-forming’process
The intent there 1s to identify the
exact roles of the primary pellutants’
(hydrecarbons, .nitrogen oxides, car-
bon monoxide, sulfur dioxide) that

‘ react 1n the air’to form bioyirritants
* such

as ozone The project has
identified several exotic substances in
synthetic smtog mixtures that dfe
likely to modify the course of the.

. smog-forming . process or to have

adverse healt'h effects It has also

+

Q
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Board This ,method 1s.
about one- -
fourth the cost of the chief competing

. geothermal

resolved a major controversy about
oxidant measurements, which will
significantly modify the manner 1n
which local authorities declare pollu-
tion alerts -

-

Environmental’ Effects
of Energy .

The developme:\t of | [ sNew
technologies to-: extraw store,
transport, or convert energy will
likely réquire substantiil expend—
itures of public and private funds as
well as several yeats or decades to

' . geothermal

" the

..

that most effluents can be, Used for
., drninking or “agncultural purposes if
only one, two, or at most three
elemerts are removed—those being
arsenic, bo}on, and fluorine
Although 1t has been' shown that
watérs carry a large
number of trace metald, onv those
thret occur,in amounts consideted

rimful to man i many of the low to
medium saknity watess

Research on the (‘easnbnlnty of using

. large artificial 1slands as locations for
B _ multiplant industrial complexes was
carried out by the College of Marine -

Studies at the University of Delaware
with assistance from_-Texas A&M
Umversnty, Frederick R_Harns Inc,
.and Gilbert Associates, Inc. The
pro;ect evaluated the -economuc,
engineering, legal, and environmental
possibilities @f large artificial indus-
« trial port islands located off the U.S:

Atlantic and @Qulf Coasts The imtial,

studies show that, with known
technology, artificial 1slands in the
fange of 5,000 to 10,000 acres can be
built at a present cost of between $1
and $2 billion per 1sland Because of
scarcity of land available for
industrial siting and because of_the
-.proximity of markets, such islands—
in spite of therr cost—afpedr to be

economically feasible off - the
ntortheastern coast of the United
States . .

.
’
-

Weather Modification -

The weather modification program
continues to supportthe degelopment
of improved techniques ’an‘e capabil-
,ities and to explore the impact of
" weather modification of socnety Hail

develop Duning 1976, this program_ suppression, precipitation augmenta~

sought to idenfify the environmental

pron, 1mproved weather for agricul-

effects of energy deVelopment and'to ture, and inmadvertent weather
design means of ‘mimimizing “the modification are some -of the areas
associated environmental damage. being investigated -
Research at the University of ¥ Y Climate and Food, ayrecently come
Southetns California on the chem- pleted study by ‘the National
istry, fate, and removal of cdntam- Academy of Sciences/National

mants from low and medium salimity
wastewaters indicates

103«

»
., .

Research Council on the effects of
. weather and chmate on agricultural

.
‘.

[
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productxon, Iooked at chmatic fluc-
tyations, \water and land resources,
plan; breeding, crop and livestock
management,  pest management,
weather modification, and strategies
for developing. countries It found
that weather 1s a primary determi-
nant of agriculture and that weather
modification offers major economic
and production benefits

Project’ METROMEX results in-
dicate that the St Louis urban-
industrial area 1s an important source

cloud condensation nuclel, which
‘form by the gas-to-particle-c nver-
sion of SO, and subsequent particle -
growth processes These aerosols are
a major contribltor to the formation
of stable haze tommonly observed
during air pollution episodes The
two- to threefold increase 1py frequen-
cy of precipitation initiation events n
urban-influenced air 1s attributed to
the effect of the increased number of
large condensation nucler on the
coalescerjce (warm rain) pprocess

.

Earthquake Engineering

This program, rting. research
to improve our ynderstanding of the
physical and soc:gt\al effects of earth-

, quakes, concentrateg on. (1) develop-
ing civil works design’ procedeures
1ntorporat1ng disaster-resistant pro-
v1srons, (2) investigating the social
and' economlc effects of Q}rthquakes,
and ( ) transferring the kaowledge
and procedures to designers, decision-

makers, public officials, and the
general public. T
A group at the University of

Calnfdrma, Berkeley, doing research
on soil responses to ¢arthquakes, has
developed computer programs widely
useful im.the design of earthquake-
resistant structures The programs
are now used, by wirtually all
engineerng conshiting fikms engaged
i earthquake’
construgion One of the programs
has been adopted by the Structural
Engineers A'ssocmtron of Calfornia

¥ *

Q -

Aruitoxt provided by Eic:

;
and

“cials

analysis related o

15 +being incorporated in 't
Uniform Buillding, Code of the Igters
nattonal Conference of Building Offi= *
And the American Association
of State nghway ‘ransportahon
Officals lncorporated stagdard fables
and curves developed 1 this research
into 1ts design codes for bridges.

Results of NSF studies on tsunami

(earthquake-caused waves) be hawior'

‘will be used by the Nuclear
Regulatory Commussion in evaluating
applications for nudlear powerplants
;n coastal areas The. President’s
Councl on Enyironmental Quallty
has alsg made use of the results of
these tsunami” studies to estimate
*potential o1l spillage due to earth-
~quake effects dn structures in the
"Gulf of Alaska’and to estimate the
relative "frequency of tsunamis on

various development plans\Other‘

organizations currently using these
results include the U.S. Army Corps’
of Engineers, Pacific Gas and Electric
Company, and Puget Sound Power
antLight"Company

Two coopérative i:zreements
earthquake . engineertng with the
Soviet,Union are now 1n operation
The first, on environmental protec-
tion, provndes for joint research
programs in engineering seismology
Projects are currently under way In
the areas of strong” ground motion
and"induced seismmaity from regervolg
impoundment The secc:n%

tion, provides for joint research 1
seismic design and analysis of st
tures A benefif already received fr
this program 1s a sophusticated and
novel approach devgloped .by the
Soviet Academy of Sciences to es-
timate budding site seismicity due to
point, hne, and distributed seismic
sources ~ Their computer programs
have been implemented -t the
Massachusetts Institute of Technol-
ogy as,pgrt of a comprehensive
Se1smic rlsk project at the savings of
several , man-years of research and
cdmputer program development

4 Ny

. Eire Research

The objectives of this program,
- transferred 1in 1976 to the Deaart—

ment of Commerce, were to reduce
fire’losses through the improvement
of the design of buildings to resist

and contain fires, the improvement of + . -

flammability testing procedures, and
the determinatign of the ‘factors
leading to more effective fire detec-
tion and control systems.

A third 1n 2 series of bedroom. fire
tests was conducted 1onnt1y by-Har-
vard Unwverstty and Factory Mutual
Research Corporation with  the
cooperation of the Norwood, Mass;
Firee Department
these tests 1s t understand
phenomenon of “room involvement,”

the sudden change from a smalk

.localized fire to the Slmu]taneous

ignition of all the other combu_stlbles
in the room The first test; in 1973,
experienced rapid fire growth, or
“room involvementf 17 minutes
after 1gnition, “the second ‘'test, In
19%4, using an identical roont layout
but shghtly. different materials, ex-
perienced rapid fire growth in only 7
minutes after ignition The third test,
identical 1n both liyout and materials
to The second to determune the
reproducibility of such a Tealistic full-
scale test, was the most extensively

instrumented room fire test ever run

“Room involvement” occurred just 20
seconds sooner than v “the second
test, with only minor differences 1n
the preceding flame spread .It 15
expected that thesepests will lead to a
new approach to fire safety standards
and regu‘latlons based on realistic fire
tests Small-scale flammébxhty tests
currently available,

and the Marketlng of haagdows

materials, albeit unintentionally -
An elevator simulation investiga-

tion has shown that elevdtors,

. properly equipped, can be used ef-

f1c1ently _in the redistribution ,of
“pedple w1th|n a tall buiiding and”f'r
the movement “of people awa from

The purpose of,
the -

dnfortunately, |
can lead to unwarranted canclusions -

'

«

r

4

A and




fire # danger zones through 1m-
provements 1n elevator dispatcher
logic de_sngn‘ Simultaneous elevator
cab assignments to the same floor,
zones with  overlapping  floors,
floating cabs, or cabs parked évenly
throughout the zone may give
superior means to handleemergen-«
cies than the common pragtice of
. taking all elevdtors to the lobby to
B provxde for fxre flghter transport .

Socnetal Response to
- Natyral Hazards

This program seeks to accumulate,
» analyze, and test ‘knowledge about
. indwidual, orgamizational, *and in-
stitutfonial behavior associated with
major natural disasgers for all rele-
vant time periods prﬂmpact, impact,
rescue; relief, restoration, rehabilita-
tion This body of information will

permit development- and testmg of
procedures,  techniques,:- customs,
structures, and policies for individua¥

/

and ‘communify preparation for
response to and recovery from
natural disisters .

The Institute of Behavmral Scn-

ences of the Unwversity of Colorado
has completed a ' compréhensive
“Assessment of Research on Natural
Hazards “ This «study will stnongly,
influence future research both at NSF
and in-other Federal agencies For
example, a recently established Gom-
munity Preparedness Program 1in the .
National QOceanic Atmospheric
Administration  was . m  part . a
ms%nse «to .that agency’s participa-
tien 1n the Unwersity of Colorado
prorect Also, through study of flood
losses, . this  project- developed a
simulation medel  that has  been
adopted by the Corps of Engineers

q,

. ¢

Adyanced Producti\ﬁty Research and .
‘T echnolo%

v One of the Nation’s most impor-
< “tant economic problems over the past
dedade has been the declining rate’of
productivity increase The advanced
productivity research and teahnolngy
© piogram provides a suentifi ‘and
technical basss to increase productivi-
ty through research on the effects of
publicpolicies on productivity and on
_the better use of human resources,
technology.»and capital
In fiscal yea? 1976 this program
emphasized studies to 1mprove
productivity- in the delivery of publr
services, to assess the benefits and
costs of Federal assystance programs,
to State and local governments, to
analyze the net éffects‘of Federal and
Stafe regulation on industry and the -
public, and to faclitate the adoption
of technology to jmprove private
sector industrial productivity, with

-

particular attention to the joint
contribution of industry and dniver-
sities g

3
Public Sector Productivity -

This program supports research to
analyze and measure the effec-

"management
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the costs of dgvelopment and demand
for urban cable TV (CATV) services
and’ estimates “the economic conse-
quences - of alternative regulatory
CATV policres, has been used hy the

Commussion

Following a \major conferen‘
children and television, supporféd by
the NSF, the Ford Foundatief, sand
the Markle Foundation, N9F 1ffitiated
support of eight research pr ects on
the ‘social impacts of broadcagt*televi-
ston*in areas mcludmg.a.d ertising,
role-fearning,, violente, angd. cultural
change
_During fiscal year 1876/ the Foun-

dation supported resear¢h én alter-
native organizational arrahgements ° \
by local government fof the’ dehvery )

of four urban service —'pdllce, fire,
public health,, and/ sphd: waste
Extensive data have
been_collected on the grganizational

and Jgal arrangements anvolved m
the “delivery’ of thege services In
Standard Metrogelifan  Statistical

Areas of less than/1 5 million popula-
tion, by fiscal yedr 1978 case studies

tiveness, - efficiency, and equity of of the perfofmance of these -
public service delivery systems Major orgamizational grrangements will be
projects are in the areas of the social  completed -

and economic effects of tglecom- The firs\ phase of a project on
munications innovations in providing  development ¢f & productivity meas- @
services, the potential of technology urement sysfem for State govern- |
for mproving local government ment has befn completed It includes '
operations, and the productivity of systems to assess the efficiency and .
health delivery systems through  effectivenegs of foster- care and |
improved medical instrumentation  nursing , ome services® within the -*
technologies K Y State of ashington A subsequent

*In 1976, the Table. Telewision phase will involve evaluating service
Information  Center of the Urban delivery and establishing the
Institute conducted a natonal syrvey transfe, ability of /the measurement

of soual service applications of cable syste to other gervices within ¢he * -
TV The 4tudy demonstragted that a  Stat / ; .
vast tange of apphcations has been Re edrch on fhe delivery of cnv|l .

attempted over the past 10 years, but
that purely local mitiatives have
proven very difficult to maintain A

computer simulation, which models
- 9

1 0'2)

efvices mq‘iudes studies of how
can be/ organized more ef-

ly how/ technologies puch as
viflegtape and/computers carx*nhance
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court productivity without diminish-,

, and how cllents can organize more |
effectively to acquire legal services In

" Glastonbury, ‘Conn, prodehed a
handbook entitled “Prepaid Legal
Services How to Start a Plan” and a
-policy-oriented reference book en-
ytled “Prepaid  Legal Services
Soctoeconomic " Impacys ”
American Bar Foundation of Chicago,
fll, produced a series ot artidles and
monographs sdealing -with types of
legal service plans, their organization,
purpose, and'reglea}mn

.

In » instrumentatjon Lchnol(')g;
University of . Califoraia, San Fran-
CIsCO, researc}}ers construtted a gas‘-
filled, proportional chamber_camera
to show the spatial distribution of
.radiopharmaceuticals labeled with
positron-emitting radionuclides The

. scnentlflg‘ announcement of, this

. device was listed as one of, the

‘- “Highlights of 1975" by the Society af

Nuclear Medicine The camera s
being used in tests supported by the
National » Cancer Insmgf'e to
vestigate its potenttial for improwing
. the’ momtormgpf' patient recovery
using minimum radiation exposure

'

Public Policy -

.

