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Letter of Transmittal

DEAR MR. PRESIDENT:

I have the hoiior to iransmit herewith
1982 of the National Science
Foundation; for submission to the
Congress as required by the National
Science Foundation Act of 1950.

Respectfully;

Showa

Edward A. Knapp 7
Director. National Science Foundation

The President of the United States
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DIRECTOR'S STATEMENT Vil

wus i vear of dI\L()\L‘I‘\
and excitement in

as vou will sge in the
—————= report that tollows.,
EDWARD A. KNAPP : " L totlows.
in this prclucc 1 want
Director - uen T

nons .lhoul ln( .md matter {from Hgnﬂ lh the floor of the
ocean to billions of lighv years away. They are also at the “top”
aind UhottomT of the ciarth: inothe Arctic and Antarctic.
This work is heing done hy individuals, hy interdisciplinary
teams, and by uninersits-industry consortia,

Yt will peid aRoil 1982 schievenierts i detiil in lhl\
volume: hot et me ﬁléhllghl a few here:

. l\lrmmnn —lmi v th'L Is !_I‘Ldl pnpuldr mlgrul in lhl\

dl\uplmu cin quu(u'n S0 dlrLL(]\ th pdsl present, and
future of the universe. NSE-supported astronomers
hiave now ohserved d radio source that may he a hlack
hole dt the ceiter of the Milky Wiy, They have ilso
confirmed the lhu)r\ that white dwarf stars pulxdlg and
discovered possible connections hetween sunspots

dand wedther on wirth.

Q
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science dnd technologs.,

'.\"——\i'r'pi)'rl \'\'L;ith"r <iiidiL\' near

. Hnm\phem S’ut'

why some mugor air Lrl\hu may have ouurrgd

Weiither foreciisters, dirlines, dircraft aninutiictiirers,
: ld l)(er\ dre alre: ld\ .lppl\mg the resalts of this hasic

lh it th ngglromdykng vie
opgmnb aw hok new area oi rese lth in (h \p()nldnu\u\

('hi'/m.ﬂr_r—lndusxlr_v and umvcr\'ily researchers working
topether developed a new type of chemical reactor.
I'mis memhrine i’L‘;iEiiif i§ 'ciﬁc'ci'c'dr to perform catalytie

in the manufacture of certain pmdugls

. P/I'

u(ﬂog‘/(‘eliular and Molecular Bmlog‘—llcrg inves:

;mcm nmlgrml Lxlsl'" ina suond torm-——d counterclock-
Wise douhle helix called Z-DNA. In other [_LnLlIL
research: scientists succeeded in not only introdt
forcign gene into mouse emhryos hut also m&_urmg
the expression of that gene in the resulting adults.
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VI DIMEL O3 STATEMENT

Screncs Computer Engineering—here has

heen progress i ettorts o duplicite i conputers human

Compuier

tunctions related to viston: speechs and understindimg
Language. Aready developed are robots that can

senve ther environiment throngh machime vision systems
Gitd thnich seiiors,

(hvan Sciences: Ocean Drilling-——Occanographers made
dhe surprisinge find of 1 the coast of western Mevco

thot 1lisi- prowiip. wiis- |\rnduun-' h: ictertil exist in

supethieated water conring from deep-sea b drothermal

vents. i the castern equatonal Pacific, oczan dntt
teainis doiitg peaphysical experiineits went aliost iwgee s

decp ds v er before it oceanic crust-— 1330 meters

helow the sea Hoor.

The Challenges

Certamnly tnese are exarting accomplishments, But we are

ulm aware of sonme iiaiii'h pmhlum we I.u"u ln ilit ﬁu;i
world: but l|lL\ are lmuhlg now.
Forsto we no denger have pnnugh ciciltd L'nliV u%i‘l%ilﬁ'

gineering in (hl_\

country’s unnersities .md L.O”LLL\ ,
Sceond, we as aonation are serrously undurm\ullng_ n
stite- «»l the-Gre instronments ition and tacilities i1 acideniic

Hl\llll'lmn\
Fhird. our ssstem of publie education has not prepared

umu"h hILll ~Lh|ml \ludun\ mr \LILIHHIL triining or. more

seconadary sehoolss And it will strengihen rescarch training for

I'IIIL \ludunl\ in our colleies

eiiidliiiiie seiciiee Gnd ciigiis
antd tniversities. These aare the institiutions m w hich most IUI]L-

term. fundamental research is done and in which our
future scientists and engineersiire traied. The NSk duil pal
oI inextrics II)I\ Iml\\ llww (\m

ol research and edu

nllrc.

HRTIW |h|\ \\L“
I-oandation hudgu goes for saience
The revialization of our univer
conduct research and ihlih new L'L‘iii:r‘liii)'ii\' of §Ciuiiii<l$
Ior this R

.\ .l\ L\L

X Pl.ILL\ 1o

And cngiieers is i impor( mt h.iHul

\llur .lll Festirch nMuumm tion provides the esseqtil
meins through which the scientst ashs gquestions and
gets answers from natere. ll I n! LLl]lrll mlporl m ce m the

sector, aind unn\n.rxll'
Finally. NSI expecets o see, .md hopes
cooperatior hetween universities and mduxlr\ in th Iu~

1 promote. »loxur

lLll'L. Just s i'L\'L'iii’i:li 'ri.\'u'lls'

othr S prohlun- .

\\ ¢ ha\L \Umt. ar \hl(l()ll\ (d\k\ nn our lmnd 1. Bul we cmind

prmil

for the tulurc
extitiig hisie
of greatest potulll il pmm s¢ o our tulurc ceonomic
well-bemng and technological capabilities. Other important
criteria are the stientific exeellence of in dctivity. the nded to
and muintenance

cariety of saentifie

SISGIIT fonientant in certain ku argas
ol o hroad buase of support across i wi
disciplines. )
Oiir prigrim ior the fttre will alss work (o cnsure q[mli(_\
cducation 1 scrence and mathematics in our nation's

O
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v.oenergy,
ill&‘ tf;iihL'd I

seetrity. Whcthicr it e the coniputer in the bU\lnL\\ W urld or

high technology for n: |l|onJl
\LILnlIlIL dl\u)\t.r\ .lnd ¢

]"H'ULI'H“ ot rc\urgh and training. This will assure our
ceononiic well-being and comipetitivieness ini the Worid, s well
ds 4 stable and secore defense postare:

I hLllL‘v’L lf‘ the most valid, overriding goal for the
Found: sue new and Jor the foresceeahle future
contifiiies o be ni Ith sind vital

nalion’s seience and engineering enterprise, We intend to keep
working very hard on that agenaa.




MATHFMATICAL AND PHYSICAL SCIENCES 1

gemgy cscirch i the mathematical  and
R physicil stienees his the goal ol devel:
oping i I al understini

of the physical laws that govern the world
and the universe in which we live. To further
this uh|ulng NSH supports .lLllVlllL\ in
the disc, punus ol mathematics; Lompntur
science, physies. chemistry, and mater
science. Rescirch rt.\ults m lht.\t. ficlds prof
vide the anderlving u
technological dwdopmmls upon which
our ceonomic and soctal well-being depend.
THey dlso cointribute miuch to the intel-
luuual underpinning of the hiolo 7'c.xl

environmental. and

al. and behavioral s
and of engineering. And they provide many
of the reseuren instruments ind techniques
needed for progress in these fieids.

More specificilly. 1 ch in the math-
ematical and physici ces strengtheny
the nation’s research capability by:

Creating new mathematical knowledge
dnd dppliing thit Knowledge to lichieve
o« better understanding of physical
ind social phenomena.

Deseloping . understanding of the
science thiat underlies computitional
processes and formulating the basic
prmuplu lhll A_U\Lrll lht. dt."gn ol'

\\ \lt.m\.

Advancing knowiedge of the funda-
inetiti] physical laws governing niatier
and encrgy: with the ultinuate go.ll of
achieving a unified. sclf-consistent
explination of all physical phenomena.

S(lmul.mm_ !hg dut.lopnu.nl of modern
chemistry on a broad front. including
chemical synthesis. analysis. dynamics.,
strictiire, and thesty.

e Developing i better anderstanding of

the fundamental principles. phenom-
enid. and concepts that govern the
ph I, ¢ I. and mechanicil
propurllgs of materials.

Thl\ chapter deseribes some ol the accom-
p|l\hmt.nl\ ol NSt-supported inv
in the mathematieal and phw cal \u(m S.
A common clement in the research described
is_the criticil dependency of researchers
on the .nv.ul.xhlhl) of mphxstluu.d modern;
state-of-the-art instrumentation and facili-
ties. F'rom ihe descriptions. it is evident that:

12 1n the miathemuticil scierices. there
18 a growing emphasi.. on the use of com-
ﬁi.jii.ﬂ i'iik hi.iih'L'rﬁ‘iii'c‘iI kLié.ikL'h

can h\ .lllrlhuled to the dt.\lgn ol
which simulate the hum.m

pert wslt.m
thought process.

Y. High-energy ph
the detection of quarkgnium. would not
h.l\t. hu.n powhlt. \\ch’ﬁ'ﬂ.rg no \ugh l.nul-

ihle ohserva-
a prediction
§—hiive

(CESR]. Nor would the pos:
tion ol magnetic monopol
of the grind unificiation t
oceurred had ultrasensitive detection des ices
not been developed.

4. In chemistry. the development of lasers
that produce intense radiation has changed
the “symmctry rules”™ that were believed
to ;__ovt.rn the st.qUt.nu. of events in a chem-
Thl.\ r.ndl.mon w hl(.h .lL.l\

IL..l] reaction.

posxlhlg for mulur" s scientists fo image
the configurition of dtoms and clusters of
atoms and to deterniin ¢

scientists to study structural rL.lrrdm_unv..nl\
under varying conditions on a time scale
not attidinable before.

Table 1
Mathematical and Physicail Sciences

Fiscal Year 1981 and 1982

{Doliars in Miilions]

Fiscal Year 1981

Fiscal Year 1982

Number of Number of

S Awards Amount Awards Amount
atical Sciences ........ 972 $ 28.27 910 $ 30.49
Computer Research ........... 266 22.33 289 25.74
Physics ... 427 72.09 458 75.32
Chemistry . ...........couinnn. 875 57.62 872 61.36
Materlals Research . ..llililil 766 7617 740 79.93
'i'éiéi et e e, 3,306 $25€.48 3,269 $272.84

SGURCE Fiscal Years 1983 and 1984 Budgeils to Congress-Justification ot E ‘timates of Appropriafions (Quantitative Pro-

gram Data Tables|
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5 OKATHEMATICAL

Y

AND PHYSICAL 50 IENCE"

Mathematical Sciences

iatlicintics involves the
striict

Research 1n
U stady of the formiil

n;wgl\ of e ru.ll \\nrld \l.lthmJ[IL\ is
nyuape ln d Ny rth (hc .lLll\llIL\

NHR nnrnl I

;KH\.IML und;rg_nrdml_ oI sciehce.
Mathemuatios has played a ke role in the
desclopment of phasical sciences and tech-
thes il tiiri live heeh the well-
spriing of much nuithemancs: Thus there
has developed a discipline of mathematics
k]ll'l nu nhun.m {sometimes called pure
and ore of
mathematies: which involves the modeling
and analssis of comples, real-world phe-
[Statistics, s well ds the prohi-
is nh\lon\I\

Hnology:

plicd

nomena
hility llunr\ that anderlies it
o kmd n! 'pplILd m-llhun lllu Ilm\cur

.|I\\'\\ deseribed \Cpll’llLl\ Sl.m\llu
myalves collecting and processing data
inferences

and devising methods to draw
from hmited ditid,)
Mathematical an: (I\ Sis hL

gan with the
imvention of caleulus in the l7th century;
il LUIHII]LIL\ lo attract IHOI'L m.nhun.lllu mn
hoth pure anid ..ppl' o is other single

field. Some continu

Some eontinue to work on elassical
problems with technigues that would not
hide surprised din |8th-centiiry miithe-
maticnn. others hnh[_ to hear tools from

. Geometry

maodern algehra and iope
ritns the ganiit irem differentiiil geonietry,
wliicli h.l\ applications in relativity theory
to the study of
of points
rel-

and general field theory,
planes having only finite nunihers
{shith hils, @niong other applicigons
in.l;__nullu core

memories for computersj. The field of
toundiations involves mathematical logic—
with ohbvioas reley computing
machines—and the axiomatie theory of
sets, theapparent paradoxes of which have
stinidlited sonie of the finest matkematies
of the 20th century. .
Algehra and topology are inextrivahly
mied: tools from cich hive heen dpplied
to the other: and the quest for niore tools
has_then inspired substantial advances in
hoth fields. Modern algebrg focuses on
the stidy of midtheniiticil stractures such

evance to the design of

viamnee to

Aruitoxt provided by Eic:

These strue-
1o stiidys

;i§ gm’up; hi'o"dul'ci .liid 'riiiii;

lhun——'nc |m|[_hl lnm olhc
s algehrie geometry

. Topulugs S, S0 to
-4 refined kind ol geometry coneeried

areas of

spe .ll\
with L_Lomulrlu propcrllm that do not

depend on dist
NSI7S role in UPP"[‘, of h

in the mathematieal serences is pivotal. The
lound.mon pr(wulc \lrlu.lll\ .|II ol iHL‘

In upplu%} Vln.llthln;l!lLs. proh;lhllll\'. and
stitistivs, the Foundition gives approxi-
ni: I(LI\ 10 pcrccm ol [hL lol.{l funds for
ese areas the
Dcfcmc. and Energy

programs ol NS l'
are Lomplenientiry.

Rescarch in the mathematical scienees
continues to thrive under an cexpanding
speetruni of stimuli from other diseiplines,

Withiii the field: one of the great themes
of mathematies today is the growing syn-
its parts. ociiations huuun

s such

thesis of

di Opol()}__\ md a

ire offering unc\pu

coneentrating on nonlinear prohlems has
\I\Ll\ \hurpgr moduls for users

led to progrc'
Of Aithemiit

nmd w buomc amejor duxlopmum——
is the growing use of computers tor scien:
is true both for

titic computation: This
applicd mathematics and for interactive

computing in statisties and in pure or core

mithematics.

The lollnmnu sections deserihe some
n which major activity s
Iong ciach of these n

of the are

'hﬁLfL‘ :

12

a shord L'llL'L'RIi§i ol properties Kiiowi to
[ his seemnied
In tact,

he enjosed h\ stcli spheres
imnocent enough at the tme.
Poincaré onginally made the conjecture
for the three-dimensionil \phurc {the suirface
of i solid four-dimensional hall}: but it

wis shortly géhcr'lllzcu (n lhmc ol' any

higher nun

prititel v increiising the LllLLkll\l 0] proper-
ties. (The conjeeture is trae and not difticalt
for the two-dimensional sphere—ie. the

£. solid, thrve-c

surfice of an o

()\cr the neat half-century the Pomcaré
'yomulurc rcsl\lcd .lII L“Ol’l\ at pronl
Sever:

punctured; and a L_rcn houy of algebraic
and other techniques for domg topologs

evolved. Finaly, it dhott 1960, Stephien
Sm (IL [nm\ at th l ”I\Ll’\l(\ nl ( .|I|!nrm.i

of lhuc techniques in a way th it clearly

did no( ;|pp|\ to th lhrc -or lnlll’~\perL

of lhc Unive r\n\ of ( .lhlnrnrl I I)uLn

settled the four-dimenstonal Poincare
conjecture. IromuII\ breedmiii's result
now ledves open only the onginal three-

dimenstonal Poincaré conjecture,
! rudm.m \pronl is . \\Ll. .md hl\ luh—

to prools of |mpnrl.m( rcl.llul results. The
techniques he uses draw upon two distinet
truditivns in topologs. Ofie, deeonipositio
spaces; conies from the Texas school; de-

Moore via R H. Blm.

seended from B L.
th \LL()l]d )

and others.
niques: {3 1

in 1973‘

rece ved hl\ PH.D.

of the Simplex Method

-\mong lhc many mulhcnmilu‘ul con-

! s the dcvclopr
L_r.lmmmg .md s .lpplu lmn (n bovist

ar pro-

cullcd simplex method for wI\ing such

prohlems.

management. This management: or L|LL]\IHH
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muikiiig, iy pertiin to petroleaini-prodae
distrivutio 1 automebile production, eco-
nomie decistons, diets, tralfic control, or
any ol a Host ot probleiis |n\nl\mL i lirge
It is further wmplx-
cated Dy constrinnts: Factories can produce

whaitever

pitiiiher of virnibles

ondvoso omany umits each day,

their prodacts: runwiis cin ha

<o mam planes each hour, fcg;lrdlcxx ol
their size.
P lincdr-progriiimiing sitditions, it cin
the maximum level
ol ellectiveness (quality, profit, equipment
dsel enists. W here, i principle, vng shotild
lOOK tor thie best choices i dlso Known
Dantzig's \H]]PIL\ method does better thun
that; 1t provides o computational roadmap.

ilw:ivs be shown t

P ollowing i <equence of relitively easy
it can caleulate aeeurately
thetr resourees should be managed

SIEPNS those Lsing
hl\\\
and what thar
ness will be
Fhe mpley method is ide
u;c ;m uinihtilcr&. i muany very large scile

evpected maximuim effeetive-

iy suited Tor

the time it tikes to pracess i given pmhlun
ables nvolved.

m terms of the number of va
Foicvimple, il tiethod processes i prob-
leni 32 misiuies and o
probicm with 1) vartables in 107 minuates

Soohboaciriiibles i

MATHEMATICAL

It o the o(hgr hand; @ mulmd reauires

3 mmulm for a prohlun \nlh Ivarn 1hlu

AND PHYSICAL SCIENCES 3

Surprisingly, some of the new methods
as worked on Tong apo by

relo e tooar

EHI \g\\lon

s el I\Il\ aee

Exampies have been given o show that
the \ImplL\ nklhod MY require expoiientiil
tiiti 1 an be very \Im\
But in practice this nhgniiih(nnn neve

oceurs, The simplex method iso in fact.
very fist.
In w fairly recent manuscript. Stephen

Smuale of the University of Calitori,
Berkelev, using the redisoning of probi-
bilits the expluined the method's
éi'i'&incng s,

}k \ho\ud lh i lhc chances

or\

r\rohlun 1or which the \|mplu< muhud
\\ould require more than polynomial ime
are essentially nmil.

ExXperiviiced users of the \lmplg\ method
hi: ave

e felt lh 1 l}u Hinc ldeLd Ior u)mpu-
nl vari |hlu This is referred to as |mg r
growth Snsle’s resalt shows that on the
average the simplex method is even better
than that. In lict. it grows more slowls thin
il power of the number of
than the

iy friactio
variables—that s,
t. cube root.

more \Im\l\
lourth root.

cte.

square ro

Computer Smence

RIC

TR ma f\\ ﬁ(iiiitéii (;m ih th
Jacob Schwartz of New York l/m\gr\m
this Heritige ol ideis hi
the dey Lh%[ﬁhlgﬂl of computing :
i i;iinhlti ATE CUSY lii L'llc.

practical

Activaty

uplu of Bnnlv:m .llthrl created |

the 19th century,

I%n(h th unnur\:l pmwhnlmu ...|d

d

of Alan lurlm..lnd Kurt ¢

del.

T

Renaissance algebra and 19th-eentury
work on idatrix algebri eontribiited

.

Ai_

essetitiiil coneepts ind notations tow ard
developing the computer fanguages
FORTRAN and APL.

. \ntmn\ .md luhmquax drawn from
¢ been absorbed
e h_\ C nnpulér science und
ii i'LiiiiJ?iiiiéiiiiil to_the design
v oalgonithms

\\ hl)lL.
h.n be

In turn. lhc voung ficld of computer
kci iitt h'ii Hi:guii tii exert hriil'iilihii

brinches of mathematic
IMErCAse iy compuler scicnee m
lirst and most uhvios dred I8 i iiiien
i h.l\ hun ruolnlmm/ui hi lhc

ily

LLlell .lll_orl(hm dulyhdnd dndl\sx\

by Lompmu h s revived the study ofwn-
structive methods in algebra. It has also
dv.cpcngd urldgx‘\l.mdml_ of luhmqucx for
ig out gwen such classical processes
as polynomial factorization.

Research in computer seienee hiis never

betit more exciting thil : Ad-

vinees in very large seale integration [Vl ST
presented new

technology have
faiid vpportunit
\011\\ e, Jnd h lrd\\ xrc,,

L!rq,lll
chillenges
(hu)rctu lI
wearch,
for universities, Ior lhc lnxl nmc sthice th
’.lrl\ 19305 1o hggomg active < p: lrluip'inls

it lhn has unleashed mugh

environ
cres m\ uurz_\ among ac ldmm reseireh-
ers.

TCﬁTC

\ndthu lllus-
trite i lew of the Wivs |n \\hILh bisic

research in computer seienee is solving
both theoretical and practical problems.

eapturlng Human Expertise
Systems

ave been devoling
cifort to problems
Ckinowledge enipi-

nd

i this ared. lhg term
aeeriig” hus he
process: the computer programs equipped
with hunuian espertise have been called
Texpert systenis.” Typically? an expert
system sill follow problem-solving pro-

i used to deseribe this
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cedures used hy human experts 1o help
noneyperts solve complex prohlems.

To be Useful, dii expert system must
hive a l\l]t)\\lLdLL base and i inference
procedure. The knowledge hase consists
of ficts dnd hedristies {rules of plausihle
r rulm of good gessing]

reasoning

assocrated with a prohlem: the inference
procedure 1s 4 complen controf structure
tor usiiig the Know ledge hase to solve the
problem The  salis to achiese a perforim-
ance vel Cowgorahle to or surpassing
lhll of a4 hunian expert.

1o dite; comiputer systenis hive hun
developed 1o case prohlem \0]\1!15 in i
variety of Aknowledge-hased areas. At Stan-
ford U niversity, for example, a4 team of
researchers led hy Edward F cigenhium
Fas come up with expert systems 1o gid in
medical diagnosis, formulate rules of mass
spectrometry, and dnalyze dita in protein
Ll'\\lil”t)&_rrlph\

Ru.n nt »\orl\ h\ Righ ird Si iiiﬁi;ﬁi Jhd

tute ol 1uhnolop has produu:d Lompulu

\\‘\le\ lhn can J\\I\l n th hlgh IL\L]

.S.ugrdon has hLLn »\orl\m& 1o dev e}op com-
pmtr §i§lL|n§ i'iir i.iini'riil'liiig rohots that

""""" “huniin expertise”
when pI mnlnk and L\L(_Ulll‘lb complex tasks.
~ Thereas also progress in duplicating
humin functions in the areas of vision,
speech: and |.H1E.U.l?_L onderstanding.
Edward Riseman at the Universiy of
\hxxuhusulx /\Irlnl Ro%gn!gld at th

at l’urdua have |Ld ruurt.h pro;gcu on
programming into 4 computer sensitivities
to depth: space, texture, @nd niotion.
At Carnegie-Mellon University; 3 groop
of scientists led by Ry Reddy. has made
significant progress in building knowledge:
hased systems to understand hamr speech.
And at the University of Pennsvlvania
Arivind Joshi and his research team have
hun musllg.mng ways for the compiuter
to understand and engage in natural lan-
guuge discourse. In a sense, the hey idea in
each of these expert systems is to put knowl:
edge to work for specific haman endeavors.
As the field advances, new _problems
iand issues continiie to challenge the research
community: For ins1ance; most scientisis
now Jgru that the power and perform-
""" an cexpert system come from its
l\nowlgdu basg; fiot ity inference procedure.

The critical issues concerning knowledge

Q

Aruitoxt provided by Eic:

are”’ Hm\ dou ulie dcquire it from human
and “HOW i we

L\le’l\ or nature”
represent it in the computer?”™”

Ciirrent efforis to solve these prohiems
have heen alofig the lines of developing:

* Smart editors that help enter and
modify data on l\no“ludu

o A |nld||ggnl interfive heiween the

humun expert and the coniputer. to
case the transfer of knowiedgr

° A lL arning system chat can ainduce
facts and hearistios Iroin cnamiples or
other ,“;“i_‘:,k,\

H: |rnuxmk and extending these rescarch
efforts will hive i nigjor impact on future
imnovition 1n canturing hamian eXpertise
in computer \\\lgmx

( omhmalorus deils with the arrange-
ment; grouping: ordgrmg

finite sets of objects. Traditionally, com-
b'ihiil(iri;ili.ﬁi.i \}\”cr:c L‘dhi.’crziéd with hrdHthi(\

m.m\ fu.mblg arrangenients ire thrL

In probiems of fc bility and optimiza-
tion today, the existence of a feasihle solu-
uon is generilly not in question and the
numher of feasihle solutions is irrelevant

and selection of

What iy important is testing feasihiii
elticiently, or finding an optimal solution,
whether it hie one in 4 handred or one in
an effectively infinite nunmiher of possihil-
ities. Hencee these are essentially compu-
tation; l| quaxlmnx

lhursgqugnu ng Jnd \thdullng of m.uhmu

dhd work crews, ngn one s LUFICLI'FILd
to activities l\nm\n s
i 1o get a schedule that s
SOMIT sense—for exdmple,
johs done as soon as powhlg

Under a Foundation grant, E. L. Lawjer
of the Uiniversity ol Californid, Berkeley
undertook #n investigation of machine-
scheduling prohlems. One ohjective was
1o develop hetter computational technigues
for solving these prohlens: Another din
was to apply the modern theory of coni-
putational complexity to this broad class
of prokileris i dn effort 1o ddwf\ them
according to their inherent compatational
difficulty.

Working with Wo Duiteh collahorators.
J K. Lenstra and A'H.G. Rinnoy 1\ i
L. aler developed a svstem of classii
for niachine-scheduling prohlems. it encom-
passed some 5:000 specific problgm lypes.
Using the computer in a novel way as an
aid. they classified the individual problems

Johs.
"dﬁiihi;ii"
to get all the

PROBLEM 1:

HOURS:!

DEADLINE 6 HOURS AFTER START OF MACHINE

JOB 1
TIME TO COMPLETE JOB—4 HOURS

JOB 2: DEADLINE 5 HOURS AFTER START OF MACHINE
TIME TO COMPLETE JOB —2 HOURS

JOB 3: DEADLINE 7 HOURS AFTER START OF MACHINE

TIME TO COMPLETE JOB—3 HOURS

SOLUTION: ANY SCHEDULE EXCEPT FOR JOB 3, JOB 1, JOB 2, AND Jaé
1, JOB 2, JOB 3 HAS EXACTLY ONE LATE JOB. THESE TWO
. SCHEDUI:ES HAVE TWO LATE JOBS:

SOLUTION: JOB 2, JOB 1, JOB 3 IS THEr UNIQUE, SCHEDULE WHICH
MINIMIZES THE TOTAL HOURS LATE-IN THIS CASE, 2

14
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machines with ditlerent .\;;cud.\. Ihis ﬁfn—
cedure is the work o Co U Mortel. hiii'\,;ii
the University of Cahforni, Davis dnd @

coitvestigutor with Lawler on his :'\SI
grant: it turned out to have very wide appli-
cabilita. The procedure suggested a gen-
crilizition of the chissicil network flow
model; one of the basie tools of conibini-
toral optimization. This new model should

ant md L.\t‘ﬂ“ iiiiil iii 'u”n'il'i‘ iﬁutl'

tceotdimy to compleso s wath aboat X0
poreeni tound computationally ditticult
And dibow 10 ;icrcunl L'iinihul niiin illi L' i§\
Was apen

e the course of resolving as many of

e Opeii probleins G p«)\\lhh. Uit teain

developed o number of new wmpul ional
One of the
Wors oW 1o selve s probiem imvelving
schedulinpg of pirialicl

procedures, Most interesting

hL RtH Ll '1,

the "preeimpiive’”

the interaction of nucleons at intermediate
distances. At longer distances the older
meson-exchinge theoties dre stll vonsid-
ered valid for dugnbmg noeeleon inter-
action, and _the more recent quark-gluon
theory is gadining acveptance i very shori
distunces. However; since neither approach
can deseribe the interactions at intermediate
distances, scientists are striving to design
experinients thill dre sensitive 1o this triin-

In s search tor fundamental laws gov-

cring matter and energy, the scienee of
phEsivs Gpertites ooer d scile thit eiicom-
passes the most elenert: i and mininscale
constituents of matter and the lr[_gl .1;__1:&—

patioi lindgiin lhlL—th universe. Phy QiLiiiQ

«)m h: l\Ld on dlel'Ld

Nt . llIllllLd lhu)r\

sition region.
/\iiiiiiit ii]iiitcijl;ik. and bid%iiizi 'p'h"\;i'ci

and In\\ -energ
molecular, and pl 11 ph\ NTES L_r vitation: l|
and theorctical physies. The first

of lhclr combinations Into_ s plc,.lloms
and molecules [neutral and ionized): and
the interiction of those atoms and mole-
cules with one another and with electro-
deI]ClIL dnd olhcr ﬁcld\ lnLlude for

physics:

of these studics the most elementiiry Iorms
uI m. er |l nlu'udu \L.ll’LhL\ lor LlLITlLIH 14%

mto lhrcc 1lml|l&. Icplom quarks md
the gauge particles fearrniers of the forees
ol iitire, iiicliding photons, hypothetical

miermediate- \'ccl«)r ho\'ons; andg Eluon\']'

s_\mhrolronr mduuon. Moreovcr ion
SOUTCES; 10N trapping; ma EcLrometry.
high-vacuum technology. and facilities
developed originally for other disciplines
are miking new cxperinients possible in
atomic collisions and plasma physics over
a broader energy range.

qre ¢ llldld e 1«)r hii'uhd \ldlL\ of two Grivitationil physics focuses on lhc
consequences of Newtonian and post-
Ngwlom.m lhu)rlu of gmvny L\pLLId“V

heen ohsgr\ ed:

Nuclear scienee, which includes inter-
mediate and lowsenergy nuclear physics,
is the study of nuclear structure and dy-
namics and the effects of the substructure
ol mulmm .md prolons on the charac-

""" . One drea of

mx;:mlé into ;_.mvuuuonal rcswn,h bringing
m.w and powulul chhnologlu lrom olhcr

Lhdlléngq facmg physlu is the dcucuon

coming decade, cfﬂ)rls to devqpp grivity-
wave detectors will malure causing a major

)

current L\le’Iﬂ‘lCl‘ll il interest centers on

b
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transforniation of both the tools and results
in this Nield.

Finiilly, theoretic: il ph\ ISTENTS th fraie-
wark lot LlL‘I]]CH(.lr_\ p.lr[lLlL. naelear; and
atomic physics. Two of the four funda-
iht ii’c;ik and
gh’

iiiL-iii-il i'iitL‘t% iii' ii-iiUkt

(lhc slrom_] erc produum_ a g__mnd uni-
]lLd lhuor\ hd\’L‘ lLd to lhc prolound prc-

N¥: i'"|lil\ the proton, is unstable.
Theorists hope to join the gmvudlnonal
force to the other three: they are exploring
the possibility that the very high energies:
where the forees become unified, can be
probed by looking for mruphyﬁca’l L‘Vi-
dence of events at the origin of oar universe:

Some recent results in NSF-supported
physics work are highlighted in the pages

thit follow,

Quarkonium and Gluonium

One of the snmplut sysiems for investi-
gating the nature of the strong forez is
bound state of a heavy quark and its anti-
yuirk, often referred (o ds quurkon .
During the last several years: exciting
results in_high-cnergy physics have come
from studying quarkonium it the Cornell
Electron Storage Ring (CESR) and also
from using a large detector called the Crystal

Bill. The latter has been at the Stinford
Lincar Accelerator Center but moved during
1982 10 DORIS: u higher-cnergy storage
rmg al lhc Duum.hc hluklroncn-Synchro-

The Iundammial forces of naluru——classn-
fied according to their relative strengths—
are gravitation, the weik force, the elec-
tromagnetic force; and the strong force:
Recently; the weak and electromagnetic
forees have come to be recognized as one,
cilled the electroweak force. The strong
torcc demlLd by parlulcs Ld“Ld gluons.

common quarks—up down and xlmnge-—
were joined in 1974 by a fourth called charm,
which had been hidden in a newly discov-
ered parlu.lc called the psi (a bound state
of a charm quark and its antiparticle that
is sometimes referred to as an example of
chdrmonium).

In 1977 a particle called the upsilon was
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A Crystal gglthResearrcher assembles the Crystal Ball detector, formerly at the Stanford
Linear Accelerator Center in California and now iocated in_Hamburg, Germany. In recent

years the use of this detector—an array of 730 sodium-iodide crystais arranged symmaetri-
cally. around a central hole—has produced some exclting rasults.in high-energy physics. A

Key feature is the pre

lilinois:

erator Labordlor) in Bul‘ivm;
Later this particle was interpreted as a
bound state of a new heidvy qudrk and its
antiparticle; This new quark was named
bollom and the upsllon was the first exam-

are mesons and thus are similar to lighter
nmiesons such as the plon whit:h i§ 51156
composed of a quur .
important difference 1s ih‘il in pions the
binding encrgy of the quarks is large com-
pared to the quark miss, whergis for the

psl dnd upsllbn lhc reverse 19 trae: As

spu:ds close to that of hghl and must be
treated relativistically:

Q

RIC
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on with which the Crystai Ball measures the energy arid direction of
a photon (a small quantity of radiant energy).

_ Thie complications of ihe theory of rela-
livity can be ignored in considering the

states of charmonium and bottomonium
where the quarks move more slowly. Indeed;
a rich spectrum of states has been predicted,
with transitions taking place from those of
higher energy to states of lower energy
with ¢ n of a photon. In this way
qﬁarkonmm is similar to the simple hydro-
gen atom or to positronium; a bound state
of dn electron and positron, Similarly,

studies of quarkomum are reveuling the

nature of the interquark; or strong; force;
Trdnsmons from one chdrmomum state

been observed; most of the exhaustive
ddld commg from ex] enmenls usmglhe

‘ 16

Crystal Ball is the precision \ulh »\hu.h
th Lngrp .md dircetion of the photon

using a dnvu.c Ld”t.d lhn (,ohimbid Um-
versity:- Slon\ Broo[\ [CUSBi dglu.lor

be ible lo obscrv; olh&.r bollomomum
transitions.