Public ‘policy research amms to
develop systematic assessments of
the effects of public pohcies on
national productivity in both the
public and. private gectors Projects
are intended to providé timely, rele-
vant information
’ makers 1n  their”
) specific  1ssues
emphasizes

to assist policy- 1
deliberations’
Research
productivity measure-
ment, regulation, distribution and
equity, and, private-public  sector
relatlonshlps A 3
. VirtuaiMP all industries are subject
s 1o bryﬂd ‘regulatory statutes, such as
antitrust laws and the Consumer
. Product Safety Act, and can be
y subject tp specifif regulations that

on

‘lc["j |

JAruitoxt Provided

The *

,current ratemaking procedures use

n-

support.,

{l o N
strugture, behavior, 4nd performance

» -ing the quality of justice delvered, ﬁln “WMEcal year 1976, the Foundation

?ated research on the impact of

ulation 1n consumer flhancral serv-:

the latter area, the Futures Group-of »ices, in ground bgef preduction, and in”

copper wire processing These awards *
were made to provide better “un-

of regulation at the Federal, State, and
local levels on the prrce, supply, and
quality of the goods and services
produced m these sectors Such
information  wM  be useful :to
regulators, labor, business, and pubhc
intérest ,groups 1n making the
regulatery process more effncnent and
equitable’

The ecoromic

consequences of
by public utijties are being stud:
and compared with " alternayfve
procedures’ which might reflect p ic
~under competition, An NSF-f ndéd
effort at the Rand «Corpprafion
provided the Los Angelles
-/

R

arain
ompuf
earnig disability The tec

’
L)

1% .

art-

ater and

with an .,

mgnt ofy\’
analyhcal basis for th¢fesfablishment

of new

structures

Book

ree

*residential /el

790 abstracts

articles,
| with policy issues and the
of social programs, and a hist

as additional
policy

is

signifi-

"and reports

& by -

sources for

mformanqi‘ The.
a comprehensive

efererice work that can be available-
at detkside to provide easy access to
the contents of many of the most

»

useful studies that assees meards of -

meeting the Nation’s social goals and

weigh social policy alternatwes | '
As part of a nationwide study of

«

»

aves. At New York Medical College, an 8-year-old boy 1s tested .by a

erized “neurometric’ series to help diagnose whéther ha has a specific
&ique may pr0ve teasible for early identification of such

may have significant effects on their dlsab itres and also for diagnosing stroke and seqn'e dementia 4




information systems,and their ~im;
pacts on cities and counties, the
Public Policy Research Organization,
University of Califorffia, Irvine, has
‘produced twq directories, the County
Information Systems Directory and the
Musicipal Information Systems Drrectorv
The guide to muncipal computerlzed
informatron systems throughout-the
United States includes 403 cities with
populatiphs” of 50,000 or more, and
the gunde to county  computerized
|nformatlon systems includes 310
counties w1th populatlons of 100,060
or more
A project at Duke University "has
examined some of the 1ssties raised by
demographic changey, such as the’
decreased rate of population growth
and cencomitant changes n° age
distributiany A central question s the
relationship, between age structure
. ¢ and the economuc, security of the
. elderly
A policy report issued by a research
team at the University of Southern
« Calfornia working on the “Cultura)
+  Context of Aging” 1s toncerned with
the transportatior needs of the.
elderly The report concludes that the
alderly have’ substantial current
transportation needs and that a
demand-response systemgs prob‘bly
negessary 1f sngmfncant tmprovementr
In  transportation service to the
~elderly 1s to be provided
A project at the® University ‘of
Maryland "has been. ifivestigatmng
better ways to determine cost-benefit
ratios for product safety standards
The stddy concluded that the size
range 0-6X sleepwear flammability’
standard, used as the exemplar case,
was a cost-effective méans of
providing protection to the consumer
Research it the Brain Research
Laboratory, New Yorz Medical
College, has resulted in the develop-
menf of a new tool to diagnose
dysfunctlon of the brain The method
uses Fomputer averaging and analysis
of sthe brain waves prodgted as a’
result of providing’ stimuh sugh as
chcks and hght flashes The research

T 3,

.ting remediation
. causes lasting harm to the child

focused on the dxagn.os‘ls of
learming " disabilities * but  shows
promise for the diagnosis of stroke
and semile dementia as well Ahe
technique shows™ promise for con-+
sideration in mass screening and early
dentification of. children who will
develop learning problems, permit-
efore the -problem

Private -Sector Productivity )

. The private sector productivity
program emphasizes studies to iden-
tify and gest technologies well suited
for productivity improvement .in

4

’

'k*. . ‘

»
areas wkere the Yprivate sector has

“Iittle incentive to ifvest 1n research ,

During fiscal year 1976, progress
continued 1n Increasing  excavation
rates and reduqing costs of subsur-
face construction Field testing of a
water-jet-assisted, tunnel . boring
machine has been completed by the
Colorado  S¢hool  of Mines, and
designs for mcorporatlon into com-
mercial units are now being con-
sidered by industry Ground-probing
radar was used sfccessfully by,
ENSCO, Incdrporated, Springfield, ¢
Va, in a pilot tumel, of the
Washmgton, D.C., Metro" to
delineate and locate geologlcaF and

. L 4

Rock cufter. Research qn. high-pressure waier jets mounted on a tupnel-boﬁ
machine has shown them to significantly improve its performance,Commercial users
are assessing the Jets for adoption on their boring machines,

-, . »

10%
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. hydrologsc teatures of a metamorphi

‘rock mass at ranges of up to 50 feet
. The Massachusetts lnsmute of Teth

nplogy’s hard rock tunnel cost nwdel“

- 1s now being used in mnmmhun with,’

" the construction, of tunneks in New <
_Hamp>h|re and Colorado A study

was  completed by the * Natwnal®
Acaﬂemy of En;.,meermg wdentifying

. -, the Nation? drlllm;, R&D needs .to
) develop U.S, energv resources N

In  productions research and
technulugy, a4 Lompaterized automatic

v _part’ recogiition  svstem has been
develu.ped at the Stanford Research
Institute for automaticdlly ldenhfyln;.,

) and”determlpm;, the position and
: orsentation of each part 1in a set of

diverse parts, such as foundry” .

 castings The method relies on a. e A . )

hbrarv of feanue measurement sub- 'Parfs,recognm 4 handting. In a Stanford Research Institute experimept, a robot
* routines that compute Charauerlsms “arm. moves o ﬁa part outof a box Lights at the end of tfie moving conveyor, ,
. _of potential value for ldennfu(amm A illuminate the ok for a television-camera The'resulting ipage ts processed by a * ,
computer utilizing paRern recogrition and decisionmaking algotithms The part s
selection strategv uses examples of  gentified. its posttion 1s determined’ and the grm 1s told how t ordntthepartforthe *
LA par»hcular parts to determine wh&h; next assémbly step This*is one of several pro;ecxs aimed ‘at |mprovmg the
e subroutines, to ,_‘,11 and their se-' productivity of, Amertcan manufacturing pro‘i:‘esses ~ . t
X guence, so that emh part can ‘be ¢ - . T T
R * identified 1n lesé than one-Kalf second . . . . -7 .7
\ This system also permits processing system that may offer a break= ment and interchange of solutions to
images of vbjects on a moving con- through n*drafting as well as appli-  problems faced by cties, counties,
- veyor . . - cation to automatic process planning > and  other .lmal )g(wernme'nts In
. ~ Basic work om parts description at operations, [Diménvioned drawings. addition to the California Fnnovation
. the Unwersity of Rochester has ‘are.  automatically,. produced by  Group, the first State based netwark,
A progressed far enuu;:,h to perqut the providing the system with  part ‘whnch became a‘ private, ‘nonprofit
design and lmplementanor:w’)gua defimtiort lnfdrmgyﬁon ) ‘. orporatiort  dunig the “fiscal year, ~
, VR ] grants were made to plan and initidte
. ~ WL additianal innovationr groups, one irf,
Intergovernmental Science and Rublic . - Ohw sndwnothir in New England
. . The Foundation continued to
. R .ATQChno'Ogy . R %phasue qchvmes to helg” local -
. ) governments bwld natiopal networks

.

- . to develop and ‘share technology. The .
Actvities 1n this area focus on the Intergovernméntal ?rogram Urban Copsorfium for Technology -
bublic sector (State and. logal ' = Imtiatives (The 27 largest American
governthents) through 4he inter-_  The intergavernmental” program « cities and six urban counties) was .
governmgntal program and on the facilitates the integration of science strengthened’ by a grant to the U.5.
. private  sector (pnmanly small' and technology into thE pollcy for- Conference of Mayors.. Federal mis-. "
business) through the® mdustnal mulation, program planmng, and" sion agencies such as the Depare
- program Elements of the continuing program execution activities of $tate  ments of*Housing a;‘fd Urban Devel-
experimental R&D ancentives  pro- and lucal governments. Dunng fiscal opment and Transporﬂmon and the
gram, which includes pro|ects in both  year 197¢, achv[tm:s in the locat Environmental Protection Agency
the public and private sector, are now government program fdcused 1n- helped to}suppurt the functional task -
lntegrated into eithep the inter- creasingly on “State, regonal, and* force activity of the Consortium NSF

» . gov‘erhmental or mgysmal progragae national networks to ald th® develop- a‘l‘su initiated a special pilot prografp
Q . ‘. : e - 10 | S
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The fourth program area, science

-and technology resources, focuses on

the institutional, resource bases ( (such« *

as institutions of higher education, -

Federal .laboratories; private non-
-~ _ .

profit” organizations, and the private

) sector) that offer potential for the

suEpont of,.State’ and local govern-¢ -
,ment. Most activity 'in. this area
'durlng 1976 involved exploratory
‘work on the 1ssue of academic public
service and g the development and
strengs ) " the Foder,al

23

Emergency services. The California Innovayon Group a statewide network tq provide
science advice td local goverrfments, has performed the requirements analysis and
conceptual de5|gn for this compute r-assisted dnspatch system for a local folice force

involving both the Urban Consortium
and "the Urban Technology S
(27 cities 1’ the 50,000 to *500,000
population range), to develop better
whys to integrate direct Ioca] govern-
ent mputs.into NSF activitles to
’defme problems, set priorities, ¥on-
duct_research. and use results
The "State* gevernment (executive)
program, ‘during fiscal year 1976,
fOCused oh various aspects of policy
and resourtes mapagement. In the
policy arep, growth was selected as
‘the initial area for contentration; and’

\an award was, made to the Com-"

monwealth of Massachusetts to help

develop a comprehensive approach to’

growth policy- management At the
same.time, a grant was made“to the
Council of State Governments 4o lay
the groundwork fgr more effective
use of s and technolpgy for
‘growth maMigement in other States
In the resources’ management area,

. -

LY

program, and NSF supported ex-
ploratory « and developmental work
.with the National Association of '
State Budget Officers
.During’1976,The State goverhment
(legislative) program continued .
gmphasize. the development of new
approaches to incorporating science
and technology nto the legislative
process: An award was madg to the
.State of Minnesota to establish such
capabiity The Foundation also
strengthened the new emphasis on
regionally based, functional activities
with grant$ to the Northeast Energy .
Project ‘and ,the Fort Umion Coal
project, involvimg North and 'South
Dakota, Wyoming, and Montana
Support was continued in 1976 for
the ' Committee onh Sciende and

,Technology of the National Con-

ference of State Legislatures ‘During
the year, the State legislatures of the
Natiog displayed increasing interest

- budgetlng and financial fanagemeént- 1n henghtened use of science and
Qctnvmesf are the .major foc: for the -technology . or

Labo PIpTtium, a, grouping ¢
_of mbre than 60 nondéfense and
" defense laboratoriest designed to help .
Federal laborateries as a group con-
tribdte to . the gmelioration  of
domestic sector ‘piroblems

.

o Industrial Program

The iMdustrial program 1s,designed
to” stimwlate -increased “non-Federal .
investment in research and develop-
ment and accelerate the tommercial
application of research results To
reach these goals NSF supports work
to, help identify, test, and evaluate the
ncentives that can be used- to en-
courage R&D investment and the
. barners that nmyght impedeit. .-
- The premise for the industrial
program 1s that new and improved
pEocesses, products, and services are
important elements of, technologlcal
progress through which’ advances ip
economic status . and, standatd of
lwing take place. Smce innovation

and invention are most likely ({:\cmr
s

-

in small (rather than large) figns, the
program places an emphasis oMsmall
business .

The industrial prograghas achneved
considerable success'ﬂF the area of
entrepreneurlal education and the
initiation, of ri@w business ventures
through Innovation Centers at the
Massachusette Institute of Technol- "«
ogy, Carnegie-Mellon Umversity, and”
the Uniyersity of -Oregon , The
necessary¥practical experience s pro-".
vided by continuing interactions with
individual investors and businessmen
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* Phis creative atmosphere has algeady
led to’ the development of 27 fAew

products; and 24 businesses have
~been initiated or assisted through

"C’ter’act-nvmes These include a -
d®ector of -precious dnetals being

manuf’acturgd by Hetra Corporation,
_a Capacitance meter produced by ECD
security’ devices
marketed by Compu -Guard, Inc A
total NSF investment 1n speaific
projebts of $221, 750 has already
st1mulated private sect'or investment
+ of $791,800 and generated.sales 1n
axcess of $30 milhon over 3 years
Over 800 new jobs (including subcon-
tractdroﬁlMers}_have be€én created

‘This #Mone 1s expected to produce

anmal Federal tax revenues twice the #

$3,00Q,000 total'NSF expenditure for
» all Innovation Center efforts for 5
years

' Fragmented 1industries have been
goupled to university and industrial
resources through the Cooperative
Researeh Experiment, and the
rndugtry-dlrected research

with immediate user acceptance An

S%.:te University and eight furnfture

.has.

resulted in new or improved products*

arrangement with North Carolina..

-
. v -
L
. \.
companies’ has developed new
construction technique—the Clark

chairframe~~which conserves wood
by using small pieces and 15 30 to 40
percent hghter 1n Weight than con-
ventional construction It/ reduces
costs by 20 to 44 percent, and the
joint strength has beenrdoybled Fox
Furniture Company in North
Carohna and Noritage,” Inc, 1n
Wisconsin, have already adoptéd this
technology in their production lines
In another area, the Mitre Corpora-
tion 1s cooperating with the elecigrcal |
utihtyr 1ddustry  to modify * §lam
boilers to allow stable and efficient
turbine-generator operation in the
range of 135 to 185 mégawatts rather
than only at- full-load conditions.
Also, MIT's participation with five
companies in the pojymer industry *
has led to a newly developed, low- "
cost injection molding technique_ for

polyurethane ‘for which licensing
- arrangements are currently berhg
made Each of these' industry- |

identified prgjects involves_ a  high
degree of cost shdring Both the
number-" of participating industries
and the degree of private cost sharing
are increasing for, these experiments

. [N
- Exploratory Research and Technology

) ' Assessmgnt
' The expldmtory research and objective ofl developing a better

technology assessment program Sup-
ports studies on selected problems
that have potentnal fogp major national
impact Gaps in the spectrum of
existing research relevant to national
needs are approached through prob-
tem assessment and deffrition stud-
1es, exploratory research projects, and
technglogy assessments

“NSF ntinued its emphasis 1n 1976

- on studies of the full rangé of societal
effects that may stem from ‘the
introduction, extension, or modifica-

.> tion of a technology, with the overall

ERI!

Aruitoxt provided by Eic:

’

information base for policymakmg
and decision processes at all levels of
socrety )

Some of the areas reported on in
this past year include '

e Electronic funds transfer
Slgmﬁca‘nt’ehanges in the finan-
cial industrytand the regulatory
system under which 1t operates
are probabie with the use qf
electronic funds transfer (EFT)
technology, according to -a
report prepared by Arthur D
Little, Inc™ The report, The

.

. 140

Consequences  of  Electromic Eunds
Transfer A Technology Assessment of
Movement Towgrd a Less Cash/Less
Check  Society. deals with the
* possible consequences of move-
§.ent toward
ociety An analysis was crried
out to determine how the im-
+ pacts can be changed or
mitigated, depending upon
which path, to EFT 1s chosen’
The study proposes means for
monitoring EFT activities and
suggests institutions for the
resolutlonv‘ef issues as they
r arise I addition to assessing
"the impacts on the financial

.. 1ndUstry,‘ the “study team “in-

vestigated the possible effects of
EFT on business in genéral, on
the go‘vemmentf and. on in-
dividuals, with particular atten-
tiop paid to the 1ssues of per-
sonal privacy, freedom of choice,

an ' EFT-based,

~

crime, consutger behavior, and .
* méthods of ' 'fom;atlo‘n han-
dhng - -
. Geothermal .energy -‘resource ,
development Some potential

futures for geothermal energy
in  the United States were
-studied and evalumted by a team
at -the Futures. Group, whick
con-

made recommendations
. cerning * exploration, " use of
geothermal resources, and

-research and development that
can help "policymakers in_ Con-
gress and in Federal agencies
‘capture the desirable aspects of -
this eenergy resource while
- avoiding s “pitfalls
T‘I'IEL?UOHS include the use of a
sSINg environmental 1mpact
statement for lirge blocks of
land; adoption of the lead agency

concept to mimimize Federal,
. State, and local government
overldp of regulations, the
building and operation of

demonstration plants; the crea-
tion of “résource longevity n-
surance” to mimmize risk aof
early field depletion, and the

Recom-,
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- creation of. a data exchange

_ center,

Additional. resulfs in the ex.
ploratory research and teshnology
assessment = program
report, Toward a Natonal Ocean Policy

! M6 and Beyond, produced.by the
, Ocean Policy Project of the School of
¢ Advanced International Studies at
Johns Hopkins University The report
Aa@nalyzes‘ the results of the 1975
eneva session of the United Nations

Law ‘of the Sea Conferente, presents

. al}ernatn‘g treaty outcomes in the

1976 W*Nego_nanonﬁ,
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inclided  a,

.S. ocean
fields . as

outlines options for
policymakers in  such

. natidnal security,~commerdal navigd-
- tjon, marine .environment, hs s,
mineral resourges, and scientific

research; and stresses the need for
comprehensive  ‘management  ap-
sproach to ocean‘uses, both nationally
and internationally

As part of NSF's effort to improve

‘the use of the research the RANN
“programs support, ‘the Research
Trianglé Institute veported on 30 case
' studies concerning the use of RANN-
supported research resufty The proj-

L 4

*

‘commitment

.
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4

ects were delected as representative
of ,efforts that "have received good
user It was found, for example, that
use of rese3rch résults.was influenced
by such-fattors as the stature and
by the prnapal in-
vestigator, ~adequate funding for
wutihization, good ‘timing for the -
terests of the user community, con-
tinuing professional liaison; user
participation 1in the project; high
quality of the resgarch and convincing
rasearch results, and mvolvement of
the proie‘_ct teamin communicatign and
use of project results

« -
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- he Foundation’s programs in
Scaentifitc, Technological and
International Affairs address a

broad range f%of scentific * and

technological 1ssues of concern to
policymakgrs. Through these ®ro-
grams NSF collects data, supborts
rgsearch, conductd studies, ad-
rﬁmsters international sciente ac-
tivities, and undertakes sciente and
technology, policy analysis Ther pur-
pose of these endeavors 1s to provide
analysis and eptions or direct assist-
a . to the <cientific and
technological community 1n better
meeting national artd international
econdmic and soal objectives The
three main areas of activity age (1)
sclence and technology policy, (2)
" scientific and technological data and
information, and _ (3) internetional
scientific and téchmological activities
The policy research and analysis
program supports policy formulation

by amalyzing options for enhancing -

the contribution of  science and
technology to national issues For
example, during ‘this past yéar, the®,
saff prepared working papers for thé
Government Task Force on Inadver-
tent Modification of the Atmosphere
Theése are now being used by the
Federal Coordinating Council ~on
Sciéngg, Enginegring, and Technology
to develop new Federal R&D pro-
grams on the biological and climatic
effects of stratospheric ozone On
another important national issue, the
Foundation’s working group on
energy, resources, and environment

. ¢

o - N .

RIC .

Aruitoxt provided by Eic: .

’

sponsored a workshop on long-range
efergy demands Government, in-
dustry, and academic participants
addressed such topics as forecasting
electricity Jemand comparing future
energy use In major consuming
sectors,”and possible directions for

_ national energy conservation policies

In the,science resources studies
program,/ which maintains  the
nafional data base for planning and
policy formulation in the area of
science and technology resburces,
special ,emphasis 1s placed on R&D
funding and science manpower NSF
carrnies out periodic surveys and
sthdies of all elements of the national
sddence and technology enterprise in

pport of decisions regarding the
allocation of national resources Dur-
ing this .past year, .the President
released the sewenth annual repdrt of
the National Science Board, "Science
Indicators 1974, a report prepared with
the assistance of this program and
other NSF staff This report presents

" the quantitativé data needed to assess

- the

ur  entire national science and
hnology ®ffort [t deals principally
with changes 1n the support of
innovation 1n the United States and
other major developed nations and
with the role of research and develop-

.ment in innovation NSF also sup-

ported various reports on scientific
manpower For example, the’ Summary
Report,™ 1975 Doctorate Recipients from
United States Universities, publl?hed by
National Academy of Sci-
ences/National Research’ Council,
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showed that the proportion of science

and engineering dogtorates awarded -

to women ¢ontinues to increase. It .

- stood at over 15 pércent in fiscal year

+

. program also conducts

1975, compared to 14 percent in 1974
and 7 percent-in 1965, )
NSF's planning and’) evaluatiof
ience plan-
ning and policy ,analyses of issues of
special concern to'the NSF Director
and to the National Squnce-BoarcL as
well as evaluations of selected NSF
programs. Studies in 1976 concen-
trated heavily on NSF’'s peer review
system for evaluating proposals: The,
Foundatiog also initiated a series of

_regional forums, which provide in-

creased oppertunities for “scientific,
professional, and citizen parficipation
in Foundation program planning

NSF's scsence information program
fosters the interchange of informa-
tion among scientists in the Un
States and with those in foreign
countries, stimulates services leading
to more effective dissemination f
information, and  supports  the’
development of improved methods of ’
making science information readily
dvailable

* Durning this past fiscal year, infor-

mation exchange 9nd joint activities
were arranged in bilategal agreements
between U.S. informdtion services
and similar groups from India, Japap.. s
the Soviet Union, and Egypt On a
global scale, the Foundation
represented the United States at
meetings of the Office of Science and
Technology of the Unitdd Nations,
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UNISIST, UNESCO, and‘at the
Conference on Nigjonal and Regional
Planning for Scientific and Technical
Information Systems artd Services in
the " Arab "countries ln addition, a
variety of research prO)ects, reports,
and’ workshops encouraged greatdr
effectiveness in the transfer and use
of sc:entlhcrmformatnon Over 1,000
copies of an Innovation Guide for the
pubhishing industry were distributed
to interested parties An experiment
initia)ly supported by, NSF in four
Califorma publjc hbrari®s to provide

" searching services of saentific apd

N

’

“specialists

fechnical information data byses has
spread without further support to
nihe additional large public hibranes
in other parts of the country

As aresult of the Fouhgation's
internatlenal programs, co:%‘atn're
scientific research projects, joint
serminars, and exchange wisits are-
carried out, under bilateral arrange-
ments. wuth som® 40 different coun-
tries. The ' Foundation also par-
" micipates 1n the scientific and.tethnlcal
components of new Joint “Com-"
missions for Economfe Cooperatnon

establlshed by ‘the Executive Bra}\ch Ny

to achneve nahonal foreign policy”
objectives - :
Durlng 1976,

55 cooperatwe

* " research proyects involved morg_than

200 U.S and Japanese suentists
U.S. experts also* undertook joint
work in electrometallurgy, chemical
Catilysns, and 'computel( appllcatnons
in management ‘systems with Soviet
in, more than a dosen
projects, U.S.-owned -excess foreign
currencied in lf’oland, Pakistan, Egypt,
and India supported-other cooperative
research efforts, and the Foundation
also used ‘these” foreign currencies to.
: have foteign'scientific ‘ldurnals and
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Table 10 -

Sctentific, Technological, and lnlermlloml Affairs

Eiscal Years 1974, 1975, 1976 . . .
and Transition Quarter (July 1-Sept. 30.. 1978)
. l (Dollars n Mllllons; , .
. Fiscal Year 1974 Fiscal Year 1975 Frscal Year 1976 Transtion Qdarter
Numbet  Amount  Number  Amognt  Number  Amount  Number  Amount
ifternational Cooperative ~ . 3
Scienthic Achvities 157 $627 13 $793 690 $753 224, 3304
© Scence Informaten . ) N
. Actvites "s2 . 808 1) 538 182 589 3. 016 ¢
Science Assessment Policy - . .
and Planning 114 $05 112 1157 218 8% n 235 o
v Total 933 , s’ 9661 52488 1010 $2241 . kri ) %15
— -
. ' P .
b .
. , ’ ’ .
” 3
\ v

.

Sdlence Assessment, Policy, and Planning

«

~Holicy Research and Analy‘sis

The policy research and _analysis
rogram 1s respohsible for in-
vestigating and analyzipg the
magnntude and direction$ of scientific
and technological research and its
ability tQ meet the Nation’s domestic
needs and " lnternatlonal com-
mitments Also, “this program
. provides analytical support to various
groups withm the Executive Office of
the President guch, as the Officef of
Management and Budget, the Council
of Economic Advisers, the.Domestic
Countil, and the Office of Science
and Technology Policy

A}
_Policy research and analysis ids in

monographs translated nto Enghsh o+ stience and technology policy for-
" mulatien through internal analyses

In additton *to'bilateral activities, NSF
supported U.S. participation in such

- multilateral activities as the Inter-
national Council of Scientific Unions, °

-

E

the International Institute for Applted
Systems Analysis, and the Pacific
Science Assoclafion

¢

Q

mc‘! l. . .

\

,

and external studies of
-existing and emerging national issues.
These issues are roughly divided ipto
six, categories, with responsibilities
assigned to the NSF working groups
whose activities afe j'e‘scribed below.

~114°

relevant -

/

ta

»
The Effects of Publig_Policy on
Science and Teghnology

studies ol’publnc pohcies directed

to %ocnal and économic ‘goals that
influence the science and technology
envwonment, attention 1s c‘llrected
towards -better understanding of (1)
the incentives government can use to
stimulate socially desirable tech-
nological -innovation 1n the private
sector and (2) the incentives for
technological innovation created by
polncxes directed to other public con-
terns .

Projects supported during 1976
included.”

¢ A review of the history of
technological diffusion in
hospitals to suggest a model of
such diffusion The nl-zdel, now
being developed furthér, should
prov1de ithproved information
about the Federal Government’s
increasing role 1n health care.

-

)

-
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® A study completed «under the ‘el case study 1n Boston examin-  science and technology on productiyi-
. ng, the planning pro‘ss under-/ ty:

. Federal Council for Science and ¢ - S .
. *-Technology to help Federal ) lylng the pational wastewater Projects supported dMg, 1976 s
agencies set policies and' treatment facilities constryction ‘*included. . ’
« ° .. procedures for.repaymenf tothe . ' grants program administered by . . ] - . .
Gewernment for 1its R&D expen- ' EPA . ' ® An assessmefy of the effects of . 5
S d;t:;es t:at lead to pro:tmaklng . ) . technolo‘glcal change on the
s and services in the private . . N . '
femor 3 qp The Analysis of international S“Ptply la"d dema"d vof* ra »
o Science and Technology Policy Lmatenals |
Yy ’ AR - . 7y * Examination’ of how . foreign
Analysis of Emerging Splence . Anal'yses are made - of\ 117 the subsncharx.es and nvestment of
' and Technology : lmpact of international science and 3 U.S. ‘based firms spread u.s.
a tethnology pro rams on the WS, technology abroad
The rapid develOpment of scnence scientific commumty, (2) the 1mpacts - -7 - ;o

of m'ternahonal gctence and tech- k .
,nology trafsfer™ through Govern- - The Processes of Innova-tion and

ment and private chanriels, on the - Their Management

and technology raises such importartt
. issues as' (1) the adequacy .of federal-

' ly supponed basic and applied sciqnce R
to meet national needs; (2} the forelgn. partnerss (3) approprlate ¢ - .
adequacy dP the science agd m.stftunonal arrangements for U.S Analyses ayJe made of the incentives -,

. technology  base_ ,for' Federal invglvgment 1n IrUernatlonalgmpera’ and roadblocks that ifluence innova- .

tivejactivities, and (4) thee purpose and tlon in science and technology By

regulatory activity; (3) -off im- L .
guratory vity; (3) "spin m vélue of U.S. partigpation in the ,comparmg how various organmzations

pacts” of Federal’ science ‘and

‘. t,echnology programs, and ‘?4 the sciehce and technologW prbgrams of use technological innovations, this > .%-
adequacy of Federal mechanlsms for | intgrnatidnal organizdtions  * : program  can, help ; the Federal -

r " monitofing ‘the potenhql impacts of I’lr(‘)ijects ‘sripported duu'mg ’1976' G:vemmenr andh prlvatei' manage’;
U.S. and foteign  Government oV ed- “u ,- ";u:“ lgmprove t‘g”’ utthz ization o
polmes on the health of the domestic ¢ R G d s 4 t P no otgy ted d 1976
stlence ahd technology entépnse o, " VA comparatNe'stu 1y @ past-an ’ lrc:;:is §up'por e uring

K Projects. supported .during 197 proposed, U«N science eon-. -inclu . s
includec?.k - ferenges, hlghhghtmg, lgssons . i

‘ 1 . - releént\ for U.S. involvement * An, asse¥sment of the impact of
4. A senes of reports titled Halocar- i future U, N. Aonferenc’e‘s L, ‘raprd innovation gn standardiza-
“bons - Encwronmental  Effects  of d A -vev . ¢ t ’U S"' ‘tion and mass productron in the
feview ol postwar . aptom@lle 1ndustry
* Chlorofluoromethane Relzase/Effects on “policies “toward the transfer of . -,
. .Stralospheric- Ozone  Supported by U.S: technology across national - . ®- A revnewpf h0w_State. and local
. " NSE th “joint spopsorship with’ )bomdangé enhﬁed Teehnology governments « have introducéd *
- 7\ -NASAEPA, NOAA, and FAA, Thygsfer and: us” Forexg'n Poliey.” technological innovation in théir
this series was prepared under’ Rtsu f this. project-are belng «  services, -and ‘the factors that .
N the auspices of the Na onal % 3‘1 and " +¢he lead tor their success or failure.s ~
ﬁ)ci:zn:\)eedff:pger;ce: h o partments of S\ate ~and Com- v . }' J ‘ v .
selective reg merce ‘ P “ - . . e
\ tion of chlorofluoromethane and” : oty ’ Policy Aspects of Energy, \\
evaluates the extent to which RGSOUICQS, and E"‘mo"muem
stratosphenc  ozone ,will ' be The Sociéeconomic E"ec‘s Of -
" affectedgby,man . ., ;. Science and.Technofogy 5|b||mes in this aréa mcludef\?
e . ysls of (1) energy technology
* An analx;ls of 1mp;oved Areas bemg mvesngafed mclude‘ x:esearch (2) environmental health
\ climatological “information for (1) the socnoeconomrc varfables affect- . 1ssues related to energy; and (3) the *
‘ agricultural decisionmaking, co- ing hnology policy options; (2) relation of science ahd technology to