Finally, although the interest in quark-
onium hs been based on the close parallels

withi positronium, there is oné wily in which
the strong force and Llulromdgnellc force

differ. thrcds pholons—lhc carriers of

th each other; gluons——lh;
carriers of the strong force—can ard are
expected to do so. Bound states of gluons
are called giueballs or &,luomum

A spectrum of gluonium s expected.
Recent data from the Crystal Ball have
revealed (wo strong possibleé cundidates
for gluonium: the iota and theta particles:
These sldles were obs&.rvcd in psi decays

d before more definitive
statements about the glucball nature of
these new states dre possible. At this writing,

though: the prospects are good:

requmng any cxlcrndl perlurballons excited

atoms emit photons and pass to lower
energy states. nuclei and molecules split
Up into constituent pirts; and elementary
particles decay into some set of other ele-
mentary particles, most of which will in

turn undergo furlher dewy Desplle lhe

decay is constant; with the value of the
constant depending on the system being
studied:

Our best understanding of this process
comes in systems, such as atoms, where the
process is eleciromugnetic in origin. In that

case; the theory of quantam electrodynamlcs
(QED) can be used. QED does tell us that
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muon = elementary particle with a mass about 200X an electron’s
NaI = sodium iodide; in layers .

CUSB detector. A schematic view of the Columbia University-Stony Brook detector shows that it is essentially split into four quadrants. This
deteclor. along with Cornell University's electron-positron storage ring and the Crystal Ball described earlier; is an example of the modern
instramentation that scientists increasingly rely on for advances in their work.

unstabie particles can decay with the simple
time_dependence that is observed. However,
QED also indicates that many other type:
of time dependence should be possible;
Since no other type of decay has ever
been observed, it is possible that some
cct of the QED theory of spontineous
decay is incomplete or incorrectly under-
stood. Because QED is used as a model
for theories of weak and slrgng|nterdcl|ons.

and because systems that decay via those
interactions (nuclei and elementary parti-
cles) seem to do so in a parallel fashion
10 atoms; it is important to wunderstand
more fully the implications of the QED
theory of spontaneous decay.

RIC
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Even more generally, spontaneous decay
is_an aspect of one of the central conceérns
of modern physics—the study of irreversible
processes, There are intimate connections
between the clementary decay process and
thermodynamic irreversibility, but in gen-
eral these connections have neéver been
tested experimentally:

Fundamental experiments on spont
ous decay are hard to carry out. The decay
resalts from an interaction of the atom
(molecule, etc.) with the electromagnetic
vacuum, and rescarchers generally have felt
that the characteristics of the vacuum could
not be altered. In 1982; however; Daniel

Kleppner and his associates at the Massa-

. I 17

!

chaseuts Institute of Technology showed
experimentally that Lhe electromagnelic
vacuum can be altered, opening a whole
new dred of résearch in spontanéous decay.

_ This new work is based on the known
fact that a cavity can alter the distribution
of photon states from its free field valie.
For example; an atom in a cavity having a
broad-band response to the atomic decay
freqiiericy should decay more rapidly than
a free atom: And an atom in a cavity that
does not respond to the decay wavelength
of the atom shotuld not be able to decay.
The difficulty until récently has been

that cavities could not be built to respond
to frequencies corresponding to likely



ERI!

tication in th production of hlgh cxulcd
stites of dloms hus made it possible o
find very prohahle atomic decays at wave-
lengths where highly-tuned cavities can
he produced.

tlsmg this. teuhmque the MlT group

work will he directed toward efforts such
as (1) direct ohservation of inhibited, and
eventually liirhiddbh spontdneous di:i:'u'\"
and (2) a transition of the generdlly irre-
versihle decay process into a reversible one
when only a single cavity mode interacts
with the tom.

Detecting Gravity Waves

Gravitaton » the first physical force
for which a fundamental theory in the
modern sense was developed. Isaac Newton
described gravitation s 4n dction-at-a-
dm‘mu, foru. L‘(LrlLd hgmegn panrs of

1wO centarics Nuston 5 tht.ory wis lhe

paradigm for developing theories of other

physical phenomena.
rim’;ird the end of lhc last ©

murv hme«;

lhu)r\ ul Llcuromdl_mlu phunomcna To
do this; he hud to abandon the previous
modg ol dL\Lrlplmn dl‘ld use .1 new one. In
vsicil

phummum force fields chmre mdcpcndenl
d\ndmu,dl dggrgcs of frcudom lhal can

In 1905 Albert Einstein concluded that
Nc\\ mm;ln mcchdmcs had to be revnsed
\pLthI rdal:vny was 1ot companble with
New ton's formulation. The general theory
of relativity, which Einsiein published in
1916, incorporited the successes of New-
tonian gravitation theory with regard to
the motion of the planets. It predicted.
however. three subtle deviitions: a slight

deflection of m;i'hght as it grazes the sun:
the precession of the perihelion of planet

Aruitoxt provided by Eic:

shift to the red of the
spectral lrcqucncxcs of light emitied by
dtoms on the surfuce of the sun: All three
effects were observed and are as predicted
by. lhc new lhcory

riew theory ofgravnatlon has been largély
uncxplorcd lhal lHe idauvnsue gravnalmndl

dcgrce of freedom which can propagate

energy. momenlum and angular momen-

radiation must exist, but form fible tech-
nologicul obstacles have impeded the obscr-
vation of this effect. To observe the gravi-
tational rudidtion produced by the explosion
of a supernova in our galaxy, it would be

ncccxsary to detect the mollon of one cnd

rucy. of bcllcr lhdl‘l one-ten thousandth of
the radius of a proton.

(;roups dl Slanford Umvcrsny lhc Um-
Umversny expect (0 attain such incon-
ceivable accuracy in 1983, There is also
an expectation that, within the nexi severil
: detection devices ander development
at the California Institute of Technology
and the Massachusetts Instituite of Tech-
riology will be able 10 observe motion no
larger than one-millionth of the radius of
a proton. This will open a new ‘mronomlcal
wmdow on lhc universe, since gra itatio

Nucleon Decay

~ Grand unified theories: which try i6 unify

ber of exolic phenomena One of these is

nucleon decay—the spontaneous disinte-
gration of a proton or neutron in an atomic
nucleus into lighter particles. These would
include electrons or related p;mules

Nucleon decay for Wthh minierous oX-

searchmg. would tend in the long run o

th d of th un
ll
to exist.

Another striking prediction of grand
unified theories is the magnetic monopole—

a particle surrounded by 4 magnetic field

that decreases wnh dlslance from lhc center

charge whlch is sarronnded by an electric
field that decreases with distance from the
charge. While particles which dre approxi-
mitély point chirges abound in natore; no
magnetic monopole has ever been gefinitely
observed. However, excitement has been

generated by the possible observation of

such a monopole by Blas Cabrera in a
Foundation-supported _experiment atl
Stanford University in 1982,

A recent discovery i that the magnetic
monopoles predicted by grand unified
theories should act as catalysis for nucleon
decay. Thut is, when a monopole strlk S a
proton or neutron; it should cause that
pdrudu to disintegrate instantly. A mono-

olc passmg througn a Ia'ge detector in

decays were being sought, would suddenl)
cause a whole string of such disintcgratigns
in nucleons about one foot apart.
prediction is based on theoretical work by
V. Rubakov in lhe Sov:cl Umon and NSF-

Prmumn Umvcrsny Rclaled important
work on monopoles has clso becn done by

All this rescaruh his shown lhdlrlihe two
stnkmg predlctlons of grand unified the-
ories—magnctic monopoles and nucleon
decays—are actually related. It has dlso
opengd our eyes (o the extremely rich struc-

ture of the magnetic monapole. Close 10

its center. this monopole possesses not
o['lrliy 4 mugnéetic field bui a complex cloud
consisting of exotic forms of matter and
energy. It is this rich, complex structure
at its core that enahles 4 monopole to cat-

alyze nucleon decuy:

Chem

mistry

Chemical reactions involve the change
of one substance into another. Such changes

H

hves. from the w way our bodies sustain us o



mechanisms
products. Ne:
can. react in di'\iérﬁsé;\&'uyk to yield several
different prodiicts. The power to control
the voteonic ol 1 chemical reaction—a
vital concern in ull areas of chemistry—
involves the abilits to manipulate the pos-

sible reaction pathways.

The conflicting necds_involved in gen-
erating 4 reasonably rapid bul specificilly
sclective chemical reaction producs some

of the most important iemand: on the
chemist’s expertise. This is true whether
the d catalysis, photoc hemistry, elec-
lrochcmnlrv lhcor\ or any of a mululude

lmn of new mdlermls with dlmosl any
conceivable predetermined property is
comrng closer to reality: This is a resalt
of progress in metal complex-ion catalysis
and i new ciperiiﬁehml t'e’chh’i'queé §u"ch'

ph()ll‘LhLmI\lr))

New abilities to determine the COmposi-
tion and structure. of sohid surfaces have
Lt.ncrdlt.d Rno\\ledge lhdl can be dpphed

that most practical applications can be
anticipated. Light can also be used as a

cheniicdl redgent or cdtdl){s@ either to open

or to block specific reaction pathways:
Reeent advances in laser capabilities have

cniabled ehemists (o inerease their abilities
re.uh in this area:

) M.mv rcacllons can be eonlrolled by

ly by ering
surface h.n recently opened a spectacular
array of chemical possibilitics: The comi-
hination of light absorption and electro-
chemistry is another active area of research
with tantalizing applications to soldr energy.

A critical aspect of manipulating chem-
ical redetivity is the increased theoretical

undcrsmnding of redcuon mechdmsms

o prt.dlt.l the energies of molecules in the
course of a reaction and their motion along
reaction paths; this_has enabled chemists
to predict confidently how to control reac-
tions: It has also provnded a framework
for the interpretation of experimental
results, Continued experimental and the-
oreétical resedrch into the précise details

Aruitoxt provided by Eic:
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of redction paths will furthier our abilities
o control the course of chemistry.

For milicnnia peopIe have used 7cldy

mmerdls lo manufdclure useful producls

fdrifrom exhdusted Two Mrchlgan State
scienlists are incorporating homogeneous
catalysts into clays, which _may become
useful in the manufacture of fuels, drugs,
and other chemicals:

_The Michigan State researchers—chemist
Thomds J. Pinnavaia and soil scientist Max
Mortland—are studying the reactivity of

melal ions on lhe mlracrysldl surfdces of

melal ions to form osefal ca[alyﬁls Early
experiments have shown that solvated metal
ions on clay mineral surfaces can be as
mobile and reactive as metal ions in solu-
tion. This initial discovery makes it possi-
ble to do solutionlike reactions in the solid

state and eliminate a host of problems

associated with soluble catalysts:

Fixed catalysts—those in the solid state—
generally are preferred over catalysts in
solution in large-scale industrial reactions:
They are easier to handle and require less
expensive capital equipment. But the drug
E-DOPA; aseful in the treatment of Pirkin-
son's discase: is now manufactured using
a solutiun- phuse rhodium caldlyal By

surfaces; the Mlchlgan State scientists can
casily recover the precious metal so it can
be used over and over agiin..

By fine tuning the structares ofclays;
the reactivity of metal ions on clay surfaces
cin be modified dnd structures can be
tailored so that only molecules of 4 certain
size or shape can come in contact with these
catalysts. Size or shape specificily is the
key to designing new, more efficient cati-

lysts for chemical processing. Recently;
Pinnavaia and Mortland have used metal-
ion clusters as molecular pillars between

the clay sheets. The clusters expand the
cldy dnd expose lhe Iarge mlcrnd surfdcc
size and spacing of lhe plllarﬁ the scien-
tists can_manipulate the size of the pores
in the clay structure: ihey can then get
pores Iarger thin those afforded by con-
ventional petroleum-refining culdlysls

~ Use of pillared clays for catalytic reac-
tions of large petroleum mioleciiles is of
19

v

ldrger molecules in pelroleum go unrefined
for lack of suitable catalysts; ending up as
asphalt or low-grade fuel. Through the use
of pillired clays, apparently even ihe larger
molecuoies can be converted to more useflul

high-energy fuels and petrochemicals.
It also seems possible that through future

experimentdtion pillared clays may be
used as dispersing ~gents for dgrlcullural
chemicals. When applied directly to soil,

some pesticides rapidly decay or wash away,
with only a small percentage of the pesti-
cide being effective in controlling weeds or
insects. By stabilizing pesticides on pillared

clays it is possible 1o control their release

-1nto lhe envrronmenl and make them

Photochemical Reactivity
Chemical reactions caosed by hghl
{known as photochemistry) have been
studied for many years; however, the de-
liberate design of molecules that can change

their geometries and reactivities when
exposed to light of a particular color is
new. When light energy is absorbed by a

molecule; a more energetic molecule is
produced in what is known as an “excited
stale If the moleculc 1s properly desngned

_ Jeffrey I. Zink dl,lhe University odeh-
fornia, L6§ Ai‘igeleé I‘i:lﬁ bbﬁie up with a new

tries and reactivities of inorg;inic molecules:
Once of the exciting new developments re-
ported by Zink's group is the production
of an efficient catalyst osing light: The
precursor lo lhls culdlvsl s a meldl com-

The most imporldm resalts were oblamed
using molecules which, in the absence of
light, have a linear bond between the metal
and the nitric oxide. The UCLA groiip

reasoned that after light is absorbed; the
geomelry would chdnge to produce a benl

The linear form of the molecule is reldllvely
sldble dnd can be stored for long periods

""" , the bent form, which is
produced hy the hght is very short lived
[Iess lhdn one mrlhomh of a second] and

The ke? o the dcsrgn Ilnd ose of 'hls
molecule as a. pholocdlulysl is that after
reaclion, the short-lived Species returns to
its original, lineéar form. It is theén ready
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to sibsorb more light, become redctivated,
And ciarry out thc. new reuclions‘

W hen the mixture was irradiated with visi-
bic light. the hydrogen gas redcted with
uclohgunc w produu: chlohcx.mc Thls

produud hg!orc thg metal Jtaly%t is de-

\er\Ld b\ a wmpuml~ side reaction.
The overall goals of the UCLA resedrch-
ety dire to develop the theoretical rules that
govern hhomgﬁ(ﬁiig.ll reactions and apply
them to important chemical problems.
Th shori-lived species prodiced when light
is ubsorbed have new properties: and the
reactions they undcrgo are governed by
new rules. In the case of photohydrogeni-
tion ciitil ry of the geometrical
distortions and the resulting new properties
were dLl‘lH,d Usmg the theory as a guide,
ccules (o cirry out

"cms to carry out lmporl.ml rede-
| dmg sol

ng\\ Sy

phcnomum deuls with kmcucs .md lhe rates
.n which Lhtmlcdl ruulons oceur. Chcm~
of Ro:.hulcr .md hls coworkers have sug-
gested that intense laser radiation can
interact directly with the dynamics of a
chemiicil redction (o @her reuaction p.nh-
ways or create new ones, leading to products
that are inaccessible in the absence of radi-
dtion. It is especiilly significint thit the
cnclp of the radiation not be restricted;
<0 it must_be tuned to the cnergy levels of
reactanis St of producis.

With NSF sopport; George and his re-
search group have theoretically explored
lhc Teasibility of a variety of laser-induced
il rite processes. These processes

include energy transfer, simultaneous bond

Aruitoxt provided by Eic:

b' dkmg and bond for
tion in gas-phase molecular collisions. Whilc
most_of the laser-induced processes involve
the ubsorption of rudiation by the chemicil

systent, some do not: hcnce the radmlon

is over:
Two specific effects of the intense rudia-
tion on a chemical system are worth noting.
f‘lrsl lhc radiidtion cdn ch.mge thl are
known us “symmetry rales” that govern
the ébﬂi‘%é of a reaction. The reason for
thic ... "Hat the radiation enables ihe cheni-
iC:lI s .lcm to ch.mgc L dngﬁldr mormentum

the rddmlloprcrdn lower polcnlul encrgy

barriers o certain sets of products; opening -

new reaction pathways.

One of the processes studied is the reic-
tion of fMuorine atoms with hydrogen mol-
ecules to form hydrogen fluoride (HF).
This is the reaction used as the basis of
the HF chemiical laser; most of the hydrogcn

fluoride is formed in its second-excited
v:hr.mon.:l lcvel .md l.mng ruulls whcn

light
reiction system, where lhc radiition is not
resonant with either the reactants or the

products, it is possible to alter the reaction
so that the third-excited vibriational level
of the molecule is more populaled This
h.n mlercsung .md polenlully uscful con-

of thé HF chemical IJSCI‘

Rcccnl l.xbor.nory cxpénmenls Secm lo

dullons m.:dc at Rochcsler Rese.xrch must

still concentrate on the simple systems of
sci'ekdl .noms in order lo undersl.md fully
chemical reacuom But cvemunlly the mech-
anism of some reuactions involving large
[e.g., organic] molecules may be conirolled
by illuminidting their reactions with light
of the appropriate color, '

Chemically Modified
Electrodes

Recent research on chemically modified
electrodes has been done by Royce W,
Murray of the University of Norih Caro-
lind, Chapel Hill: Murray has developed

the chemistry for preparing modified elec-

: 20

trodes .md h.n given us miny cumples of

how innovative basic chemical research

has_potenual technological significance.
Chemically modified electrodes ire con-

totrs coated with thin films of electron-

di:
transfer reagents. When such an electrode is
used in an_ \,Icclrochemlcdl ccll lhe redgenls

underl)lng clectrode as part of the cell
reaction. )
In the |dSl year Murrdy hds cir ' ihe
predictive-d acally
modified electrodes a step furlhcr He has
prepdrcd cleclrode surf.xccs lh.xl be.xr poly-

These spatially stroctared electrodes mclude
bilayers of films, extended areu electrodes,
and ion gates.

A bilayer ele ctrode is prqﬂrcd by first
coating the clectrode with a thin [50 10
S0G angsirom], pinhole-free film of one
redox polymér and then with @ film of a
second redox polvﬁi& which has its electron
energy levels at a selected different poten-
tidl. In an electrochemicil cell, the junction
bt.tween the two pol mer films acts 10 ccufy
st as a sem
duclor does. Thc discrete but different
electron-energy levels of the two redox
polymcrs act o effect icreversible charge
Nowing as the “bent” bands of 4 seinicon-
ductor junction do: The redox polymcr films
are narrow-band (redox) conductors; as
Murray has pointed out, this is a distinc-
tive form of electricil conducuvny

Another physically structured. modi-
fied electrode designed by Murray and
his coworkers is the extended-ireu elec-

rode: An lmportnm and widely researched
application _of modified electrodes is for
electrocatalysis. In this dpplicition, the
surface-immobilized electron-transfer rea-
gent catalyzes the exchange of electrons
between the electrode and the substrate
molecule dissolved in the contacting sola-

tion: Such eleclroulalysns has importance
in solur energy conversion, clectrosynthesis,
fuel cells, and clulro.mdlym

Rather thick films of the polymcnc
é]tCerCdldly Sl on lhe clcclrode are desnred

ﬁlms limit the achlevablc r.nc of electro-
catalysis, due to the need to transport
elecirons ihrough ihe redox polymer film
via the electron levels: The extended-area

electrode solves this problem by incor-



ERI

Q

poratiing a IITLL quantity ol bro.ld h.md
conducting p.lrtlglu {¢ciarbon) into the
redoy poly mcric tilm. Thc Lurhon proudu

“hridges™ lor rapic

ouferniost reiches of the rgdox pulyiier filiii.
I'he 1on-gate electrode is a redox pol\-

merie film poly{pyrrole] with a porous

jpold] clectrode embedded inside. Pols-

(pyrrole) has a very low conductivity to

the flow of 1ons in the reduced redox state.
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plm i hn[_h u)nduglml\ when ()\Idllt.d

With the rgdox pol
membr 5
the miembrine
ofl and on

poly(pyrrole}

LI’lthdde clt.cli'iidt

mer lllm uwd us .l

ne

3 wnduuml\ ciii b turned
(urn.ill) by mn(rollmg the
the
Thgrc is no Rnown

tou, the interiction of electron hiiiis
beams: or HIOILLLI].N' hc.lms \\Ilh surf.uc
atoms can be use mical
composition of
taral rc.lrr.ln';__t.mcn[\ at \url‘uu under

varving conditions can be followed with

hlgh-mlcn\ll\. monouhrom.mu x-ra) and

sn;.cmcnl which ma
r studving biological membranes.

v oserve as a model

At sonie point in the evolil
luhnolouu.nl duclopmcnt\

activity,
long-te undusl.mdml_ and rgsolullon
of these limitations:

The technological challenge of this
scarch i< diverse, covering miny 1mporl.ml

re-

temperature \‘lruclurul metals and cerami
for heiit engincs, high field superconductors
for magnets; and the burgeoning area of
polymers for many industrial u The
ficld is correspoidiiigly hroad, involving
ph\\lL\ d]umslr\ nuldllurg\ Ceramics;

.. and cngineering {chemical,

polymer s
mechanical. and electrical].

Materidls rescarch is also at the fore-
i'i’onl ol mujor conccpluul advances in sci-
. mcludml_ umvgrs‘ll

red m.ltcrmls dnd
one- dnmn ional conducte. rs).
NS fosters interactions among several

dl\upllnc\ lhmm.h
T
Eight proy.lmr f
thd-sl.llc chemistry

National User Fa’rﬂiﬁz».c—Sy nckirotron
riadiation at Stanford; Cornell; and

on thiee frorits:
prou.\ ing of new miter

unify the fie
Recent admnuu mn s
ing of miteriils lmludc

sconsin (Madison): the Nitionil
Magnet Laboratory at MIT; und the
Nziiiiih;il ("c'n'i'ci- f'iii’ S'n'r‘jl'l A g E

mnomll\c

ynthesis and proc-

Synthetic polymers that condaet
electricity.
Glassy mietils with low miagnetic
hysteresis:

lu)nduglor\ \nlh Lxlrcmgl\ low

ihﬁ and ion impl.inldllon.
Ullr.l -strong pohmu fibers,

nlhcsn/gd Irom

21

: lhc hondml_ ol atoms to a surface
Lll't.d hw cl sctron- or pholon-
[fn'll' ¢

ntists to Iollo“ time- dgpcndcnl Lhangu
In lhc rcdlm ol lh&.ort.ll(..ll .malys

on fs'ii'LiL'iLji':il ii';ih%i'iii'iii;iiiiihi ih metallic
b’u’ ed

such diverse systems as llqund helium,
organic conductors, and charge-density

matter on a llmc ulc not
In one such effort, sci-
N:tiondl Labori-
; Syn-

structure ol
attainable betore.
critists froni Ok Ridge
tory and the Corncil High- lncr;_.r
Lhrolron §ourw [( HIHQS] have s
ires 1o study the liser
annealing of slhcon erystals on a nanosecond
scale. A nanosecond. one-billionth of a
second. is very short compiired to the time
scale for the diffusional motion of atoms
involved in the structural rearrangements
of siticon. This it is possible to obtain
ots** of the events taking place
during laser annealing. .

In these p.lrllLLll.lr upmmgnls h\ Bcnmll

Larson; 3
of Ouk Rld[_c in collaboration with Dennis
Mills of (ormll. lhc Id\t.r is triggered by

viichrotron.
The laser phlsc then irradiates the silicon
sample at a desired time_ interval before
the x-ridy pulse drrives

. The intensity of
the x- riy pulses [.mpronm‘ucl) 35,000
photons in ¢ ch) i 1s great, the burst is very

Aruitoxt provided by Eic:
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X-ray snapshots anough modern x-ray tﬁchnlqué'” scaenusts can now study the structure
of matter on incredibly short time scales. This diagram shows whal can happen
pulses are applied o silicon crystails—both pure and boron implanted—on a nanosecor

iliionth of a second. The distortions induced by thermal strain correspond toa
surface layer temperature of 1150 degrees centigrade. (At ona point the silicon even reached
its melting point.ot 1410 degrees.) This work has Key applications in fields other than mate-
rials research—for example, in fabricating ultrasmall microelectronic devices.

qualitatively with the changes expected.

short {160 picoseconds). and the interval
When the team analyzed those resulls |n

between theni is long enough (2. 5 micro-

seconds] that a snapshot can be obtainnd:
ltichannel analyzer records the 'n-
tensity of the sciltered x-rays.

Results of these experiments ag'zed

a delermmal
At 100 nanoseconds after the laser pulse,
the lattice lemperature was about 1150

degrees centigrade. At shorter times; just
;il'ici ihi: lii&i.'r p’m;i. ihi. l;ii'ti‘(c iéﬁiﬁéi;iiﬁié'
1410 dc.gn.c~ the melting point of silicon:

The question of lattice temperature and
whether or not melting occurs during the
laser .mmalmg of silicon has been the sib-
ject of_an ongoing controversy; but the
scientific ‘ssues involved have been much
clarified b) these c\pcnmcnls

dlllrdc.llon for demmmmg Slruclurcs on
extremely short ume scales. This is expected
to huve \\xdc.sprt:dd dpplu.duon in studies

ng has potential for iiﬁﬁdkt;iﬁi Jﬁﬁiibdﬁbh%
in the fubricdtion of ultrasmill microelec-
tronic devices used in the compauter and
information technologies. But more under-
standing of lhe proccsscs involved in laser

necessary for

technique to be implemented in technology.

‘Studies of Ultrafast
Processes in Matter

Ad\'.mces in time- resolyed laser spec-

lroscopy over lhc pdSl 20 years have led to

to probt; thrcrprroncrucs of maiter qn in-
creasingly shorter time scales. In the 19
the limits were on_the order of microseconds
{one-millionth of a second, or 107 second).
In the early 19705 liniits were reduced to
the nanosecond (107 second] range; and
recent advances have shortened the time

scile to @ picosecond, or trillionth (107?)

of a second:
__Researchers at Bell Laboratories and
Cornell are now able to produce laser pulses
with a resolution of a few tens of femto-
seconds (10-'*). The early pulse ]chglhs
permitted scientists to excite solids :
siudy the relatively slow recomibin

eleclrons and holes in scmiconductors Thé :

.

esses; sdch as vibrational and rotational
relax.mon in molccules

colleagues at Cornell Umversxty have done

lhe frsl measuremenls ofmolecular relax-
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el incthiod osed s called puinip dnd
probe " inat, a short, intense beam of Lser
rudiation 1s used to 'g.i'cil'c or "p'iiiii'p"‘
\ second Wediki | )

mLitier.
fless than a plgo\\.u;iidi Is uwd to detect
or Uprobe’ the chinges induced by the
CXCILITIOII

By varying the delay time, 1t is possible
to measure the rate of relaxation. from
which the mechanism ui be analvzed. I
the pump pulse served to
orient_rodlike molecules of lquid carbon
disulphide {US ] in the normaliy isotropic
liquid: The prnhg pu!su detected the
n lhc oplu. 1I 1ndL\ o! rdrdgnon orl[_lnd(-

] dngts Case,

lo\\ud its dLLd\ \\llh tinie,
I'wo dLL.l\ rates were ob
responding to ditferent relaxation mecha-
nisms. he first, more rapid decay sigiials
the cquilibrition of @ givén orientation;
the second. slower decay signals the equil-
thration to an isotropic liguid. Whereas
the stoser decity mode hiad been inferred
Irori other l\pu ol measurement; the rapid
ong had not been direetly observed before.
The licilities reguired (0T spectroscopy
it (hc iummccond I'LgImL dre CXanSIVL
and the techniques quite sophisticated;
.cry few universities have the resources to
¢rtial inter-

rved; cor-

tifiilertike such resciarch. Es
action between ILSLererS fomsml_ lhur
joint reso s on diffict i
chiiricteristic of lhz. Miiteriu

extension of th\L hl}__h re oluuon tech-
TQUEs 1o i x(ud» of the nonhmar optical

response of solids is critical in developing
nu\ opllull mate rmls—pdrluuh:rly glasses

ser upplications and
optical switching clements for high-speed
data transmission.

Nondestructive Monitoring

of Small Fatigue Cracks

The rehability of structural materials
under ey cremes of stress, temperature, and
grvironiment is u recurrent concern of
muterials scientists and engineers. The
engineering approach has been to quantify
ihie fiiligue behavior of 1 s by apply-
ing different levels of cyclic stress to small
ldhor.xtory wp(.uanS and observmg the

entists dre (rymg 1o get more lmlght lnlo

RIC
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whiit stirty Tatigoe di > and chauses
crachks to nucleste and progress to fracture.
\‘iﬁdiéi ;ikc iiiiii hi]dtk ii;i'\ ih'rii'ug'h'iiiit

of tha nocication and growth beha vior m'
fatigue crucks. Speaial attention goes to
the developmient i.)’l‘ noninirusive iL{L‘h"n'iLiiJ"cS
o n’m'n’iu)'r L.T(i\\(h of microcrac

s'incc

o! Vlhc
";iili.irt.

eriicks dre prowing
1o millimeters in ~|/';
searchers at_the Umiversity of Pennsyl-
\":ml.g and Northwestern University diie
investigiting the garly stages of comauoluative

leLr\

diimage due o ovelie loading: In particolii:
Campbeil Laird at Pennsylvania has suc-
cenlully reliated the disloeation interictions
obiserved in siple metsd crystils 10 the
cvelie deformation behavior in polyerystals.
Morris Fine and grad sate studens Donald
Anton of Northwestern came up %ith inno-

vative muhod~ \h.nt .:IIm\Ld thuw o ldcntx()

microscopy, they ¢
as 01 micrometer on the sur!.xu o! an
overaged nichel aluminum alloy after low-
level stressing.

As fatigoe crucks ZrOwW | (Hey dis:\;ihaic

(suoxdIw ¢y

Crncko—soo how lhoy run. Uslng lectror mlcro;popy, scientlsts at Nonhwestgrn Univer-

sity ha

] dentified the smallest fatigue cracks se
photograph shows cracks as smali as 0.1 micrometer on the surface of a nickel aiL

. The

alloy. This kind of research will aid scientists and engineers in their continving search for

reliable structoral materials;

e
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Electrical, Computer; and Systems Engineering

anrgh in lhls ared ol gnynurmg lms

. and produg s
American's life, One reeent

l\\mh Cvery
advance i€ i very Lirge \LdIL integrited
{VISIH) circuits; which are usgu m ullr.l-

small computers, consumer p
trol sisteins, rohollgs communication
ssatems: and for a host of other applica-
lmns

u)mpuigrs may fit on [hg bead of a pin.
Thg new luhnolop .md .zdv‘mus m LOH]-

struments .md sysluns
NSFE supports rescarch that yields more

onderstinding of ¢lectronic microstructures
as well as better diugnostic technigues and
computer-aided design methodology. New

hisic knowledge can be applied immedi-

ately in arcas such as intcgrated oplic sys-
tems dnd hybrid computing circuits. As
technology improves: advinces follow in
knowledge-based systems. robotics: and
communications.

Speeticular advances hd\L lcd to the
development of robots that can sense their
environments through muchine vision sys-
temis ind touch sensors, Distributed signal-

p'ocusmg modu]cs und  compating L]menl\

that allow the
robots to control and modify their owi
movements and actions. With this Ermlgr
flexibility. based on smaller and more cftee-
tivé ¢léctronic circuits, robots now hiive
wider potential industriul Jpp]lLJIlOﬂ
Thg mform.mon L\plosnon has LrLd[Ld .iﬁ

Opugill LQmmumcuuonS via ﬁiéﬁ-édpucny;
single-mode systems with optical fibers can

¢
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oped and fabricated by the Hewlett Packard Company. It functions as the central. processing

unit of a digital computer ana contains 450,000 transistors. By 1990, chips with a@ mllllon

transistors will be ready for use..VLSI circuits are expected to be used in products ran
from tiny computers to robots to large coritrol and co
is the foundation for future sophisticated electronic systems.

RIC
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unication systems. VLSI techn

be improved by adding monolithie inte-
grated circurts using optical deviees, semi-
conductor lisers, dad niictowiive diodes.
To vield new knowledge in the conimani-
citions arei. NSE grantees are exploring
the technical frontiers ol oplics, |
Lromagnet and altrafast ngl\\orl\s
well as multiple modes and digital trans-
missions.

Also uiider investigition dre rémaote
sensing techniques. Throu[.h these; scien-
tists explore millimeter-wave bands and

. clee-

W
das

and
determine the interdction of wivelengths
mlh their surroundmg ph)\lCd] niatter: In
I res erh LOH[IHUL\ on

asma sciences,
novel devices

electron lasers are another promiising area
of research.
Suunuhc and luhmwl ddvamcs in mate-

ficld of nudlum Rescarch in these areas
will dlso contribute to dramatic advinces
in large-scale systems integration and néw

means of automatic control in industrial
processes.

Circuits
The ﬁhcﬁamchal advaice of digital inte
[.I‘Ttéd clectronics |

!.Arggly to lmprowmgnls in our dhlllly o

fubricate Ulli’;{ J

the 1970s the immmum size or i width
in industrial production was reduced from
10 to 2.5 miicrons. This increased the num-

ber of trunsistors that could be incorpo-
rated onlo ;1 'mglc thp from 5.000 to

lr.mslslors will thgn huomc dle]dblL for

system use.
~ Muny existing physical systems involve
both .mdlog (conlmuous] nd dij_iii;il fthi

it is currcnlly necessary to proccss bdsnc
information in dnalog form, convert it to
dlgllal form for the sike ofgﬁ“cncnt trans-
mission, then conv‘crl it back to andlog
form at<the receiving end for understand-
ing. To do this, systems triditionally have
used components such as operational ampli-
hers fabricated -through bipolar semicon-
ductor techiology, idlong with micropro-

cessors and memory compornerts made vid .



Q

metl-onile \ummndue(nr (\1()81 techiiil-
opy. Because the separation of analog and
digital tunctions becomes more cumbersome
aid costly dt higher levels of integrition,
llu re s gres u mom.mun ln l [hrlLJ(C the

inctions.