- sponsored by NOAA Thi# proj- dlsll’lbu fon of publk versus private renewable and ?\o‘nrenewable te- |
ect will help determine the value  costs and returns from mnovathn sources.

of petter chmatological forecasts  (3) effects of science and techhology  Projects supported durmg 19’6

-« for agriculture v, on the xndwndual and (4) effects of included

. OEmReEE s . - - - . . \

.
’ vJ




" s A series of open worksho,ps to
promote  discussion ¢ -between
+  government, mdustry the ges

eral public, academia, “dnd special
interest groups onissues such

¢ + as "Publg Partictpation 1n
Energy Related _Decision-
making,” “Leggl and In-

stitutional Problems of Energy
Facihty Siting,” and ,’In-
stitutional  Alternatives  for
LMFBR "Development and-Com- *
mlercmhza!non,”

. 5lndepe,n.’dent studies on alter-
native fission reactor strategies
for the Umted States, long-term
energy alternatives for .autG-+

v motive:  propulsion, * biocon-
version, and alcohol fuel tech-
nology

In. addition to -the= extramural
projects highlighted under tie isix
categories noted above, | in-h&use
projects were also undertaken |by-

promtaff to analyze the scientific

. and ?echnologlcal aspects of sational

issues on-the premise that a bétter
understanding of such questions may
impréve Federal policies The policy
research and analysis program draws
oh 'the expertise_ of the basic and
‘apphed research programs within
NSF, p.rovndmg them i turn with
access to information from the! user
agencies and with assistancé in defin~
Ing pollcy problems

L

Scierice Besources Studies

The Fodundatnon’s program of sci-
ence resources shudies encompasses
the collégtion, analyss, mterpréta‘-
ton, and dissemination of data
relahng to the Nahon s scientific and '
“technological activimes The main
objective of the program the
development of informationt for plan-,
ning ‘and policy formulation in the
ared of science and technology re-
soqrces The information developed-
through these studies 1s made
available to a wide audience through

4 ‘

.
. »

publication of, reports \Some repre-
sentative examplés, of ‘science re-

*

. .
N ' . . . ’ -
.
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United States, 195341976, which con-
tains analyses of the national R&D

sources studies carried outduring the ,effort in terms of types oﬁ.research

year are described b.elow
. ) L]

» ¢

Penodic Studies oHle Fpnding
., of Science and- Technology

and development, - and
source pf funds .
Databased on the President’s Fiscal

Year 1977 , Budget. indicate that

perfsormer

‘et e

“ Federal obhgations for research and

s development "are expected to total

Expendltures for research and
development-in-the United States are
. estimated at $3871 billion yn T97¢,

. 8-percent increase vver 1975, Fdr the
first time 1n 3 years, total R&D funds
are also expectedtd. INcrease N terms
of constant dollars—2 percent—
assuming a 6-percent rate of inflation
for 1976 In 1976, the ‘Nation 1s
expected to devate 2 2 pereent of its

. gross national product to R&D ac-

tivities This ratio ha% declined steadi-:
“ly from its peak of 30 pertent in
1964, primarily as a Jesult of the
slowdown 1n growth of Federal’ R&D

$23"5 billion, a record high and an
ancrease of 8 6 percent over 1976
“This growth 1s ahead of anhcxpated
1nﬂat10n although 1n" terms of con-
stant dollars the estsmated 1977 total
“is apprd;mﬁately 20 percenr below
thatifor 1967 Energy developm,ent
and%onversion 1s expected to be the
leading growtb area m’Federal R&D
funding fer 1977, with obhgatxons
expected to increase by 24 percent
over the previoys year Education,
development of (the scence amd,
technology base, and nationa) defense

3

-

3

ilso show grdwth well ahead -of __

spendung. Ihfse and -other data are anﬂ?lpated_}nﬂatxon These and other

publlshed in Natwnal Patterns"of R&D
Resour\fes -Funds and Manpower 1t the

v o~

" . "R&D funding tréndg- 1967-76
Brions of goltars)

40 T‘l T ¥ 1 T T F T

~

3]

\_15 -

10

Non-Federal B

[N =4

* . ;g
g RS SN WA N N SN GH 1
1967 68 69 70 7 72 73 74 75 76
Basad on GNP impticit prece datiatgr test)
SOURCE National Scanca Fngndation
]
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data “were published n prelimmnary
‘form 1n the Scxence Resources Stud-
1es nghhghts series. Two full
analy{eal, reports, /An Analysis of Federal

1969-1977 s Federal Funds for
Research, Development, and Olher Smnhfxc .
. Activthies, Volume XXV, age, in prepara-
tion for publication early in fiscal year
'1977 v
Preliminary d’ata on 1975 1ndustnal
R&D funding showed that total R&D
expendi ustnial sector «
were over $23 -billon in 1975, an
increase  ofiz § percent over the
previous yeaks level However, when\
megsured in constant dollars, there
was a 4-percent decrelise betweer the
two years, The Federal Government
funded gne-third of the total, four-
fifths of the ‘Federal share being
concentrated 1n two industries, air-
craft and electrical eqyipment Total

*energy R&D spending increased by

15 percent to a level of $14 billion
Industry employed ‘thé full;time-
,equnva\ent_ of 360,000 scientists and
engineers in January 197§, dbout the
same number as a year earher *

» R&D Funﬂmg by Function, Fiscal Years: -

4
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‘. Periodic Studies of Scieritific

dnd'Technological Manpower

* The Foundation’s Manpdwer Char-

"+ actefistics System, instituted 1n 1972,

ERI!

A v 7o providea by eric o .

had.produced by 1976-comprehensive
data that makes’ posslble a national
appr‘alsal of the emplcxyment,. work
activitres,
tegncs of - the sqentific
engineering population Estimates of
the characteristics. of U,S. -scientists
and engineers 1n 1974 were released
in, the Science Resource’s Studies
Highlights series” A full analytl'al
geport, U Suenhts and Engineers 1974
Characteristfcs, 1s 1n press
reports ‘present data describing,"a
population of “almhost 2 million’, 11
myllion 'of whom were engineers
Shghtly ‘less than 10 percent of the

‘populatnon‘ were. women  Raaal

These ,

the ratio of science and engmeerlng

doctorate degrees to 30-year- oldsbthe v atademic faculty

traditional  reference . group, ~wil}
decline to the level of the early
six tiess Both reports;descrnbe in detail
the methodology used

'
v

\ . e

[ s

r

(BgHieors of 1972 aoliers

« St1o h .

UnnegrohescoNeges and
oter nonprotn msitutions

~$10 ¢

Federa

N, .\Lﬂ/—/\
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minorities accounted for less than 5 . . '

percent of the population The
Tepresentation of both women and
miRorities was substantially greater
amorig scentists® than among
engineers The data also show that
research and developmem- was the
prlnc:pal work. acthnty of Yclentists
agd ' engineers Basic and applied
reséarch were dommated by scien-
‘tists, devefppment was the primary
work activity of about one:third of
Lthe émployed engmeers

Special Studies /|

Dur the yeartwo specnal reports
dealindF with " projections of science
and technology resources were

released One, R&D Funding Projections.
projected a 3-percent annual growth
<in constant dollar R&D spending
between 1974 and 1985 Another,
Projections of Degrees and Enrollment m
Science and Engineering Fields to 1985,
projected additions to the supply of,
scientists and engineers, with empha-

.

-

,

To supplement the in-house projec-

tions, the Foundatlon announced a

new program to -supm studies in
the field of scientific and technical

manpower forecasting. Proposals -
were invited’ in three categories
improvement of projection

sis on doctorate prodhiction The methodology, development of nfor-

pgpiections infdichte that there will
probably be an adequate supply of
science and engineering doctorates

during the next decade even though demand .

.

" . .

matior’ needed to , fill existing data
gaps, and _pro1ectlons of science and
engineering manpower supply‘ and

c
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and pﬁofessmnal charac-v - ’ AMDEmpendwores ¢

apd ,

" of

.in researt
=

¢ 1N an
they preferfed to work These studies , 5+
" were two of 4 series of Higher

. " -

Two special studies dealu)g with
iIn science and ’
engingering were completed during
the year One of these indicated that
the proportion of young faculty (1e, -
those who had held doctorates 7
years or less) in doctorate-level
departments was expected to fall
from 28 petcent 1n 1976 tb 25 percent

" by 1980, a level which nearly one-half .

of the department heads consider®
undesirable. . The other study
reported that more than four-fifths
the full-time doctorate faculty
spent at least 20 percent of their time
and that two-thirds of
these < had external, separately
budgeted research support Nearly a
tenth, how

Te2 other than that in which

Edudation’ Panel Surveys conducted
for the Foundation, the National
Institutes of Health, and the U.S. *
Qffice”of Education by the American
Council on Education ¢

-

'NSF Planning and Evaluatjon -

Policy studies on Foundation-wide
issues and concerns, are carrled out by -
both NSF staff and'under contract for
the use of the Director ,and the
Nationa| Science Board in ‘planning
and politymaking Studies ormginate
from needs perceived by the Founda-
tron. and the science community and
from requests made by the Office of
Management and Budget and by the-
Congress

The “steady state” of acadgmic
employment forecasts for the next
two decades has occasioned a series of
policy discussions concerning likely

consequences for the health of 54

ence and possible appfoaches’ to
‘mitigate negative effects. Two ex-.
, tramural awards have been made to
- assess the areas of voluntary early
retirement and rmd-career change
opportunities -for college and:uhiver-
sity faculty The first of these studies
reviews existing and newly collected

»
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&
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urvey material on faculty age dis-
ribution by scientific field, including
ata relating to possible faculty
. ihterest in early retrfement and mud-
chreer changes The . second
L documents existing imstitutipnal prac-
tices 1n universities, government and
. industry relating to early retirement
' and mid-career change Together the
o studies will ‘identify a series of
" options for uaniversity ant coll¥ge
*  faculty, paying specal attention to
*  gosts and benefits for both individuals
and institutions” ,
Internal staff studies have included
* z + an analysis of NSF's aience Educa-
A tldn_ppegrms srélating them to aréas’
__'/"\Vrof national needs and identifying “the
NSE.:fole in science eaucatlon in the
context of the larger role of Federal,
State, agd local government =«
. A related extramural study was
\ desngnated Yo" assnst the Foundation
. by devis wayS\to utihize easting
. . nformation™ resources’ both within
\ NSF and an other scienye agencies for
policy analysesy, The object of the
, research d.to ‘velop a formalized
descnptlon :0of the research system
\that will seive as a® framework for
Arelating dispagate data sources and
rganuzing data in ways most useful
N for dfseyssions and analyses of sci-
“ut,, ence poﬁcy 155U€es .
"+ .7 Corcetn Jwith the processes and
consequences "of peer review has
“come to the fore in the pabt year—
both in Congress and 1n the scientific
community The Foundation has
launched three major studies in this
area an award to the National
Academy of Scences to compile ar
. detalledgdescription of the way the
NSF p‘ review system works, a
survey of the attitudes toward the
functioning of peer reveiw held by
proposal rewiewers and by recent
applicants for NSF funding, and a
- series of studles related to peer
. review as part of the Congressnonal

s-kudlés.fmentlo
In 1975 o ersxght heanngs~on

¢ review, a number of issues were
raised which ‘the House Subcom-
L) Al

ERIC - =~ .

’
=l | -

mittee *on Science, Research, and
Technology felt required more exten-
sive, study ands atwlysis To this end
the Subcommiitee directed the
National Science'Board to study eight
specific 1ssues, as follows

e. Support of annovative research

¢ .
® Support of yourg scientists

i
The funding of .research/ at
undergraduate-teaching/ in-
stitutions  without aduate

departments fcoﬂgges)

the extent wh,m "the Foun-
dation should refy gn pﬂer panel

review,) / .

~

® Establishment of\an\ internal
,Foundation program to monitor
problems arising from the’ rus-
saientific community and the
amount of Foundatlon funds
available for support of, that
community

® The question ‘of whether the
National Sgience Foundation
should have formal procedures
for considering*- appeals of
decrsions made on ‘award
applications

® The effects of publication of the
list of reviewers used by the
Foundation ’

® Further information concerning
effects on the peer review
system of the.level of confiden-
tiality 1 which peer reviewers’
names and verbatim comments
are held .

In developing responses to these
questions the Foundation has pre-
pared a detaled analysis of the
hearings, awarded eight extramural
study contracts, and initiated a series
of internal staff studies to deal with
he Subcommittee’s questions—e.g , a
stu y that looks at innovatigns, and
scientific reputations in four fields of
scitnce (chemistry, astfonomy,
mathematics, and earth science)’

11y

\

ngﬁ'get .the Céngressno

AW

date to facilitate p*blxcmpa&

in the formulation 3

conduct of NSF's programs;
and priorities, the National
Bdard in.1976 initiated a progra

el opn

man-
ation
t,_and

Jegional public meetings designed %o
encourage the expression of views by
the general public on scientific and
sqience education’ gesues.” The first
such forum was held in June 197‘6 n

;.

match between the size of the .

©

Atlanta  Approximately

200+ 1n-

dividuals representing a broad section
of society—including business, State
and lgral governments, public interest
groups, citizen organizatiofs,
academia*—from
(Alabatha, Florida, Georgia, Mississip- |
pi,, North and South
Tennessee) were In attendance The

four=. topics

seven

and

States

arolina, #nd

dlscussed—energy,

natural systems, food systems, educa~
tion, - and knowledge were _selezted
by a planmng graup that was repre-
sentative of the Southeastern United:
States A second forum was held in
Seattle in early November 1976.
“The Foundation regularly -conducts,
in-depth studies of major, programs to
provide the NSE Director with infor-
mation on prbgram results, mpact,
effectiveness, and conformance with
legal au.thorlty In fiscal year 1976
Battelle Columbus Laboratories com-

pleted an evaluation of three of the,

five major biome studies conducted as
part of the International Bislogical
Program The biome programs were
intended to increase understanding of
large ecological systems through
miegrated research efforts Battelle’s
evaluation focused on the extent to

hich the results were integrated or

integrable. The evaluation concludéd
that the biomes were*a well managed
* balanced e
cause research
being produced, this evaluation did
not attempt to assess the primary
biome programs,
increased understanding of”the eco-

product of

systems. Two

s
€valuations,

the

those

ffort

results are

additional
‘of,

However,

the

Inter-

national Decade of Ocean Exploration

-

still |

program .