()ne rese: |rgh groop it the University of
Californi, Hukelt\ has been studying the
Fibricition. computer-aided dm[.n [(/\D)
and .spphe.mnn of integrated ek
cutts and systems. This group has used MOS
digitil technology first to realize analog
anctions; thei w integriite andlog ind digi-
tal functions. The work began with imple-
mentation of analog-to-digital and digital-
to-dniilog cotiverters using chirge redlslnbu-
ton on cirpacitors: This (echmqm ha
been used in industry for the integrated
clectroniv implementation of converters for
alt- digit: il \mu networks.

Further work on operational amplifiers
in MOS technology has provided a truly
flexible wnd generilly dpplicable design

.npbmx Ld Inr \u&.h Jndlog suh\)\(em\ as

lndm(r\ s lmnxl iion ol uanLr\llV re-
NG ll'Lh into f xhrle\md thp\ i hlghl) desir-

[hrnu h tudh.xel\ from mduslr) 10 the
Recently attention has turned
to extending the uscful frequencey range of

LlllI\Ll'\Il\

monolithic filter cchiologics—inchiding
switched capacitor techniques—to higher
levels, so that these methods can be used
fin cotinmiutiicition receivers, Further re-
search will also focus on basic limitations

1in monolithic svstems to colleet data.

_ Estimation and Signal
Processing for Spatial Data

Data from different spdlml lO(dllOﬂ\

at different times typically contain vary-
ing l}peh and .mwunls of medsuremem

nf
plete ﬁie urements. l:ﬂlut.nl proecssmg
of these data is needed to recover consis-
tent and usceful information in meieorology,
geodesy: topographical mapping; acoustic

occanography., imaging, tomography, and
other detivities,

Ad hoe (eehmquei osed in the pdsl were
Lulored 10 spe n; problcms and oﬁen mcf—

blE o use d” dleldbk diila to oblain the

ERIC
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hed-capacitor filter chip Is used in digital volce systems and contaliis
20 operational ampilifiers. More than 3 million of these chips are manutactured each year—
the product of a saccessfu! industry-aniversity partnership in which acade

ic research is

transiated into fabricated chips by industry. This arrangement aids productivity, aliows uni-

versity researchers to get feedback on their work. and thus leads to more knowledge about

the technology.

Most 4ccarale produez or r"‘uh The eco-
nomic impact of inaccuracy cun be very
high, as in the case of product testing.
Alan S, Willsky dnd Berniard C. Leévy di
MIT are focusing on a systematic approach
to the optimal and efficient processing of
spatially distributed data. Their research
results can be divided into three categories.
The first deals with data assimilation, i.e.;
the problem of combining distinct seis of
data obtained at different tinves and loca-

tions to obtain one superior product (in
this vdse, d mdp or picture]. An approach
has been developed thut reflects the funda-

mcmdl slruclurc common o many proh-

The second category involves efficient
and sequential computational methods
For smoolhmg l'l(ermg and ex(rapolalmg

data, unllkc (ehipbral data; there is no
natural *“‘causality’” to provide an order

this mast be done if there is an enormoiic
amount of 1 (0 be handled. The sequen-
tidl computiiional procedures or algorithms
ander study are biased on the structure un-
derlying the generation of the data: Thcy
offer both el"ﬁucnl dnd opllmdl rccovery
of the releva
measurements;

The third, and most fruitful,

_calegory
dcdls with imaging in random fields based
on mdlrect no:sy measurements. The pn-

measurement of ¢nergy that propagates
through it along specified straight lines.
The best-known current applicition is in

mcdic;:l x- rdy (omography but there are

Algorithms developed as of this writing
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have been ii-\ééd iiii iiio ui’iiicﬁii iiﬁiiiiiix
Assumplions. 1 about
the miedium undt,r inve 'slq_dllon gu,ond
essentially unlimited; hq_h quality me:s-
urements ean be and are made, In actuality,
for inany dpplicitions the second assump-
ton is False. For ex: unplc in medical prob-
lems one must limit total x-ray dose as much
as possible. but this also imits measure”
mens: In produu testing or imaging of the

heart, hoth geometry and cost (in terms of

instrumentation and human exposure to
ridiiition) present serious limitations in data
colleetion,

As the amount and/or quality of data is
rediiced. the better the miodel of the medium

or the desired information incorp srated in
the algorithm must_he. Consequently this
reseiirch hiis focused on developing general
models for random fields that contiin eni-

hedded objcu Lx‘lmplu dl't. (irgdns honu

in slul whosc existence, Iocatlon size, and
shape are (o be estimated from aviilable
data.

The rusulung dlgonlhms bdscd on lhuc
modcls may Lhimuc

caracy: The resalts dlso d"ply lo ¥ more

5cneml less of problcms drlblng |n ocean-

C hemmical processes are lhc hurl of lhc
LhUIlILJ[\ Ihdns[r) \»hu.h LOﬂ(rlbﬂ[CS about

uplu iind coneepts thiit L_uldc stich dLSlgn
wan he translated into capital and energy
sk mnp in produunb hrodd lesscs ofsub-
lhcllg flht,r\ in oar Llolhlng fael for our
cars, lhc pl.lsuu we thC bccomc aceus-

on the '.lpldh emerging sume oi recom-
binant DNA, has dr.an much mduslrml
interest. Bit bi
develop a substantial new knowlgdgc hd\t,
before hiotechnology ean fulltll its prom-
ise. Current idreids of rescarch include:

* Reactor designs that dl\LOUl.igL the
reversion of recomhinant organisms
(o their original types.

° New technignes 1o separate and purity

products and thus bring down the cost
of hiological processes.
o Dasigii innovitions lhdl will b'oo's! _pro-

ductivity by increasing the concentra-
tions of microorganisms in bxoredclors

Otlier rescareh efforts scck ne
edge for nonconventional prou:wng such
as the conversion of renewable resources

into materials and chemicals of higher value.

Less-recognized chemical processes are also
importint. For example, separation proc-
esses that produce high-purity silica for
optical fibers have greatly enhanced our
.1hnl|ly o ir: msmll sl;:ndls in those fibers

: s. Th

computer chips
have come from the skills developed by
chemicdl engineers and chemists over the
past several decades:

Application of

ln Slt

Extraction in

Recent years have seen rapid growth in
the use of microbes to produce industri-
ally viliiuble substinces, despite some inher-
ent disadvantages in the fermentation pro-
cesses used. Now under investigation are
wiys o increase final product concentra-
tion and improve product extriction; this
will make fermentation more efficient and
therefore less costly.

Common problems associated witli the

fermentation process include product deg-
radation by the fermentation broth and
product inhibition dnd repression {in which
the producl stops its own synithesis): Engi-

riu:hng |mprovcmcnls as of lhls Wnung

of the org
One proach to the problem of prod-
uct inhibition and degradation is to re-

29

mose the inkit iting nietitholic ercnlduon
products from the aqueous broth durmg
the production phase. This process allows
conetniration of ihe prodiet formed, which
in turn makes everitol puarification steps
casier.

Henry Y. deg and his coworkers at
the Universily of Michigin dre studying
the usc of natural adsorbent resins that
can bc slenhzed by slcdm dnd dCl as scpa-

fermentation produu yields can be enhu nced
by a factor of two to five. When sterilized
XAD-4 resin is added to a 14-liter cyclo-
heximide ferimentation; the synthesis rite
changes. Peak concentration comes carlier
than is normal—the concentration of cyc-
loheximide; 4 commercially importdnt dnti-

fungdl dnublolic mcredsed o double lhat

iment, The final producl concenlrduon was
dictated by the exhaustion of glucose in
the fermentation medium.

_ Recent experiments have shown lhdl
higher antibiotic concentrations can
achieved with proper glucose addi
PH conirol. Further evidence suggesis that
this methodology could be used 1o enhinice

The MIChlgdn resedrchers are vooperating

with the Upjohn Company on ways to scale
up in-situ_extraction fermentation processes.
Drawbiacks sich s nonspecific adsorpiion
and resin effect on microbial growth arc
under investigation. This novel way to in-
credse fermentation productivity miy give
4 new impetos o the biochemical indus-
trics.

Accelerated Settling of

Suspensions by Adding

Buoyant Particles

Many iﬁdjoi- industria p"rac'es'sa use sed-

u%ed in the setiling of coal washings and

for separating the “red miuds™ prodiiced

during extraction of alumina from ores:
The driving force in most sedimentation
processes is gravity. The gredtest difficulty

is encountered in the scltllng of sospen-
sions with_relatively high concentrations
of suspended particles, particularly when
the particles have a density only a litle
greater than that of the fluid.

ERIC
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I'hL- §'cii|iiig i)T §ﬁ§htii§iiih§ requires large
fotoriotsly slow pro-
. /\m mg.ms ol lm.l‘t..lsln,_. \L(llml_ rates

lhng agents and incre sing the hdndhng
capacity of existing ones.

Rilph H. Weiland ai Clarkson_ Coliege
is collabors nnu_ with Chirles A. Willus of
Dorr-Oliver: Inc. in an indhslry/unlvu-
Sity LOOPLT.I[I\L rg C.lth pro;gu Thcu

huo\ ant p.lrllL]L\ toa sudlmcmml_ 508
sion of hcavy particles can greatly accel-
erite its settling proc ss. The three-phase
settling pro cly eomplicited
¢ analyze from first fluid-mechanic prin-
; Howuu Wuland hds dgvdopgd a

principal of minimum energy dissipation;
\X‘IiiCh iﬁditdiéi Bibdd lrcnds and gives direc-

a factor of six times or greater were observed
when the rescarchers added buoyant par-
ticles: The presence of those particles had
the most pronounced uccelerating effect
on sedimentation when the heavy particles

hid i density only a little greater than the
fluids: Tn other words; the addition of
buoyant particles helped most when applied
0" suspensions that would have been the
most difficalt 1o settle. Since lirge-sized

huoydnl p;iruclcs are more cffccllve lh.m

ﬂmd the use of Idrgu pdruclc\ makes sep-
aration particularly casy.

and Environmental Engineering

\'.'s"i-‘“s- ci’vii zi}id Eh&iibhﬁiéﬁidl cngi-

h\drolop .md waler resources
Ciii:iiiL-'c'nnl_ .md anlronmnnlal dnd w‘ngr

Ways o r&.duu c.drlhqu.xkg hdldrd Some
of this rescireh dedls with how a com-
munity .xd.lpts to earthquake risk; bot most
of it Tocuses on structural safety.
Siipport has been provided for a geo-
lt.(_hnl&.dl centrifuge fuacility ondcr con-
ruction_at Mounuuii View. California.

Ihg hul"i‘. lhg ldrggsl in the western

lmul_g will be LdpdhlL of |mposlng an
aceeleration of 300 g's on a specimen_of
three lons I Ldn be mOdlﬁLd to test d 20—

ln many cngineering situations, it is neces-
sty to LthEL the value of gravity 0 dChlch
trae modeling ¢ hivior o

hIL The California fauhly wnll enable geo-
technicil engineers (o constriuct models of
considerable size dnd to impose i#n increased

“synthetic gravity™ on them. The centri-
luge will be tsed at first for resedrch on

slruclurcs such as foundzmons and éarlh

Aruitoxt provided by Eic:

Bugic rescarch on structural dndlysns now
concentrates on the optimal design of struc-
tures and the use of interactive computer
griphics. One (opic of particilar interesi
is the active and fm ive control of deflee-
tions in high-rise buildings. Two existing

structiires thit hive devices to minimize

defiections dunng high winds arc ander
study at this writing. Efforts are also being
mide to understind the phenomenon of
crucking concrete und the properties of high-
strength concrete,

The high probability that a major earth-
quitke will occur in the United Sidtes
(hidBdBiy in Southern California) by the

Foundauon § seismic rcscdrgh programs,

dnd lo Othr federal effor[s ander the Edrlh-
c!Torl o ﬁnd des:gn dnd construction tech-
nigaes that minimize structul damige dnd
loss of life during earthquakes is an on-
gomg U.S.-Japanese resedarch program. A
ory biiilding of reinforced

concrete was constructed and then tested
to the point of destruction in 1982, A similar
structiire of steel will be tested in 1983,

Such tests give detailed information ori
how full slzcd slruclurm rmpond lo edrlh-

prove methods Of using models (o obtain

performance data at much lower cost: It

30
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will also L\ldh'l\h the reliability of the
ht.thlOl’ _predicted by models, LOmpdl‘Ld

Loun'ry rd]ul whal cngmccrs hdvc Icarncd
about design and construction. However,

many standing slruuurus hunll Lindcr older
codes cunnot resist s
bulldlngs vary in Lhar.lLlLr dnd ire expen-
sive to modily; often there is little legal
or cconomic mouv.mon for owngri o
spend mone
gradual replacement of our bulldlng stock

over time wall rgduu: Ldl’lhqudke hd?’ rd

remains great. Thc problém of exi hg
buildings that do not meet new earthquake
code regiiirements is under study.

Earthquake Hazards
in Existing Buildings

Fﬁom o 'm'irii'rﬁiz'c canhquake Haza'r'd;

are h ed on dc.l‘nlgd knowlcdgc of th

slrgnglh of mdlLrldls and methods ofgon-
[ rgh hds ILd lo rapid

safety in bu1ldlngs Still: some emmd(es
sugg_gsl lh.ll even lf prcsenl Lodcs are

are sdfe the m(e of new LOHSU‘UCUOH dnd
replacement is not great enough to affect
the overall hazird posed by unsafe, pre-
code buildings. S
Tééﬁiiiéiii problems Eéi&iiﬁg to eeismic

lly from tHose in new conslrucuon The
existing stock inclodes a variety of bmldmg
types and materials. While new construc-
tion dssumes certuain qudlmes in materials.

oldcr bmldmg< must be evaluited on i cise-

Hirvard's deel Suhodck an engineer,
and U« Gauchat, an architect. have devel-
oped a computer-based technique for the
rapid analysis of the older-building inven-
lory inat 'lropohldn areii, They can iden-
tify the area’s relative chlhunke hazard

as a function of seismic risk, soil condi

soil condi-
lii)’ijs'. construction type, and building age
and occapancy.

Three California small business firms—
Aghdbmn Associates, S. B, Barnes. and

John Kuriots of Los Angelcs—hdve formed
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Quake test. Structiral englneers at ABK-A Joint Venture ln Callfornla hope that thelr tests

of structural techniques and materiais—such as this one done on an unreinforced concrete

biock wall subjected to simulated seism

ic motions—will lead to appropriate design and build-

ing code changes. W may then be able to minimize the loss of iife and stractoral damage

caused by earthquakas:

a joint venture to do research on the struc-

turil properties of unreinforced masonry

and the typical construction of Southern
California's older buildings. This work has
resulted in recommendations for standards
on masonry construction and the upgrad-

mg of exlsung masonry These rcseérch

hazardous bunldmgr ordman’c’e enacted by
the cny of Los Angeles

Kahn of the: Georgia lnsmute of Tech-
nology is evaluating the structural contri-
bution of externally applied shotcrete on
unreinforced masonry walls, This techniqiie

is widely used and has been assumed effec-
tive; however, laboratory tests are calling
thiat assumption into doubt.

Arthur Atkisson of the Unlversny of
W:.consin, Green Bay and William Petak

Li 31

of the University of Southern California
ire. doihg a gmuy of the iL'ch"n'i'ch ‘basis

,599"’1 and economic conslr.unts on bunld-
ing demolition; this dlscovery will affect
the feasibility of various engineering solu-
tions to the problem.

A project at the Umversny of Cahf‘or i,

Berkeley has produced a way to give tech-
nical advice to homeowners. Materials
developed by a team of architécts and

engineers enable homeowners to do a pri-
mary evaluation of their own homes and
take relatively simple, inexpensive measures
to make their housing more resistant to
seismic damage.

~ Research on the problem of exlsxiiig
bmldmgs has been the subject of reg
workshops_in Boston, Seat r
cisco, and Los Angeles. Seismic hazard in
older buildings has also been discussed in

bllateral workshops in Jépiin llaly. and

Remove Viruses from

Contaminated Water

Durlng his sludy of a new method of

solute concentration to remove contami-
nants from water, Georges Belfort of the
Rensselaer Polytechnic Institute came up
with a way to remove viruses from con-
taminated water—by ultrafiltration through
hollow fibers made from polysulphone
Each fiber consists of a dense layer on its
inside, supported by an outer porous sub-
structure.

Uslng Con\;CCiIVC and eleclrlcal polarlz-

than expected for cenam solates; For

instance polio virus recovery; using con-
vective polarization in modiiles containing

many hollow fibers; was excellent. Virus

particles adhered to the interior surface of
the fibers through which the contaminated
water flowed, while wiiter passed along those

has other polenual appllcauons such as
|n processes to sepa ate metals from plm-

aqueous SUSanSlOﬂ
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Polysuiphone fiber. This material has been
used to filter viruses and other soliites from
water. (Photo above shows a single hollow
tiber, magnitied 100 times; other photo is

a cross-section of a single fiber, magni-
fied 1000 times:) Environmental engineer
Georges Belfort at Rensselaer Polytechni¢
Institute developed this novei method of
solute concentration. it can be used in a

variety of scientitic activities; such as gene
splicing:
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NSE's progrdms in mechanical engineer-
mg__ and applied mechanics range from basic

h mlo lhe foundd ions of mechamcs.

fundamentals of heul lrdnsfer dnd ﬂund
met.hdnu.\ lo lhc Sludy of roboues !he

the deyelgpmcnl of nondeslrucuve evalu-
ation techniques:

Experiments in fluid mechanics that
combine laser and hot-wire anemometers
have shown that current standards for
measuring._ fully developed dxlsymlneme
turbulent jets may be_seriously in error.
Since measurements of velocity, tempera-

ture; and turbulence intensity ‘made by

many |nvesl|gdlors thC been in agree-

however errors are caused by the very low
velocities at the outer edge of the jet and

the_relatively high turbulent fluctuations

within the jet proper As a result of recent
findings, all previous results on turbulent

iets should be reexamincd; some earlier

RIC
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failures in prediction then migh: ve ex-
plained.

In solid mechanics; the resulls of linear
elastic fracture mechanics are being incorpo-
rated into structiiral design codes, leading
to safer and more efficient [ structures.
Researchers report progress in developing
theories for the nonlinear inelastic fracture
analysis of ducule malerlale Thése theo-

-ances in stroc-

ries also are needed for &
tural efficiency and sarly .
In heat transfer, newexpenmenlal and

theoretical results are giving valuable in-
sight into the general characteristics of
convection phenomena. Research on den-
sity and species differences, and their ifter-
action when the thermal and diffusive proc-
esses occur simultaneously, is now being
used to study convection in miultiphase
processes.

Mechanical systems engineers studying
machine dynamics and dynamic systems

and control continue to develop ways to
help industry design high-speed mechani-
cal and electromechanical systems. One

example is application of the center mai-

it 32

fold theorem to certain partial and ordi-
nary differential equations that arise in struc-
taral mechanics: This apphe:non periits

a significant reduction in the dimension of
these equation sets.
There are also advances in deSIgn sensi-

tivity analysis_aided by computers and in
optimization for dynamic mechanical sys-
tems. In tribology, work continues on exper-

imental testing to set design criteria for
compliant surface bearings. B}
In prodiiction research, sensors for adap—

tive machining hzrive comie far enough that
tool speeds and feeds can_be adjusted to
take into account tool, machine, and work-

piece conditions so as to maximize pro-

duction. In addition; research on industrial
robots wnh v15|on capablhly has reached

assembly operations is expee!ed

Complax Crack Fronts
Most inservice fractures in high-strength
structural materials are preceded by a period
of subcritical crack growth. Diuring this

period tiny flaws located in thick; reinforced

regions of high stress enlarge into cracks
that often exhibit curved fronts and non-
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pl.mdr surfaces. When a crack reaches a
eertain critical size; it becomes unstable,
esulting in a sudden and often catastrophic
failure of the component or structure. Stich
corditions occur in structures as diverse
;ik giih’ iiiﬁés. Bkidéé&. ﬁhéiédk-ﬁk@ssﬁié irEs-

‘a

Researchers at Virginia Polytechnic Insti-

tute have noted a curious and ‘uiexpected
phcnomenon ln generdl the ek growth
is, the sh}ipé of the_flaw bounddry changcd
as the flaw grew. The regions of greatest
growth were those of the |0west stress inten-

sity factor, which is a measure of the stress

] trophfc tailure. Debris on the grﬁund In thll photo is.all that was left of & prmure

vessel that developed small cracks and eventually failed. The vessel had contained com-

pressed air for wind tunnel research; the large standing structures are similar vessels that

did not fail. Engineers_studying cra

ck formation in high-strength structural materlals hope

1o transiate their research results into future cost and materials savings.

Aruitoxt provided by Eic:

1

-
T

zii the ii{) df a sharp EFJEE (Usually iﬁé

will Erow. ] Accordlng tot the photoelasuc
models used in this investigation, which
has been under way since 1973, the only
possible explanation for this anomalous
behavior was 4 constraint variation in the
material: That is to say: a material par-
ticle was constrained by its surroundmg

material, just ds an automobile is con-

strained by other vehicles in stop-and-go
traffic.
Using an optlcal dlspldcement measur-

ing technique developed by Daniel Post at
VPI, C. William Smith has obtained meas-
urements to assess the degree of transverse

constraint along the flaw border: With far-

ther refinements, this method will be_ used
to correlate constraint variation with the
distribution of the stress intensity factor in

compjex three-dimensional, cracked-body

problems. .
One implication ofrthls research is that

high-strength stractural materials are much

more resistant to crack growth in complex
situations than is usually assumed. This
increase in resistance, when quantlﬁed
can be translated into_considerable sav-
ings in cost and materials for high- -tech-

nology structures.

This work complements the research
described in chapter | {on microscopic
effects in defect propagition).

‘Generalized Wake-Integral

lﬁ 1925. A!b'rei:hi Bcii ti'reéi:'rijéd a Vih'c'p"ry
oi the drag forces acting on lifting bodies

in frée ﬂight Hé rdsolved thls phcriomenbn

duced drag component. The Frst was ex-

pressed as a wake integral—i:e., a measure

-of the total horizontal disturbance left

behind in the wake of a body as it trans-
tes forward:
The second component, induced drag.
is the result of lift. Experimental determi-
nation ofmdvccd drag presents serious diffi-

cuitiés, since sm;nll quanmleﬂ (lrJnSvérse

régions (two transverse pldnes ahead and

behind the body): These difficulties mean
added cost and potential inaccuracy.
The current need for fuel-efficient velii-

cles focuses attention on better ways to
predict drag and identify drag-producing
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mechinisnis James C: Wa of the Georgii
Institate of Technology and James [
Hickett of Lockheed-Georgia have begun
d joint university-industry evoperitive
research projeet Lo extend Bets's theory to
genceral three-dimensional bodies.
Birlier, Wu and Hackett had m()dlllt.d
the tre: llmm[ of indaeed- dr:ig compatiation
and had accurately determined the drag of
an anstilled wing {one with an unsepa-
rited flow ol dir across it). However, the
wahe-integral approach had not been at-
u.mpkd Ior more complex air flows involv-

in the acrodynamies of cars with trailers:
An exdensive experimental program ob-
lllnt.d u)mpruhunsnu survey data to lul

wing model and a car model were te

using the er
tunnel at Lm.khLLd Thuu wo irnodcls
represent, respectively, the limiting cases
of low from an gerodynamically shaped
body with smooth; attached air flows to a
bluff bodv wnh mdww 5Lpdrduons Tht.

Jnglu of lnudcnu. 1o gu data for mnld
air-flow scpdrduon

Thu experiments have VLrlllLd ihe lhu)-
al prediction that total drag edan bé

du.urdlgl) dqcrmmud lhrbugh wake sur-

n W)
ently ‘iﬁp.) to coihplcx flows involging
stalled wings and BIuff bodics. such as
virs. The ¢ d(.curd(.y oflhu data for complex
air Mows amined in more dets ’I;
due 1o limit

Interdisciplinary Research

NSI- established an Office of interdis-
ciplinary Rescarch (O'R] in November
19817 It diinn s 1o esordinate reseireh efforts
involving more than one dm.lplmc This
move will encourage the dynamic new
developments thit often arise when two or
more dusuphnu are fused in o new way to
solve a problem.

Through OIR, NSE encouriges lnlurdw
ciplinary collaboration: ¢ Joint funding:

and stimulates joint program-development

RIC
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activities. The latter include workshops to
identify 'r'c("cii'ri:h 'n"c'c'di 6i 'p”riii'riiiLi aihd
Cross-progran

ning and budgumg Rc&.énlly the interdisci-
plinary effort at NSF has been bringing
together programs that focus on biotech-
nology and robotics/antomated manufie-

turing.
NSF dlm xuppom workshopx dnd con-
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dnd encolridge
cross-discipline communication:

As part of this effort, NSF supports inves-
tigitors who report of present knowledpe
and |denl|fy Iong term rescarch needs: An
example is a paper on computer-aided
design /computer-aided manufacturing
([CAD/CAM) writteri by Richard F. Ries-
enfeld of the University of Utah. CAD/
CAM is a growing field that uses interac-

tive computer graphic techniques to aid
product design and to cohple the design
and mdnufdcturmg processes. Riesenfeld's
p ts strongly to the neced for inter-
disciplinary research to integrate the fairly
sophisticated CAD systems with less devel-

opud CAM S)SleS

ign products lhrough &.omputcr
moddml_ ;md simulation of the manufac-
Production planners would
use this lnformdllon to decide on optimal
m.mufdclurmg slr*xlcglcs 1o make the best
use of matertals and resources. .

~ Among the efforts needed to advance
the CAD/(.AM \tﬂ(g-of—lh&. art are inter-
dlsuplmdr) research in compulcr grdphi&.s

mlr(.rprulrlvru I‘fngydgc BLLd 'o'f the
brt.ddlh And complcxmcs oflhu ﬁcld such

ruun.herx One 1mmudmlu nccd Vngdrhnghur-
level; abstract model that is complex and
sophisticated enough to drive all the nee-
essdry processes. A second major problem
is building the interdisciplinary manpower
paol needed to advance this emerging field,
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arcas. Subjects range from mole-
cules to tropical win torests, from phoneines
to the mational electorste: BL[\\LLI’T these

iversity s i \lrll\lll[. fL.llur&. o! the
D research supported hy NSF in these

entremes. items of scientific interest. cin
include snails, family incomes, artificial
liniguiig ledl resing, like tenis, wund

brairr hemispheres—indeed almost any
Inving creature or elements or collections
thereof. S
Despite this sipparently bewildering diver-
iy, there 1s umty, The scienusts who study
neurons are linked to those who study social
groups lhrouLh their focus on living niat-
ter or its arttacts. Biology 1s the largest
part of this NSF directorate, but it also
represetils such hdds anthropology. cto-
nomics, p\\gholog linguistics: sociology;
political science, human geography, and
th history .md phllusoph) ofsugnu ThL

)fthsL .Jl fdullllu. sev-
Ll’.ll divisions in the Foundation launched
a xpguul .lnnu.ll LUllllelllUﬂ Rgsponxg to

expinded progriam.

NSF sapports many of th MOre excit-
ing arcas of current scientific rescarch:
including the LXplU\lVL developments in bio-
technology: The Foundativi dids the busic
rescarch underpinning the Bii;émnma com-
mercial dLVLlomenls thrL

The neuroscie
closely rivaling that in biolccthmg) and
mdud ruullmg in p.m from 5hurcd tech-
h on th

tems have begun to unmvd mysteries as
.mucnl as consciousness. Clues to Undu-

have llllerthd br.mLhLd .md LonVLFL_Ld
1o produce hybrid dlsuplmes Among them
are psychobiology. law and social sciences,
hiophysics ind biochemistry, and an emerg-
ing area called inforniition scicnee,

/\ ngw progrum uddéd lo lhe Dlvmon

mlq_r‘lllon T hL BCLISIOH and Mdnagcmcm
Prol_mm is a Lollqbomlnve effort by four

nological; and International Aff.ur and
Biological, Behavioral, and Social Sciences.
Other integrative activities during the yeur
included the full incorporation of applied
rescarch into the biologicul, behavioral, and
sociul science programs of the Fotindation.

Anothnr devdopmcm of note daring 1982

s the beginning of a modest effort 10
support equipment needs at marine bio-

ERIC
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cade irom neurchiology luboratories at a
hrulhlukmg rate. Arixicty, depression, und

foresceable i'ﬁlurg.
B;jiit i’L'iL':ii'L'H ih iHE ﬁidhi s

:lmg discoveries in thc

beomlorg .md gruhhousc As rcporled

lhc air and soil; and even pholosynlhesnzc
more clfficiently to fu.d and fuel human-
kind's next century.’

es ure thit pl.mt gerietics is
about 20 years behind bacterial and ani-
mal genetics. But opportunitics arising from

Tablo 3

Fllcal Yéar 1981 and 1982

(Dollars in Mitlions)

Fiébiii Year 1981

Fiscal Year 1982

Number of , Namber of ]

- Awards Amount Awards Amount
Physiology, Celluiar and - L o o
Molecular Biology ........... 1,484 $ 78.23 1,474 $ 8011
Environmental Biology  ......... 753 41.05 M 41.39
Behavioral and Neural Sciences ° 744 35.26 697 31.74
Social and Economic Scierices . . 489 25.10 432 17.56
Irformation Science and L L
Technology ................ _ 594 72 5:20
Total . ..iiiliiiiiiiiiiils 3,529 $185.58 3,386 $178.80

SOURC§ Flscal Yoars 1983 and 1984 Budcels lo Congress Juslmcauon of Esllmates of Appropriations lQuanmatlve Plo-

gram Data Tables|
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ro (hc botanical realm are dg\&.lnpm[~ ata
rapid pace.

I'he explosive d
other arcas of researche
atnvely modest resources available. has pro-
duced . climate requirmg continuing adjust-

ment of these and
.1long with the rel-

lo

nient h\ '\SI Prioritics must be JquILd

hu\uul erd\ ol reseurch; huvxun new

ipinent dnd
s lr.xdmondl r
ments or new starts. Some rt.sulls of this
weighing process are reported here.

nd Molecular Biology

Progress in biology research at the cel-
lular and subcellular level has burgeoned
in the past several years. and thereis every
iidiciition thit the ¢ plosion of knowledge
will continue. Anong the major contrib-

lIlIn[. tulor\ to this Pthoanon th

HSUFHMENELon .md the use of new bio-
logical procedures.

At the instrunmient level, computers LrldhlL
mmh more information o be githered in
less ime. They also allow the manipulation
of that intormation in order to produce
inteprited pictiires of cell structureés. At
the Bmh}gimi ic\'éi' iiié édiisidé?di&ié éi‘i‘GFi

led 1o produu-
of extremely

lmn of substaniial qu;leiL s
QpL'L'iﬁt ;iiilihi'idii:Q Thtii: monoclonal anti-
escent compounds,
y moiccules em-
Whun the

huumg proln.s 1o iden
hL‘dde in LL” Lompolunls

\ngnll\ls L.m get new mlormdlmn dh()ul
cell structure and the niechanies of eell
division and developiient.

Advanees are also being made at the
brochemical level. Almost a déeade ago,
NSE-siipported scicitists dld &xperimenty
lh i slm\ud n ls powhlu lo remove plLCCS
it lm.nrpor.m. lhcm into the genetic miite-
rinl of hacteria: Further: we can determine

the arrangement of sucleotide bases that

together make up 2 gene.

Aiiilvsis of © iryotic chromosome strue-
ture offers clues as to how the genctic
information in the nucleus of cach plant
of anitnil cell is expressed—iund how thit
L\pTL\\]UH is regulated: These clues come
Lerh dl the IHUILLULH' lud whgrg

lrom r

iTter: iclion e hunl_ \lUdILd Olhcr informa-

Q
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tion comies fron receitly dgvclopgd t&eh-

niques to introduee parified genes into
cultured cells by linking them to repli-
cuting parts of viruses. This powerful 100]
ln L\.lﬂ'llrlL th [)NA wquem.c\ quUIrt.d

ferent (vpcs of bod) cells: This will pro-

\1dg a vdlu‘lhlg, 3 ﬂle ror sludvmg tissue-
ssion.

h.mg reseurchery

More than ever bcforg
in molecular biology are directing their
efforts to challenges that are relevant to
the problems of society. Moreover. it is
not just the highly puhhuud Lxﬁcﬁﬁiml\
in_“genetic engineering” that will give use-
jul results. For eximple. there dre now priie-
tical applications of past rescarch on the

fundumental physiology and metabolism

ol insects.

DNA Structure and Genetic

Expression

__Thirty_years_ago James Watson and
Franeis Crick diseovered that DNA. the
basic genetic material: € in the form
of a double-stranded molccule. The two
strands of this molecule are wrapped around
ciach other dnd each is 10 the form of a
rq_hl h‘indgd helix: ruunhilhg a clockwise
. tt has been generally assumed
that all DNA exists in this form under the
conditions found inside living cells;
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Thie two-strinded, mmpkmmmr\ nature
ot [)\»\ ummdmld\ sugbulcd a meuh-

durml_ LL‘” di .
this mechanism Kas been corfirmed: An
important question still to be answered is
lhh How do LL”\ wnlrol w hu.h rcgnons
llh.\UL.\.

Some recent results in the laboratories
of Alexander Rich at MIT and David
glolldr at Tufts Unjversity hidve shed ricw
light on this question. Rich and his col-
leagues have discovered that DNA can also
XISt in the form of 4 left-hunded or coun-
terelockwise 'double helix: Becaose of the
way the sugar-phosphate backbone zig-
zigs dlong the molecile. this form of
PDNA hus been designated Z-DNA;

At first the Z-form of DNA was thought
to exist only in synthetic molecules assem-
bled in the laboratory: Stollur and Rich
injected synthetic Z-DNA into rabbits and
mice to produce DNA-specific antibodies.
These interactéd with Z-DNA bt not with
normdl DNA Tlu, Jnllhodlé; lﬁcﬁ.f[);c ;;Eé-

molccuks or regions of DNA lh.]l existin
the Z-form:
W hcn,mlgd,tﬁkiiiﬁiikiiiii& Liﬁi;iiﬁ&j Tidiﬁ
I)}'kji?iﬁlii[d fruit flizs w
rescent derivatives of these
antibodies reacted with the Lhromosomgs
in a distinct and reproducible way. This
indicited 1hit regions of naturil DNA also
cxistin the Z-form. -
What is the significance of the rgglons of
Z DNA in niatural DNA? We know that
Z-DNA und the form of BDNA observed
hy \\’.Jlsun and Crick .lrL, convertible
ity of « S. Slolldr

Rich: and their Lolludgug'
that the Z-conformation may pld) a4 regu-
latary 1ole in genetic expression by chang-
vironmeit in Or near par-
thereby altering or climinating

ticular genes

expression of those genes.