»

’
-
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.
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and science
were under way during the year and
are scheduled foggeompletion in early

fiscal year 1977 In another area,
attention was given to studies of the

published hterature .as a means of-
This*

assessing research output
resulted in a monograph, Evaluative
Bibliometrics, completed under a con-

. v
N

.
information activities,-

S #

e
' .4
tract with Computfr Horizons,
The Foundation/ggntinued to sup-
port sand use th¢ analytical and
advisgry servicgs of the National
Academy of S¢iefces' Commuttee on
Science and Public Policy (COSPUP)
and the Nafional Academy of
Engineering’s /Committee on Public

, Engineering Policy (COPEP)

<

»

o -
.~ Science Information’ Activities R
/ -~

t

he science mformatlonprograms"

support activities to amprove the
accessibihty and increase the use of
saientific and technical information
During 1976, projects were carried
out 1n four program areas. informa-
tion scienge, access 1mprovement,
user, requirements, and smanagement
studies an% coordination *

U‘)n

information Sciente

Information science 1s an emerging
field onen\miv:/ard understanding
the processes of Information trinsfer
The Foundation supports theoretical
and conceptual research in this field,
building upon advances in related
disciphnes such as behaworal science,
computer science, and linguistics
Particular attention 1s given to
research for accessing knowledge
about more useful and: effective ways
of dpplying new technologies . for
improving access to and use of infor-
mation

During 1976 the program con-
tinued” to support work to enhance
the theoretical founa'a'pons of infog-

mation  science, Case Western
Reserbe [nierfity explored the
possibility of integrating various

competing paradigms into a general
theory of information transfer New
York University was given further
support to investigate the ihfor-
matnon*a'l gropertiesAof scientifi texts;

N '

Q

RIC

Aruntoxt provided by Eic:
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in particular, the repeated informa-.
_nonstructures of science language by

“subdisciplime  were investigated to

: provnde the basis for natural language

processing L.

In the area of information systems
evaluation, results from work sup-
ported at Ohio State University led to
a general. simulation capabihity for
research in the underlying method-
ology of system
measures Further support in 1976
extended this simulation capability
from the_basic_computer configusa-
tion to stich areas as the efficiency of
data base structures relative to the
underlying computer systeln and to
the cost allocation of computer re-
sources to 1nformat10n system serv-
ices v

The information science program
continued 1its joint support of
networking problems with the Foun-

1
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Access Improvement

.
The access improvement program

supported 33 projects to improve the
transfer of scientific Information
from onglnatars tofusers One such
project contirties tg survey technical
‘and organizationa] innovations in

. scaientffic and techhical communica-

‘performarece |

dation’s computer science program :

One project, a large-scale simulation
and gaming effort under the auspices
of EDUCOM, involves some 20
écadgmlc nstitutions. Exploration of
the ‘economics of computer com-
munications networks 1s the object of
a long-term project at Stanford
University Two other projects, at the
Massachusetts Instityte’ of Technol-
ogy and at the Unwversity of llhinos,
are intended jfo ease the'p\roblems of
access by users of on-ling, interactive
scignge ihformation network systems.

#»

11§,

re regularly dis-
than-1,000 persons

in position to take advantage of such,

innovations  Other projects were
cgncerned with  effectiveness of
abstracting and indexing services in

providing access to scientific and
com-«

technical hterature * Projects
pleted this year resulted in a descrip-
tion of-some 1,800 abstracting and
Sndexing services, an analysis of the
article overlap irf 14 abstracting and,
mdexm rvices, and a comp:latmn
of some 26,000 terms used to index
literature on epergy.

Since 1973, NSF has supported
research on the editonal processing
center (EPC), a2 mechanism to_ help
small journal pubhishers use computer
technology . to create the primary
record pf scientific'accomphshments
Tests conducted with a small-scale
EPC prototype showed the feasibility
of several methods ‘for processing
manuscripts A second serigs of tests,
1mt1a.ted In 1976, uses a more ad-
'vanced prototype and‘will lead to a
full-scale operational demonstration

Also 1in 1976, a test facihity for the
experifnegtal investigation of elec-

tronic information exchange was
completed. Several small research
communities will experiment next

year with this innovative method of
communication - .

-
,

’ User Requirements

The user requirements program

contipued to fund research designed
to encourage more effective use of
scientific and technicdl information
by _scientists and engineers This
program sponsored empincal studies,

* analyses, and* field experiments on

.
~ . 3
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Primary publishing. A protétype Editorial Processing Center, being tested as a

fast

1
the development of more user-
responsive “services. Other projects
were aimed at improving the
organizational * conditions affecting
the’ use of scientific and technical
information '

The influénce of infdfmation. use

.on tha conduct of research and the

managemegt of research-and develop-
ment was a principal area of concern
during 1976. One study identified the
information-use habits of highly

ERIC

Aruitoxt provided by Eric

preléde to a full-scale demonstration, 1s a computer-basedsystem with potential for

r and more economical publishing for scientific journals The technolog|es

* employed In an EPC may-inciude optical character recognition (OCR), text editing,
inventory control, agd photocoMposition, ’ ‘

productive’researchers apd sugge;ted

how to design new informatton
products to fill this group’s needs.
Several technology forecast proj- .
ects in 1976 attempted to find the
effects of information/communication
technology on the delivery, cost, and
use of scientific and technical infor-
mation One study assessed
feasibihty of electronic storage and
delivery of engipeering handbook
data and concluded that this wou'ld

S VAT

the ~

-

require computerizéd ) Jesign aids
Another sthdy determined that
technology will not be the -pnme
inhibiting factor in the. 1mpr0vement
of information service oo

@

. Management Studies and
Coordination

Management studies contmued to
support the collection and analysis of
economic data on the production,
distribution, and use of scientific and
techmci information. Studies were
inittated® on_the interaction of law,
economics, akd technology in the use
of copyrighted materials; the impact
of photocopying on libraries and
publishers, the development of
models to pred:ct angd assess use of
library materials; and methods to
weigh the costs and benefits of the
different klnds of information setv-
ices*

Two reports from the first year's
research on statistical . indicators of
scientific and. technical communica-
tion were recently completed. One
provides’ the data compiled and a
statement of research undertaken,

resources examined, and methods
used for projection and estnation;
the _second r?port provides _an
analysis of the data '

Support for communication and
coordination among U.S. science
information services was continued,
as was the-interchange of scentific
informgtion with international organ-
1zations During 1976 NSF arranged a
series of meetings among managers
of Federal scientific and technical
informatid§ Sevices, on such topics as
Federal ‘and private sector problems

‘in scientific and technical informa-

tion, international information policy,
and directions for future research and .
development. .

The Foundation also parti¢ipated in
bilateral international science infor-
matign  activities duning the year.
Cooperative activities were "carried
out with the Soviet Union, Japan,
Mexico, and Egypt




. information

. seven 'other agreements

Through an exchange agreement
the Governmefit Of India will help set
up a seminar on information sources
related to energy, environment, and
natural resource problems, ‘and
arrange for a serminar the following
year on .the education of science
specialists NSF  con-

\

.

tinued to serve as the focal point for
UNESCO’s| UNISIST activities 1n the
. Uruted Stafes With support from®the
Foundation, the National Academy of
Sciences continued 1ts review of U.S.
- partictpation in international science
1nf0rma lon programs and worked
‘toward

il

International Cooperative Scienee Activities

P

- >
<

- NSF has sole, or Executive Agency,
responsxblllty for 'binational

agreements relatnng to’ 4,nte,rnat10nal~

cooperartnon in science between the
United States and 14 foreign coun-
tries, and major involvement with
Research
conducted under these agreements
obtarns for scientists in the United
States_the benefits of .nternational
collaboration, including exchanges of
infofmation and access® to unique
talents and facilities For examiple,
under. the U.S -ltaly Cooperative
Science Program, NSF assisted in the
support of a joint study of the
dramatic  physicochemical changes
that occur i1n the lungs of newborn
mammals Theexperimental concepts
came from ltaly and were refined in
the. United States And under a
cooperative arrangement with
Soviet Union, both countries have
benefited from joint projects in the
field of electrometallurgy The
Sovrets are advanced in extractive
metallurgy and 1h tHe techmiques of
reduction, purification, and casting,
U.S.: expertise lies in matenals
science and materials engineering
Each bilateral agreement shas its
own modes of cooperation, suited to
the needf of the United States and 1its
partner nations ' The commonest
forms are cooperative research proj-
ects, seminars, and the visits of
scientists  to  teach or perform
research 1n the other country

’
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The U.S/ Government also has
agreemenits with several countries,
most of them 1n the Middle East, for

" econdmic covperafion NSF continyes

to contribute to the programs out-
lined by the several joint Cdrfrmissions
for Economle Cooperation that were
establlshed dgder these agreements
For example, on February 29, 1976,
NSF agreed to assist, on a resmbur-
sable basis, Saudi Arabia to establish
a National Center for Science and
Technology (SANCST) SANCST, a
central science agency, will enhance
Saudi Arabia’s ability to use sciente
and techpology for economic and
social development NSF has es-
tablished a Joint Commussion Staff to
serve as a princpal channel of
communication on Joint Commission
proglams betweeni the Founda¥on
and other orgamizations NSF also
coordinates program evaluation to
assure benefits to science 1 _the
United States and sugport for the
ob)ectlvesJ of the Jonﬁ&ommnssnon
agreements

The Foundation continues to seek

opportunities for- international
cooperation in selected regions of the
world, outside the framework of
formal .agreements In Latin America
these opportunities have involved 29
‘actiyities  1n six “nonagreement”
countries In 1976 a new program
made seven awards 1n cooperation
with four East Asian countries
Thaland, Malaysia, Indonegia, and

" the Phlltpplnes. U.S.‘

109

scientists whtll
work with tHeir East Asian colleagues
to study the productivity and utiliza-
tion rof tropical forests, equatorial
swamps, and other, resources of the
regionn that are ‘sub)ect to’ severe .
ecological stress - -

Under an award to the National
Aeademy of Sciences, the Foundation
co}r::)med to support exchanges of
schalars with the People’s Republic of
China From July 1975 to September-
1976, seven U.S. delegations visited
China for discussiong with Chinese
colleagues, which they subsequently
reported to the U.S. scientific com-
munity The fiélds of interest includ-
ed nsect control, -sohd state, physics,
pure and applied mathematics, wheat
studies, the Liaoning earthquake,
steroid chemistry, and biochemistry.
Eight Chinese delegations visited the
United States. They represented the
following technical areas:
petrochemical "industry, industrial
automation, earthquake engineering,
tumor immunology, agricultural
mechanization, natural gas, environ+
mental scxences, and |nterdlsciphnary
studies Other awards to the
Academy enabled 'the United States
to participate 1n internatlopa] scien-
tific orgamizations, including the
International Institute for Applied
Systems Analysis and the Anter-
national Council of Scientific Unions

Under the special foreign currency

(SEQ) programs, NSF can use U.S.-

ned local currencies instead of
dollars in several countries These
funds, whith must be used abroad,
are declared by the Department of
the Tteasury to be in excess of the
immediate needs ‘of * the U.S.
Government The SFC research and
related -activities program funds
collaborative sciencg projects  jn-
volving U.S. scientists in Egypt,
Tndia, Pakistan, Polana, and Tunisia.
Engineers of Colorado State Unwver-
sity were able to test clagsical theories
of flow and sedimentation in alluvial
channels by working with colleagues
of the Water and Péwer Development

v
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Water research. As pari of a’'U"S -Pakistan joint research project, scientists {left) meter the water surface level of Link Canal and

ERNATIONAL AFFAIRS Lo, &

e 7 .,

-

“take a so1l core (right) to deterrure particle size of bottom sediments The Link Canals, built to redistribute scarce water among  *~
. - Pakistan's rivers, are part of one of the world’'s most ambitiols water development projects Their size and‘v‘anety make them °
valuable fof research on the design of modern irrigation-chanpets (Photos by Kahlid Mahmopd/George Washington University )

ERI!
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Authority 1n Pakistan, where
birational teams kad access,to the

- celebsq{fd Link Canals of the Indus
or collecting their data In-

Valley
" Egypt, local currencies were-used to
fund Projects 1in historical geology,
nutrition, the improvement of science
" teaching, and the physiological-adap-
, tation of large mammals to desert
jeonditions Ingigypt and in India, local
currencies are usedtoggnd the U.S:
“portions of projects designated by the
Jont Commussions to be of high
priority to the participating countries
The S
gram ' procures translations 1mato
Enghsh of foreign techmcal
publications Those translations are
s 'reqy\ested'by various U.5. Govern-
ment;gger'a'cws and are made available
to non-government sclentists
Because of 1ts broad legislative
authornty and its professional con-

~~

FC science information, pro- -

tacts with the US, saentific com-
munity, the Foundation semetimes

respondgto’ requests to manage
progr hat are authorized and
fund y other U.S. Government

agencies One example is the Scien-
tists and ‘Engineers 1n 'Economic
Development (SEED) program,
operated by NSF for the Agency for
International Development In 1976
the SEED program supported
teaching and research actwvities , of
U.4™ scientists in 13 different coun-
tries ‘of Africa, Asia, and Latin
America "Among the subjects studied
were energy Tesources in Pakistan,
child nutrition and family planning
attitudes 1n Kenya, forest insect pests
in Chile, and the natural resources‘of
the Amazon basin. '

The international travel support
program has enabled U,S. scientists

h N . vt

to attend_ international scientific
meetings, obtain or exchdnge infor-
mation on basic research, and -
cooperate in International scientific
activities Approximately 450 inter- '
national “travel awards were made
during 1976 ' .

Science studies undertaken during
the past year to develop and widen
the international role of NSF are
continuing, with 1nitial emphasis on
establishing methodologies to
evalulte the Foundations inter-
national programs. A related pro-
gram, , dealing with selected
transnational 1ssyes of importance to
the United States, will help provide
policymakers with ipformation for
decisionmaking  on . transnational
problems It will also improve

application of research and ot:z\

scientific acfivities to these problems

1
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Bilateral Science and Technology Agreements
Number of Approved Activities in FY 1970 and

*the Transition Quarter tuly 1 to Sept 30, 1970)

Special Foreign Cu;rency Program
Summary of-Projects by*Country in FY 1976
and Transition Quarter

R Y ] - .
T . * Cooperative
- esearch
> N Visiting 5(I€n'\|>'(>‘ . Poojects .
. * o s . Foslgn S.emmars
FY FY A FY
Country 1970 TQ 1970 TQ 1976 TQ 1976 TQ .
® .

Y

0

Argentina N — - - = 1 — 3 2
Augtralias .13 7 v T - 11 8
Brazl . ¢ 2 | - — 10 ~
Rep of China 1z - - 3 2 1 .
France © 2. 1w, - - s R
Hungary R 8 - - - - e 4 1
India [CHE A e -
. lraly w001 — -3 - "6 2

lapan . & 2 3 1 25 DA R 3

= Mekio 3 - - - 2'/ — 8 3
New Zealand - 1 - 2 - - .=
Romania v o - 3 1 50—
Spamn . - 14 - - lo 1
USSR , 24 s - - o [ AR

* Total 129 25 50 5 52 11 158 37

T Ificludes awards.made bv other NSF components undér LS -L $ SR
a

foint Commission on Suence and*Technology

h

. . . .
B ‘ ,
o .- . .
’ . : . . . .
.
. -~ .
. N -
-
; .
- v
b‘ . -~
. & . .
X
.
.
'
s
L
»
L]
O

L U

.
R 4 Active
N Tranﬁlatmp
Research Grant. Travel Grant Projects N
Awards  ,  Awards Contracts
FY FY Y .
Country 1970 TQ 1976 TQ 1976 TQ |
¥ -
Burma . o 0 0 o, 1. L °© |
Egvpte 12 1 -3 2 2 2, !
India Ay .. 1 1 30 2 2 2
Pakistan R 2 .1 Q 1 1 1
Poland ~ 8. 2 *29 ERREYS ¢ 1
Tunisa . . 1 Y. 0 0 __i*;. 1
‘ Tatal 2 (_5 71 ° 8 8
- - P N .
. " -~ . P
' ’ . - S
U.S.-US.S.R and East Europe Academy Exchange Programs .
Visits Each Way Funded During FY 1976 ) y B
«
n — - .
- . United States Foreign
N Country Scientists Man-Monfhs Scientists Man-Months -
USSR )4 131° 32 . sé .
Bulgaria £ 27 3 “
Czechostovakia  » 174 56 11 55
Hungary . 10 36 14 35
Poland 18 13 5 10
Romania N 8. 26 . ® 257
Yugoslavid 12 - 30 T8 35
Germany | 5 s 5 . 5 \
_ Toal 134 360 ¢ 87. ) 302
Ed B B N ‘ P
N .
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NATIONAL SCIENCE BOARD
» . 4 ‘c (—

.

-
v

* W 'GLENN CAMPBELL, Director, , Hoover Insuttion on War,
Re?olution, and Pedce, Stanford U niversity
T MarsHaLL Hanx, Jr . President, Georgra-Pacific Corporanen,
Portland, Oreg ’
ANnA ] Harrison, Williame R™ Keman, Jr,
Chemisry, Mauni HolyoRe College
Wittiam H  Meckiwng, Dean, The Graduate School
Management, The U niversiy of Rochester [
WiLLiaM A, NiErenBErG, Director, Scripps Insutunion of
Oceanogrdph\. Unnersity of California, San Diego
*Russet D ©'NeaL (Vice Chairrman, Nanonal Science Board),
Consultant, KMS Fusion, Inc . Ann Arbor, Mich
Josern M REvnoLps, Bovd Professoy of Physis and Vice
President for Instruction and Research, Louisiana State
Unnversity .
CHARIES P SLICHTFR, Professor of Physics and in the Center for
. Advaneed Slud\ l'nnersl‘y of IHhnors at Urbana-
(hampdxgn -

Professor of

of

LS

»

"Terms Expire May 10, 1980 , ,

Jewet P Coss, Dean and Professorof Blology,, Douglass College;
Rutgers-The State University of New Jersey :

*NorMAN . HackERMAN (Chairinan.’ Nauonal Science Board),

.7 “Ptesident, William Marsh Rice Umniversity ©

% N Hussarp, Jr, Bresident, The Up}ohn Company,
Kalamazoo, Mich .

SAUNDERS Mac LANF, Max Mdson Dl‘sungunshed Servace Professor
of Mathemaucs, Eniversity of €, hxago

Grover E Murray, Unnersity Professor; Texas Tech U nnersn?

+ Complex

*Do~xatp B Rice. Jr, Presxden(. Rand Corporation, Santa
Monica, Cahf * .

L. DoNaLp Suietbs, President, California State Unwersity, |
Fullertén

*james H Zumsrror, President. Southerp Methodist Unnversity
»

LY
T Terms Expire May 10,1982,
L4

Raymonp L BffeLinchoFF, Vice President for Research’ and .
Development, Tyco Laboratories, Inc , Waltham, Mass

Lioyo M Cooke. Corporate Direc tor- (.onﬂnunnv Affairs, Unton
Carbide Corporation, New York, N Yo .

Herserr D Doan. Chairman, - Doan Résources Corporation,
Midland, Mich .

- .
* Member, Executive Commifutee

. .o st
Q

»

, National Science Board, NSF Staff‘ ‘
’ Advisory Commuttees and Panels\

+ Termis Expire May 10,1978 o ,
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Joun R Hocness, President, University of Washingto,
oVicLiam F Hueg, Jr , Professor of Agronomy and Deputy Vice
President and Dean, Insutwte of Agriculture, Forestry, and
Home Economics, University of Minnescta, St Paul
MariaN E Kosuranp, Professor of Bactericlogy <and
Immunology, University of Cahforma, Berkeley
ALexa~per RicH, Sedgwick Professor of Biophysics, Departmenit
of Biology, Massachuseus Insutute of Technology

(Vacancy) . \

Member, Ex Of/xuo'

*Ricuarp C  ATKINsON (Acting Chairman, Executive
Committee), Acting Director, Nauonal Science Foundaugn,
Washington, D C

—_—

V:ERNICE ANDERSON, Execuuve Secretary, National Science
Board, Natonal Science Epundation, Washington, D C
Id

. v

X NATIONAL SCIENCE FOUNDATION STAFF

Director, (Acting), Richard (. Atkinson
Deputy Director, (Acung), Edward C Creutz
Durector, Office of Equal Employment Opportunaty,
Herbert Harrington, Jr . e
General Counsel, Charles H Herz 4
Deputy General Counsel, Maryann B Lloyd
- Durector2Office of Government and Public Programs
Theodore W Wirths
Deputy Director, Offwce of @overnment and Publxt
Pragrams, Jack Kratchman
Associate Directos for Public Programs,
Theodore I) Drury .
Head, Congressional Liaison Branch, Patricia E Nicely
Head, Public Information Branch, Jack Renme <
Head, Communications Resouwrce Branch, Bruce R Abell
Head, Commumaty Affairs Branch, R. Lynn Carroll
Drrector, Office of Planning and Resources Management,
Jack T Sanderson .
Deputy Director, Office of P!armmg and Resources
Management, Waltoh M Hudson
Audit Officer, Audit Office, Robert B Boy‘icn
Head (Acting), Budgeé! Office, Thomas Ryan
Head, Evaluation Staff, Harry J. Piccarniell
Head, Plannuing and Policy Analysis, '
L. ¥Yaughn Blankenship .
Head, Programming Office, S5yl McNinch, Jr.
Head, Prégram Review Office, Lewis P Jones S
.Asnslanl Durector for Astronomucal, Atmospheric, Eqgth,
and Ocean Sciences, Roberf E Hughes
Deputy Assistant Dxre‘lm for Rstronomacal,
>~ Atmospheric, Earth, and Ocean Sum(ts
Fdward P T()dd '

-

A}
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Deputy Asssstant Director, Operations, Dantel Hunt
Director (Acting), Dwision of Astronomacal Sciences,s

R. Marcus Price

Director (Acting), Dwision of Atmosphevic Sciences,

Edward P Todd

Director (Acting), Dunsion of Earth Sciences,

Norman D Watkins

Drrector (Acting), Dwision of Oceuan Sciences (Rolatlonal),

Feenan Jennings, Mary Johrde

Duirgctor, Dunsiori.of Polar Programs, Robert H Rutford
Assistant Director for Biological, Behavioral, and

Soczal Sciences, Eloise E Clark

Deputy Assistant, Director for Biological, Behaworal and

Social Sciences) Vacant

Darector, Dunsfon of Behavioral and Neural Sciences,

Richard T uttt

Director (Acting), Dwision of Environmental BlOlOg};

John Brooks

Director (Acting ), Dunston of Physiology, Cellular, and

Molecular Biology, Eloise E Clark

. , . é ¥

i

Drrectoy,

. ~&

Director, Diwnision of Exploratory Research and Systems
Analysis, Joshua Menkes

wision of Intergovernmental

echgology, William Wetmore.

ctor, Western Projects Office, Sudney Sternberg

ssistant Director for Science Education, Harvey Averch

gamce and ~

Deputy Assistant Director for Science Education (Acting),

7 Allen M Shinn

Group Director, Office of Program Integration, Alphonse

Buccino

Director,

A Gast
-

Assistant Darector for Suenmechnologxcal,

Director, Office of Science and Soue’ Alexander ] Morm

*Darector, Dwision of Science Education Development and
Research, Jerome S Daen P

Division of Science Education R'sourcts
Improvement, Walter L Glllesple

Durector, Dyision of Science Maripower Improve

nt, Lewis

Direvtor, Duision of Social Sciences, Herbert L. Costner
Assistant Director for Mathematical and Physucal'.SCxences,

and Engineering, Edward C. Creutz

Deputy Assistant Director for Operations, Jerome H Fregeau R
Deputy Assistant Director for Planning and* Evaluation,

- M. Kent Wilson

Dnecgr, Diision of Chemstry, Jack B Kinsinger -
r (Aclmg),' Dunasion of Engineering, Charles Polk
Darector, Duasion of Materials Research, Ronald E Kagarise
Burector, Dunsion of Mathematical and Computer Scignces

Direc

John R Pasta

Director, Dwision of Physics, William £ Wright
AssutanlDne(lor[orh(searchApphratxom Alfred J. Eggers Ir
Deputy Assistant Director for Resean%)ﬂltralwm

) Richard J Green .

Depuly Assistant Director for Analysis and Plannmg,

Larrmlombuugh

, Director, Office of Programs and Res

* Director, Duasion of Advanced Energ
and Technology, Donald Senich

* Director (Acung), Dwision of . Advanced Emtronmenmtal
Research and Technology, Charles (. Thiel
Director { Acting ), D sion of Advanced Productun

and Technology. James D ‘(1mh|g

N
«

ADVISORY COMMITTEES
. ANDPANELS v

OFFICE OF THE DlREC?)R

PrES1DENT'S COMMITTEE ON THE
NATIONAL M:nu-or SCIENCE

John D Bdldeuhwltltr

Chatrman, Department of (. hf'nlli(n .md
Cheémical Efigineermg

California Insutute of Technology

Ivan L Bennen, Ir

Provost of the Medical Center and .
Dean of the School of Medicine
New York Unersity , A
L]
’ . R

Aruitoxt provided by Eic:

g

«

rces, Burl Valenune 1
and Resources Research

International Affairs (Acting), John V Gra
Deputy Assistant Director for Scientific, Tec
International Affairs (Acting), Thomas U
Speaial Deputy Assistant Director, lntemat

. T O Jones

5

Director of Operations (Acting), Rlchard R Ries
Deputy Assistant Director for Planmng and Ptograms (Acting),
* ' Leonard L Lederman
" Durector, Dunsion of International Programs ‘Bodo Bartocha
Director (Acting), Division of Pol:cy Research and Analyszs
Thomas Ubois
Director, Division of Science Resources Studies,
Charles E Falk »
Head, Duision of Science ln[ormauon Lee & Burchina

Assistant Director for /ldmlmstral’lon. Eidon D Taylor
Deputy Assistant Director for Administration, #
Geotrge Pilarinos
Director, Drmision of Financial and Administratie
Management, Kenneth B Foster
Director, Dunsion of Grants and Contrasts, Gaylord L. Elhs

'

~,

’

Director (Acting ), Division of ln[ormatzon Systems,

Ermihio Naranjo
Director, Dwision of Personnel and Managément, Fred K

{v Research Murakamt . !
Director, Health Sennce, Jamés W Long, M'D h
< ! @
’ L :
/
R H Bing - - Ivan Graever
Professor of Mathematics . Corporate Reseatch and Dev elopmfnl
University of Texas 4t Austin Cengr ' . * A
. General Electnic Co -
Theodvre I Cairns Yo Schenectady, N Y

Director. Central Research Department »
E I DuPont DeNemours and (o, Inc
Wilnington, Del,

Edward ¥ David
Executive Vice President, Research,
Development and Planning
¢ould, Inc .
Rolling Mcadows, 111

»

2

f Nathan M Newmark

Philip Handler (ex offhiaoe)
President, National Academy ‘of S ren*s

William D "McElroy
Chancellor .

University of Cahfornia, San Dicgo

R(‘)bg-n H Dicke T . Professor of Cinil Engineeringand Professor
Cyrus Brackctt Professor of Physics or Advanced Stadie S
Princeton Unnversity R Unicersity of Iihnots '«
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: DIRECTORATE,,FOR ASTRONOMIGAL
ATMQSPHERIC, EARTH, AND OCEAN

u(h' R. Porier - - _John M. Wallace .

Charrman, Deparfinent of Molecutar,
Cellular, and Dcvelopmenlal#ology

University of Colorado  *

Frank Press -

Chairman, Depaitment of Earth and
Planetary Sciénces

Massachusetts Institute of Technol'ogy

H. Guyford Stever
. Saence Adviserto the President -

OFFICE.QF PLANNING AND
RESOURCES MANAGEMENT
< ..
THE ALAN T WATERMAN AwaRD

~ o

(‘puurrru ~

John Bardeen, Professor Emeriwus

University of Iihinoss, Urbana £

Wilham Browder, Professor of
Mathemaucs, Princeton Unnversaty
. ”

Melvin Cahan, Director
‘Laboratory of.Chemical Biodynamics
’Umversny of Californid, herkeley

Adnan Chgmberlam. Pressent
Colorado Sit;ate Uniyersrty

‘Frank Cotion, Robert A Welh * -
Disunguished Professor of Chemxsm,
Texas ‘AkM University

Leo GoldBerg. Director
Kitt Peak’Nauonal Observatory

. Norman Hackerman, Chairman
Na,uona[Scxence Board . -
Phihp P_iandler, President
Natonal Academy of Sciences

Gardner Lindzey, Director,
Center for Advanced Study in lhe
Behavioral Sciences, & *

v

Glemml Markert, Professor of Blology “

Yale Umversny s

Ruthﬁ’am'ck Curator of Limnology
Acaderny of Natural Scxences

.