Another observiition strengthens lhls sug-
g.sllon When DNA is altered by the addi-
tion of methyl groups. the Z-¢ mformation is
\l.lhlhlLd HLLJU\L nulhxl lmn of DNA

. it 1S tempting to suggest that
iHc ﬁii:ihj‘ldtmn Lﬂu.( is dug to the con-

the \ldd\ 0! gene_expressi
be ible 1o show thit when lhg genetic mﬁ)r-
maution for particalar genes exists in the
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ea!
m ﬂuorescrng the anti-
Z DNA molecule whlch was bound

'Q co nic
v the Z-form of DNA—a Iefl-handed
or counlerclockmse double hehx-—ls  helping

pressmn

Z-conformition. the expression of those
penes is s’p&.ull(,.l“\ suppressed: If so: lhey
will gain un important insight into one
mu.h‘lnnsm m Lonlrol gum. expression in

The initial impetus for developing the
techniques now known ds recombinant
DNA (uhnulog\ came from Ihe deﬁlre o

nome are L.lllcd into action at dlfferenl
times during development from the fer-
tilized egg to the matire org mem Despite
the varioos important applications of this
technoiogy toward more immediately prac-
tical goals in health and agriculture. the
furidianientul scientific questions that began
the DNA revolution are still very much in
the lordronl oT bdsu. hlologlCdl resedrc.h

Aruitoxt provided by Eic:
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control of gene expression comes from the
work of Ralph Brinisiet, Richird Palmiter.
and their colleagues from 1he Universities

of Pénnéylmmd and sthmglon They have

eign gene lnto mouse embryos biit dlso

triggering lhé new gene 1o be expressed in
the resulung adults. .
The gene they introduced was lhdl for

the enVZymérlhymIde kinase. isolated from

a herpes simplex virus. To this gene they
dlldCheu the | promoler or. reguldung DNA

gene In the fuslon gene; it was hoped lhdl

the promoter would respond to the pr
ence of heavy metals by activating the herpes
simplex gene.

Brinster and Palmiter injected the fused
gcnex into lhe nuclen of feruhzed mouse

r molhcrs lo Complele lhelr develop—

more than half of these eXpress the fomgn
gene.

Regulduon of the expression for the thy-
midine kinase can be controlled ds predicied
by heavy metals such as cadmium and zinc:
Expression was found oniy_in tissues such
as the liver. where the mctallothionein gene
is nermally indaced by exsosute 16 thie
metals. The amount of thymidine kinase
prodiced by ihese mice did not seem to be
correlated in any wiiy with the number of
copies of the fusion gene. an important
and somewhat surprising finding.
Another key discovery: The foreign gene

can be inherited by offspring of the origi-

nal injected embryos. When 54 offspring
of 4 single Inju.lcd mouse were exammed

gesls that the fusion gene was lncorpor-
ited into one of the mouse’s chromosonies
and then passed. ds predicied by Mende-
lian genetics. to roughly half of its offspring:

These studies are expected to lead to
dvances in our underslandlng of
how genetic information is selectively acti-
vated in different cells and at different times

of development.

Sclentlsts were able not only to introduce a 1orelgn gene into

mouse embryos but to trigger the expression of that gene afier the embryos matured. This

kind of work is adding much to our understancing of how genetic information is relayed.

Applications of Insect

Throughout the United Sldlu W',‘,h,!b,‘-’
exception of Alaska and a few northern
continental states. termites inflict millions
of dollars in damage €ach year to wooden
houses, bridges, and other stractares. Many
years_ago. bait blocks impregnated with a

suilable termiticide became a promising

38
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alternative (o ﬂoodlng soil wnh chlorddne
to. protect wooden buildings against ter-
mites—an environmentally damaging prac-
tice. However, the removal from ihe mar-
ket of the delayed-action pesucnde Mirex

Glenn Preslw:ch at lhc Sldle Umvcrs:ly
of New York at Slony Brook his devised
a4 new strategy to develop a usciul delayed-
action termiticide. He has researched the
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hlmhumslr\ ot ﬂuoru:!u.l.uc a

pOI\OﬂOU\

cia. often kllls \ 'Id and
dotiestic aninials who eat those plants.

The toxicity of fluoroacetate is due to
the I it that in biologicil systems it is con-
verted 1o J|phd fluorocitrate; a polv.nl and
trreversible inhibitor of citrate transport.
Organisms are then unable to oxidize car-
bohydrates. which supply energy for their

metabolic functions; and lhey die.

Whitt Prestwich proposed to do is desigri
a precursor which, after ingestion by the
termite, would be converted in situ to fluoro-
deetate. Itis known that omega-fadty acids

with an even number of carbons—e. B
Coo Cu Cu

_and. C.—are _degraded to
Muvrvdcetate. But fatty cids by themselves
dre anattractive (o termites and are quite

rapidly uxldlled

The next step o increase the attrac-
inunus ot lhe omeg;i f;iiiy zibidé aih”d iHE

esters lrl;.lycerldcs dnd other dCl‘llelVeS
dguainst the eastern sublerraniedn termite;
Reticulitermes flavipes. He evaluated the
compounds tor delay time and lox:cnly in

the ld . then tested the more prd
ing ¢ candidates under simolated field con-
ditions.

Once compound. 16-fluoro-9-E-hexadec-
¢nie-1-01. seems o hive the most desirdble
complement of properties: Termites are

killed by 20 1o 200 nanograms per.indi-
vidual, with delay times of 23 to 72 hours
and complete kill in 48 to 150 hours over
the tenfold dosage range. Food sharing
by termites within a colony spreads the
poison uc.nh before the onset of toxicity.
A mature uolon), with 60,000 ﬁéﬁiBé;s,
could be eliminated with 1 to 10 milij-
grams of the Nuorolipid. As a followup
to the NS[—-xupporled basic research; this
¢ompound is now being field tested by the
u.s. Dcparlmenl of Agriculture in Gulf-
port, Missisy
Roge: /7\7 7Morsc and Chnstopher Wilkin-
son of Cornell Umversny are working on
another aspect of insect biochemistry. All
orgamxms havc a mullnpurposc enzyme sys—

dases—for converling polén.xallj toxic;
fai-soluble, foreign compounds into water-
soluble. excretable products. These scien-

tists are lesung the idea of inducing these
dtoxifying enzymes to protect commercially

Q
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iiniportant insects; such as bees: from insec-
ticides
Stiéh

h;ii/c found that some eus

fonction oxidases at a rapld riate if they

are fed nontoxic oils. With large quanti-
ties of these enzymes in the gut, an insect
miy be uble 1o breuk down an insecticide

lhdl mlghi olherwnsc be lelhdl ThIS Fnd-
are Ic.ss loxlc lhdn others Oils ire muluded
in some formulations to make the insecti-
cide sllck lo lhe planls and lhe o:ls may

sons. By contrast, Morse dnd Wllkmson
are workmg wnh bcneﬁaal lnsecls honey-

soned by the in
environment. In prellmmary tests lhey have

found that a particular nontoxic oil fed to
the bees reduced thetoxicity of one insec-
ticide by aboul 20 percent. They Continie

substances that may ulti
to protect useful insects from ﬁééiibidéi

|
l
l

Shinya Inoue. At the Marine Bﬁil””lca! Liboraﬁry in Woods Hole, \
developing improved vid;oo-inter!a[ﬂcat]qn ‘systems and computer-based imager rec str

tion. These will add to our knowledge about cell structures and developmental processes.
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Computer Applications to
Cell Biology

ke histochemistry of the 19405 and 1930y
was responsible Tor many of the observa-
tions and findings that dre the foundation
of fiioderit cell and molecular biology:
v ideosintensatication systems, uoresceni
probes, and computer-bised image revon-
striction hive gived cell bBiologists tools to
unravel prcwnmn un.lppro.uhuhlc prob-

iLiii§ lllur use h Is .1Irc ld\ 'orud LL“ bivio-

CINCO; HPE TWO c.\lmplu of lhc. wily lhix
mproved technojogy has meant new ap-
proaches to celt biology.

iniixié iiiittitd ihL' i1Uiii‘t§ttiii di’c IUti

cmbryao. He Iound that lhlh do;s notinter-
fere with Later cell division or developnient
Ol the emibryo. As the cells divide: the {lo-
arescent label is distributed equally between
the daughter cells, und with turther divi-
sians it is progressively diluted.

By taping Irom a video camera iittiched
to his light niicroseope and removing
h 1w k[_ruund I]OI\C with \ophhllc,.llLd com-

cells (h.u duucnd from the Ldl'll tstages

ol embryo development. For example, the
progeny of the iieromeres forim 4 rifg af
cells around the body cavity of the embryo,
and Inoue has found that every fourth cell
i this ring is lapeled by the Nuorescent

miirker.
This poses lhc intrigaing probkm that

although these micrameres may be indis-
lmt_un\h mlc in lhur morpholol.y dnd fune-

1s¢o John Sdel also 1s usmg
ication systems—in his cuase
whiit he terms "« :

ll()l]lll}: "—to determine the three-dimen-
sion; ll orﬂ.mu mon of cell nuulu Hc h.xs

Specific dnuhodus are flugrescently
labeled and added to permcabilized cells,
which ire then placed in @ narrow capil-

Aruitoxt provided by Eic:

BIOLOGICAL.

i’hE iiiiit i% faid iii iht i'o"cii iil;iiit

iiki luHL-

ts | 0"& axis: For each .mglu at which the
cell 1s viewed. a different pattern of Auo-
is seen and recorded on a video
Ny Ui fhc recorded information is then
fed into a computer that reconstruets a
three-dimensional picture from the fluo-
I'L.\L.Cl]' patterns.

With conventionzl llghl nnuosu)p\. the
membrane surrcunding the nucleus .gems
to disappuir during an carly stage of cell
divis Liaer;

rescence

iiUdL‘dI’ mcmhr.inu

new

arc observed around the two sets of sepa-
rated chromosomvs, cach set destined for
one df the diughter cells.

fo xludx the prlnuplu mvolud m lhls

dcnv.mvu of ¢ one dnnhody lh.xl is specihie

for u protein found oily in the nuelcir
membrane. It umlm:iiil) stains the entire
nuclear munhr ine of cells that are between
divisions. By labeling nuclei at different
Stages of c.gll division; the fate of the

r munhmnc can hc oh\crvud

nud
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the membrane does not completely disin-
tegriate during division but devel farge
holes and loose strands extending mto the
ci'iiipl.mn ot lhc LL” Al a l.xlcr \ldgL th

nu\l_\ tormuq_ naclei; it hn*{ll) creates
around them a distribution of fluores-
ttlitc that is identical to that of the ong:

'LILU\

d~pcnd> on ;hq lehqu ind ms'runi’cﬁiai-
tion availible for gathering new inforniu-
tion: Such inforniation then provudu clues
on how ta approach the specific prohlem
at the next level of Lomplcxuy The two
swidies cited qbove

morpholoyg.nl ohwrvanons Ldll yvc L|UC\

lincuges B'u'i iii,s:;i,i'o' 'd"c'i'éﬁjiihé Isuiiti'c' mac-
'riiiﬁm'c'cum'r dim-'r'cﬁ'c'ce between cells at

provides a probc and an in vitro cxpén-
mental system for investigating complex
membrane asseinblies,

vironmental Biology

This Foundition division supports re-
scarch on bioti and biotic diver-
sity. A biotic system involves an interac-
tive relationship between an organism and
its environmient or 4n 'sscmblagé of organ-
1sms Jnd lhur cnwronmcnl whlch nay

different kmds BIO[lC lechll) manifests
itsell both us sabtie differcnces between
individuals of one sort and the staggering
array of distinct organisms.

The thread that binds these two seerm-
ingly diverse concepts together is spun by
geologic time and mutual dependence. Cited
below ire u few exumples of currently sup-
ported research that illustrates the inte-
gration of these two concepts..
~ In gencral, the organisms thai consti-
tate un effective breeding populauon share

a set of characteristics that distinguishes
lhcm from olhcr brccdlng groups of the

and—as in lhe

follow the psoal “roles”

LT AN

ciise of the Cenon \n.ul dcsulbud bL]O\\—

have pu77|ed taxonomists for generations:
The specml pcculmnllcs Ofd populdlnon

domly lhcy rcﬂcu an .xd.x
cnvlronmcnldl prcssurc or' lhc c\oIvmg

pl.xy [hls rolc in one sludy dc[dllt'rd below:
Somc of lhcsc ndlurdl pldnl produu\—-—

.md cnronclld—hdv; <pecul uses by ku

beings: More recently the predator-deterrent
qualities of some pluant products have been
applied to the control of crop pests.

While this latter lechmque sounds pric-
tical and prommng olhcr Sludic§ of blollC

)usl is oﬂen dchcalcly balanced and c.xsnly
apset: The decades-long stady of Eake
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how man's
.1ll)

Iahoc described below shows
.lLlI\IlIL\— ymet

.ihiiixQ

|L.:II\-L n d&,&.r.ld&, a hlom
1hL ldi\L L:hgu example also illustrates
"""" Tii Uh"d'c'rii rid ihi: iiruti

mg.nurud ln .1dd|uon thy sludud the
angomy anid ecology of th animals at
selected sites.

Thc scxcnl:sl§ Cbhblﬂdéd ih;ii ihbkb ;ikb

hiotic systems dquUdlC]) we nud long
term intensive research in a variety of care-
fully chosen. representative habitat types.
I'o that end; the Foundation is supporting
4 series ol mlq_.r.:ud long ler environ-

u)mtcrous t,rgrl L_r

n! lhu .1ppro.l§,h u;gc q)mus Fromr Vlhc slud)
of energy and materials moving throogh i

em, as described later.

soi! subsy

The B’iiiéiéii’j of ééfiaﬁ

C‘Pnon prwents
: ,1vc, dlspldys

dnlurgnu wion or the attdinment of repro-
isolation: Either most Cerion spe-
cies are invalid or there is \omglhlng wrong

with the biological-species concept itself,
heciuse current theory holds that species
are genetically distinet and reproductively
isolated. o
bvolutionary hmloys v Stephen Ja
Gould [Harvard University] and David S.
Woodrutt {University of California, San
e dre eolliboriting on 4 study iifihi:Si:
reitirekthle smiils: Their work focoses not
esolution of Cerion’s taxo-
4lso on learning what
s about the proc-
dnd spccmilon

only on (e~
nomic problems b
these orpanisnis cin te
esses of .ld lpll»c ddldll(

& u,ology

and Laboratory studies of genciies. dndlomy.
and shell morpbology. They are thereby
elucidiating nigjor pauerns in the evolation

of this group.
ln (hc Blhun'i&

dl\ll’!hllll(lll p.xllc,rn\ lhroughoul the
Gouold and Woodruff sampled snails from
more than 1K loeilities, measured sbells

\wldgkprcdd lOdd) and probdbly cvolved in
th Bahamas durmg the last 100,000 yurs.

into the area from Cuba by hurricanes.
Thi:ii: Sﬁctii:i i:)ihibii Véiy Idﬁ- lL-VL-i% iif gth;

tively variable. Woodruffdnd his students
have shown experimentally how some o!
this varia in shell morpholog) relates
to the snails’ adaptation to thermal stress
and predation by land crabs.

This case is particularly interesting be-

cause morphologv is a poor indicator of
species status in this group. More generally,
Cerion suggesis_thit reproductive isglation

may have been overemphasized in earlier

th most dissimilar, will h)hrldllL where
their ranges eome together in nataore:
Gould and Woodruff have found many
narrow hybrid zones separating species
in Cerion. Woodruff, who has been study-
ing the evolationary significance of such

has observed that snails of these
exhibit genetic anomiiies. Samples
from the hybrid zories hive rire or unique

zones,

electromorphic alleles at frequencies 10 1o
{00 times higher.than those away from the
The caases of this new genetic variation
are unknown and still under investigation
at this writing. The spread of the alleles
frism the hy id zone is being followed in
nature by researchers who monitor the
movements of hundreds of individually
rivrked snails, This work will help scieni-
{ists dgvclop a more comprehensive pic-
ture of the zone's gene dynamics than has
been possible before. The results dre ex-
pected to clarify patterns of evolution:

length vad in Mayaguana,lsland in the Bahamas untii a few th,o,usand years ago. Despite the

grest varinly in morphology: thougi: there are probably tar fewer species of Cerion than we
orice théﬁght accordlrg to recent réSéarch tong-lerm studlés of such ammals reveal the
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Lhe distribution 1n plants of complex
mnluulu ¢ l“t.d lcrpcnu s l‘lmnomudlly

characteristic
serve ds finge
cies dnd suhspecies lnd to IdLnllf\’ pli
ol hvbrid origimn.

Terpene diversita s particularly hizh in

tropaciil raititorest planis. Presumably this-

reflects the evolation of terpene-producing

cupability i forest plants as deterrents or
d(_h.ll\t.\ agatnst lhg .lll u.R\ ol herbivor-

llllurm inta (rU/ lnund l'

\Ig\u i

Usimg mfrared spulmphulonulr\ Langen-
hicim dl\\.n\(.r(.d lh‘ll lhg resins in lhc ILJ\L\

and (upul/t‘l(l are \Il“l[dl’ Thg same 15
lumnmd u)mpuunds oceurred in the leaves

- iivestigiited, biit the propor-
tons of the compounds viried between

\D\.\.IL\

1 angenheimi has tested dI”Lanl terpene
contents Iur lhur dngrrulu po\ur h\ olfer-
wori, ”l(_ resing rgduu lhc plllldhllll\
ol the leanves: and the terpences show viry-

Flous dlu. k on lhc rmvworm

m; dglg

vore attiack
tant in the se
Hive ‘ew leaves and grow slowly during
the first few y

Langenheim has also compared terpene
patterns in South American and African
popiliations of Himiendea. The similarity
m the kinds of leaf resins is remarkable:
a common East Afnican_spe-
cies H. verrncosa his G complement of leaf
resins very i ul’ r to (h.xl of H: courbaril,
New World.
in leaf
¢ .llw mund in the relited genus

lor example,

Copailera.

This evidence strongly suggests a typi-
cial “Gondwini™ pittern of distribution,
resulting from the gradaal separation of
South America and Africa. Geologieal evi-
dehice indicites that these continents began

Q
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lhmg

ber prove (o be n
of the cast African H. verrucosa than those
of any other species now living in the New
World.

m\q_hl\ poss lhlc lhrough re Ldl’Lh at the
Junulurcs uf tuxonomy .md ccology in

through the study of modern natural plant
products.

years luke ccologists. or lim-
thC studied communitics of
[JHIS [ph»lo linkton) dand

nolol_'
pl.mklo :

tral and rq_hl.uory uncertaintics and is
giving information that can be uscful in

: 42

n is so charactenstic for each species
or in Central or South America—that comparisons help to reveal evolu

"hether in Africa

nary pathways.

lake and fisherics management. Work at
Like Tahoe on the ";ili'ﬁi'r'n'i;i -Nevada
border has bec

water has survived abort two million years;
but evidenee indicates lh‘ll lhh prlsunc
ch.xr.mer is dcgridlng

urch on
greatly

the lak uii (vé?k iins' contribat
to_advances in planktonic ecology.

Since 1959, Goldman and his associates
have \)\umduullv measured the dbin-
dance of phytoplankton; zooplankton;
and, 10 a lesser exient, pt.rlphylon {algae

wiater transparencey has decr
ih;ih IU ﬁ&iCéﬁi iihtﬁ ]§7U Thc

have been traced to urban dwclopmcnl in
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Dlsrupted ecology. The orice-abundant consumers of algal phytoplankton in Lake Tahoe
were desiroyed by the predatory opossum shrimp_ (Mysts] introduced into the lake without

r'1aper study beforehand. As a resull, the algae have grown more abundant and the water

less cledr.

Lake Tahoe's dramage basin and the in-
of nutrnient inflows that urbaniza-

Cret e
tior. generates, ) o )
The animal plankton of Lake Talive

changed dramancally in 1971 and 1emains
dltered to this day. Two populations | Daph-
nia and Bosmina) disiappeired totally from
the luke's zooplankion: This loss is signifi-
cunt because these erustaceans, which feed
by sweepiig the tiny algie from the water,
are a major souree of food for fish:
cially juveniles. The opossum shrimp Mysis,
infivdiced into the Like in the carly 1960s
by the Crlifornii and Nevida fish and game
deparunents, was found to be the Lulf)ﬁl
I'he Tahoe Research Group studied the
abandiinee, growth, sputiil distribution. and
age structure of the Tahoe Mysis pupuld-
lmn to 5 1n umghl lnlU lhc : """

rlmp s Jl“d/'

erusticeins, prdrcrrml.”lrhrc two spLCl
had disippeired in 1971,

Q

sum shrlmp Wwils L]L‘dl’l\ Ikad w0 lhc exter-
ination of the Dap I
in Lake Tahoe. Bes
these IWO crusticedns, Mnlv 1s idlso lhc
probable cause of the recent decling iii the
kokanee salmon population. It seems to
hiive reduced the salimon's food ply.
Th story is u classic example of
how a summgly unimportant organism can
indice widespread changes in lake d)n.lm-
ies: The Tahoe r ch his piven new
insight into the role of predators in stroc-
turing an aquatic community and has also
provided information useful in lake and

llsh(nu m.m.q.gmunl (.On(rlhﬂtlons ol lhc

syt These processes regulate ccosys-
tem structure, funetion, and development
\w(hm houndiries defitied by climite aind
parent L_Lolol.lcul materizl:
(onlrlr\ to common hLIlC liiiiil iil'iht
’I\Ld g.lrhon .md HESS
ccosystems are distributed below L.round

s Tools [llvmg .md dLde rool cxud.llu

ceosysiem oceurs undcrl.round

For example: research by D: €. Cole-
mun of Colorado State University shows
that 86 pereent of biomass production and
95 percent of hewerotrophic production and
respiration take place in hclow-l.round com-
ponents of semi-arid grassland ecosystems.

/\Ilhoul.h LllmLIIC ,fn”u' ,”‘Il propcrllcs Jrc

|mcr1umns among soil ‘JUI\J ,md flora
sighificantly affeet the development and
fancuon of ecosystenis, Soil orginisnis pliay
nLlJOI' rolu iri prousslng orgdnlg material

at Colorido State. under the direction
of Coleman and C: V. (olc of the U.S

Department of Agriculture; is Llumddung
the role of soil blOl.l in complex below-
L.round prow f

in the ph)slwl chemicul, and blOlOglLd]
prousscx of nutrient d\n.lmlu Or lhc

ing on the mlcroﬂor.l.
Medium-sized animals—miesofauna such

as curthworms, ants, and termites—{rag-
mcnl ,md mgorpor.uc litter and detritus

and 'di'g'é.'si'idii they increase the nutrient
content of the processed material. Earth-
worm’ e enricl Ld mlh mluroﬂom

by Soil Heterutrophs

Nulncnl cydmg .md cncrl.y ﬂow .Arc

mlgromuna. mmulodu ,md protoLo.ms
maintdin 4 dynamic niutrient l'lux by ¢ gr.mng

on primary decompo
and fungi, by increasing substs
and decomposition rates, and by adding
th natrient mineralization via mclabolic
waste products, Root grazers may stim-

ulate primary decomposer activity by in-

RIC
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cr:u.mng the amounts of substrates avail-
able trom cell leakage and dead roots,
111 00 series oF Wicrocosit experiments,
Coleman znd Cole Toond tht introdacing
an amochoid protosoan and hacterial-
feeding netiatode increased both decom-
position and nitrogen and phosphorus
IHII]LI‘I'I/IIIOII B\ £r: l/lll}__ on mumhu

LrUhL diversity. lhu dlso ddde to nitro-
gen mineralization h\ excreting microbiilly
mmobilized nitrogen. Because of short life
oacles and nutrient-rich excretory products,
these microliuna help maintain a dynamic
nutricnt pool. In returnmg nutrients r.lpldl\
to the soil, the microfauna help to sustain
the high nictibolic detivity ol the primiary
dcc\)mpn\(:r\
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; Ilhomh iy I\L\ ieractions can now
be IdLnllIlLd th\L results supgest mqu_u-
ing pro i p.mmng pl.ml structure

hiological Loilipomms The microflora and
microfauna are inumately linked with the
priniiry producers and soil constituents in
u L()lﬂplL\ and dynumic series of hiotic

interactions. These are essential to main-
tain the productivity and nutrient dynam-
ies of ecosystems. 7

Tiiéée uﬁa s'imilar l'indinp' have pro-

common patterns ol hérbiudc; p llc:dé;
or fertilizer application may in fact he coun-
terproductive.

i lhu dreil s llllU\U.l“\ kiroid. mgludml.
.mlhrnpolm_\ linguistics; ps)gholou
neuroseience. A common goal of all these
dnuplmu s o ddmnu our undt.rsl md-
Hig i€

rol

ciiee it. s. although
often yuite dllh.rmt in \uhjLLl mitier, nicth-
adologs; and general approach: also share
common coneerns, )

The curreiit reseiarch focus of them all i
the mpu of duc.lopnkm /\hlhrOpO]O&.l\l\
are aoxamining hoth contemporary and older
murlu.nmns 1() undcr.srl.md how societies
and ¢ d how thev
continue to dddpl Linguists and psthGl-
ogists are aceelerating our knowledge of
how cognitive ¢ ties develop. especially
in very young children. Neuroscientists are
making rapid progress in understanding
How dierve cells grow great Uiiiiiﬁbi:s with
murvelous accorucy; making precisely up-
propriate connections in a developing organ-

Iy ing dc.vc,lopmunt is pcrhdpxﬁm’osl
difficult at the coltaral level.

There the
anthropologist interested in an earlier civili-
zition must piece together an inferential
Jlg aw pUTJIL with key pieces of data often
missing. A question for archeologists is how
socidl complexity develops and is main-
tained: When onc takes a broad perspec-
tive and views humans aver the several

Q
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very rlpldl) Jnd lndeLndLnllV in. many
parts ul holh the Old .md New Worlds

ancient sites. Geologists, geochemists. and
archeologists have located obsidian deposits
in many areas of the world: with particu-
lar attention to Middle America. The influ-
enee of virious Mexican states. their rise.
the expansion of their power. and their
decline have been traced hy reconstructing
LhdnE.Lﬁ in obsidian trade neiworks.

f to under-
stand cognitive skills in children as young
as two or ihﬁ:é Wbik 6ii ihé déiiélbbiﬁéiii

the Umverelty of Pennsylvanu is alreddy
beginning to have practical use in a num-
ber of preschools in the Philadelphia area.
Gelman has docomented the capacity of
young children to understand number con-
cepts far in excess of what was expected.
She has ialso carefully documented their
limitations: Using this information: pre-
schouls have been able to design their cur-
ricula to make creative use of the childrens’
50 that they reach their maxi-
mum learning threshold.

‘At the cellulur and subeelluldr level recent
advances in. neuroscience rpsearch have just

begun to open new doors to understand-

2 44

ing how the quunl(ul) LO“]pIL\ haman
hrain develops and functions.

~ The hriel rescarch descriptions that fol-
low idre but ¥ few ¢ ples of exciting
dcmmphéﬁﬁignls in the hehavioral and neu-
ral sciences. illustrating both the depth and
hreadih of contemporiiry work in these rap-
idly progressing arcas:

Developlng Braln Maps

** Such_maps Jrc assem-
b!Ld b\ the ordcrlv growth of senscry neu-
ron .xrmys—lrom periphieral sensory striic-

ich as the eye toma ng .irr;nys of

neurons on lh«. approprlulc p;irl of[he bmm

jc.guon is rcpc.m:d in every individual of

the species. Furthermore: cach nearon BrOws

a synaplic terminal in a specific rcgmn of
thc brdln that is Lorrcldlcd wnh

ing u somdlolopu m.xp in the brain:
Thc prou:ss of ncuron.n growlh rcqunred

treme form in insects. sugh as the cru.Rel
where sensory nearons are born in the
Lpldt,rmls WIlhOUl ever h.xvmg bcen lo

S 16 lhe brain and m.xker oydcrly syi-
aptic connecuons Slmc msccls thC no

ep\dcrmxs j.gnhnmng the sefisory fielrons,
to different places on the body in order to
test their path-finding ability. Murphey has
discovered that the brain region where a
neuron makcs synapses is fixed at the time
of the neuron’s last cell division; and dur-

ing growth of its axon it makes a series of
choices. These choices in the growth pro-

gram are arr.mgcd hrerdrchlc.ally

For example; if a leg sensory neuron is
merely transplanted to a different location
on the leg, it will find the leg arca of the
brain and growtod place withiin that area
appropriate 1o its original position on the
leg. However. if it is trinsplanted to another
leg. the neuaron will grow (o the brain part

controlling the host leg—but will again
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Neural mapping. A Patch of epidermls from_a_biack cricket. cantalning sensory receptor
cells; has been transplanted onto a tan cricket. The purpose of this experiment was to study

the growth of the transplanted cells into the central nervous system. Work like this gives us

more complex organisms as well.

;ii'hiiii}L ih ;i hhihh[i‘ cdﬁ'si'siéiii {vi'iﬁ its

receives d set ohnslruulons about how to
.1rhor|1¢.\|n the br . these cues depend
on the nduron’s iocation on the body sar-
fice at the time of its birth. It seems never
to forget this “"positional information.’

Attempts to determine the nuatore of this

m!urm.luon at a biochemical level can now

slruucd ThL) also prowde high-resolu-
tion stadies of the assembly of a relatively
simple_nervous system; such studies are
difficult or impossible to achieve in the
nore u)mplcx brains of vertebrates. Thus
the brains of crickets and other invertebraites
serve neurobiologists as model systems, the
weterid .md viruses serve molecular
s allow scientists
ques to complex

simple, elegant

problems and produce
solutions.

Local Protein Synthesis

Il serves as lhe

The axon of a nerve

single line of communication between neo-
rons, as well as between neurons and cells

Q
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s nervous system is constructed—and some ideas about

ofpenpher'ii organs sach as muscles, sen-

sory receptors; and glands. Therefore ménj'
axons represent extremely long, thin appen-
dages of the neuron that may extend up to

a yard in length. Conunued maintenance
nervous function.

The vmbllny of the axon is mamtanrrired
by a continuous supply of proteins from
the cell body the neuron s pnnenpal sne of

range of [uncubn;nl macromolecules that
make up the surface membrane of the axon
and its terminals, in addition to maiy

enzymes that control local metabolic activity
in_the axoplasm. A very efficient_intracel-
lulq[}’rgnispio[; system ensures that most
of these proteins reach their appropriate
%iiéé 6T Tijhbiiéﬁ Téii'iy fﬁﬁiaiy—ﬁi ﬁl& 6T

There is; however; a class orfprotrclns mdk-
ing up the cytoskeleton of the axon that is
lransporlcd al an exlremely slow rate—

Edw‘ird Koenig of the State UanchIty
of New York at Buffalo has been inter-
ested in determining \vhelher axons arc cap-

s0, he would like to characterize and |den-
tify locally synihesized proteins, to find
out whut significanice théy may have for

the growth of the axon: A major difficalty

45

s

in such studies is that axons are ledya

dséoci.ited with h1el:1bol|cally active cells

resedrch Koemg hdS cnrcumvenled th;s diffi-
culty by placing goldfish retinal fragments

in culture. These cultured explants initiate
axon regenemuon and yleld rich oul-

of ensheathing cells -
Koenig has applied specialized micro-
chemlcal techniques to study the micro-

scopic axonal samplc available after con-
nections to the retinal explant are severed:
His findings indicate that in these growing

axons lhere isd hml!ed capacny to syn--

ponents of the axon's cytoskeicton and

probably are also part of the mechanism
oflnlracelluldr transporl These prolelns

growth functions; are normally shpplled
to the axon from the cell body at an ex-
tremely slow rate.

Other recent studies indicate that slowly
transported proteins undergo a gradual
dﬁeﬁgﬁradduon during transit. Koenig's find-
ings imply that local protein synthesis may
supplemént some of the proteins supplied
by slow transport; they may thereby com-

pensate for the inexoriable biological effects

of aging and degradation. Impairment of

local protein synthesis could explain axonal
degeneration seen by pliysicians in so-called
neurotoxic nearopathies andrdying-baék

syhdiéﬁie Moreovi:r thi: polerilml for

tie “plasuc changes that result i in rearrange-

ment of neuronal connections may depend

to some extent on local protein synthesis.

Visual Memory
We often take for granted how wmlly
dependent human life is upon memory. from
simply knowing one's location in space
to speaking and comprehending. Those
who have lost the capacity to remember
ire reduce- to a vegelalive existence. Yet,

despiger the unparalleled importance qf

memory, we know almost nothmg abom

tion. A major reason for this ignorance is
that no one has yet succeeded in idetify-
ing a set of brain cells that form the essen-
tial elements for any specific memory. A

variety ol experiments by Robert Doty of
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tHé 'Uh'i'v'éfsiiy 6i‘ Rochester ;&&Fééééé this

Thclr visual system and memory capacny

are remarkably similar to oor own:

In thg%g cxpenments' oby‘cts are dr-

prou:durc What the monkey sees with one
eve passcs dm.ctly only to thc half ofthe

'as in the normal snuauon) T'Té only way

thae right half of the brain can then know
whiit the left side has seen, and vice versa,
is viad (wo fiber bundles: the anterior com-

issure and the splenium of the corpus
callosum, Either of these pathways alone
is able to transfer this informstion, and
for the types of visoal mput tested to da(e
for pure color. or for pictures of objects or
scedery, the two pathways seem equivalent.

This opens up many exciting possibili-

ties for real advances in our own under-
stunding of memory, since there is now a
cly ¢ scribed system over which
memories must pdss We can ask what direc-

tion the transfer is going in: Does the

tion among the deaf and others who use American Sign Language (ASL). Here_a woman makes the sign WHO. At left, the manua! sign

is accompanied by the nonmanual sign.for “wh” word questions (e.g:; "WHo did it?"). At right, the slgn occurs with the nonmanual sigrial for
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memory remain in ihe “seemg" half ofthe

brain, where it is somehow accessible to
the other half? Or is the memory.—via the
connecting pathway—actually formed, re-

dunddntly. in the* ‘nonseeing" half of the
bram as well" ln any event the source and

pathway are dearly rela(ed to memory
processes. And that discovery is leading to
much greater precision in defining those
processes.

As something of a bonus; the method
Doty uses also permits analysis of the differ-
eit ways that tie brain’s two halves process

certain kinds of complex stimuli—a situa-

uon i:xceedmgly evnderit iri human bemgs

The experimental arrangement w!ll rdeter-
mine whether one half of the brain in
morkeys is better than the other for regis-
tering one or another type of visual infor-
mation: No such difference has yet been
discerned with stimuli of pure color or
complex form, but it may arise when iden-
tification of faces or geométric arrange-

ments is required.

?Wemy years ago the conventional wis-
dom was that sign language, used by deaf

people; was not a legitimate Ianguage but
an inferior system of gesturing that deaf
people should suppress. When NSF made
a grant to William Stokoe of Gallaudet

College to do_research on American Sign
Language {ASL], critical letters appeared
in the Washington Post reflecting the pre-

valent attitude:

Stokoe’s early research resulited in a dic-
uonary of ASL,; it showed that ASL signs
were structarally analogous to the words

of spoke'1 language in fundamental Wa}is

number of research centers to mvestlgate

the properties of ASE more thorouoghly:
As those properties—syntax, morphology,
dialect variation, psvchological processes

of production and comprehension—were
explored; the outcome was the same: Once
you get beyond the ways that a language

of the hands must be different from a

lanmngg Scientists have rooomly ahown that facjal _expressions and other ngnmmunulnngla pl;y akey role in communica-

rhetorical questions [e.g.. “And who did it? The butler?"). Thus syntax is conveyed by body movements—of the eyes, tace, head, torso,

etc.—other than those the hands make. This research reveals an aspect of sign language that went unnoticed before.

23
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f;'p"o'Ri:'n l;ingij;ige }‘\SL H;ié ;i" 6f iHE irn-

This has been a dlxcovery of the ﬁrst
innortance scientifically because it has
offered researchers a unique pérspective
on the underlying properl]es of languiige.

It has been no Iess rmportdnt ln the deaf

.lfleetcd by the riew awareness lhdl A§7L7I§

a legitimate language. Children are being
ent.our.l[,ed lo use lhelr own l.mguage lo

LLsslﬁle to them.

William Stokoe has continued his re-
scarch on sign linguige. Most recently he
huas been collaborating with Chirlotte
Baker, also of Gallaudet College; on a étndy

of linguistic expression in ASL which uses
parts of the body other than the hands.

The significance of the hiands in signing is
ol course centr.ll .md m.mu.nl beh.mor has

research: Stokoe and Baker have shown

however, that facial activity and head pOSI-
tion have definite linguistic functions in
ASL: o

Sentence types are distinctively marked

nonmanually. The grammatical signal for
a question, for example, consists of raised
eycbrows, widened eyes, and often a tilt-

ing of the head or the whole body forward,
while the signs for the words in the ques-

tion dre being produced. The same sequence

of signs without the charicteristic facial

.nctlvny would not be understood as a

cate reldllve clauses condmondls rhetor-

ical questions; and even the SUb_]EC( of the

sentence.
Now that ASL ks been CSldeISth asa
genuine Iangnage resedarch like that by

Stokoe and Baker helps us to understand

the ways in which it is special. Spoken lan-
guage has intonation patlerns—changes in

the pitch and stress levels that signal impor-
tant matters such as sentence type. These
are not available to sign language, which
has replaeed them with behaviors appro-

priate to the wsual moddllty Once agam

tance. Teachers of deaf children; moreover,
can now be mdde aware of an extra dlmen-

tive Vfor studymg qtiestions ofeenlrdl rmpor-

Thv. sOlel dnd economic sciences are
the chief sources of a vilal ‘accumulation

of knowledge about human institutions
.md beh.nvror embmcmg groups .ns ldrge

se.m.h over the past decade has Ied to
more understanding of how the economy
works: how societies and individuals orga-
nize themselves politically, legally; socially,

.md sp.m.nlly dnd how they chdnge The

hzrpperrs and what its effects are—rs a

continuing theme and major focus for the

.sou.ll .md economlc sciences. ,', :

|mmedlate relevance 16 current socnetdlrcon-

cerns, Both types of studies share several

{1) the search for gen-
era’pzmerns and principles that extend

beyond the particulars of a specrrc time
and place, {2) dependence on reliable and

Q

reproducible data that describe institutions
anq the way they run, and (3) the system-
atic test of general principles on the basis
of appropriate and reliable data.

These characteristics define the principal

rese;iréh tasks for the social and economlc

theory and concepts leading to testable
hypotheses, lo improve analytical tools

and techmques. and to baild better and
more comprehensive data resources. The
prodiicts of these endeavors enhance our
ability not only to dlscern and measure

social change with accuracy but also to
understand it at a deeper level and to
anticipate it. Examiples of this research are

described here:

Economic Chénge and

 Broad i:yi:lii:él swings in the American
economy have occurred historically and

These economrc ﬂucmauons often force

resources; and other- f.nctors

___NSF has supported studies of how fam-
ilies adipt to social and economic changes
and the long-run effects of these experi-

ences for pdrents chrldren .md the family

eépecrally chlldren from early develop-
ment through later life. Bin lhe work has

farmly adapt;mon and the lmpdcl of €co-

nomic deprivation on child development
and Iater ddult l'uncuonmg Some of these

Using data from ‘%"9,,,"{,},*!9',9“3";5‘,
eoniinijoijs-Siijdy Fles on chikiren and

his many collaborators have andly;ed the

legacy of the Great Depression over the
l7-year perlod f'rom I960 to 1977. They

experlence |n samples of chlldren born in

Berkeley Calrfor'n’ia' in I928 29

The stadies document dramatic ehanges
in the domestic and economic roles of family
members. Mothers and older male children
took responsibility for contributing to the

family s income and budget mdnagement

ddughters typlcally pldyed a deor role in

running households. In contrast; the father .
experrenced a Ioss of power in the famlly.

parems dropped ander conditions of eco-

nomic deprivation. .
Str&ss and conﬂlct m the f.nmlly mcrcased

ents were relatively ciose before a loss of
income, such hardship enhanced the chil-
dren’s relationships with both parents. But
when coupled with marital discord, depriva-
tion sharply increased children’s hostility
towird the Tather while strengthening the

relationship beiween mother and daughter.

The_consequences of economic hardship
for children clearly depended on their sex
and age dnnngrlhe Depression. Yoiing chil-

dren growing up in the 1930s exhibited the
greatest developmental problems; adoles-
cents fared better. In social/psychological
assessmients, boys from deprived families

were found to have lower aspirations and
self-esteem and less seli~direction and asser-

continue to be a part of contemporary life; __tiveniess than boys raised in better eco-

47
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nomic circumstances; And despite compa-
"""""" the_scholastic_performance

rable ability.

of deprived boys fell below that of boys in
more affluent families: By contrast; girls
from deprived families displayed the compe-
tence that so many of their mothers exhib-
ited dunng cgonom;c hirdship.

and mndllﬁ. For men; éarl) cntr\ into the
labor force. military. service: and delayed
marriage seemed to give them essential time
for personal development: this allowed them

(o overcome their handu:aps as children of
the Depression. Even so, the enduring con-
ibiJUbh.i:‘i bT éCdﬁbﬁiib h;iidéhiii ;iié foﬁi‘id

with dépri\ ed chnldhoods were more hkcl)
to vd|UL muludl understandmg in marrmge

predlcl on the basis orlhcxr corrent adalt
snuauon or carl\ class slalus

to understand how macroeconomic chéngcs

affect family life. It is clear that the nature
ofeconomlc changc its severlly and dura-

less: paucrns of behavior have becn found
and these suggest a general model of family
adaptation and outcomes. Futuie reseirch
that follows individuals throogh lite wiil
look further at family adaptation in relation-
ship to other social and economic changes.

Trénds in Time Use
One of the chncf aims of the National
Time-Allocation Data Series; collected by

BIOLOGICAL. BEHAVIORAL,

the University of Mlchlgdn s Institute for
Social Research. is to measure trends in
the way people dpportion their time among
various activities. Sach trends may reflect
important and otherwise unobservable
social and economic phenomena. Like
census diti. these nigasturements are indi-

cators of social change:

This_series currently consists of surveys
made in 1965-66 and 1975-76. plus one
completed in 1982 on a subset of the re-

spondents interviewed in 1975-76. The
latter gives longitudinal data. making it
poss:blc to do analyses that monitor, to an

extent never possible before; changes in

the way American households allocate
time. The 1981-82 data were collecied too

"ééén(l) 10 produge any fine-grained anal-

yses of current trénds or underlying societal
processes. However, some broad conclu-
sions are SUggéSléd

The results reflect data for the 10 activ-
ity calcgorics commonly used in time-use
studies since the mid-1960s. All of the cat-
cgorlcs include associated travel time:
thus commuting time is part of work in
the marketplace ["market work™'}. The
data for both males and females show

average weekly hours in 10 major activi-
ties for 1975-76 and 1981-82, along with
@:ﬁi[rqiéﬁéés between the two periods (see
table):

_ Even_though the statistics_represent only
first calculations from the 1981-82 siudy.
they suggest some interesting changes. These
reflect_a marked difference from the pat-
tern of time-series changes shown between
the mid-1960s and the mid-1970s. The most

interesting results show up in the market-

ND SOCIAL SCIENCES 39

work and houschold-production categories.

Hours spent at market work show a slight
increase for males~—due mainly to more
time spent on second jobs—and a more
sizable increase for females. This is prob-
;ibly J 'rééijli 61’ b"o'ih h'ighi:i 'pé'rii'ci'p:iii'o'ﬁ

p;nri- to full-time wbrk

The household-production
reveal a very interesting phenomenon:
Men are clearly doing more household

activities thar before; and women on the
average are doing fess. The most dramatic
change is the rediiction of 2.7 hours—miore

than 10 perccnt~m the household-work
category for women, coupled with a slight
increase in that category for men. Both
men and women show somewhat more
hours spent in child care. In conjunction
with the decline in numbers of children,

this suggests a nontrivial increase in hours

spent per child. And in the services and
shopping category, men show a substan-
Elﬁdllngriediseiwhllcwiomcn spend about the
same amount of time.

_These changes all move in the direction
ef equalizing the markei-work and house-
hold- prodncuon activities of males and

féﬁialcs It is sull iriie lhal nialcs spend

many more hours m household produc-
tion. iﬁéﬁ iiidiés db Biii iHE g:ib i§ ﬁéiibii
resalts of prcwous analyses whick skowed
no evidence that a shift of this sort was
under way. o

O(hcr interesting fi ndlngs include a shift

away from television viewing toward other

Average Weekly Hours Spantin Mojm Activities, 1975-76 Compared to 1981-82,

Individuals Batween 25 and 84

Males Females
1975-76 | 1981-82 | Difference | 1975-76 | 1981-82 | Difference

431 437 +0:6 208 237 +28
7.9 8.1 +0.2 21.2 18.5 =27
1.5 2.0 +0.5 4.6 5.2 +0.€
3.6 4.5 +0.9 6.6 6.8 .-
Earsonal care (includes sleep) 75.6 73.4 -2.2 77.2 75.6 -1.6
Education ... * 10 0.9 -0:1 0.7 06 -0:1
Involvernent with organ zat ONS ...l 24 2.8 +04 3.1 3.4 +0.3
Social entertainment ............... 6.9 6.6 ~0.3 8.2 8.8 +0.6
Active leisure (8ports,e1€.) . ..................... 5.0 5.1 +0.1 4.4 .48 | 402

Passive leisure (inclodes television vlowlng) ....... 210 209 | -0 213 [ 210 | 03
Total ..o e e 168.0 168.0 - 168.1 168.0 <0.1

Details may riot add 1o totals dus to rounding.

RIC
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pmn * leisare activiti uch as réad-
ing. listening 1o tapes or records; and talk-
ing on the telephone. Television viewing
time dropped by about #n hour per week
for males and almost that muoch for femiles:

The Theory of Industry
Structure
In his 1981 presidential address (o the
;\erIL.ln h.onomu Asxouduon wiiiiiﬁ

dnd Roberl
W |lhg_ at Prlncclon was published the fol-

ton of output dnd prices lvpl(.llly assumes
that the size and number of firms in par-
ticular mduxlne@”‘grg set by forces outside

the cconomic aetivities being stadied: By
contrast, the unlfILd lhgory dLVL]OpCd by th

mmblu set h) economic forc
ously with the pricing, output; advertising.
and other decisions of the firms mvolvud

\Lln\ theorics focus on snit
product firms. whereas the rc.lhly is that
virtually all firms produce and scll more
than one pood or service. By bringing the
maltiprodact enterprise [mdudlng the very
Large firms] squarcely into the framework
ol microcconontic theory. the authors hive
mide u nuijor contribution toward gener
alizing microanalysis, They have also greatly
increased its applicability to the real world.

The power of potential competition 1o
extend the positive effects of active com-
petitton is the book’s central theme. To
investigite the limits of this power, Baiinol
.md hls L.O”dh()r.ll()r\ ormul‘llcd lhc con-

tions or by eitry or exit costs: Thig gener-
alization of the tradittonal concept of per-
feetly competitive markets reduces the num-
ber of assumplions needed o obtain the
usual efficiency results,

With contestability theory it is no longer
necessdry (o assiime thit efficient outconies
oveur only when there are a gredt many
actively producing firms. cach basiag its
(quslons on th nglld lh.xl lls own oulpul

What drm.' conte mhllll\ theory is th
opportunity for what is called costlessly

Aruitoxt provided by Eic:

reversible entry. thrL stich Lnlry is pos-
\lh'L efficient outcomes are shown to be
con \lcnl wnlh lhg reldllvcly ldrgc scalcx

trial luchnqlpggq

thn entry and exit are complclcly frcg

L_opol mdy in fact bc dble to prevent
entry: Bat they can do so only by offering
the very benefits competition would bring.
Otherwisc, they are rendered instantly vul-
neriable to hit-und-run entry.

The authors do not argue that most mar-
kets are perfectly contestable, although

many miy be upproximaitely so. But they

do maintain that prices and industry strac-
ture in most markets can be usefully com-
pared to what they would be il those mar-
kets were pérfcclly contestible; Muny of

the 1h1pilcdl|ons of lhc conlesldblg mdrkcl

plc the new dndlysls remforce\ the ile@
lh ll dny proposud rcﬂuldlory bdrrur to

The essential lesson is that regulators
should ddOpl pO]lL s thit enhince {he con-

by requiring leasing or shdrcd use ofsunk-
cost fdcxlllles

ising insights; cxpccmlly in lhc antitrast
thgrg Thcrc it can bc valuabk inturning

mcasures to evaluate mergers and toward
relidnce on the degree of structural con-
(eﬁtdblllly in the mduslry 1hursrdrh|slory

virtue, not of vice, as is usually supposed
This will be true when entry costs; as defined
by Baumol and his collaborators, arc neg-
ligible. Under siich circumstances, the effects
of efforts (o changg the industry structare
by precluding mergers or by dissolving large
firms must be regarded as undesirable and
antisocial:

laws that del with organizing. maintain-
ing: and managing bodies of information:
Another NSF goal is to discover dnd
formulite rules for the generation, trans
niission; and use of information. The Foun-

dation does all this by supporting research
that:

s dhOUl information und ho\\ it is truns-
ferred.

2. Expores the use of sew information
[cuhﬂo]o&.)

3. He
proliferat
social org.mmmon. scientific rumrgh. ‘md
business management.

NSF is the chief federal supporter of
basic rescarch in this arca. This contrasts
with mission-oricnted information research
aided by the Department of Delense; and
with work by the National Library of Medi-

49

cconomics, Thv..rg is L]l)hL LOOTdIanlOﬂ
;iﬁibﬁg ;i” iHEiE Fiiﬁﬁd;iilon prol_rum\'_

SCICNTe and

luhnolol_) In pdrllguldr new m\lrumnn-
tation dnd capabilit

mpaul\ for sto
ing, and communicating information—aid
new dpprod&.hgs 0 long standing problems
in the i Biit such ddvinces
also create new Lh‘illﬁnl_us For cxamplg.
the ability to store the conents of the
Libriry of Congress in 4 Oine-inch cube
would solve storuage prohlum hat thiit
information would be ttally inac
withoul appropriate structure and access
nicthods:

_ Major questions under investigation in-
clude these:

®* What arc the best ways to organize




\Ll"\ s
naturs ll lml_u ge; and olhur informa-
tion \\\lt.n]\

o Whit is the rel; monshlp bt.lvu.t.n lin-
guuge and knm\ludgu representution
.lnd th usc ol nulural l.mguxgu for

de Ilmllullons of

are the .lhl]lllc
pwplc as information processors?

What is the role of information in the
ceoiiomy? Whit ire the economies of
scale in producing; dmnhuunl_ ana-

Ivzing. and evalu llll‘ll. information?
o Whit fictors dth.rmlnc the soudl and
econoniic impict of information tech-
nology?
'I'h'c iii ii hriiitcii dc%tkibbd thé ;(r[

The Possibility Theory

I‘u errL‘SLﬂ[.lllOﬂ ol mﬂnln[_ is a

lolll Zadeh of the Um\crsll\ of G ihlornu
Berkeley is working on « conceptual frame-
\mrl\ lo dul \\nh lhls problum The goal
1sive theory of
citlly for the rep-
resentation of meaning. knowledge: and
beliel.

valued (true-false] logie can mirror the clas-
ticity . amibigiity. did context deépendence
that set natoral langu: ages so far apart from

synthetic models. As an alternative. he has
developed ,Ung.mmg -representation lan-

gizige cilled PRULT which uses what might
be described as possibility theory. nstead
ol the two possible values permitied by

Q

RIC
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triiecidlse lupu lhrough po
one can represent the m

quantifiers such as many, most, few and
almou aII mOdlﬁt.rs suc.h as verv morc or

ssibility theory
nings of fuzzy

qualifiers such as guite 1rae, not very Iikel}';
and almost impossible .

~ So far it is rcl.mvdv Ldsy to teach a
hamuan sabject to (r a nidturil
language into PRU to write
.1 Lompulcr progmm lhdl LOU]d purform

tion. Zadeh therefore is bulldmg on his
L.:rlv work Whth focused on fairly simple

machines; in the contact between them:
and in the abstract, It is only lhrough such

funddmcnldl undursl.mdmg lhdl we Ldﬂ

Information Technology:
Graphics and Layout

Scieritists at Sl.mford VUmrvcrsnlv h.nu

bt.t.ﬂ SIUd\ln;__ th use ofLompulLr systenis

lulual and ;__rdphlg 1nlornmuon Working
under Donald E: Knath; the investigators
are coneerned prlmdrlly with the structure
of such informiition in terms of two-dinien-
sional layoat: This coald be the chipter/
sectionypuragriaph organization ol a book.

the schema of a data base. the syntax of a
«.ompulur program. or the structire to be
7777 ted in a drawing:

Historically. the enormous growth of
aviiluble computer power his suggesied
more and more ways 1o apply computer
technology in preparing documents, Indus-

try and acudemia have responded with a
stream of tools. both hardware and soft-
ware. But the functions of these tozls have
traditionally focused on distinct activities
such as text editing. data entry, and lypc-
sctting, with little or no cross-application
of concepts: Knath hopes 1o develop i
model to remedy this situstion: making
useful functions available from one uactivity
to another; o
Aiibiiié? Li?éii ‘under iﬁVéstigation is

modlrg.mon ofgmphu lnform.mon thC
nol received much screnufc auention, True;
there are ways for users to specify figures
as collections of lines and dots. But there
hus been little study of figires us strictiired
aggregutes of shap T SO us 16 diiéﬁ iﬁeir

arca of dLllVll\r is lhdl of speclfvmg l.lynu(
via computers. Here the Stanford team hds
LOHLLnlrdlLd l.:rgcl on lypuscllmg syslc

for lhc design of fulurc systems Lo prepure
documents. Among the results from Knuth
and his colledgaes are thesc:

led
* These have
.1lrcdd\ b“'”,),’?':d 1o prepire thous-

ands of documents on a wide varigty
ul machines.

sign of (hmesc characters:

A computer language to spectfy tech-
nicil illustrations. In this language text
.md L_erhno are 4utor

ic;illy adjusted

nlL.lllon ht.\\\u.n a hosl coniputer dnd
a4 primitive typesetting device:
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T

I'heir boundless sp
h\ HEINTY il TdNgEes fron 1nvestigd-
tions of g es as they were 10 billion
s an to \er on current “calhc.r and

hc.s(. stieiives (6CUs o the chisrieier
istics of the carth: its Jlmosphcn.
and the far reaches of the universe.
al extentas ni tlghcd

ye
L‘!ll]

\xudu[ (.ndh](. scientsts (o prc.du.l environ-
mc.nl.ll Lh.lrnrz.t.h and hazirds with greater
Th

nrondc bdslt. infor-

by awards to individual astronomers; funa-
iiig for iii.ii iﬁiliﬁhii.hi%‘ zihd %‘Ubbbh of
"""""" . Recent
achievements m;lud
e Confirmation of the theory of pulsa-
tion in white dwarf stars.
o Chemical analysis oi’globulﬁr-clﬁswr
stars that ar¢ among the oldest in our
galaxy. /7

3 tion of a radio source lgéh(.\gd
to be a black hole at the center of the
Milky Way.

o Di overy of poss lc: connéctions | be-
tween sunspots and terrestrial weather:

_ Atmespheric sciences draw on knowledge
from niiny fields of stience dand mathe-
matics: In 1982 NSF supported atmospheric
rescarch through grants to academic insti-
tutions dnd contracts for the operation of
two national centers:

‘Recent studies have yielded new knowl-
edge of the possibly adverse climatic effect
on the @tmosphere of rising carbon dioxide
levels. Other findings bear importantly on
air-traffic safety problems, drought predic-
tions for waler-dependenl regions, and the

role of mountains in storm development:

por(s the hulk of Jt.ddenm. rueargh. in-
vestigate the earth’s evolution from its
bcynmng o lhc prcscm ns LhLmlLd] and

produce its charuclerisuc features:
scientists also study the evolution of life as
seen ift the tossil record.

New achievements in the earth scicnces,

. some of them implicit in the theory of plate

tectonies, include:

* Discovery in coastal areas of the Pa-
cific Northwest :ind New Engiand of
large “di that seem
to have origi dted far to the south.

. Dcvclppmpnl 0! ‘more accurate pred.c-
tive capabilitics in mineral exploration:

. Dc.duulon {from measurements of fre-
¢ - shifts in seisrmiic waves) of the
large-scale aspherical structure of the
curth.
Ocean scientists in 1982 gave increasing
attention to:

Sihdiék of iHé sea ﬁéé?

lﬂd\%t:h
. PhVSi'c;il circulation processes of the
coastal oceun.

Processes controlling physical; chem-
ical, and biological interactions at mid-
ocean ridges.

Decp-ocean sediments; especially stud-
ies rclalmg e ancient climate.

nts enabled
tailed, real-
lime mips of the sea floor 4nd 10 identify
areas for §E>é(:iahzed scientific s(udy Using
the new tools, ocean scientists_ continued
to mike striking discoveries about deep-
sea hydrothermal vents and their communi-
ties_of unusual marine organisms. Based
on hydrogen sulfide, the food chains found
nicar aclive vents may give clues to early
life on earth.

Table 4

F|’b!| Year 1981 and 1982
{Dollars in Millions)

Fiscal Year 1981

¢ Fiscal Year 1982

Nomber of . Namber of ]

Awards Amount Awards Amount

225 § 58.37 212 $ 59.10

486 69.27 477 70.34

Earth Sciences ' :.......... 516 27:86 540 29.49

Ocean Drllllng Programs 20 22.00 7 20.00

Ocean Sciences ............... 618 74.97 730 75.03

U.S. Antarctic Program  ........ 148 67.45 152 68.50

Arctic Research Program ...... 66 _ _ 581 78 5.90

Total Cilliiiiiliiiiiii.n.s 2,079 $325.73 2,206 $328.36

;inciucies &Biloﬂﬂi éesaarcﬁ é'eniers

SOURCE: Fiscal Years 1983 ang 1544 Bucgets to Congress-Justificatian of E of Appropriations {Cuantitative Pro-

gram Data Tables)
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@Gvd’r?ii i’édé?;ii ;;gcacia;- i}iéiﬁdiﬁé N%F'

§1.m'
ruponslhnlm for funding and m.lndgmg
the U S. merlm there.

n..u.hgd a goal the
hall a VLLHVIUI"(\-—I”](JIFIE Hl fowl land ani-
nil Thc l‘ind ;ihl shed that A'n’i;i'rulu

and Australia aboat 50 million yedrs ugo.

Other _research in the polar réglons ad-
varnced knowledge of global climate. In
Antarctica; for examiple; satellites meusured

ice sheet elcvauon dﬂd unm‘.nned \lauom
tic oceanogruapiiers mcdﬁured thl pdwng
through the main strait between the Atlaritic
dnd Arn.lu. oceans, d ﬂow lhdl helps dcler-

the earth’s dmmw :

Astronomy draws on the principles of
ph\su.s ind chemistry (o investigdie the
aniverse: The past decade has witnessed
INpressive progress in asiropomy, ds we
toward an understanding of many
puzzles @nd 4 reulization of how diverse
and awesome the universe is.

Qu.n‘lrs astronomers now generdllv

Entire
lisses of o Giluxies may hive prrrunucd
qu.mlr u[l(bUr\[s Thwremal mvungauons

ol meolop

Observations of the sime oh_)u.ls in dif-
ferent portions of the spectram have become
common. These observations give fresh
insighis into phenomena that enee seemed
beyond humian pereeption: Through obser-
vations at infrared and radio wavelengths:
.lslronnnurs L.ln nm\ prohc lhc 9truclurc

the lmporl.mu: of supernova prlosmns

and density-wave shocks to star formation,
and begin to understiand the origing of plane-
LAY SyRtems. \Um soarces of x- -rays and
gamma ravs are the products of gas acere-
tion onto nunmn stars or hl‘uk holcx

mu;h dhoul the uolullon of stars into

th- cts \lth as th .

lnslrumgnl\ and dglu.lors of ever increas-

Aruitoxt provided by Eic:

ing power; sensitivity, and resolution. The
development of highiy efficient electronic
detectors has iallowed optical dstroromeis
to gllmpse bdld‘(lLb fainter; older: and
more distant than ever before, New devel-
opiments have made it more feasible, both
technically and economically: to build much
larger telescopes for optical and infrared
work. Computers too have become fasi
and economical: They are now essential
tools to reduce ever more rapidly accum-
ulating data, process images of continually
preiiter dcldl| and do incredsingly complex
theoretical calcolations.

Still beyond the limits of current obser-
vationil capability is the resolution of sev-
er:il ‘rmcal prohlems Thcse mclude the

llghl motions in qa:isaﬂ and the stellar

motions and energetic processes in the cores

of many galaxies and globular clusters.
The Nitionial Academy of Sciences hus

published a comprehensive program of ree-
ommended research, entifled Astronont: and
Astrophysics for the 79805'7 It sets forth op-
portunluec nl.ms and pnorllles for those
two _arcas during the current decade.

The Foundation supports dstronomical
reseirch d more than 149 universities; pri-
vate .|rid fedgrdlly OWr‘ILd oh\ervalom

§ rch grdnts dnd by provndlnﬂ ohxgrvmg
time at the observatories. Ground-based
and theorctical studics of the composition.
stricttire, dnd evolition of the sun, the
solar system; st l:)jlcr\l(t”dr medium; and

galuxies all receivaAunding

unding. NSF also pro-
motcs the development of new instrimen-
tation and computing ¢ capabiiities to aid

these studies. o
o3

Aslronomurs throul_houl the nation have

dCLC\\ lo lLlC\LOpC\ lnsirhmcnls dnd fdull-
ddVdnLLd i the world. Thgy vidn observe
in optical: infrared: and radio frequenCIcs
at the five national astronomy centers sup-
ported by NSF:
* The National Astronomy and lono-
\phcrc (umr in Pucrlo Rico.

Arizona:

. (crro Tololo Inter-American Obsei-
vatory in Chile:
. Terthlondl Rudio Aslronomy Ob-

scrv.llory wnh observmg slles m Wesl

Mexico:
In addition to dldmg vmung dslronpmcrs.

staff members at these observatories do
their own rescarch as well,

A New Type of
Variable Star
Mot sturs whose brlghlnesses vidry

time do so because of changes in keir ra-
dlU\ Thuc chdngc\ dller not only lhe mdl-

vears ago; however; were varldblc stars dis-
covered among white dwarfs, the ancient
relics murking the end of stelldr evolution
for all stars no more massive than our san;
White dwarfs are hot yet faint by virtue of
lhclr smill diameters. which dre comparable
to those of phnqs These stars have col-
lapsed us the result of internal exhaustion
of their hydrogen fuel through conversion
10 hicdvy elemenits: Since white dwitrfs rétain
most of their original mass: they are quite
dLn\L /\ l‘VPIL‘ul LUblL Lunllmctcr of their

Though onlv some “hne dwarfs are
observed to pulsate, all in a particular color
range do. This implies thdt dll white dwarfs
pass throogh this phase m some time dar-
ing their nearly expired lives, making them
the most common type of variable stars,
Such bodics wre the best practical lubora-
tories for tests of pulsation theories, Their

bk

s
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hl[..h densities result in pet
few minutes. permitting many cycles to be
witnessed in a single night,

Despite the exhuustion of their lntcrndl
h\drogun most white dwarfs still have a
residue_of that clement in their surface
Liyers. Such is the vase with the variables
called ZZ Celi stars: The surfaces of some

white dw. n onl

arfs, however: contain only helium.
Nonald Winget of the University of Texas
predicied 4 year dgo that helium-rich white
d\\ arfs of a certain temperature (color)
range should also pulsate. He and col-
luboritors Edward Robinson and Edward

Nither;
.iﬁd Gilles Fontaine of the University of
Montreal. turned a 9l-centimeter telescope at
the McDonald Oh\t.r\dlor) loward u stdr
] stics: they found
it the objeet [désignated GD 358) did
chpd ﬁul§;ji'c.

The star has a m about 60 péréénl
that of the sun. a radius ahout twice that
of carth. a surface temperature of
roughly 3’. 00 degrees centigrade. IUis
the first type of variable star whose exist-
enee was predicted by theory prior to its
discusers. S ]

This finding is a direct confirmation of
white-dwart pulsation theory. Since the
detdils ot stellir pulsations are rcldlcd to
nmrn.il \(ruuurt and conipos 3
phy: |u\l\ c..m now ﬁrbhu the |nlgr|ors of

Lu)ph\slus[\ UST SCISMIe widves to sludy
the interior of the carth. The probes may
add significantly to our understanding of
the fite stages of stelliar evolution and the

L.H'l\ h\smn ol star formation:

The Chemistry of Globular
Cli.iéféi’?;

MEUTS UCTOSS]
cluster must have h)rnu.d at the same time
Irom nmlgrml ol pruum.xhl\ unllor'n c.hcm~

lrlhunon\ among thiiese LlU\tCl"§ should
reflect nothing more thar their dlfférmg
ages. Heavy elements build up in_the cores
of the stirs from hydrogen through thermo-

nucledar fasion:

Aruitoxt provided by Eic:

ASTRONOMICAL, ATMOSPHERIC, EARTH, AND OCEAN SCIENCES 45

Stellar research. Astronomers Catherine | Puachowskl | (top) and Judith Cohen adjuu equip-

ment on their telescopes. Pilachowski's is_a 2.1-meter Instrament at the Kitt Peak_National

Observatory; Cohen's is the. tive-meter telescope on Palomar Mountain. Racertly these two
scientists have done Important work on globular-cluster stars. Their findings will help us
learn more about stellar and galdctic evolition.

(I 54
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A ASTHONOMICAL

Fheoictical \.xlgul s revedi lhg strs

in plobaiir clisters 1o be fnitoiig the bldest
obiects mour galasy settimy a lower i
on the ape of the universe of about 15 bif-
os exhiibit

lion vedrs  Phus globaiar ol
the most inl\lmg surlace ulmpmnmn\
observiable.

SWith the . il 1h|l|t\ OF seiisitive fiew LILL'
Croars detectors i ll.gg lgluuxpc\ [such
as the tour-meter retlectors at Cerro Tal-
clond Kt Peak ], astronomers can now
nbserve Lt plobialir-cliuster stirs better
lh‘

lh n c\u hLquL

y can .||m .m ll\/L

clcmcnl 1hundmcc\

hIL m.xlghlx into the L‘lrl_\ eV olu-

non of our galay,

I’hotometric observations at Cerro Tololo
ind Palomir Mountiin hive revedled Lirge
vanations in the abundanees of carbon and

nitrogen among stars 10 the same cluster,
Fhis work wiis doiie by James Hesser and
Robert McClure of the Dominion Astro-
physical Observatory and David Hartwick
ol the Uitiversity of Vietorsi The behavs
which iy not seeii «

has been confirmed

ior thes dbserved.
where in the galaxy:
photometricalls and spectroscoptcally
Roger Bell 61 the Uniiversity of M.lr\l ind.
Robert Dickens of the Re (
and Benat Gusta

e used data from

Obscrvatory,
Upipsili Uddiversits, Th
Xustriilii dand Sotith A

Carbon and nitrogen are important in
se therr line strengths are

stars both becituse
tisiiills 'r'cli'ihl'c indicitors ol luiminosity dnd

because these clements act
the fusion redctions,
bt did nitrogen foriied it stellar cores
to atteet stellir-surfice compositions and
th\L L]LHILH[\ musl bL lmnxporlud

as catalysts

¢ oodr-

specra.

process thiit is pgrh Ips UssOL llLd with i Ipld
Core rotation, 1t is abvo possible that: con-
trary 1o aceepted theon, globular elusters
iy Wive beent born With significant chem-

weal mhbonogenaities:

Further complicating the pussle are
discrepancies noted beiween abundiincees
:d spectroscopicilly ind those mferred
from the colors of globular-cluster stars,
These diserepancies, found by Catherine
PiliichowsKi of Kitt | R. JUUiih Cohen of

( IlLLh. .md XLILir ru.\pv..t.llvt. LO“LJ)__UL.\,
\icrx are

dedu

Q
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thought; this ias serious amphcations tor
ling OF stellir and galidctic
Slarificition of these niditers

"‘..i Ui\

L'[]\!L‘ 1 Other g.nl u—\\nh llu space

IJL‘su\pc of the Natnal Acronautics and

Administration {NASA) and a

grotiid-hised instrinient catled the
National New ILLhnolnp Tele: cop th
latter ias ony been proposed at this writing!