A )

Wm Phﬂhps, Decker Professor of
Science and Engineering
Johns Hopkins University

Norman Ramsey, Higgins Professor éf ’
Physxs Harvard University

P.obeft Solo, Professor of Economic 3
Mxlngan State University

Q ' /
K \ :

:

Tucsong Ariz
o i
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, ADVISORY PANEL FOR ASERONOMY

Anne P~Cowley .
Department of Asuonomy
Umversity of Michigan

fow

. Alexander Dalgarno
Harvard College Observaloq
Beverly T Lynds )
Kitt Peak Nauonal Observatory
Tucson, Aniz

"Edwatd Ney

School of Physics and Astronomy
University of Minnesota

Benjamin F Peery
Kiu Peak Nauonal Observatory

v

P A Strittmatter

Steward Observatory . ’
. Unwersity of Arizona

Wilham'] Welch

Radio Astronomy Laboratary
“Unnersity of Calrformia, Berkeley

Jack B Zirker N
Insutute of Astronomy
Unnersity of Hawan

B

ADVISORY PANEL FOR ATMOSPHERIC S

SciEnces
Reid A “Bryson -
Insutute for Environmental Studies

Universaty of Wisconsin

° Edwin F Danielsen-

Nauonal Center for Almosphenc Reseatch

|Boulder Colo N

o

Ale»ander ] Desster -

Department of Space Physics and
Astronomy, Rice Umversny

Andrew F Nagy
Space Physics Research Laboratory
Unwersity of Michigan= -

*

Joan#fe Simpson

Department of tnvxronmen 1al Sciences
Umversny of Virginia

Edward P Todd ‘

Divisibn of Atmospheric S‘aenres
Nauénal Saence Foundauon

L)
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.Norman D Watkins
«Graduate School of Oceanography

Department of Almospheru} Saiences
University of Washington

Apvisory Panry For EARTH Sciznces

9
Thomas J Ahrens .

Davision of the Geological Sciences
Cahformia Insutute of Technology

Alfred G Fischer ,
Department of Geolo%cal and
Geophysical Science!

Pnncelon Umiversity

‘Brunoj Gilewn, Chau'p;rson

Department of Geologlcal Scxences
Brown Umversny

’

John C. Maxwell ‘ -
Department of Geological Sciences
University of Texas

Thomas V. McEwvilly
Department of Geology and Geophysics
Unaversity of Califorma, Berkeley

Amos M Nur
Department of Geophysics
Suanford Umversity .

Lioyd C Pray t
Department of Geology and Geophysics
University of Wlsconsm

Lynn R Sykes

Lamont-Doherty Geological Observatory
Columbia University

Unaversity of Rhode Island

Peter J. Wylhe
Hinds Geophysical Laboratory

Unaversity of Chicago

g .
)

INTERNATIONAL DzcADE OF OcEAN
ExrLORATION ProrosaL REvigw Paner

Chnistopher Harrison

, Rosenstiel School of Marine and

Awmospheric Scxencs
University of Miami
Donald W. Hood
Institute of Marine Sciences
University of Alaska

Victor J Linnenbom
Office of Nava®Rescarch

>
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¢ Gordon Rulgy

Institute of Oc:-a'fibgmphy
Dathousie University
Halifax, Nova Scoua, Canada

Peter Taurd, CDR, USN , -

Acoustuic Environmental Support .
Detachment 7.

Olfice of Naval Research ‘

Bruce A Warren

Department of Physical Oceanography,

Woods Hole Oceanographic Instutution
o Charles D Woodhouse, Jr

Santa Barbara Museum of Natural Hlslor\,

PR .
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Apvisory PaneL For Ocr.uocunnr
;lojm Sprront

Robe{(‘ Beardslev
Department of Physial Oceanography
Woods Hgle Oceanographic Insutution

*

Ruobert &-Pouglas

Depanmem of Geological Saences

University of Southern Cahfornia
f

Louxsl Gordon '

School of Oteanography

Oregon State University

. Holger W Jannasch .
Department of Biology
oods Hole Oceanographic Insu.ution

<Dania R Kester
Graduate School of Oc eanography
Unnérsity of Rhode Island

Rueben Lasker o i
Southwest Fisheries (Znter

Departmient of Commerce —

Nauonal Manne Fisheries Service

La Jolla, Cahf

.

James ] McCarthy
Department of Biology
Hasvard University

Robert T Paine
, Depanme#( Zoology

University “ash‘mglon

»

John G Sclater
Department of Earth and Planetary Sciencys
Massachusetts Insutte of Technology
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Wilion Sturges
Department of Oeeanography
Flonda State University
‘.
A . -
SreciaL Apvisory COMMITTEE ON THE
SACRAMENTO Peak OBsEmvaToRY .~

Harold M Agnew
Director ,
Los Alamos S(nenufu Laboratony

william Colden .

10 Wajl Street *-
New York. N Y
Robert W, Novgs
Solar and Stetlar Phvsics Division
Center for Astrophysics

Bernard' Oliver
Vice President for Research and

*  Development

Hew let-Packard Corporation
Frank Q Orrall
Institute for Astonomy

U niversity of Hawan

Eugene N Parker A

Laboratory for Astrophyvsks and Space
Research
Universioy of Chicago

(.8>rge W Preston ~
Hale Observatones o
Pasadena. (ahf A

Robert Skrvanek

Arr Force Cambridge Research
Laboratories

L. Ha™om Feld

Arthur B ¢ Walker, Jr

tnsutute for Plasma R
Department of Physics

Stanfopd University

arch and

Hatold F Zisin ) '
Cahforma Insutute of Technology

Minshall .
Dt'panmenl of Biology
ldahu Slale University

Dun(an r Patten
Department of Botany and Microbiology
Amona State Unnversity N

erhael H Smith 4

~3
James M Tied)e”
Deparntment of (rop and Soil Saences
My Higan State University
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@ _/ Mchael Rothschild

B
" Aovisony PaneL ror EcoNomics

James H Blackman
Program Director for Eeor?ncs
Ndnonal Saence Foundauon

Rudjger Dornbusch T
Departmeniof Economics
Massachusetts Institute of Technology

Ray C Pdu '

Cowles Foundation for Research
Economcs *

YaleUniversity
Robert J Gordon
Pépartmery of Economits .
Northwestern University

. N -
Peter Mieszkowski
Department of Economics
Uriversity of Houston

Depariment of Economics
Princeton University :

Joseph Sngluz
Depanmem of Economics
Stanford University

Apvisory Paner For GENETIC BloLoGy
.

Laurence Berlowitz
Genetic Biology Program e
Nauonal Saence Foundation

Allan M Campbell . .
Department 6f Buological Saences
Stanford University )

Mario B Capecc
Department of Biology
Unnversity of Utah

Roy Curtiss, I

School of Medicine

Unaversity of Alabama

Bernard N Flf‘ds

Departifient of \'hcroblology and Molecuilar
Geneucs \

Harvard Medical School
Ira Herskotiuz >
Department of Biology

~University of Oregon

* Dan L Lapdsley
Depa\cmem of Biology
University of Call(omla San Diego

Ronald L Phllllps

Department of Agronomy and Plant aneucs

University of Minnesota
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Kenneth D Fartof o Brian ] McCarthy, Pt R
Insutute for cer Research | N  Departhent of Bipchemistry
Philadelphia, Pa . Universyty of Cdlifornia, San Francaisco

Robert E Pollac
Department of Maicn

Pun.osoruv oF Scmuc: State University

St
:Stephen Brush "y o O(i
Institute of Physical Science and Patnicia Speat
" Technology Department of Microbiologv *
University of Marylapd L University of Chicago  ® .
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g:‘h“:n{ F‘"‘f Philosonh . Abvisory PANEL FoR Law anp
parsment o osophy ) Soa )
Umiversity of Itknois at Chicago Circle AL Scrences .
lan Ha(kmg - ’ . Shan S Diamond
Department of Criminal Justice
Department aof Phllosoph\ L,n?a - of 111
Stanford Unnversiy . * H;ISHY o THnots .
! Ma‘rc Galanter . .
* Thomas P Hughes ¢ LawsSchool ¢
Hystory and Sociology of Saence Univergity of Wisconsin
University of Pennsyhvania . '
. ‘ . ) Alin K Klevorick .
Ronald J Overmann v Lauw School
Assistant Program. Director, 'Hastors and °  yalé University ’
Philesophyv of Science Program L *
+  Nauonal Saence Foundation Richard O Lempent
. " / > Law School N
Nathan Reingold N R Unnversity of Michigan ~ .
- John Henry Papers - . R
Srhuh.soman lnsum(gon * Sheldon L Messinger
, . . *  Center for Swdy of Law and Society
William A Wailace " « Unnerqity of Lahiforfita, Berkeley
Department of Philosephy - . -
Catholic Unnversity - _ Franklin E Zimring .
. . . Law School
« oo Universutd of Chicago :

N

Apvisory PANEL FOR Human

CriL Biovocy ‘Apvisory PANEL For LINCUISTICS
L w '
Carl Anderson William O_Dingwall -~
\Brookhaven Nauwonal Laboraton Linguistics Program .
. Arssonaleq Unwersitgs, Inc Umewsity of Maryland A -

\K . - . -
Victona A Fromkm -
Department of Linguistics .

Unnersity of California, Los Angeles

L]
Suzanne U Emerson
Department of Microbiology
University of Vnglma School »f \iedmne

hd .
. Stephen Harnson Rohkert H 1 Goddard, 1 N 1
GibbsLab  ’ Assistarit Curator -
Harvard Unwersity ) - Smithsomian Insuwnon |,
lﬂt;y E Hood t ' Roger W Shuy

Division of Biology v

, Sociohinguisucs Program’
w Cahformia Insutute of Technology

Georgetown University !

Carlota § Smuth
Department of Linguisucs
Universjty of Texas

jocl A Hubtrman .
Department of Medical Viral On(()logy '
Roswell Park MemonaLlnsmule ( N

Herman W Lcwns \ ‘Arnold M Zwicky,
Head, Cellular Biology Se(uon Department of Linguisucs

National Science Foundation Ohio State University
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Apvisory PANEL FOR MEMORY AND
CoGNITIVE PROCESSES -

* Herbert H. Clark

Department of Psycholegy

. Stanford Unuversity

.Umversuy of Kansas '

Wilham Ke Estes .
Mathemaucal Psyhology Laboratory
RocKeteller Umvérsity

Rochel § Gelman B :
Department of Psychol
University of Pennsylvania -

James G Greeno’ Te

Leamning Research and Development
Cemi&s .

Umiversity Bf Pmsburgh -

Edwin "Maruin

Department of Psychology

Roger W Schvaneveldt

Department of Psyzhology °

State Umiversity of New York at
Stony Brook

@

Apvisory PanEL For METABOLIKC BioLOoGY

Winston ] Brill
Department of Bacteriology
Unnersitv of Wiscondin-
Richard‘A Dilley, :
Department of Biological Quences
Purdue University

Alan D Elbein ‘
Health S¢ience Center
Unnversity of Texas R

Lowell P Hager

Department of Biochemistry

Umiversity of Illinois at
Irbana-Champaign

.
ankhin M Harold
Division of Research
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! - ) o LY ' -
’ Patents and Inventions Resulting from Activities Supported
" - by the National Science Foundation
N // N ’ . s . - . ’

Dunng vfiscal vear 1976 and the transinon  quarter, the Institunonal Patent Agreements for a total of 13, under which 28
Foundation received 186 mventon discdlosures and made rights gInvenuons were selected for exploitation Licenses were received s
determingtions 1in740 invenuons The deterrmnations. made n ¢ by the Foundauon under four patents and 67 patent apphcations
accordance with NSF Patent Regulations, mdude"a deaisions to - hled by grantees and contractors who had been allowed to retain {J'
dedicate the inventions to the pubhc through publiytion 1n-30 prinapal nghts in their invenuons ‘
cases, to transfer nghts o other interested GovernmentJgencies in e
7 cases. 1o permit retenuion of rights by the grantee or inventor 1n N :

22 instances, and acquisiton of nghts by NSF in Sne case At the The following U S Patents issued from research supported by
end of the fiscal year NSF had entered mmto two additional the Foundfmon,}\ ’ . '-_
/ .. . ’ : J , ' ( :
+ No ) Tule . Instutution . .
3.892.839 Process for Pn.rmmg Nitrosyl Tetrafluoroborate Massachusetts Insutute of ;
) X . i Technology
$.895.361 Method and Apparatus for Rehably Parallel Seli-Shiiung University of IThnois
Informauon i a Plasma Display Memory Panel . '
3,902,096 Method of and Apparatus for anu‘ng Luminescence 1in a Massachusetts Institute of
Cathode Rav Tube Having an Image Screen Composed of a Technology ¥ '
B Matenal that 1s Both Cathochromic and Cathodoluminescent *.
. 3.902.818 Liquid Chromatography Detector and Method 4 Arnzona State University
' : ; ’
3,902.99¢ | High Gradient Tyvpe Magnetic Separator with- Conunuously, Massathusetts Institute of
Moving Matnx . Technology
- -
3,904,501 Fluotine Plasma Synthesis for Carbon .\hmofluo?ﬁde‘s Massa(huselts Institute of
\ . ! Technology
3.911.3158 Cathode Rav Tube Whose Image Scresn 1s both Cathodoc hromic Massachusetts Insutute of
i . and Fluorescent and the Matenal for the screen . Technology »
B €
3,916,905 Method and Means for’JhQRepau of Severed Penpheral | University of Cincinnau, o s
Ve Nerves . ' z ) .
' f ’ ’ ' ;
- 3921415 Force and Torque Sensing Method and Means for Mampu- | Swanford Research Institute
’ lators and the Like ' '
R 3,922,299 Vinylic Substitution Reactuons University of Delaware
" 3,932,592 - Process for Prepanng (athodochromic Sodalite Haying Massachusetts Institute of
Fnhanced Colorauon Properues and a Cathode R¥ T ube Technology
ot Fmploying Same N '
3,931.192 Method of Detecuén of Tons 1n Solution that are Sus- Massachusetts‘Insutute of
cepuible to an Applied Fotce Field an8 Appdratus -~ Technelogy
i Therefor . . - .
- ' ¢ .
3,934.922 Aeradviiamic Drag Reduction Devices for Surface Vehicles Aerovironment -

3,935,457

. The Produquon of Radiauon-Induced Thermally Activated University of Wisconsin
Current Devices by Selecuve Punificanon of Dielectric
Solid Matenal .

v f

3.935.592 " RecorddngInstrument Adapted for Use 1n Remote Unattended Massachusetts Instutute of .
Locations » ¢ Technology )
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3,944,782 Methods of Improving the Sensitivity of an '\(Ou\ll(d”\ ® " Stanford University
S(dnnt'd Opucal lnmgm&: Device .