.Sp.lu.
hitipe,

The Galactlc Cent

I\nu_ in the constellation Sd}__lll Irius; Is one
of the Brightest radio sourees in th skv. Il
wiis the I|r~l L\lrllcrrulrl. i

Rldlo lLlL\LUpL\ lacked the
1wy details,

ln_\ s(Lrl()ux.
csulving power io reveal mi
iand clonds ol ga
plane bloci.ed viewing by optical telescopes.

Infrured radiation does pencetrate this
interstellar miiteriil but is absorbed by wiiter

Durm;_

§
dlmmphcru

vapor in the earth's
th pd\l Iu\ yeurs, hmn_wr lLlc"

lhg'c ln\lrumuux hv erey d.Ld aring nl'

'r\\ould

ol hol syoung strs, Biit \L}Lh d

have to oceupy a volume about one light-
vear across—far more compaet than the

usuil congrepition of stirs.

Recently Brm\n ol the Na-
tional Radio 1M vatory and
Kenneth Johmlon of the .'\.ndl Research
Libordatory have succeeded i oI)er\xnl_
the L.ll.ullu center. Using the Very Lurge
Array [VLA] telescope, they have discoy-
cred, ut the ceiter of the dust ring, an
exe plmn.lll\ xm.xll .md |ummou\ rldlu

\lrongl\ in lnluNl\ on i time
Smu: d\ndlnlt..ll Lt-

souree
(c;ilL- iii‘ ;ibbul i d 1.
lhl\ variation in lrIlLthIl_\ indieates lh.ll
the objeet i1s comparable in size to our solar

Sh]

sysiein.

The spiral pattern of opposing gas jets
intitediately stiggests similar formis glinipsed
I UEINGTS h) i high-resoliition radio tech-
nigue called very long bascline interfer-
iiiiitih i\"l Blj. Qii i§'if§ .iic Iiiihdftd% 'o'i’

L\plnmd as the h\ prndml of an. ml l||

O géis and dust from i rotdting di fR
cantrill superinissive h|.ld\ haole entb
m an otherwise normal galka

\pL“Ld .1|0m_ th axe:

ri || may hL iii'

\hovs

k)n the olhcr hand, sgme galaxi

no evidence ol central black holes. George

of the tniiver ol Arizona has
studied the infrared speetra of stars within
about three light-years of the galaetic center,
He hi ¢d thit our i  eenitril

object may be nothing more than a newly
formed cluster of supergiant stars. Resolu-
tivi ol the mystery surrounding the central
and quasars mity have

18 lh,L.

ohju.[\ ni JiE alaxics
new r. |d|o lulugopu a

Solar Magnetism
arly 140 ¥
astronomer d

irs ago s German amatenr
rovered the ll-year solar

L\LlL [)urml_ lhl\ ey LIL \unspm\ .1ppmr at

\phurg drift toward the equator, .md dis-
appeir. Several other soliar phenomena
ocedr in the same ar ind vary in fre-
queney and size according o the same
period: they m;lL.dg brl;. P-r')'nn\phgrlq
pitchies (phiages), filanici 5, dnd
ﬁfdﬁiinchccx These ccnl rs of activity
represent the ¢mergenee of one or more
[vops of mignetic ficld hines.

The solir .mnmphu; N \IanI\ mnl/;d
and the magnetie fields and 1onmzed gas
are locked together. A sunspot appears dark
hee itisd locilized region of ivels
cool gas trapped in o strong iii.q_m.ln. ficla:
Such a ficld represses the convective out-
flow of chiergy but is Lrod&.d by the rising
gas and eventuilly merges with & general
network corresponding to the xupcrgrm-
ulir pattern of rising cotivective cells.
(ouphm_ betsiceii this conveetive flow

and the rotation of the sun is thought to
generate a global dyvnamos its oscillation

20
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between two fickl peometries and mgnene
polariies results m the solar ¢yele.
Scietitists i reeent vears have uncovered
sev el p\\\\lhlt connections between the
sun’s actnaty evele and the earth's weather.
Hhintorieally, \Llll\pnl\ virtually disappeired
diirtiiy b urope’s little ice dge of the 17th
In more recent times: dronghts

arred 1o the wesiern and mid-

centore

have o
wesiern Uinted States in every other sun-
Ihc c=i'rxh"< climviate is

spot TN
qite sensitive to changes in the sun's total
luntnosity . Sinee more than hall the energy
the st rididites into spice results froni
convectine . m\pnrl the effects of mag-
netie ficlds on solar convection may have

important consequences for dll life on earth.

Hhe possibility of viriations in solar lumii-
nosity has mtrigued scientists for decades.
U nal recently, though,
wivcleiigih triddisniission of the eurth's
.nmmphgrg and in the wavelength sensi-
vty of radiometric detectors precluded
discovery of those vanations. The first detec:
o0 hewween previ-
ously unknown fluctuations in solar lum-
Inund by NAS; \ S Solur M;mmum

uncertainties in the

Lion Cpie as i correl:

llll)\ll\
\pnl\ across the \l)ldl’ disk.

I'he nest detection was made from the
Lrnumi by Wil 1. ingston of Kitt Pedk:
he toand a1 drop of six degrees LLH(I[_I’JdL
stnce_the peevious sunspot minimum in
1975-76. Lavingston showed for the Tirst
tine thit the sun's oatflow of encrgy is
ﬁi'ni'xlii controlled ove: the entire surface
byt magnetie hield: the finding confirms
Kl lhgnr\ proposed in 1980 by E. AL Spicgel
ol Columbia University and N. O. Weiss
of the Harvard-Smithsonian Center for
Astrophysics. Livingston monitored the
san's teinperatore with the McMath Solar
Lelescope. the argest such instrument in
the world, which is equipped with a Fou-
FICT URINSFOTHT SPECLIOMELET:

National Astronomy and

AIC S npgr.md h) (orndl U'nversnty
titder contrict with NSF. The center sap-
ports research programs in radio astronomy;,
planctary radar astronomy, and atmospheric

scierice. NAIC'S prmupdl mslrumcnl. lo-

meter antenna, th world's I.xrgcsl I’.Jle/
radar telescope. NAIU Glso operiies itwo
reniote sites—one 11 kilometers north of

ASTRONOMIC

the observitors, « here H] H meter antenn s
located: and the other 17 kilonieters north
nl lh(. main \'llc .md hnmc of lhc Hth-

\\Lr.ll receiver \\\Iun\ h e undgrl_ung
recent improvemenis Most |mpurlml Wis
lhg m\ldll won of a dudi-channel cryogenic
. which hiis Uiii.ihkd the
svatem sensitivity at the 2l-centimeter hy-
drogen line and greatly increased both the
quility and quantity of the hydrogen-line

ditar. Th(. receiver lﬁ.ldL SONMIE Obsérvitions
feasible for the first ume and quadrupled
the ldumpc “speed” by redueing the time
viations.
improvement in sensitivity came from the
installation of dual-channel, 2,380-megu-
hiertz indiNer receivers ut the niain telescope
and t the 3-meter antenm

Kitt Peak National
Observatory -

KPNO is opgr.md unider contrict \nlh
NSE by the Association of Universities for
chg rgh in A\lronom\ IFIL (AUR A).
versities in lhc, United Sl.llL.\. As the -
ton’s main zenter for optical and infrared
astronomy rescarch, KPNO provides U S,
AMTONONIErS S8 to the Lirge teles ]
auxtliary instrumentation: and support ser-
vices needed for observational and theo-
retical reseirceh in galictic, stelldr, solar,
.md pl.mcl.xr) Jslronomy

Another,
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oifers sites and services on Kitt Peak for
sIx more telescopes operiited hv other
ll\ lour‘mglgr Md\.lll rgﬂu.lor

lIl\lIlLIlI\ln\

'\1 llh Sol ir lglgsu)pc is lhg lll’}__(.\l such
instrument in the world:

The observatory s located 84 kilometers
sotithwest of Tueson. Arizona: it has ex-
licilities; iii(ludiii[_ wOrkshops,
and dormitories; in addi-

ICnsive
a dining room,

tion 1o telescopes and auxiliary instrumen-
tition. The KPNO Tutson headquarters,
ddldLLlll ln th Unl\LI'\Il\ nl ArllonJ cam-

Lm_mu,rmg_ and technical IJ II[ILS for th
design and fabrication of telescopes and
instrumentation.

KPNO ;jls“o h

/\s a ruull of
1 \ndc Cdpdhlllllt\ Kiut PLJI\ p.xruupdlcs in
the technology development program for
the Niitionil New Technology Telescope.
This instrament; of the 15-meter class; will
be the principal ground-hased project for
U.5. optical and infrared astronomy re-
seirch il the next deciide:

Cerro Tololo Inter-American
Observatory
Like I\P\IO ( erro Tololo is run b) lh

Association of Universities for Research
in Astronomy. under contract with the

equlpped with a charge-coupled davice M 64 lies 25 miliion light-years away in the constel-

lation of Coma Beren _The

t Kitt Peak’s effort to develop better

pr
mstrumentatlon has made it possible for astronomers to obsarve at much greatar magni-

: 56
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I oundation Fhis observatorny s seven op-
tcat telescopes are the only ones generally
avditihle o U
southern skies.
retlector, the Southern Henusphere's Lirgest
andhd it tie KPNO Nl eleseope,
¢ 11O headyuarters are m the coastal
town of T Serena, Chide, some R0 Kileme-
weis by rodd front the mountiim site ot the
telescopes the latade of 30 (icg'rcc-\ soith
and the exeeptionally_pood atmospheric
conditions cver Cerre Tololo furnish ideal
coaidition . For e stads of such importint
\nulhu.\ ”CIIH\P}MFL nhuul s llu M -

scicntists for stadviiig the
They mclude a four-meter

O oW by,

Observing capabihities ot CTTO Tave been
sreathy enhanced by the introducton of a
churge-conpled-device camera system it the
pritiic focts of the four-imeter elescope. X
product of KPNO instrumentation devel-
opment. the sastem has o peak sensitivity
fivadr o wiiselenigth oo, oo AHESrOMIs—With
000 ang-

thove 10,000 angstroms. How

some usable response below 4,
stroms and ¢
bt an object lhc L imeria van ohserve
depends o sueh Factors dis sky hrightness

md mnmplum lrm\plrcnu hul 1 PrlL-

e \\Mll CXPONUTE TiHEs af eiie lioir: ”11\ is
two magmitides Lianter than has ever heen
reached photographicatly with long cyvpo-
Stes at the C THO dotir-inieter telescope.

National Radio Astronomy
Observatory

\R NO o one of the worlds principil
senters for racho astronomy. ()pu ited by
Vasocnated Fronversities, fne, NRAO has
telescapes at three sitessits Iu idgrirters
G process g center are m ¢ har-
Tottesyille, N iromnt,

The two Singlesdish (9i-meter and 43-
HILI\.'D telescopes Gt Grecti Blnk \\g\n
Ve e heavls booked by observers.
whone cterest motherr dse has rsen sinee
the pplenientition of Hore seisitive ré-
Seivers Ohsersations can be made at proc-
tically sy waccdengthom the range from a
centimicter W eter. Pressiie his increised
for e o the 43-mieter ILIL\&UPL for pro-
eroms ey long baseline mlurturnmclr)
|\| Hl'
wron wWith the Faropein Vi Bl ferwork.

The Vers bacee Array [V A near Soc-

Arros N Aevico provides o unigue come-

Benation of hiph seisitvits and resohition

s

and there has been imereasing el

vll\\..l{ vear 1982,

ATM(’)RPHFRIC EARTH. AND OCEAN SCIENCES

far radio astronomy observatons, Tts 27
antenmus are routinely used in dillerent loca-
tan patterny and i the four stindard fre-
quencies for continuum and spectral-tine
'\n .lLll\L eftort Lonlmuu_\

nh\cr\ ations,
'iLih'i

f()'h f\lll Peak, 1hc lhlrd s
of the I‘l'm'ci'c'r el
it thi
'\'\;i'\éignyh\ as siiti?i as dhé iiiiiiiiiiéléi.
Uinder evaluation is the performance of
fiew receivers for the one-millimeter-$iive-
luwlh .Hmn\phuu window: these recenvers
should be ready for observations when re-

sirficing is compleied.

Sacramento Peak

Observatory
SPO is one of the world's leading solar
Itis located at an elevation
Loln Niitioiiil

observatories.
ol _/(»() nicters i the l
Forest in New Mevico: on one of the best

coronal observing sites in the eontinental
United Stites. Thus SPO enjoys iinij'\'u*iili'

tremely ulur and unpnllulgd skies.

SPO has a number of unique solar re-
scarch ficilities and is a leider in applving
advinced eehnology 10 \ol ir observitons:
Its Vacuum Tower telescope produ very
high resolution solar images, revealing the
finiest details in the solar datmosphere ohserv-
able from the ground. An impr y
of auxiliary instruments permit
dectinidic measurenienis of velocity ind
magnetic fields in the sun's atmaosphere:

Both SPO saif and scientific visitors pur-
sue an active and diverse program ol ohser:
vitions dind theoretical studies: These in-
clude wave motions and oscillations in the
solar V;il'rﬁiiihh'c'r'c and ihL' hh@“it;il strue-
ture of s - Nelds in thein.

SPO \L’ILHII\[\ have rguni'\ hq_un new
research in solar - stellar astrophysices, using
the stitt 4y i hisis for studying solie-type
phenomena in a hroad range of stars:

\iiilii\‘h?iLi’iL sciciiee i di\iiblihi: thit
combines knonluigu from physiest chem-
Istry, nrat . and other scienees to
iiprove tnderstanding of the cdarth’s di-
ni »\phurg—lrnm the hl inet’s sarfiuce o
outer space. Through seven grant_progranms
and support of the N llmnnl (cnlur h)r

ANtimosphieric Resed
Scicntific Balloon l.lcllll_\.

the I-nund;xlion
;llphiii'ltd h*i§iu rL-ii:‘i'rL-h' on a wide runge

ng lhg arcis unurud were the ph\\-
ios. chenistrs, and dynannes ot the carth's
Uppe diid ower dtinospliere: phvsicil proc-

which will help explain general atmospheric
u:r’clll‘iliim th Ph\\IL.II busis of dnm.m

dnd thieir v

s \\uII as \m.lllur-\u e, \Imrl
\\c.llhc .

The natton’s unnersities contain the
richest intellectual resource - tor the studs
of atiidsphieric phenointeni, ditd NSE con-
unues to be the chief sapporter ot iac: aderiic
rC\*.IFLh in the atmospheric sciences. {n
Foundation granis put

57

speeiil eniphiisis on:

. '\Iulcnrolol_ml processes with hori-

/nnl.ll dimensions of 10 to 1,000 kilo-
:rs, including research that will
undergird wedther-imodificition acti-

VILics:

. iiéivélii%iii&hi iil' iiiéihi;d; ;ihd i’n’%-k'r'u'-

.lnd \mk\ nl {FHCE STbs in the
d f 24 their chenueal,

atn 1()\phL re

dy namis, and energetie effeets on the
dtimosphere aid oi oiie another:

e Studies of occan-atmosphere and ice-
lind coupling processes. These will help
us tinderstiaind ind model the cliniiite
system:

. \ii’.ihiﬁiuin ol ihf niciihtrtiii lc‘iiibf-

i

NCOAR ichieves ity fiission—to inerei
fundamental knowledge of the atmos-
12 and providing

phicre =y (1] deietopi
mli_iiii’ reseiireh Bicilities aid relided services

ERIC
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for ih'c .iimii;ﬁht'rit ;L‘i'c'n'c'c" L‘iiiiiiiiﬁhii}

rose. |th that ruqlnro lon;__ lc.rm collabori-
tion among scientists at NCAR, universi-
ties dinid other Likhordtories.

The Foundation SUPPOTTS NCAR lhrough
@ contract with the University (d;ﬁdﬁmon
tor Atmospheric Research (UCARY, a con-
sortiunt of 49 ghniversities, NCAR s locaied
in Boulder, Colorado and his a solar ob-
serving station at Mauna Loa, Hawaii. The
tniversity COrporition ilso operates ihe
National Scientifie Balloon F acility at
Palestine, Tevas, NSBE ) !
ity o ifvestigitors who use high-aliitude
b. l”()l)n\ Ior \uumlu reseirch in hlgh-
cnergy : J
ies, and <
port of NSBE s heitig lmnxlc.rrgd from
NSIE to the Nationat Aceronzatics and Sp.:ge
Administration {NASA).

Current iitdjor reseireh efforts at N(AR
J4rein atmospheric analyvsis and numerical
waither prediction, including climate studies
atmospheric chemistry
ir reseirch and solar-
.md convective

dnid veeidnogriphy
and dacrononiy: s
lerL‘\lrlll II]lerLlIOn\

Lqmppgd for mctmrologlull researct
observing equipment such as Doppler radars
for sophistivited Weiither measurements.

NCAR also makes it powhlc for graduute’

\ludgnl\ .md xucnllxl\ lo Hsll lhg u.nler

\ ld[l.ll FL\L.Ith.

_Joint Airport Weather
Studies Project (JAWS)
1he field phise @il: lﬁii niLjoF threevear

experiment took plice near Denver, Colo-
rado i the summer oi 1982, The \lnd\

focused on Im\ level wind-shear conditions
dnrl i

understorms—in particular
drd and outward guxls

IIIIdIIlL\

thiit the dM
face I“L(L()r()hq_lt.dl stations \\ould h.:vc.
to be decreased if a \n_mflmnl fr u.uon ot'
dm\nhur\l\ were lo hL oh

panded .nppiu linn o mn.r.m mm) The
Stapleton Airport near Denver was chosen
ds the fivld site hecause it experiences many
sutnmer thonderstornis;

N\

\Lru\ a commu- -’

ASTRONOMICAL, ATMOSPHERIC, EARTH. AND OCEAN SCIENGES ag

ring the sun. Scientist Timothy Brown checks NCAR's
This reflecting telescope projects the suri's i  Into s

horizontal and vertical diameter of the sun

e3e measurements will tell atmospheric

researchers whether the sun varies in size and how such a change affects the earth’s clim:*- :

Brown led the team that developed this instrument.

M ihdn 100 U.S. ind British univer-
\nt) ind governmient reseirchers colluho-
dlLd m lhel isic

versn) of Wyomml. lhc. Unlvcrslly of
Tenressee Spice lnslllulg and the United
ngdom 8 Roy.:l bng

term weather forc.Cists in the Denv;r dica

.md 10 prc.pdre sc,verc wc.:lhér .Advxsorle<

Wmd shc.xr prof'lex derived from JAWS
will be used in flight simulidtion iraining
for airline pilots. They are also being made
uv.uldl)k o .nrllm.’ .md dllt.rdfl nﬁnhf.u-

tion; JAWS mvcsh;,.nors uve used the field
work to test and compare varioos severe-
veather detection, warning, and ohserving
systemis.
The
ol a sop s
wms. Mun.:gc,d b) NCAR (John MLL.! hy She experiment’s .ur-..:fely fea-
and James Wilson) and the Umversll§of tires .Aflcr the crash of Pan Am Flight 759
(hm!go [Thc.odorg Puyl.:] JAWS:% fundgd in New Orleans on July 9, 1982.
""" Microbursts have a short life span (2-20

pu forn &

it
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JAWS cquipment. Project Isader John McCarthy monitors a Doppler radar display console in the operations control room at NCAR. JAWS
[Joint Airport Weather Studias) Is an international etfort to gather and evaluate information_about the causes of microbursts, or low-level

wind-shear phenomena. This research wiii improve systems to detect severe-waa

iiifutes) Gnd ocear over a small geographic
area of up to four kilometers. Microburst-
related events happened often during the
suniiier 1982 progr.m, and JAWS investi-
gators were able to gather a rather large
and useful set of data. o
Prelintinury results from the JAWS re-
seurch seemmed to confirm the meteorological
""""""""""""""""""""" st observed
during 4 1978 project. Nevertheless, these
early JAWS results

did not suggest that
unique visual characteristics; such as the
distribution of clouds and precipitation,
are assoviated with specific downbarsts:
They did seem to support the theory that
the evaporative cooling of the air produced
by falling raindrops may not be the only
mec

schanism capable of starting downbursts.
Early findings also indicate that, aifough

visual observations cannot_ detect_which
clouds are producing wind shears, Doppler
radars can identify changes in wind speed
and direction in real time on a very small
scale. Scientists are discovering that micro-
bursts occur ofteii enough to pose very real
danger to aircraft; Because of JAWS; data
are now available for evaluation so that
detection and warning systems can be devel-
oped for hazardous wind shears.
Great Lakes Snow Storms
Along the downwind shores of each of
the five Great Lakes are narrow snowbelis
where the annual snowfall is several tiimes
that occurring at corresponding upwind
locations. These snowbelts, which have an
enormous impact on local business and

59

ther hazards and warn aircraft pilots about them.

agriculture, give dircct evidence of one
way the Great Likes influence weather

patterns. i
Lake-effect snow storms occur when very
cold dir flows dcross the relatively warm

lakes; What determines the size; intensity;
location, organization, and duration of
individual storms is ot well understood;
learning more about this is the goal of an
NSF-supported study on storms around

wedther-research _girplanes; research Dopp-
ler radars; and Ednventional weather-ob-
serving systems, Roscoe R. Braham, Jr.
and his University of Chicago colleagues

have shown that weather structures.on
several scales combine to form lake-effect
snow Storms. Scientists from the Universi- -

ties of Hliriois and Wyoming; NEAR; and

Aruitoxt provided by Eic:
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FEET
500

Microburst effects. This schematic shows the dramatic effect a microburst can have on an

aurcrafls flight path: The plane Eppreéehlng a landlng expects to follow a straight-line path,
wndri )

d, which forces the nose

down. At low altitudes, such as when taking off or landing. the pilot cannot compensate for

these extreme changes and the plane may crash. The JAWS project is investigating these

microbursts:

. National Weather Scrvice are
ng in this study.

Projee[ scientists have foond rour dif-
ferent modes of storm organization. They
are trying to discover what determines ihe
iode on dny given la ow day. The main
factors scem to be air-lake lemperdlure
“wind direction and Spted as a

lht. ;.S

dilference

function of height, and therinil stibility

of the uir upwind of the lake: These factors
ln lurn depend on lhe ldrge scale we.nher

6N i
arcas and do not coﬁiriBme very much to
the reglondl snowhll

can be much Iarger. they are also much
more important_in causing Sustained heavy
snow over the lake and the downwind shiore.
These two types of lake-elfect storms gre
large enough to set up their own internal
circulations, with low-level inflow and con-
vergenice beneuath the line of clouds and

oatflow aloft: Often one finds wind- pmallel
snow bands over the lake feeding into a
shorcline band along the downwind shore.

Q
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The midlake snow bands over Lake Mich-
igan seem to hive several features in com-
mon with the major snow baiids of Likes
Erie and Ontario. However, the great dif-
ferences in size and orientation of the upper
lukes (Superlor and Michigin) compired
with the lower lakes (Erie and Ontario)
result in many differences in the frequen-
cies and structures of their snow bands.

Along with more knowledge about lake-
effect snow siorms, practical benefits ex-
pected from this type of research include
better predictions of winter siow StOFHis;
more accurate assessments of the role of
Idke mdUCed storms in reglonal Wdler sup—

of how the Gre;it Ldkes contribate to winter
weailicr in the northeast.

Effects of Vulcanism
on the Atmosphere

have herghlened interest in the effect of
vulcanism on the atmosphere. Volcanic
kuptions markedly augment the concentra-
tion of airborne particles (aerosols); which
may have global cooling effects lasting up
to several years. Most of these climatic

- effects on global
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effects are believed to result from submicron
articles of sulfuric acid formed from sulfur
pases emitted by volcanoes;

The only way to study short- and long-
term variations in the dcrosol layer is 0
have a long series of medsurcments. Divid

J. Hofmann and James M. Rosen; of the
University of Wyoming, have made balloon
soundings of the aerosol fayer over Liramie
since 1971, The series of measurements has
recorded acrosol levels after several vol-
canic eruptions and during the intervening
periods when pTr(lelE counts declined.

_ In the spring of 1982, El Chichon erupted
in Mexico. This has beer, called the biggest
geoph | evént of the céntury in terms
of potential chmatic impact. Three months
later lhe EI Chlchon plume was observed

tade: The busic research project there made
it possibie to observe the_early stages in
the evolution of both the Mount St. Helens
and El Ghiehon plumes Por the l.mer

the El (hnéhon plume sdggest that this
volcano may have a noticeable climatic
Efftﬁtl iﬁ contrast with the Mount St. Helens
eraption:

The Wyoming project, which has yielded
trhe longest record of in situ stratospheric
aerosol observations at a smgle location,
provides Tundamental data in developing
models of stratospheric aerosols and their
ate, Included are data

on aerosol chemistry; particle growth rates;
the ldllludlndl spredd and decay rales of

unperturbed by volcanic activity:

First supported solely by another fed-
eral agency, the Wyoming effort cime under
NSF sponsorship in 1976 Partial, though

lesser; support since that time has come
from three other federal agencies.
NCAR researchers also have measured

the impact of volcanic eruptions on con-
centrations of various chemical compounds
in the stratosphere for severil years. Their
measurements and those of the Umversny
onyomlng smentlsts should begm lo defne

the atmosphere:
Western U.S. Water Supply
The steady shift of U:S: populauon west-

ward has intensified regional water s supply
problems. Two University of Arizona sci-
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entists have shown that the carly part of
the 20th century. when maor water rights
tor the Colorado River Basin were estab-s
hished: wis iin abrormuilly drought-frée
period. Now the growing demand for

of long-term wirnier and drier conditions
in the area both pose the possibility of
severe regional walcr erises in drought years.

Chirles W. Stockion iand David M.
Mcko; of the Uriversi Ari
Laborutory of Tree R Res
reconsiructed the history of drought con-
ditions in the western United Stites and

found severe: recurring droughts during
record from the varidble \'\'Vi'dih' irjrf"l'rir:i: rings
in the carlier years; coupled with precipi-
tation and river-runoff dati for about the
last 100 years. o )
Stockton and Mcko have déveéloped i
water-bakinee model (o identify certain arcas
in the region where a climatic change would
cliuse Witer shortidges or ddm{ge h"zib:i’liirls'
for aquatic lite: They considered two cli-
matic changes: {1} an jncrease in mean

grade; and (2} chio emperature increuse
combined with a deercase in annual pre-
cipitation of 10 percent.

The wier-bilance model yielded an aver-
age 10 nereent decrease in regional natural
streamflow for the first condition and an
dverage 30 pereent decraiise I:or lrhfcr Scc.ond
These resolts assume that the amount of
mined ground. water remains unchanged
from today. Since severdl of the ground-
are suffering long-term deple-

water aquif
tion. the actual water availability in the
region is likely to be reduced even more
thitni thos¢ fipures indicite. Also. itis eléir
that if there is a reduction in the mean
streamiflow of as little as 10 percent in the
fiext_century. the effect of two or three
severe drooght years back to back will be
devastating. The reconstructed climatic
record shows thit such exiended droughis
in the Colorado River Basin huve huppened
seven times in the last 400 years.,
Stockton and Mcko are improving their
model and extending the trée-ring recon-
structions hack in time and over wider sec-
tions of the United States. Their work on
thiis criticil topic has importance fair— nd
its scientific significince: In addition t their

othicrs siipportcd by NSF grants. are doing
stadies on the effécts of drought dnd witer
supply.

Aruitoxt provided by Eic:

MY N Giimatic Change

“¥V  Temperature Incresse and
vvv Precipitation Decrease

Possible drought. In the year 2000; and assuming the current rate of groundwater mining,

some parts of the western United States are projected to have inadequate streamflow {the

flow of water out of an area in an average year). Two scenarios are shown iere: {1} unchanged
climate and [2] an ase of 2 degrees centigrade in mean annual lerperature combined

with a 10 percent decrease in yearly precipitation. White areas are projected to have ede-

quate streamflow in 2000 for both scenarios: These predictions come frofi research on tree

rings that reveal the history of droughts: The work may help plariiers prevent devastating

dry spells in the future.

To encourage .nterdisciplinary research and
to ensare that there are no gaps in areds

i several Eur-
opean countries; the earth scicnces are bur-
geoning in a number of ways. These include
the application of plate tectonics theory to
the structure and evolution of the conti-

covered. NSF_has structured its support
dround the following topics:

* Stratigraphy and paleontology—Re-

search on sedimentary rocks and fos-

the framework for interpreting
past conditions dnd processes on the
carth’s sarface:

edge on the formation of mineral deposits:
University enroliments are at an ali-time
high because of the excitement gencrated
by this science and the clear applicability

of geological rescarch to problems of of the physical and chemical processes
sociely ) that occur at or near the eurth’s surface:
The Foundition supports fundaniental * Scismology and deep-earih structure—

research in the earth sciences through grants: Observational. laboratory, and theo-
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L,»\.n'&.s prop;lgdlc in
;iiid lhc d&.l&.rmmdllon of

the i:iiiih

llons_

. l(pcrlmcnldl and theoretical geo-
physics—Reseirch vonverned with the
physical ﬁ?of)crues of the solid earth.

This includes the enrth's dimensions:

its magnctic. electrical, and gravita-

tional lields: its dynimic processes:

.md lhc ph mml hdl.‘VIOF of nl.llerld|\

conditions of the t.drlh 3 mlcrmr.

. PEthigéﬁékik iiﬁd mimral resoarces—

happens in the formation of crusldl
rocks and minerals. Emphasis is on the
formation ol ore deposits.

* Mantle geochemistry—Studies of the
géiithcmicul oriLm and cvolulion of

* Lxperim- -nml and theoretical Beo-
chemistry —Activities ainted at a rig-
orous and gut lnllldllvc undcrxl‘mdmt.
of the chemici

materials under the temperatare and
pressure conditions encountered within
the eurth:

th cistern .md wcsu.rn mdryns of
th ;’Vorlh Ameried

(Iurm il lel\ oceur more frgqucnlly on
the \\cslcrh scdho.lrd than on the eastern,

part. §uc.h was not lht. ‘case in the g&.ologu.
past: however: and nivdern wetohic analysis
suggests that the present difference is only
ir mx:lor\

This

tinent and a land muass to the east;

Q
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tectonism is comparable to that now seen
along the western margin of the U S. After
the Ordovicidn ictivity, 4 collision occtirred

between the eastern margin and parts of
Africa, South America, and Europe—an
gvént miich llke the present collision be-
tween Asia and its Indian stibcortinent.
Indeed, the ancestral Appalachian Moan-
tdins at that time probably exceeded 14,000
feet; and the mountiin- -building process

wis. undoublcdly dccompanled by Idrge

Md]or iectonic events change the shdpe

of continentul margins. NSF-supported
resedrch. using a combination of geologic;
paleomagnetic; aiid geophysicil nieihods,

has documcnled some of lhe\&. extmordl-

Pkil'c Norlhwcsl hdve dlscovercd Idrge
areas {some of them the size of states) thut
seem {0 have originated south of the equator
and only drrived in their prcscnl position
less than 906 million years 4 o
~ Similar “'displaced terrains™ have been
documented in Maine. ziiid M;i's’s;i'chu'séii's
and appear Lo h"vc forme
.orto d land m
I prohdhlc that a fault system. similar to
that of the Sun Andreds, was responsible
for the northward movement of these ter-
rains. During the Appalachian Mountain
bulldmg event, pieces of Europe and Africa
also became p permdnenlly fixed (o the €astern
seaboard.

The discovery of di
proves our understin

structure of continental margins and has
iimportint implications for future discoveries
ol both fuel dnd nonfuel minerdl resources.

Mineral Resources

The depletion of rear-surface ore re-
serves, parucularly those involving stra-
tegic minerils; pomh to the need for more
understanding of how ore deposits form
deep in the crust. We also need to know
how the locition of ore deposits is reliied
to regional structare and tectonic setling:
A muliidisciplinary approach has proved
fruitful in severul research projecis. For
example; geophysicists; petrologists. geo-
chemists. and paleontologists combined
their talents in the U.S.-Japan-Canada
cooperative reseiarch on the genesis of vol-

Ldnogcmc md\ilve sulfdc dcposm Thur
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certam liquids and gases In iron ores gives
scientists_key m!ormétlon about the forma-
tion and history of
ore deposits. The field of mineral resources

isa key research focus for the 1960s—and a

cobalt; cadmlum dnumony s:lvcr gold
and arsenic. )
deposits often occur in an environ-
ment of crustal extension or rifting. During
the formation of a rift. where the flow of
heat into the crust is high; the kind ofvig-
orous hydrothermal circulation required to
form massive sulfides occurs, Hiiled rifts—
those that do_ not become oceans—Hhuve
gredt potential for exploration.

One of thé most imporant ouicomes
of the U S -Jdpdn Canada pro;ecl on the

ls qhygothcsns lhdl rcldles lhcsc dcposnts
to others whose orig ¢re not well under-

stood before. For example:
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. i\iih{ko iifwé déﬁds’ii'\- iii‘ﬁiciilii- en-

iy usull if lhg rlll is in an i Lind
drc that formed since early Precam-
brian times.

s Archacen or primitive greenstone belts
(typiciilly enriched in nickel: copper;
cobalt; and gold] mJ\ oceur if the rift
for irth developed an

\)\>gcn-rich dimosphere.

s “Cyprus™ type massive sulfide deposits
(s preadly enriched in zine, tad. cad-
miuii, copper. gold. and silver) prob-
ably resalt from a rifting event that
mvolves a midocean ridge ¢r mature
marginal basin,

o Sediment-hosted deposits (typically
enriched in lead: zinc. and sulfur} may
form if the rift t» within o continent.

Studymg the Earth's Interior

with Synchrotron Radiation

S mhml.om JI"L pdrlulc uccdcmlors
originally ¢ :d fo
energy physics.
hc.bun to use synchrotron radiation in ex-
perimental studies looking at the structure
and composition of materidls representi-
lm ot the rlh mtmo Our underst.md-

th ¢xiremic pressure Jnd lcmpumture
conditions deep within the earth,
Development of the diamond- anl hlgh-
pressure celll in which samples are sgueezed
between the faces of two diamonds: per-
mits experimental tnvestigation of the way
mulgruls behave at static pressures Up 1o
per sqoare inch—cquiv-

dlcnl to the pressure encountered at the
edge of the earth’s core. The diamond anvils
d OWs fO"r di'réa observition

.Il\() serve ds

by X-riy ler;ILtlon through the diamond
mndm\s }:,l : qumlllduvc mformduon on

position into snmpl - Lompounds But such
\ludlL\ thC been \chrcl3 Ilmllcd by lhe

‘{hsorpuon of x-rays by the
and the rcslncu.d geometry of the hlgh-

Thc%L problems are bemg overcome by

the availability of intense x-ray beams
from synchrotron radiation sources. As
clectrons for positrons travel around the
closed-circuit path of the accelerator or
storage ring. they emit electromagnetic
radidtion: its energy (typically x-ray or
ultraviolet} depends upon that of the par-
ticles plus the bending radius in the ring.
This radiation, dn unavoidable by-product
of hlgl‘l energy phySICs experiments; is
now being applied in other branches of
science and has been described in Business

Week is the “most powerful too! since the
microscope.”’
Experimental geochemists and gcoph) s-

Stanford Syncmotron Lab. This apparatus {

“hutech” or radiatlon shield-—is part of the elaborate | Instrumemgﬂgn,negdgd for experiments

S\nghmlron R' tion t |bor.m)r) and the
Lorngll ngh l:nug S\ nghrolron Sou ce.
times 4as intense ds lhoxc trom conven-

tlorul X-ray sources. usc ullmbfiéﬁl

quuhtv of data: The beams also allow time-
resolved studies of {1} the kinetics and mech-
anisms of phase transformations and (2} the
riite of stridin reluxation (and lhcrcfore the
flow nnip(riles of materials} at very high
pressurcs.

Adaptitionto i 5ynchrolron source has

A
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reiiired desipin IHOdlIIL&llIOH\ ol the dl 1-
lhc letd ||

nmnd am |I u.ll

of the LLl. to the N-Fiv biiin [lu \nlhln i

thousandth of an inch): Such changes
have been made. along with precise meas-
iireiiciits of the toimpressibility and ther-
mal expansion of severil siimiple substinees.
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These mate

I'IdL. k

¢xperiments.
The suecesses ol these technologieal in-
novatioiis ind ol the edrly experiments hive
opened new regions foi resgarch in High-
pressure geochemistry and geophysics and
promise rapid advancees in these fields.

enable scienuists to expand our kno“ludgu
ol the veean, the sea floor, and ocednie

pio((x\(\ RL\L archers |n lhl\ llt.ld use

iig of the \'rm.luru gent drd d\ndmu
evolution of the umumnldl ind occdnic
Crusts.

Since the beginning of modern ocean

scicnce in the Challenger expedition a cen-
trs .1[_0 |lr;__t. nrth. l\ ‘md L\pt.dlll')n\

Dee: ldL of ( ceun l:\plomlmn [IDOE) ol
the [970s. IDOE brought new money into
the ficld and new ways of organizing large-
“cile work; much of it international in scope.
Several IDOE pl’()JLL.l\ L()ﬁ[lnutd in 1982;

) SIIILL IDOE cndcd NSF has hugun 13

g uri W hxuh de: IS with the cltcu\ of huge
warm-water rings on organisms in_the slope
witers of the western North Atlantic.

There was some cdﬁbiﬁfﬁ that the large.
rdisei pllndry projects begun durmg lhc

fer small efforts. Bul small projects con-

Aruitoxt provided by Eic:

vccin-
S deLnds on the ability
neasure. dnd saniple

'l\ a llt.ld oriented seience.

dquUdlL rCSLdr(.h delllllc:\ for NSF-spon-
sored maring scicntists: Since modérn ocedn
sampling; measurenients: and analyses place
demands on research vessels considerably

diffcrent from those 10 yeurs dgo. NSK

Lonunm:\ Lo supporl Shlp upgrddmg ocean-

In 1982 conunucd explorduon of lhc i
Pucific Rise on the Pacific Ocean floor
added to our understanding of crustal-
formiiion processes. Peter Lonsdale of the
Sulpps Institotion ofOCL;mogrdphy Uni-

versity of California: and Berndt Simoneit
of Oregon State University reported in
Narure mugizine the results of dives by
the decp-submersiblc Afvin in the Gulf of
California. Those dives revealed a cover-
ing of thick deposiis of rich organic sedi-
ments: in conjonction with the Office of

Ndle Resedrgh dnd lhe Ndllondl Ocedmc

to convert or lease an existing Shlp as a
new lcndur for Alvin. This will give U.S.
s ¢ss L0 miore distant dnd remote
geogrdphlc areas of high scientific interest
[t will also mean a better capucity to accom-
modite new instruments and experiments

for work on the deep-ocean {loor:

Coastal Ocean Dynamics

The results of recent field experiments
show thdat the primary foreing mechanism
lor subtidal nivtion on most continental
shelves is wind stress: The friction of wind
on surface wai-r, combined with the eifects
of lht. Ldrlh ‘s rotdtion. cdn cause somu ol'

\hort. It is erla Ld h) an upwdlmg

‘rom below the suri.ice. The upwelled liquid
is cooler than thie original witer, dnd i
charactenstic band «f coastal low lcmper-
ature duveleps. Often upw

sveleps. Often upwelled water has
gredier coicentraiions of nutrients than
the orlglndl \url ace water, whmh hdS becn

duumly in the coastal - e,
nggmnor‘ oflhu lmpufi;ihté iif Wihﬂ—

sity: N(. AR NOAA: the U S ()eologlul
Survey. the University of New Hampshire;
SLrlpps Institutioi of ()ccanogrlphy dnd

that Eovun wind-driven motion over the
continentdl shelf of northern Californid.

Their project is called the Coastal Ovean
Dyndmlcs Experxmcnl (LODE)

ture have indicated that coasml circulation
patterns vary greatly. Alongshore currenis
are often interrupted by plumes of cocl
itly run off the shelf:

lhuv drc nol pirmdncnl delUrCS but lénd

formed qune rdpldly hy J "squm " of wiiter
movmg offshore: These squirts apparemly
come from the convergence of flow over
the continental shelf in response to wind
variations along the shore: The offshore

I'Iow : drc m turn l)pl&.d”y l'lCh in eddy mg-

coffcc] CODE scientists have related these

plumcs dnd cddy fcalures lo slrong veloc-
face drlflmg buoys Other Fedlures seen by
CODE researchers include a sirong * jet”
of LOO[ Wdlt.r dlrcclcd hlrdlghl olTshorc from
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CODE work: The Coastal Ccean Dynamics Experiment is 100kirig irio forces ihat direct
wind-driven currenits over the continenial shelf of northern Calfornia. Satellite images show
that coastal circulation patterns vary greatly, as seen in this schematic ot an infrared image

with superimposed surface drifter tracks (+ indicates laonch point}: Of speaial interest: the
presence of an eddy. (A) and a broad offshore plume of cool water [B]. CODE researchers
are learning much about the entire ecology of ihe continental sheit.
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1o the ipwelling sisteni. By looking at the
relationships of these fettures to viribil-
ity of the winu ficld. CODE vestigators
are testing difterent ideas on shelf dynam-
1oy dnd paining new insight iiito ihe physic
cal phenomena af the upwelling
Atthis writing they hay ntac
few niodels tor wind-driven coastal vircus

Lution.

Hydrothermal Vent

Biology at 21 Degrees North

orpanisnis have a high species diversity.

65

with the vent, including many remarkable
new species. grow rapidly and are not lim-
ited to food supplied from the surface: In
most food w¢bs the primary producers are
green plarits that require sunlight for photo:
synthesis. By contrast: the primary pro-
ducers in the vent foad web are chemosyn-
thielic bacteria that obtain their energy from
inorganic sulfides coming froni the verts.

The OASIS expedition: organized by Ken
Smith of Seripps Institution of Oceanog-
raphy and involving scientisis from 20 insti-

ling discavery that biacteria exist in sipei-
heated plume water coming fram black
smokers.

Al the hydrastatic pressures of “He venis.
water remains in the liquid phase ap to
460 degrees centigrade. In the laboratory,

ature simolating the vent environment.
these bacteria can grow in a strictly_in-
orginic medium vontaining thiosullite,
manganese; and iron as energy solrces.
Under these canditions they can double in

v SUTYi
of 80 degrees centigrade.
The discovers that these veat organisms

“low ' temperatures

monoxide: and hydroger gas chillenpes
dceepted vViews ds 1o how thase gases are
praduced. The ability to precipitate trace
nigtials; inclading nidnginese and iron, sug-
gests a bucterial role m the formation of
polvmetallic sultide deposits. Holger Jun-
nidsch of Woods Hole Oceiniographic Insti:
wution and his colleagues have isalated more
than 65 additional strains_of sulfur- and

mineral sarfaces in the cooler witers sur-
rounding the vent.
~James Childress of the University af
California ot Sianta Birbara and George
Somero of Scripps Insutution »f O~eancg-
raphy messured high sulfide levels in the
) Ui ia [worni} and Calypiogena
dam}. These organisme. concentrate sul-
fide with a special binding protein that
triinsporis sulfide to bicteria lii'ihg within

Aruitoxt provided by Eic:
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e all their ener

Certain trace metais_are precipitated as a side effect of these life- -Supporting chemiical
changes. Bacteria such as these mgy be very importarit iri enriching ore deposits with vaiu-

able trace minerals:

fide trnm th prolcm for use us an em.rp
souree, H}dml_cn \ulrdc wh:ch olhcr ],\,.
ifp OFginisii
be an ihiron.mt Lmru souree for vent

animals,
Fred Grassle 0! W(md\ Hole Ocean-
ogriphic Institution and his colletigues iire

studying the biogeography of vent animals
lnd lhur dl\pcl’ml] p.mgrn\ to dmovu how

'VIL“
of hie in the dgcp,sg.l now mglud the
sents lis a serics of o rich in unique
manme lile; ”l)llrl\hll’lL lloﬂ}__ the sub-
manne spreading centers.

Ocean Trace:EiémEﬁi

al cxlrumci\
centrations. lu\ irm\ ol science have
stich remarka' le progress as in the ahility
ol cheniicil oceinographers to andiyze and
describe these trace constituents: Troe: sani-
ple contamination in the dirty environment
Sei is 4 perpetual problem.
With

ol 0 Ship e

particaliciy for metillic species.

Q
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ay for growth from the oxidation of inorganic compounds.

c'ated from the superhoated waters discharged from deep-

dpproprmlc care,
detee
many trace mcl‘ilx—even the concentration
of Lommon lcad in degp ocedn walur of

hbweifi:i. itiéﬁiiéié tziﬁ

billion.
What mechanisms maintain such low
tiinceijlif;iiiiihﬁ in ih'c Gvbild‘i largest ziijijé-

lgm is nol Ln,k of suppiy over lhe mitleniia;
"""""" f—rom lhe

Univer
ticle r v kn
the i"c'm'oval progcss ls reldled o adsorp-
tion; or “scavenging,” as dmsolved species

adhere to solid phases. Marine chemists
Vmg o revml lhlS phenomcnon

many LhLmILdl species; The rare-ezirth cle-
ments offer one such example.
(r'rdld \\ ‘muhurg and Donald Plepgms

have mcqsurcd the picomolar levels of the
rire cdarths samarium {Sm) and ncodym-
jom (Nd) in ocedriic sumples. The abun-
dance of the isotope "Nd in nature in-
creases lhrough guologlg umc duc lo pro-

i;éj 66

of "’Sm. Thus crustal rocks of different
ages cxhqbll vdrying Sm/Nd ratios.
Sumariom and nieodymium reddlly hy-
drolyze in_solution; show 4 marked tend-
eicy to adsorb on sohd phd\C\ dnd have
ocex

|sot6pic;ally ai§i|HCl Sm/Nd Fatios; where
lhese two oceans meel ln lhc Drake Pm-

Antarctic Circu mpoldr Currrenl consists

of about 70 percent Atlantic watet:
For sngndls such dS lhls l0 be fully mler-

v:cw of lhe chemlc‘ﬂ procesrsgsﬁgggrtrpjlrn]g
ol lhe Woods Hole OCCangrdpth Insui-
totion and Robert Arderson (now of the

Lamont-Doherty Geological Obser»mory]
thc cdrcfully mvuugdlcd lhc removal of

Their results mdl(‘dlc a removal rate lhal
is directly proportional to_the dissoived/
particilate fractionation of the metal and

is driven by pdrucles with a 5 o 10 yeir

sinking time in the ocean water column:
Sediment-trdp experiments are giving a
wealth of information o these particle
fluxes and their chemical signals: Thus ocean
trace-element chemistry is now undergoing a

troe revolution:

the Amazan Fan

An important probiem in marine geol-
ogy is deciphering the evolution of thick
sequences of sediment thit form adjacent
to the continental margin. Such features,
Rnown as dccp sed Rms are often located
"""" tems or continental-
nce Lhese fari sedimerits

mdl’g‘n canyons: §
form a large share of continental-margin
deposits, detailed knowledge of their sed-
imentary processes, growth patterns, dnd
evolution is eritical 1o Unde.sldndmg the
entire margin. its history and origin. Addi-
tionilly, decp-sed faiis hive become increds:
ingly important targets for hydrocarbori
exploration.
Because of the lirge area of i
conventional gcolognc surveying | dnd mdp-
ping tools have given only a limited view
of their morphology and sedimentary pro-
cesses. Fans dre coniposed dominantly of
croded continental sediments dpparently
transported to the deep sea by sporadic
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lllrhldll\ Nows. Smh Nows produLL chin-
nel svstems across the fan as ihey slow
down and deposit their sediment Joad.
\Ilhoul_h thc L\l\anLc ol these ‘.h.mnds
recent r¢ L'lth on the \mdlon Cone [or
Van) off the norlhz..lsh.rn L()l\l oi Brdlll
Promises ifiporti i
nel and fan suduncnl.n 1N processes,
lul by John l).lmulh sucm”

,LORIA side-
sadn sonar \\\lun ol lh Brlu .h ln\lllUlL

son Conc morpholo[.\ dnd t.h.mngl system.
F'his sonar device uses returned acoustic

siptils 1o provide dati
pholm_\-—up to I3 kllomclgr\ on each side
of the ship's truck, . )
The miost striking and surprising char-
acteristic of the Amazon Cone ch
revcaled o the survey is their_extensive
and mtricate meander patterns. Nearly all
chiinfiels observed helow 2,500 meters depth
on the mrddle and lower fan showed high
sinuosity and well-developed recurving
ificeiiders, Chiininels shiillower than 2,500
meters also meander. but the SINUOSIHY is
tower and recurving meanders :dre not_usu-
dlls Gbsersed. The channels below 2,500
nicters showed featores aid pauerns that
wmplru in morpholou .md \llc lo ﬂood-

SYSUEiS, \lth iis thi I()\\Lr .'\11\. .\'lppi.

These findings have important rami-
ficanons. The tormation. maintenance. and
modlllulmn ot \uz.h nu.lndcr S slgms

("thnc lorm 1joic by \porldu. and
1nlu¢q|llgnl,lurh!dxl_\ currents, Further
drizilyses of tiese dig will try (0 relite the
;h mnd ;h.:ru.lurx\llo .md morhholoby lo

ton and evoluton.

GLORIA scan: Scientists Used the British
sofiar sysiem called GLORIA io map the
Amazon Cone, or Fan, and its channeis. in
this_case. the western_and eastern levees
were under special scrotiny. GLORIA's acous-
tic signals give data on sea-floor structure

erstanding

these dala are critical to our understan
of the continental margin and to possible
exploration for hydrocarbons.

lh 198’ 151 itii:htiﬁt programs wure
conducted on ships of the aciademic research
flect; often referred to as UNOLS (Uni-
versity-National Oceanographic Labora-
tory System). The projects required nearly
3100 davs at sea; ranged from the Arctic

Ocean to the Southern Ocean and from -

Jiapan ta West Africa. and involved all
nEjor dl\tl”llnt:\ of the ou:dn sciernices—

1147 dnd environ-

mcnldl qualll\ Operdtmg costs for the
UNOLS ﬂt.gl mngcd flom SDOO a ddy for

I'i‘c were no important changes in the

sition of the fleet in 1982,
General-purpose surface ships continue to
be the primary requirement, NSF supports
aboiit 70 percent of vperational cosis: ihe

Cftice of Nuval Research {ONR]; the

National Ouveanic and Atmospheric Admin-
istrition [NOAAJ. the U.S. Geological Sur-’
vey, and the Departinient of Energy fund
the_rest,

The research vessels [R/Vs) Atlantis H

b
fop)
o'}
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aiitd dippra g,

Hiddiitenince \\Imh <iiild
\l"mlu_ mll\ extend theiv vedrs ol ~ervice,
R\ Conrad returned e

midlite retit and comypric od a fall sear of

service atter 1ts

\HLLL\\!U] OPETIion.

Plans to convert RV A¢lantis 11 tor an
than upport ship moved shead. The deep-
subiir isible sehicle Afigr IS How suyported
by the cotamaran Lufu; which lacks ade-
L“Lllk .ILL\)H]Ill(‘ddh()n.\. J;lburumr_\‘ sp;lcu.
and. aiost iniportant, sutticient eadurance.
I)urlnb recent expeditions; dn Gdditionil
restarch vesset was required for accommo-
dations or safety, incicasing the cost off
the Alvin progrit. With RV Addantis 11
as it sepport ship; scientists will hive exeel-
lent Taboratonies, space for 16 scientists,
dand greatly improved range and enduraace.
NSECONR, and NOANX will cotitiniie to
fund the A/vin program under an
lLLn\.\ dlirLLH]LlH

Phe vedir 1982 siw (he lnml conversion
Oof R\ lipha Helix 1o an effec
purpose rescarch ship. The -H.S neter ve
was designed and huiltas a sea-going marine

rler-

'LI

ATMOSPHERIC. EARTH

Ai{D OCEAN SCIENCES

biologicil Liboratory. Fransferred in 1980
froin the Scripps Institution of Qctiiniog-
raphy to the University of Alaska. the
Alpha Helix's ice-strengthened bow, size.
dnd voitipuration dre well stited o the
ORIVEESITS'S TESEL arch activities: \mdmu-
tions included the installation of o deep-

seid W nu.h. d ho\\ (hrusu.r lor pruu.\u maneu-

instrument puk 1ges .md other ¢quipment,
Thise ind o(hgr LhAIIl}:LS hd\t. mddt. the

in the Bering Sw and .110'11; the sea-ice
nuirgin® The modifications also gave the
ship 4 lower center of gravity thut ciidhies
1 dpému. in more diverse sea conditions:

NSF gave increased attention to seien-
tific in trunientiition in 1982, Along with
t mnl. th few mslrumunalmn 10

ogr: IPhIL instruments that have Hroad usage
in the ocean sciences.

Adtiretic ericrging ds i critice
on the mternational agenda. In 19s1; 12
nations enacted the Antaretic Treaty, which
reserves the region south of 60 degrees south
latitude for peaceful purposes: Throogh the
1960s and 1970s, most of these nations_oper-
«ed stitions and supported seientific res
search that prodUud shstamtial knowied:
of the region’s physieal and biologicu.
n: 1RLup dnd its rcl.monshlp to glubdl s' 5-
[SI0ES
resears h pomud toa poumul ror prlon-
unl&. ruuurus—pdrluuldrly m.mm llVln}__

thl pgrmd (hg world's resource b.x.sc
was increasingly recognized as limited;
and shortages developed in sont dreas.
ANWretcd is now receiving ddaeid dten-
ton. In 1977 und 1981 two more nations

u\(uhllshcd i" ar- round rrﬂcurch progrums‘

Treaty. Twelve dddlllOnJ' nations have
agreed formaliy to abide by the treaty but
Hive niot sent expeditions to Antarctica at
this writing: Still others tiuneh ship-based
summer rescarch expeditions; or they send

o2
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observers (o the stitions .xlru.kld\ set up h\

other countries.
Mcunwhllc lhc (ﬁi;iii‘ ﬁdiiiih%’ huvc dcvcl-

and wise ase of Antarclica's resourc
subject not addressed by the treaty n.sclf.
They have agreed on ﬁii:;jiij'r'ci iii L‘bhi‘bh/i:
I.xun.x and flora; se
resources. Work on the most dxffuull
ls's'uc—-lhc cxplorullon und cxplouullon of

not yet ndc.d This msk is LOmDIILdth bv
territorial claims asserted by seven nations
bui not recognized by others.

Within this comtext the United Sl.xlcs
which has not made a territorial elaim in
/\n(;lrt.llt.d .md docx nol ru.()gm/c the
others. has worked sinee 1937 to maintain
an aetive and influential presence in Antare-
lu.d—om. lh.xl rup()nds lo U S su&.n' :

ing thc .xuslr.xl summer of aboit 300 inves-

tigators on some 85 rescarch projuls and

aperation of the necessary logisties and sup-
port tunctions.

I'he research Progriit i hzlinced drong
the disciphines ot upper-atmosphere phys-
tes, meteorology, geology and geophys
oceanography, and biwlogicit
lhc Ndll()l]d] §L1-

LS,

plitivlugy,
md l]]LdlLdI rLSLerh

h\ two federal dgp..rumms (D« fense and
Transportation] and by a private contrac-
tor. As in other Foundation progranis, sci-
critisty dre selecied from unive v and
other institutions to do the research.

- The President of the United States reaf-
firniied the U.S. progrini and policy for
Antarctica in a memorandom of § Febra-
ary 1982, Recognizing that increased interest
in the continent may require work in addi-
uon to the Foundation's program, ke dlso
directed that under certain conditisns o(hcr
dgcnw $ My hc lnvol\&.d (hgrc in certs

Mammal Fossil

With an average annual temperature far
helow freezing and a land mass almost
wiolly sbseured by dn ice sheet up to three
miles thick: Antaretica stipporls litte life.
Lichens and baeteria grow on some of the
exposed fiiL‘ki, but ornly two §jji:tii:§ 6f ﬂijii‘-
Lrlnj_. pl.mts Tnd wo mnglcss lnﬁ(‘,t.tﬁ hJVL

Tr.x "nl.xr&.lu. Moum.nns This rock typc
is matched in the other southern conti-
nents. s:uggcs'lmg lhul /\nlurcllcu wus’ jolncd

reptije, was found—also in the Tra»sant-
arctie Moaontains: This rgptllt. ived on the
other_southern continents too, and s pres-
¢inee in Antarctica is strong evidencs that
the continents were joined in the Tringsic

period; which began 230 million years ago.




O S NLareh 1952 Tor thie dirst tinie in -
\itarctica; 178, p:iknninl()@i&ls ftound a 5
1s a small;
rodeiitike midesupial of the genus Poly-

-

dolops. The remiadins were recovered on

mour Island, near the tip of the Antirctic

proseice ot former Lind vonnection [or a
series ol close slands separited by skl
fow water] between the peninsula and South
Niiciicd, FHis ¢ dnection existed at some
tme between the taie Pilcocenic {When poly-
ll\)]ﬂplkllL fiest are l\mmﬁ i.[tl)H\ Soulh

Siteried and the late Focené (when they

e N
40

bridge between the Americas and Australia,
Piese dire the oiily continents on which
marsaptals have existed: The find suggests
“at the land connection between the Ant-

o
-

First fossil of an antarctic land mammal. The artist's conception (by R. W. Tope, Ohio State University) shows Polydolops, a fossil of which
was found in early 1982 on Seymour Island. Aniarctica. The animal was perhaps the size of a small wood rat_and.ate berries. Photo
(courtesy of Ohio State University) is side view of a jaw fragment from the fosasil. This remarkabie find suggests that the land co
between the Antarctic Peninsuia and South America 55 to 40 million years ago was even closer than scientisis had thought.
o 70
Q

ERIC

Aruitoxt provided by Eic:




Q

G AL TRONOMICAL

Joser ot dromer than dsuath dupx.ui in
Siap reconstiuctions bhased on submuarie
pwea-tloor spreading | data
1¢ it iEsUpiil wiis lnulul durm; GdiieNne-
divon dad by Walham Zimsmicister of Ohio
Stree |

trom

and ncluding scicntists
cther institutions, Accordiifg
Su.mmlr Island has the
Sauthern Hemisphere's best fossil record

BICTSIy
ihree
Lo Zinstieister:
ob the date € retaceous and the carly Ter-
GLAT - troiti 0D 16 30 iillion yedrs tigo.

Ihe evpedinion had niny “firsts.” In

whdinion to the m.xr\upnl lhc sucnu\l;

made the T

Lry reptiles ,h/.lrdxl. ¢ ru.uum\ hoii_x

fishes tholosieanst and a Tertiars coud seam,

Fossils of it feast two Cretaceous plesio-
ST [mdriiic topales] were found—one
| the other up 1o
e as v Tae st antaretie plestosaur,
L oinedrbs Liities Ross Ishiid i, he

[T

periaps 12 nu!-'\ long:

wis represciited by lr:ynum of

nmited di n:nnxlu value.

Katabatic Winds

anmaidied stations in Ant-

Nutomatie,
drcuci stupplerient the continent's manncd
stations 1 coliccung weather data. Sinee
197~ th i nmd Sl BN h 15 opgr 1lcd ’() of

e rnund manned stations. {he dL\ILLs

measure air lcmpcr'xlurc und prc\\urc \nnd
oal HLL‘dIIL any service: On g lruquum
schednie, they transmit the data to polar-
orbiting satellites 1or storage and retrans:
HIsSION (0 ground stations:

In Wilkes Land the automatic weather
stations focus on katabatie, or gravity-driven
dowiisliope, wirids, The Katibitic winds ire
caused by cold air near the surfuce liter-
div falling downslope from Antaretica’s

ERIC
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figh ‘um il ice pl itein to the coast: These

vales are the continent’s most persistent
wind patiern. and they influence weather
throtughout the regon. Kiatbitc winds
ulten surpiss hurricane speed: stations on
the cocytof Wilkes Laand have experienced
200 miiles per hour.

S five LIS .md tour Iruuh

gi'iiQ iil

lv.n.\l ;\nl.nrgllw i
10:760 feet high ‘.1irld 700 miles mlund. Béf'u?é
this. according 1o Gerd Wendler ol the
Ioniversity ol ALisKa, scientists nad meis-
UremicHis - { the katabatic winds either on
thie coast or inland hul L()Uld not loll\)\\
lr‘Ucclor\' """""""

¢ piven the first L()ﬂ]prCer‘l\lVL
st \hhth modgls can bL lulgd

the swnnds’
lions b

d.A [N

ing show, iifertiil effeéets; and vanaions of
slope unglg
Dome C,
of autonidic stitions, is th hll_hul p
in the are
be oceurring there. In tucl
age wind speed was found to be just seven
wiiles in hour—~h) fiar the lowest at all of
Antarctica’s stations.
~ The relentless. norlhv\.nrd ﬂm\mg kata-
hadtic winds hive a large but s yet un
tified effect on the Southern Ocean and a

s .mnu.JI aver-

profoanid sttt on thie dtnjosphere: 1

winds dinve aatarctic sei e mto the sub-
polar region: there the variable extent of
icC on the seii is @ sensitive clinntic lever
that can amplify the effects of small changes
in global heating, The automati

The automatic weather
stitions provide the means to yuanitify the
ts—on the thousand-
mule stopes of the cast antarctic ice sheet,

process where its

Wedde!l Séa

Oceanography

i October 1981 the Soviet rescarch ice-
;ii\tf Mikhéﬂ Sb}iibi' bhttibd Antareti-
isaiid imiles
oll Quagn Maad tdnd For the next two
weeks the ship pushed southward through
th ice. ll reached a point 550 miles off the
hmrlurmd and headed
for the open sea. which it reached on 14
Novcmer

h'r'

sons: It was the ﬁrsl ever to obtain a com-
prehensive, interdisciplinary set of data well
within Antdretici’s winter sei-ice eover,
irr addition: the researeh groap had equoil

numbers of Amencan and Soviel scientists.

<

Marine rephle. D awing by R. W Tope,
Ohio State University) shows a plesiosaur,
or marine reptile; from th .
Researchers found fossils of two of these
Creatiires diiring the 1982 expedition in Ant-
arctica. The fosslls were more conclusive

than any of this type fourd before.
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Sinold Gordon ot the Taumont-Doberts
Gicilogivil Observiitors led the 13-per<on
U N contingent: b 1 H.lrukll.lll_\.lll of thc
Vretie and  Antarcne Research Institute.
enimgrad, headed the Soviet espedition.
FHE divestiglitons were oriniiized into tehins
o stady phivaical oceanopraphy: chenistry:
Brofogy, seaice, metcorology, and the vel-
oty of sound an the ocean.

Ihe Ship stopped 37 tines for scientilic
work and o made observatons en route.
A ospecial objective was 1o do omeasure-
HCHHN B0 POl -- i open-water dre
t observed m satellite s ages

withuy the oo
caars. o conditions were

howeser, and a polynya

mseveral
relatively heav
did 1ot
”lL \,m
detimed
\”L' fde! | (I\IL
e NnGircte Peninsuli betweei the it
ward-Mowing
I'he gare
it Bomoil
this

dppaie dhibiip the Sosdige.

K was done i aren
Ceddelt Sea outilow of the
Ihis gire ]IL\ feeward of
arctie contiment and the ea
Antarctie Crircumpolar € ot
NHIRTE

IS G fHLipor prmimgr of
watcr cold and faden with notrients;
water moses mnto the Northern Henusphere
locations and nourish

to upwell at some

tishigrics

ASTRONOMICAL. ATMOSPHERIC. E

W nie the Somon h\drnl_r iphic diiti teitd
o conlfirm prior sumimer ohservations: they
.1I~o h‘ng gIven new |n[orm‘|lmn on the
gioii.
One ImdmL revealed intense CddlL\ OI rLI
atively warm water, ahout 12 miles ;lcru}xx.
thitl rise to within about 130 meters of the
I his upwird movenienit cii shp-'
ply Large amounts ot heat 1o the atmos-
pluu .md proh 1h.\ mnlrlhulu lo Inrmu-

surtigee

memhers h ad \mn_hl to \lud\

* Zooplankton collections ~hev Lo dra-
nuitic ditference in both hrama s oad num-
hers of individils (o0 : v hetwee i
the iee edge and the pa. £':c hund.m ¢
under pack ice was 7t cuhic me
While dit the edie it iis o> 10 32 per cuhic
meter: Beewnse melting it the ice edpe sti-
hilizes the surfaee lavers. ahundinee there
eveeeds that in the nearhy open sea.

The expedition found wive heights
preater than 025 meter that pu‘drdlgd
120 pautical niles mto_the ice pack, twiee
[hese waves e the

tic predicied distitice.
md high swelis it the ice

TCHTIINTY ol' Io na

.n.d its hll_h winds.

Arctic Research

K. ipid dg\ th)leLlll il Ll]\lrl)llI"HLllldl
tragility i the Xmee wm north hine hoosted
interest .llLlIL [KGRN m.h in rgggnl \L‘lr\
Im\r'\ Lo \(ld\ HiiY fundiidentil scicii-
Ul (]llL\[lUI]\

NS espeaalls emphasizes arctic s.arch
o probleiis Uit regiiire it interds<ciplinary
approach. Fxamples of Feondsition-hiek 3d
piojects IHLIUdL th\L [\\O

m\uln..nmn Oi1ce cores.

Processes and Resources af the Hcrmg
Sea Shelf. which ivestigated the causes
of spectiieiilir hiological productivity
i one of the world's min hthg RIGRTS

In dddllll)ll 10 lh"'

gu)ph Vs
ology:

Niiic other |
or perforim hasic aretic r

o
Total fed-
eril support is sonie S8S nillion i yedr
with the Foundation providing ahout a fifth
ol that.

d] agencies also
arch.