3,946,381 Graghic System Apparatus’ Unhizing Plasina Display ' University of Hlimows
Memory Devices with Direct Electrical Read-Out i

3.947.622 Vacuum Insulated AC Superconducting Cables Massachusetts Insutute of
- : Technology
o !
3,949,320 Minuture Crvstalhine Laser Massaehusetts Institute of
Technology
. : . . C i 4
3.950.789 Drv Ice Cooling Jd:l\(‘l Kansas State University

3,951,689 . .-\llmll Meul Sul[ur Cell with Gas Fuel Cell Electrode Ford Motor Co'*

3.952.880 Force and lorqm Sensing \lelhod and Means for \mepu - Stanford Research Institiste

lators and the Like - . N " '
3,954,585 Sunthesi of Tnfluoromethly-Subsututed Compounds Massachusetts Institute of
) - . Technology

3,961,102 Scanning Flectron \huosu)p(— Fabncaton o[ Optical Cornell Univeryty
(.rdungs ’ .

. N hd R Lo 7

3.961,997 Fabrication of Polvcrysialine Solar Cells on LowaLlost Southern Methodsst =~ ~
Substrates . Lo University

. . . T R

3,962,986 Sensitization of Radiothermoluminescence in Dosimetry University of Wisconsin
Grade LiF by Simulneous Appealing and Ultraviolet
[Mumination : ~

. - . t

9,962,706 ® Data Pr(xessmg‘.-\ppdm(us for Highlv Parallel Execution Massachuserts Institute of

of Stored Programs . 5re(hn()logv rd
4 = )

v\ ’
3.963.698 Alkviatuons Emploving In S;lu Generatons of Diazoalkane Massachusets Fnsttute ()5
-\ll\\lauon Reag( nts * . Tethnology *

. §
3,963,858 High Voltage Flectrical fasulator Madssac hubetts ﬁl}ulf ofs
) . NN . . TechnolcEy

3.961.273 ('x')mp.xu .\bs()rpl{n Refngeration Apparatus Arl\lg Induptries

- - -

. N L v
3.9635.116 Multioxymacrocstles c ‘ R University of California
‘ -~ .. ®
. 3,966, 192 Sodwum Sulfur Battery or Cell wnh lmpmwd Ampere-Hour _ gorJ_Mogor Co ‘
Capacity i M

3.967.515 Appamlus for Conwrolling Vibrational Chatter 17 a o o Purdue University
. Machine-Tool l'ulmng an Updated S\nlhr%n Carcunt *

’

3.970.471 Method and Apparatus for Fle(lm(he(nmdl Generaton of L . *  Stanford Research Institute

- o .-,

Power from (,drbnndceous Fuels . ) “Fe . .
~ : M { . - X . f “’. A . ’
3.97%.167 ", Spatk Source with Flectronic, Switc hing : Umversity of, Wisconsin

e

. ]
$,976.503. Process for Recharging Secondary Batterics ’ * Ford Motor Co

3.980.076 Method for \ledsunng Fxlerndllv of lh(" Humdn Body .Slan[dt' University
Magnetic Suscepubility C hdng(s . ] .
. -
3.98%.398 Method and Apparatus for X-Ray or Gamma-Ray $- D rr)m ¢ Stanford University |
- ography dsing a Fan Beam

3.983.507 T'unable Laser Systcmns and Method Cornell University

.
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Appendix C ., , . . . _
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’ ; L T o) T
- g < Financial Report for Fiscal Year 1976 . .
N ‘\‘ ’ B - : . . B
: .8 . - . o, .
s ’ {In Thousans of Dollars) g
v . M .
* ’ - . ' é
o f Salerief"snd Expenses Appropriation . . .
3 ' Fund Avatlabiidty 250 .
. > ?ml year 1976 appropriation ‘o $ 4%68 Q - .
- ‘ . Unobhgated ballnce catned forward from fiscal year 1975 . X )
! Deferrals catried forward from fiscal year 1975 - i?gggg .
.ot . Adyustmeés prior year 2osts N | . s,
) . F 1976 avasabilty A LN $73§921 o
’ - _ Obligations . ’ . - - -
L hema® and Dhysical sciences, and engmeering . . B 1257 .
t. Mathematical sciences . S} 2.'1)6 ‘ . )
Computersesearch  * ¢ . Y “3;%“
Physics , ) ' . . 34'650 , .
. . Chemistry . ) . X . . . .
- o + _Engneering . - P 35,848 .
Fe e . . Materals research, 3 ‘ 46123 e . -
- ' $192,265 :
a , Subtotal, mathematical al sciences, and engineening . %1285 .
: - Astronomical, atm'osphenc. earth, ocean sciences . . N
* hstronomygal sciences . « f } ;u“egf;
. , Atmospheric sciences , 27,?21 .
. ) Earth stiences T . . - o
.. . Ocean sciences ~ . Lot P
. B US Antarchic research program M o] .
’ R Arctic research program _ X .
Y ' . Subtota!, astronomical, atmospherrg, eams and ocesn scignces $219.571
‘ * .
y ® Bpioﬁcul behavioral and social scrences. - N < .
. ° Physiology, ceflular and molecular bioiogy $43694 v, .
) . NN Behavsoral and neural scinces ; : ! ;zgg - (‘
’ ~ - JEpvironmental broipgy - . ok, . .
. e 4 al sciences T . e LI
; « Sublotal, bickogical, behavioral, and social sciences, . . $109.035 : . '
e - Science sducation . . . e . ' . ' 3 .
¢ . , Science manpower improvement. * . - 82288225 ‘ P _
r. . . Science edicaton resources improvement S - 3 . T
5 . . Science education deveiopment and research , , . 1g3222 .
. - Spience and society . - e _ o3 P )
. ." Subtotal, science educatich W o~ . 362491 | L
, i Besearch applied to national meeds. ) . R - 5)5 X - . . .
L e . . BesouE rces A . . ' e . ' .
. .. Enyonment, ) 298 . . .
. A Produttivity L PN P '335 . .-
2 Intergovernmefital science and R&D incentives :.400 - R L.
o b Y rch and logf t, v - / - ) ..
, . ;ubtoul reseamh aoohed to national needs VI L . _ﬂ‘l__ .. . .
‘ ¢ Sc.mmc technologcal, and witérnational affates. ) 7 . ’
: * interngtional cpoperative sciefibfic actvities . " * ¢, S;.gg‘ N .
. . Science infymation actigbes ! . . ' z . .
o . Science policy, and planny — ,’ 8986 . . s
o' e W . h Sublotal, scientrfi¢ technological, and intcpational atfars . $22,410 . A
. Profy# development and management, - . yorss L .
ot .y @ Sublolal oblgatons | - , . o015 © .
, - ' N Mmmstnmn deterate czmef torward 1o transibor? quarter ¢ $10,000 .
, . T Unobhgated bahnceémed forward to transition Guarter ) _ $8.906 .
. Total, hscal year 1976 availabristy ‘ v .. N . $738,921 .
: . “ * « [ ’ q< N - .
- ; N 3 . ] .
“ . . *  Spcul Forvign Curr;ncy Awnw . . o ‘
' '
- - .
- 0 Frscal yasr 1976 awopm’om - “o00 A
L “. Unobhgated balance carned forward from hiscalpisad 1975 . 1298 - .
t . T Myustments ol prior yeqr costs - ) Do 4 . e, .
C o - sl WS wbity 1 - @ [ 4 R -
‘- : 3. - ° . . . s -
* N - P
i 2 g.
, ' :300m0/yur Man in the-Arctic ?;omm)v nsterrsd o the Brological, Behavioral, and Social Scrences AZhity N ., -
. . ,
] » - - ’ '
. . ‘» e L - . ’ ) -
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. \)4 e . N} . . » 1 3 e . ‘ .o ) . .
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) .
Specal foregn currency actvty  *
. Research end related activibes program
" Scunce miormation pregram
" Subtotal, obkgatons
Mm belance carmed fonmd 10 transibon quarter
Tonl fiscal year 1976 amhbmy

Trest Fund -

Fund Avarlabrirty
Unobligated balance carned forwdrd from fiscal year 1975
Recespts from non-Federal sources .

Y Fical year 1976 avmblny .
Obligatroas  +
Awommal atmosphenc, earth, and ocean sciences
Kitt Peak National Obsatvatory
Oc‘un sediment coning program
Sul onomical, atmosphersc, earth, and ocean sciences
G#ts nd tions e
Sulstotal, ' -
Unobhgated balance Yorward 10 transibon quacter
Total, fiscal year, 1976 avadlabity  *
“ E3

8
Approprugion  ~
Fuad Ava
\Tnmmon rter approphation
carmed forward from fiscatyear 1976 °
ried forwdrd from fiscal year 1976

Mamemat\cal and physical scences, and engmeenng;
Mathematical scrences - .

. ﬁﬂ research . N
try - .

Enpneering
- Matenals research
' Subtotal, Fettf@atcat and physical sciehces, and ewne'y
» Astronomical, stmasphen, earth, mdoeelnsoemei R
Astronomical sciences . .
Atmospheric scences * » ¢ . s .
Bath sciences |, - X s N
+ Ocpan scences -
US Antarchic research program
Arche research program !
Subtotal astrongmical, atmospheric,earih, and ocean Siehces
Buolobcal, Behavioral, and social .
Physiology, Mulnmr biology .,
Behavioral and neural sciemces
Enviconmental biology
Roce! scences 4 .
Sublotal, bidlopial, behavioral, agd social
Science education "t .
Science manpower improyemeny
Science educabion resources improvement
Scunce educaton development and resegech
Scmce and songty
s«m science

‘%
L
- Im;mmmw sgence snd R&D incentves
Exploratocy sesearch and lechnology lwmm
Subtotal, ressyjch apphed fo natonal noods :
Scuntfic, Sechnolopical, and iemapionsl atifrs
Internetional cooperative scentic actrvibes -
Science information sétivibes P!
* Scance mlwnom. pokcy, and punm

Spblotsl, ch technolopcal, and { mernationa aﬁws
HMM nd management ., )

Sublotal, obhgations N

o ’ -

‘
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Unoblgated baiance lapsing from fiscal year 1576 '
Admnrstration defprrats carned forward Yo hiscal year 1977
Unowhgated belance carned forward to fiscal year 1977

¢ Totad, transsbon quarter avarabity

' -
-

Speciel Formgn Currency Appropristion

Foad Avadabelrty
Tnmmolqumwwm\
Umbwmunndmvdtmnﬁmlyw 1976 -

Transibon Quarter avadabrity
- L4 b Obligations
Special foreggn currency achvity'
Researclf and reiated achvibes pwmm
+ Science mformabiod Program =
Subtotal, obhmons
\Jmomeo batance lapsing from hscal year 1976
Unouw balance carned forward to ﬁsmi year 1977
Totat, transson Quarter avatlabitty ot
Tnm Fund_
Fund Aveiiabihf”

Uoobhmed balance carned forward from fiscal year 1976
Receipts from non-Federal sources

Tnnsntquar(u availabiiity

' Obligations
Astronomucal, atmosphenc earth and ocean sciences.

Ocean sedimedit conng program
Subtotal, obkigations

Unobhgated baiance carnd forward to hiscal year wn
Total, sansibon quarter avasabrlsty

/

~

<
SOURCES FY 1978 Revised ntary Budget Schedules to OMB
FY 1978 Budget to the Congres¥— Jusigficabon of Estmates of Appropriaons.
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Appendix D - . .
. > ’ . oo, : - ‘. a
National Research Centers Conttactors N
. L A ] ' : . °
- L , .
Associated Unwersities, Inc (A¥1) . Unwersity Corporation Jor Atmospherié R:search (UCAR) i
Gerald F Tape, President . Fran(is P Bretherton, Pzesxdem
® Nauonal Radio Astrofomy Obsenvatory * . : :
David S Heeschen, Director .National Center for Atmospheric Research S
\ v Francis P Bretherton, Director - . N
<A . .o .
AUI Member Universitigs ' UCAR Member Universities l T
Columbia, University o University of Alaska ‘
Comell Umiversity ' University o ‘Anizona - ) ..
Harvard Unwversity ol Cahifornia Insututé of Technology N
The Johns Hopkins U niversity Unnersity of Cahfornia - .
Massachuseu_s Institute of Technology a'. 3 The Catholic Unwversity of Amenca
University c?f P ’sybama . DA e Unwersity of Chicago » s
P,""C"o" Unversity o , Colorado State University, .
University of Rochester ’ University of ColdRdo Y
Yale University . R -, . Comell Unwersity ’ ,
» pos ; . Unnversity of Denver . . -
Assoltation of Unuersities for I-'Gs/ﬂfr}h n “ - [l?]l::ZLLSnl::Elr:Tversny ' - ' B .
Astronomy, In¢ , (AURA) . " Harvard Unyversity C
Gulbert Lee, [:r.esxd.m( ", L . Unfversity of Hawan . *
3 Univer
Cerro Tololo Inter-American Obsenvators - * r %“;a]iﬁ:; Hr;pk;ls“l,nuem!y .
Victor M' Blanco, Diggctor . . : t niversity of IHinois at Urbana-Champaign
Kitt Peak Nauonal Obsérvatony? - L’mversny of Maryland  © -
L 3
Leo Goldberg, Durector ' " -Massachuseuts Institute of Téchnology .
. " ok ‘W(le} Universaty - -
) -7 u f Mparm *
AURA Membér Universities L . - U:::::g’ ° Michigan -
University of Arizona ) Universiy'of Minnesota ’
Cahlifornia Institute of Te(hnolog\, s Uninerdity of Missouns - P :
University of California . « Uniy, ty of Ney :
Umiversity of Chicago . - N i Institute of Mining and Technology
Harvard University o - PN New University ~
L] X 4 -~
Indiana Unwversity . « . versity of New' Yark aw‘lbany
. Umiversuty of Michigan « Ohlo State U'niversity’ v
Ohio State 'l"‘"‘“"? . + N “.University of Okalahoma )
* Pnnceton University ) regon Suite Umivetsity /
Unnersity of ’I"exas at Austin . . ennsylvania State University . .
Umversity of Wisconsin Purdue.Unwersity . U’
Yale University . The Rice Unnersuty * .
: * . Saint L.ouls( niversity . ’ . .
. C 0 . - Stanford Umiversity
. T .orne neersity , . Texas A%M Universit
N W Donald Coo’(e/.\'xce President for Research * « University of Texas ’ _
. : . . University of Toronto, . .
. /\ Utah State Unsversity *
Nauonal Astronomy and lonosphere Center - A /Umversity of Utah " . ! ‘
rank D. Drake, Director, Ithaca, N Y . Umversny of Washington P
Harold D Craft, Direcgor, Obsenvatonn . §. " Brversity of Wisconsin -
Operittions, Arectbo, PR B N o Woods Hole Oceanographic Institution L
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