Arctic Heat Flux
The flux of heat into the aret
da crueidl pdrl of th L_loh i urgul‘mon g

rq_lon is

and its Iong
To understirni s
gite th hml hdl ince it hq_h
Lmludu .md the processes that maintain
dnd modnl) n

EARTH. AND OCEAN SCIENCES 63

ifiticli gredier in th oeedn llmn in the atmos-
In m lrllLll'dT; the umqm ther ml

perL

ll is
lmporldnl to lg.lrn W hLthr thrL Is poten-
tial for a Lh.mgt: to v (I_\" diﬂ' ent eon-
ditions—un open. ice-
h)r L\dl“plL
‘he stahle sei ic
nines th aretic clinmate. This cover reflects
mmh more mmmmg xol I rddl mon hdd\

lhg existing ice. . Siich circular ef 1
he it i}_posnfhfﬁhx inereasing the b :d
Lllun/)r negative (hy reducing the ohserved
citect) )

e Nre ['L (,L. it s oiie prmupdl OpgR
N mitre Ocean tnrou th the Ne
o aad Cireenland Seas. Earlier oceanic
[ ovh dif inflow oFf wirm
water in the Norwegian Atluntic Current
(& northern hraneh of the Gulf Stream cir-
culition} dnd an outflow of cold water along
tl ast codst of Greenlind, The Edst
enor-

the ¢

Greenland Current also exports an
mous amount of ice fron the Aretic Ocean.
e Hetween Green-

brani Slr-ul th p.

of reeem hg‘n-gxuh,mg research, This work:
<'p’iiiis’iiru1 hy the Office of Naval Research

isting on
different \pJLL scales. The evidence for fluc-

s\,(gm \nlh energetie eddi

the wuter transport his placed

lU.l(l

] 'm,udl,un'
ihfiiijgﬁ the

Bgrmg glrJll

Along with lhg pu owing numhers of
icasurements of the
iinge through Fram
N LOFIIL Jn mgrg sein th numhgr

dlrLLl

Lx.lmpl'; th M/V Lance L' rried out a Joml
uUSs.- Nor\\q_lm prol_mm Ior ‘m mlggmlgd

of lhg tpl.ll ﬂow 1w Lompkmgnl data
acquired during the croise:

g
!
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SE'S programs for scientific; tech-
iiil? hi;iiiiiii;ii

xiii]«i{rc'ii ,-i V;i

s \upporlud
PRTIN llu work of NSFE reaches
ni m\ pnlum il fsers dcross the United
\[ llL\——..ll]UIlL lhun I'LPI'L\LH[ itives of state

lhc
¢ ofigress, i hhg bsectitive ()HILL ol the
More broadis: these progrims
Smertcan serentists and. engineers

Presndent.
‘Xn.‘ u[‘!{.r
With collesigiies d ving research in toreign
COUNries:

STIA programs include Industrial sci-
chee dnd teehnologiedl innovation. inter-
governmental and public-scrvidess b
and technology, internationul<ooperative
sdicitific detivities, policy research and
77777 .md \LILHCC TL\OHI’LLN studies,

lll ll\\l\

I To sonduct reseireh progrims lh.n

cut across disciplines and strengthen the
scientific and technological [S&T) rescarch
chterprise; both i)’diiih’;ill\ ind interni-
tonally. .

2 Io collect and analyze data on the

suitas of the nidtionial S&T enterprise.

kY

ence ang tee

hlu. pullu issties i sei-

3 ln sefve T\SI ;iiid olhcr government

decion makhers who fage complex prob-
Ie or. pottnnimg to science and technology

and o tatire of our country.

] .1rc to
of scienee and
ehigineering lh.ll is essential for technolog-
ical innoeation in the United Stites.

2. Link researchers with commercial

Users in the indusirial sector.

3: Inerease L_Lngr.ll undcr\mndlnl_ of

innovation pro;uxu and how they are
affected by goversment actions and pri-
vate firms.

1 Ew :Iu.m |"\mul|undl Lh‘mg' S ll‘hll are
designed to influence overall luhnologl-

cal inpovation,

Innovation Processes

Intramaral projeets in this ared ‘include
industry, university cooperative research
centters. Which have dn important place in

~

Table 5

Scientific, Technological and International At{airs
Fiscal Year 1981 and 1982

(Doliars in Miiiiéﬁéi

Fiscal Year 1982

Number of — Number of o
___Awards __ Amount Awards Amouont
Indostrial Science and o o
Technological Innovation .. 277 $ 17.06 210 $ 12.90
Intergovernmental and Public-
Service Science and - o - R
. .Technology. 47 2.59°" 38 1.20
International Coo o o
Scientific Activities ......... 282 10.07 363 11.58
Policy Research and Analysis . 104 4.41 81 3.90
Science Resources Studies , 46 3.10 41 3.14
Coordinated Agency-Wide - . o
Research Activities® ......... 307 16.61 63 7.60
Total ......... . e 1,063 $53.75 v 796 $40.32

Fo:merly Cros JJitectorate Programs _

‘'Fugds tor Scignce for Citizens and for Ethics and Vatues in Sc-ance and Technology itotahng $3.065.691( came under
lho Science and Engineering Education aporopnallon tn FY 1981

SOURCE Flscal vears 1983 and 1984 Budge!s Io Congress Jushhcahon o! Eshmates ol Appropnahons lOuanhmuve Pro.

gram Oata Tavres)
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the national rescarch cifort. NSE staff,
workitg With evaluiators at the centers,
been assessing center operiti- -is and
cllcctiveness—Ilooking. for exampic.
citific coiiimunication networks. organiza-
tional structare: snd successes at exch cen-
ter. The group also wrote a manual on
how lQ start and operile 4 cooperitive
research center:

In addition. NSF staff and scientists from
severidl mujor universities analyzed social
seici - contribations 1o techr oloyu!l inno-

valion and national productivity. The paper
ressiting fromi their analysis also noted that

possibilities for prmm -sector support of

have

\Ll“

Extramural pr

yeels include these:
. TficrR;ifrj(rj;:(,‘o'rpordii in an NSF-
funded study; is examining social and

()rl..lnl/‘lllondl d\pu ts ofolf'u: auto-

hinder it. The xlud\ has attracted_ con-
siderable corporate attention, and sev-
hiave been actively
cooperating in the project.

eril coitipanies

o University of Michigan re
studying a iational sample of ﬁrms
with employee stock —owrcrshlp plans
to learn how iius -rowing form of
organization affeci< worker motivation,
prodactivity: and the pace of techno-

lO&.ICd| innovation,

A project at Lahformas Umvcrsny
of Santa Clara looks at the venture-
capital industry and the process and
criteria used to mike such investment
decisions. The study includes interviews
with both investors and high-technol-
ogy entrepreneurs: it should give a rare
view of “market failares™ in this indos.
try. along with data to guide future
practices.

Coopergtlve Research
Projects
NSF sponsors cooperduve research done
by university and industrial scientists and

cngincers. foint proposals. reviewed s is
any other §Cii:ﬁiirb i’ii‘i)pb\dl are jydg&q
and awarded grants on the basis of the
bul Jrrangumcnl for lh&. uoommlnvc rc-

rcqunred of mduslrml p']rllcnpzmls

Approximately 17 percent .l these awards
havu _gone lo parinerships involving uni-
ies and small basiness firms: Projects
funded as of this writing have been divided .
about equally between engineering ind sci-
entific fields: Chemical or electrical engineer-
ing, materials researck. and chemistry have
produced the largest number of proposals.
Somié exdmples of projects include:

s Thu lllmonsr Institiite of chhnology

and Bell Laboratories are developing
an infrared intracavity spectromeler
to stiidy chemicadl-vipor deposition

reacuons Thls rescdrch w1|l have prac-

of sohd state electronpq aoldrrcg:llrs,

and opu.:al ﬁbers for u.lccomm u mca-

Matarials research and the space program. A Martin Marietta techniclan inspects the space shuttie Columbla’s external tank parts, which

are covere.! with an ablative insulation material. Martin Marietta and the Massachuse*.s Institute of Technology developad a time- and cost-

saving technique for applying the insulatio

T's polymer processing effcrt began with an industry-university cooperative research grant

from the Nat:onal Science Foundation. (Second photo shows entire external fuel tank for Columbia's rockets.)

Q

Aruitoxt provided by Eic:
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meHLtim duclopud .md usgd hLI'L.
offers an added luhnoloyull bois;

o T seck riew criergy- iiid cost- dhuull
materials for the packagimg and con-
tiitier rrlduslr\ a Lh(.llllt,dl Lnglnur-
g pro
tute of \Ju\ York and scientists it
Allied Fibers and Plastic Company are
working with thernioplisiic polyhiceric
materials. Thermoplasties have been
replacing glass and metal containers,
doirip the siiie job it lower cost dnd
superior performance: With the ose

ol two or more sandwiched layers of
therioplisties. strength and barrier
pmlulmn will rmprow Thg sand-

dvoid
s between
the pl istic L 1VErs. Thg information 1t
produus will imiprove the theoreticil
basis Tor design and uinlrol of inno-

viilive mduslrml pro

Lo
-
=¥
(‘
Z
z
o
3
[
o
=
c
g
=
(‘
e
=
f
L=
iz
: |

rese: II'L.h of 5 L@ il (:uurul E lu.lrlt.
and the Un v of Pennsylvania.
I'his niew product allows a chemical
reiaction o occur with the hélp of

SCIENTIEIC,

lmlgs lh(, reiction produus 1hc I'(.dL-
tor is upcclcd to perform c c
processes that require less energy and
id \Illd“(.l' Ldplld] mvulmull than other

Lh:flmdl produu in sem ~vnthetic peni-
cillin manuficture. The Unl\’(.l'\ll\
applicd for a pateit; dind licerises
availible to industry through university
patents.

¢ Possible catalyst designs for an oxygen-
reduction electrode were in estigiited
by a rescarch team of chemistry pro-
fessors at Stanford Unibersity and the
California Institute of Technology,
along with a ¢h scientist
at the Hereules Company. This work
involved two-elt n trinsfer pro-
cesses and the structuring of organic-
metallic compounds for spéaifie cat-
s: The tedm discovered a
new owl_gn -reduction catalyst; open-
ml_ the way lor olhgr .mplu..llmns such

777777 é ”

These progr:
sectors of the nonscientific u)mmumly
dre intended to:

lduml), analyze: and help resolve (he
cthical and social dilemmas arising in
and from the work ol seientists and
enpineers:

The Foundation directed recent inter-
govérnmental activities mainly toward those
in state and local governiments who use
scientific and technical resources. Through
NSF efforts regional and national neiworks,
public-interest associations; and other re-
SOurCe groups é encouraged to (1) furlhcr
iding of how to use
scientific aad technical resources; (2) offer
informaticn and technical services to gov-

crnments, and {3) organize interurisdic-
tional information nétworks.

Information and technicul serviees come
through workshops, site visits
and cooperitive arfu

academic and. private seclors 1o .Jddr' S
Lommon probluns Ass ssmcnls of lh(.\c

TECHNOLOGICAL, AND INTERNATIONAL AFFAIRS 67

gram etforts ure dLsiy -d 1o cipitilize on
NSE's experience. encourage the replica-
tion of previons suceesses .md heip trans-
fer support to nonfederal

The Foundution_also aids research and
related detivitics that dddl’(.\\ lhg Llhlt.a

.md mlucs mvol d m

Hum.mmg supports lhcsc c”‘driS uidhg
with the Foundation.
Sonu, quumms

¥ deil with lhc

I'l\k\ J\soudl(.d mlh or slunmmg {rom (hg

envi

risks better? Can professi ictics dnd
engineering educitors pluy i speciiil role
in dealing with these nroblems?

rh«.\g are not qu 'ons lo \\hlt.h n.ml

projects .an hdp ld(.ﬂll‘) problum and
describe opllons and pdrlul \olullons l or

neers melo:ygd h\ l\\o Url_dmldllons \ulh
i history of designing sale produets, the
v.rsl nl.l_]OI'll) reported thid their coneern

¢s¢ companies were also poxiuvg .rbol.l
regilitions is a souree of proteetion from
unscrupulous competitors and ibsut pablic
influence as a way of setting high product
stund.irds.
Engincers, social scientists: and philos-
ophers also pariicipated in a workshop to

review the results of these studies and (o .

prucnl.mom is Tlehhlg from the Hurm.rn
Dlmumom (gnlgr Rg :LIJCI' Poivteehnic
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tries under blldlCI’d' | dgreements for coup-

eration in science and engineering. The costs

76

by the Umtcd States and lhe govrcrnmrenrl

of the participating country. Exceptions

are India and Pakistan; for these programs
'
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Internaticnal exchange: Chemist Jonathan L. Sessler (left photo) recelved a U.S.-Frarice excharige graiit from NGF to work for a year on the

-

cnemic~! synthesls of a type of catalyst that may have wide commercial appiication in producing pharmaceuticals. Sessler was at the

Louis Pasieiir Universit

in Str

ence. Also at Strasbourg on the same exchan

cuileague at Lehn's laboratory. Burrows has a gr

th Jean-Marie Lehn, who directs one of the world's leading rosearch teams ifi this area ot sci-
ge_program was chemist Cynthia. Burrows (right photo, at right), shown with a F
ant for 15 months to study the binding of organic ions to crown ethers. This topic is of great

n with a French

interest in organic chemistry and one ofi which Lehii's group has dorie miich of the prior research.

the expenses of both sides are met by
U.S.-owited speciil Foreign eurrency held
lor such ose:

NSE's bilateral partners in cooperative
resedrch fill into ihree groups: (1) the
industrial; market-ecconomy countries of
western b urope, East Asia, and Oceania;
(2] Chiiii did the eeitrally eontrolled.
industrial countries of castern Eor
and (3} the less industrial countries of
Niricii i, dnd Litin Amerieid. One of
these cooperative arrangements is deseribed

here. o

Goverame.t participation dids the ex-
change of knowledge among industrial
countries. For example, eertain major
rescireh eqguipiment and facilities hive
become so é\ﬁéﬁsi?é that countries now
agree to share their use and costs, Then
oo, foriiil binational tirranpemenis ofien
eilse access by scientists from one country

Moreover, Sncouriging Strong |
Among LoMOrrow’s senior scientists is im-
portant to all countrics: today's younger
scientists find it difficult 16 spend substiin-
tial periods of ume in research and study
abroad without government encouragement

fiiil ties

and iassistince.

Exchange of Scientists

The Uiitted Stites-Frince exchinge of
scientists grew oot ol 1 general framcw otk

Q

RIC
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for scicntific cooperation estib

as a symbol of improved relations. But
there was also a mutual feeling that scien-
lific cooperation between the two courilics

are of K agréemient was a postdoctoral
sxchange of scientists: The two sponsors

gram ind kept up i lively interest in scien-

tific activity in both countries:
Exchange visits under the program usu-

ally last one yedr. Shorter visits are possi
ble and beneficial t¢ s hose familiar with

the Linguage and institutions of the host
country; Typically; scientists in the pro-
gram are under 35 years old and sull in
their formative yeirs of professional devel-
opment;

Each country selects ap ~licants who merit
upport, bised ofi ihe courtry’s overall

needs and perceptions of the host's research

ical. and socidl scierices. More than 70 per-

nt of French participants have chosen (o
work and study with U.S. ¢chemists, physi-
cists: and life seientists.

The Foundation appraises the impact
of research upon industrial development

and the general welfare and is a source of

informition on poliey formulition for other
agencies of the federal government:

__Areas of study inelude the contribution
and impact of ~cience and technology on
the cconomy and society: patterns of inter-

nitiondl comipetitiveness, technology trans-

fer; and monetary tran IS, Wiys (o
ssess and manaye technological risks: and
relationships dmong science and technol-
ogy pelicies and those on ¢hivironnicnial.

energy, iand minceral resources issves Two
examples follow;
Teletext and Videotext
Systems

An NSF technology
examined some of the public-policy iss
dssoeiited with the poteniial developniest
of teletext and videotext in the United Statel:
These are eleetronie systems for the wide-;
spredc bution of texiuil 2ad graphic
information. Display of the information
relies on low-cost terminals under the selee-

77,
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uve controb of np‘-r‘ilnr\ who use proucduru
that nonesperts can casihy understand.

Videotext is the gene
tems that provide for two-way information
low. whereas teletextrefers to one-way
LETISTITINSTON SEFVIC Il technology hus
the poteatial to change the way people ose
'nln)r'n iion.

I ke [L]LIL\[ NSRRI r. 1! 'u. pnliu de-
hute—both naton: l”\ and internation: lII\——
has alreads begun. No single body of Taw
OF ru.nl ition His eledr pirisdiction over
this hvbrid lulmnlnu‘.
i th luhnnlm.' 1

IL i for sys-

l\ saes .Iddr«.\\«.d

.nm

structure, the rLLll| on ol content;
the potential need Tor added copyright pro-
teetion

It and when \\ulupru id txe of (LIL!L\I
ana viderstest beeomes a rLd|Il\ mlnr 189
iftst be exinitiicd.
restrictions: of dany,

AsUiounts of personal iiiiii'rih'.llmn that
cotld be collected from videotest sysiems!
Delmmg an individual's rig ht to pri
i this clectromic environment 1s i compli-
cited tisk biit oive of considerable public

.L\

mterest.
Videatest will also allow people to shap
cleetromicadlls. Here the polics issues include

um\unur\ o

.nn\( question-
LI][L(l prod

prululm
able sales tactes md nn\err

licts or \Ll\lLk.v
disputes and guaramtecing pmduu t|[l.l|l(\

Other issues muludc lhl quul-()n of .ll](l-

trost leo
tonal carporations i w hat promises o be
anonternabional enterprise.

isbition

SCIENTIFIC. TECHNOLOGIC

Taxation and Innovation

Several NSF policy stodies have assessed
relationships between taxation, innovation,
aid other viriables, such as business con-
fidence and mirket strategy: Their mam
To wh: ll cxlunl can (or dn)

quullnn WIS

quulmn\ are: Do other countries provide
significantly better tax treatment nl Innm.l-
tioii thin the United States
tax_ incentives markedly .l”LLl mnovaton
activities!

Over the last few years [I‘)?‘) 82}, NSF
directed a namber of shoft-term projects
to gather initial data and give intering assess-
mcm\ for use by the public-policy com-
n(ll Innl_-lgrm RN .ll work u.)uld

'x, stimulation of prnpm.xlx .md
A\ nl WO JONE-IEFIT Prijacls 1o dssess

o _estinn llc citfeets ot lhc ‘)hl L act on
Rg\l) by vear industry. tpe of R&D, und
lirm: Yhe secoid project will stads
¢ effects of tax variables on R&D for
selecied hlgh-(cuhnnlog\ sccmrx in the
thmited Suites; the
Federal Republic of (urm.l.._\. and € .ln.ld;l.

Science Resources Studies

Ihrongl this progriini, NSE doc. sur:
vers and analvses of the nation’s setentific
and technical resources and publishes sev-
J{nd SUnimi iries.
puhlu trois go Loy |r|Ll\ of tsers—ifi-
chidinig officials throughout the tederal gos-
Crinnie e in stite iaid ol governiment,

Ldm mun 1] III\HllIlIl)I]\ .md in mdn\(r\——

eral scres ol repirits These

ence Al ilests of lhc nition: l|
tlocation svasteny for

nithe up another

TesOrees

and Tocal resource

science and technology
mIporkint iudienee:
Dy 1982, the T oundation continaed
to deselop perioihe and comprehensive
mitoinil oversicws of thic S& T personncl

situdtion «dand of pist and current funding
for S&T activities: Severil reports of speciil
significance are highlighted below,

The i:lih

wte in 1981 The rt.pnrl ix the htth in i
series providing indices of scienee and tech-
nologe performiince in the United States.,
Vhe current volgime contains inore diiti

than did previous reports in the series, It
foctises ot pritiary polics gliestions, offering
alternative interpretations inting oat
iimitations in the data. This volume ualso
includes the results of i special comipre:

n

CAL, AND INTERI\RTIO

\ pruvndc' cur-
ruu overview of U.S. scienee and technol

Oy TesDUTees: Dati in the report indicite
that total U.S. upcndlluru h)r rC\Lerh

a congise;

ind develorm
to S¥5 hili.
increased in [Cii nn\t.mt doll.lr lcnm

vedr since I‘)M ]
4 percent .mmmII\ t h l%l
National R& > expenditures as a pereen-
tige of the er\ nalu)nul product va
been going up §
1977 and 1982, Over this pmod the national
R&D GNP ritio inereised from 2.2 to
2.4 percent: contpared with @ pesk of 3.0
pereent in 1964, In 1953 the ratie is expected
1o remain i@t 2.3 peieent. ) )
Women and Minorities in Srience and
Enugineering, published in the spring of 1982,
responds to i u)ngrci m..ll dlrLLlIVL‘ Thl\
is a biennijal statist ]

lILIP mon ()l women and mlnorllv groups

in technological jobs ind training. The
r«.porl hthllghI\ dlfﬁ.runu. i

cich

ll .llxo re-
anem-

views i \cnu o! mdlmmr\ smh

Zroups .|LqulrL math and \Lumc skills. ‘u.-
fore tliey ciiter college.
Among a number of \pLuJI <iadies and

.|n.l|\\c\ during (I]L VOAr wis it ru‘nrl on

high- luhnolog\ u)mpdmck gn]_.']__ud il
rese: lth .md dgulopmunl Thc

ogy flrm" citnie Ut i th sprifg of l‘)h’
summarizing lln hndmp of both survey

.lnd interviews,

i(iii% among -uh;_rnup\ 01 hl}__h technol-
opy firms.

I'wo- thirds nl llu fif i uknlmul thiese

four arcas as.n ajor concerns: providing

¢ iries and benelits, maintain-

s, deidhin

compret b
IHL Ré. I) N
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VY |

cientific and Engmering
ers i

mml erg.ll nuui——\upport to g.:du ite

I w1982 the | oundition Inguwd ot the

the ( OnumIssion on Prn,u:llgy. Education
i A nhicniitics, Stietice. and Tochnology.
Ihe Commission begin to eéxiiitne (he
enbire scope of US. clementany and second-

ary preparation in the technological fields:
It iilso debated boih the nature of the cur-
rert situation and ke most appropriate
rolu for Igdgml IOt.dl and private resoufees

Durm;__ 198"‘ all mlu.r stience dnd engi-

neering education programs at NSF were
erminated. and the Directorate for Science

to lnrm th 0”1&.&. ol buu‘lllﬁg and Engi-
neering Personnel and E dtion. The new
olfice administers graduate hllowshim

NATO postdgetoral feltowships, and con-
llnulng activities lor dw.xrds lnddt. in prc-

llm many puhln. .md Per‘llL agencies work-
lng to lmprovc. lhc quahly of educatio~ in

and Engineering Educition wis restructured

yl
\

Graduate Fellowshlp S

ence at (ergu Mdlon Umv(r
: plins 1o study ilgorithm design, com-

dunl- prnt‘ru\ toward bunmmg hlbl‘ k\d
umlrlhulnrx to llu. lmlmn N sumnm dnd

unplr
to ulhdnu. lht.lr Uppnrlumllu lor scienee
and luhnnlnp ci
- In FY 1982 offers were extended to 555
individuals tor three-
ships. In addition; I
thair fetjowships from prgvnoux years: lii

the FFY 19%2 anpgnl.xfn another 794
individuals received Honorihle Mention.
I\erl&.nL&. shows that this NSF citation
i very high endorsement and quite
often hclps stoderits get support from other
sources.

Folfowing ire Iour examiples of werk by
those swarded fellowships in FY 1982:

s John E. Vidale: in geophysics at (hé
Cidlifornid Institute of Technology. is
mvestipaiting  earthquikes thisugh ihe

ERIC ’

Aruitoxt provided by Eic:

vear gr.xdu‘m lcllow—.

- puter systems; and the design of per-
sonal work stations. He has already
dorie empiricil research on compuier

program branching;

study of seis
pittersis He has dlrc :dv dom rescarch
on the \LlsmlCll\ of the New Hebrides
lrgnch

* Maortha C. Havden. in genetics at the
Unlv&.rslly of sthmglon Suatllo

lc;hhlqugs m\suk fela nthps be-
l\vun gene structare and fonction:

Table 6

(Dollars irt Millians) -

< __ Fiscal Year 1982

_ _ NDmber ot Awards Amount

Scientitic Personnelimprﬁvemen ............. 1,439 $i6;75
Science Education Development o
andResearch ...................... ... .. 69 267
Science Education Communication _ Lol 3 1.19
NSB Commission on Precollege Education
in Mathematics, Sciarice, and Technology .. 29

Total

*Forme-ly the Directorate for Sciance and Enqlneorlng Education

SOURCE Fiscai Yea' 1984 Budﬁe 1o Lonqressduanllcahun ol Estimates ol Appropriations (Quantitative Program < Ma
Tables)

80
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N

()ru.mu ition, N§l~ .ldmlmslu‘s dposldO(‘-
woral fellowship progeam for the U:S: De-
partment of Stute. Awardsare made each
veiir so thit young scientists can do post-
priudaate research in foreign countries
for 9 to {2 months, In FY 1982; 49 individ-
uils received awirds for advanced study

and research in Clinada. Istiel, dnd 12

l:uropedn countries, S

In a parallel effort; the Foundaiion
provides travel funds so that U.S. grad-
udte dnd postdoctoral students can dttend

NATO Advanzed Study Institutes: Gdndn-_

ddlu Lompelmg (or lhesc derds dl‘L n:)mn-
European institates; and NSF makes the
final selection. In FY 1982, 55 students
attended ihe institutes through this support.

NSB Commission on Precollege Education in
M

athematics, Sclence, and Technology

n 3

l’rgmllugu dchievement dnd pdrllcnpruon
in scrence and mathematics s declining;
vet our society is becoming ever more tech-
nology oriented. In response to the chil-
lenge o1 revitaliang our educational efforts;
the National Science Board established a
Commissiva on Prc'olleﬂe Educition in

and Tec -nology in

Thik Commission_aims to
t governments and priviie
organizations; professional groups; and
individuals can do to improve mathemat-
ics: science, and - -chnology education. It
will also come ~ith a set of ideas; op-

uons and stritegies to nmprove the qual-
iy of BEe[bllege science and math educa-
tion_in this country.

This Commission is riot meant to bc
another study group: Rather; the 20-mem-
ber body will develop an action plan for
all sectors of society. This plan should help
our educational systems—both formal and
informal—prepare all cmzem to live, work,
and pirticipdte fully in the society of the
future.

At its first meeting in July 1982, the
commission irticulated these goals for

America's educational SyStems:

co-chairs Cacily Carinan Selby and Wimam T. Coleran,; Jr.

Aruitoxt provided by Eic:

OIS I

* To continue to develop and broaden
the pool of students who ire well pre-
pared and highly motivated to pursue
advanced careers in mathematics, sa-

can choose leuhmmll\ oriented careers
and professions:

¢ To raise the general science and tech-
nology literucy of all citizens.

The commissioners, representing a wide
viriety of fields, begin working in foiir
task groups focused on: (1) federal; state;
and local governments: (2] primary éduca-
tors: (3) indirect fucilitators of the educa-
tional process; such us radio: television;
and the press: and {4] colleges and em-
ployérs who receive studeris from the sys-

tem: The task groups have songht the views
of a wide range of individuals and orguniza-
«donis on improvements or chinges needed
in our precollege educational systems: At
the same ume, lhe commissioners hdve becn
looking it a I
that offer high-quality precollege expenenceﬁ
in scientific and technical fields, to sce swhich

of these might merit ddaptation elsewhere.

An interim renort will follow the early
analysis and identification phase. Then, with

the | knpwledge gdined from their work, the

commissioners will draw up recommenda-
tions for action. A final report will come
oat near the end of 1983.

15 Branscon
.re Commission

>
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Model science center. These students are earning at the Fernbank Science Center.in Atlanta, Georgia. The National Scierice Board’s Commis-

sion on Precollege Education in Math; Science; and Technology has identified Ferribank as a model of innovative science education.

Atlanta students of all ages (and some from other parts of the state as well] go there to work for several months at a time. They benefit from

both modern equipmentand exemplary teaching by working researchers. [Photos by Pat Oimert)

Research Apprenticeships
for Minority High

ginizations for

unsversitics, ind other of

. these research apprenticeships: The grants

Q

will cnable some 423 students to have the

professional scientis
During the summer, the students will do

reseiireh with scientists, ditend sqfnin;grhf. .

and go on field trips. Academie-vear activi-
tics may include further part-tinie research
it the grintee college or University. study
11 the student’s high school 1o prepare for
locat or national scienee fairs. presentations
dhoiil the siimiiier seience eXperience to High
«chool peers: or work ag laboratory assis-
tants, Grrants provide modest stipends for

erantce Institutions to COver Costs asso-
ciated with student activities,

RIC
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Program

) Nt yeal as played
i key role in the rapidly expanding use of
computers for education and relateg activi-
ties. For cxample, the BASIC codputer
anguage was developed s pai of a sci;
: the
ded instruction language

Foundation support at MIT. Iilinois, and
the Mitre Corporation respectively. Today
these prototype activities have become thie
locus of intensive private-sector develop-

7ln 7Ldu3.ll19n\hl§ un-
usual. The Foundation funded models of
educition in the stignces dnd engineering.
using computers donated by manufactur-

8

received -

ers. Five companies [Appie. Atiri, DEC,
IBM. and Rudio Shack) participated. They
contribuicd i combined total of Aboul

$900.000 in copipuler equipiment, and NSF
added about $850.000. The gifts werz un
conditional. and the program was designed

and operated exclusively by the Founda-
tion according 1o its asual proce
Aboiit 300 propusers competed for Apfrox.
imately 60 awards. o o

Other NSF/indastry efforts included
these: ’

ogy. dnd cheinisiry will develop ap-
proaches in using the peisonal com-
puier for laboratory activities such as
simulations, collecting data. and pre:
puaring repors;

*» Scveral projects will develop m
als and strategies 16 heip precollege
miith dnd seience teichers leiarn how
to use compaters in their classrooms,

¢ Robotics: ¢

puter-aided design, and

computer-assisted manufacturing are

engINecring projects:



74 SCIENTIFIC & FNGINEERING PERSONNEL AND EDUGATION

*3-2-1 Contact.”’ Young studernts watch this popaiar cﬁiidréﬁ;s§érié§ on rm’ﬁlié iéiévi's;i'dh' The 's;ﬁ'dW ﬁﬁs rcached some 30 million viewaers;
i tiscal year 1982 production began or its fourth season. Second photc shows an interview for one of the early 3-2-1 programs: A
cast_ member [right] visits with an astronomer at Arecibo Observatory in Arecibo, Puerto Rico. {Pnotcs courtesy of Chiidren's Telévision

Workshop ]

Despite the termination of most education
proarams, several hundred NSFE projecis
coiitiiued under carlier funding: Among

these were hundreds of crants to colleg:. s
und unlvgr\lllgh to uperade the content

v and Compu:cr
simulation. .~ chI as docally originated
i:Ui'i'iL'UlUiii ;ind iMiiiLi(ii)’h’zil tb;ihgti

NSE commitments fo LOIH”‘IUL‘" funding
reccived monies in 1982 Among these were
sofie of exeeptionil signiticaiice and -
pact:
. Pi’ddUtiiLih began on another seasien
- the thldrgn ¢ television series “3-2-1
atiet.”” At this writing almost 30
miltion persons have seen the series.
rigarly 4 third of a million teachers
have received speaial teacher's guides
{0 go with the program. A number of
seierice muoseams have began spuu.xl
weekend activities to capitalize on the
enthusiasm generated hy " 3-2-1."" and
the Girl Scoats of America have started

Q
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an associate professor in theé Departiiciit ¢ (urolvn L. Atrneave, psychology, St
puter Enginecring Vincent College

at the Imiversity o "‘\"." fvlexiee Q T Wl - o I JO
Sl the %r\lyurSII);" ! LW(;“’&’““ ] hc “'“ e Siian K. Averv, atmospherie seience,
2 research at Ste ord University on Univeisity of Colorido at Boulder
o Bonni, Blusti-. history of sCience,
visitinig profes Northwestern VUﬂnl\cris’ily o 7
will also teach an introductory caurse i ® Marjorie Crandall, biology. University

digital signal nrocessing, take part in under- of California at Los Angeles

graduite dnd graduile seminars, and advise .
i e e N ,,q,, e Linda K. Dewover, asironomy, Colgate
ferna'e students on enginecring cire :

A third racipient is Ann L. Hollick; direc- . Um‘\;r\;l\(l bislogy. Brown Uni-
Ko oF ifiterRation i voriiin fities at ihe U.S Lynda 1. Gofj. biology. Br
Department of State; who will spend 12 versity
months at the Massachusetts Institute of e Patricia A. Cowaty, bivlogy. Corneli
Technology. Hollick, whose docioral degree University
is In political scicnce and inernaiondl reli- o gl & Joffe sociology; University
tons, will study **Planning Foraign Policy of Peénnsylvania
in the Area of Stience and Technplogy® o
and will give seminar and gueg fgttu’rL-ﬁ * Marian 4. Lowe. chemiatry, Univer-
ea_this topic. i( sity of Soanthern Califorma
~ The other 13 awardees, their fields, and * Gertrude F. Neumark. physics, Colum-
host institutions darc ds follows: bia University

8 St. V.- ceint Co =ge. v vic she will
teach and do research for a year. Attneave, an American_indlan, Is !-om the University of Washington in Sr e Gertrude New.nark {left]
is the only one 0" *he 17 visiting women professors for 1982 who ccmas fro.n industry A senicr physicist - - 1ps Latc-atories in Nuw York.,
shie will or research ~t Coiumiia University, alciig with tesaching two courses

Visiting Professors. Psychologist Carolyn Attr.eave (above) receives ha 1orary degree at | snnsylvarii

; and advisine st $ of scu e any engineering.

Matrermatician Lar-Sang Young {right], from Michigi . State Universiv, il conduci both r. < irch and ©  ~unars 2t ths Oniversity ¢ NeHN

87

. 'na under ber award. Fiscal year 1982 wrs the first yesar for thiz [ --oram:
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rOCTLI e i
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!Ilc arerige (l\\‘lrd SIZC Wi

o "} Um\crsll) of NL\\
Fayvettevitle State Ui
cersity, Jackaon S(.i.h Unneisity, Tuske
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8% mslllmlun\

York Cin Colive

\n clev Johis Ho, Kiris Unnur\m Rut
vers, University of Arizona. Universite of
Cootorma—Riverside, University of Kan-
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.mu\ of hll"())__l(..l] oOf chieinici 'q_uu\ \udl

nLuron.ll .lnd nonnguron.xl nlllLr.lLll()ﬂ\
Another project will examine the gen-

¢ abilities of hilingual children.

nunicative and

cril cognitive
The study witl m E
structural linguistic proficiency as well -

ure &

gcncrul 'c'ogn'iuvc ;jh'ilii&' ih ;i ﬁiihﬂidliiiii of

sts mdml_ of lhc rel: monshlp of hllmLu”Il\n‘
to intellectaal dnd i ddeiitic perforniince.

A lhlrd LHorl MII suk w prand cur-
tron (r.:mlcr Other MRI projcu\ »\rll
center on a theoretieal-physics study of
exotic p‘lrlldL'\ culled fermions, a look at
clions in threesgiaerational
Black fam . a mathematics study ot
represeniation theory, an_undeérstanding
jor Held choiees and gaaner aspira-

social in

[*h

of n

tors by race and sex, and dévelopment of

the spinal cord.

-n\lronm&,nl, at ,;r-‘u'umuunl') fx;
institations that Have griduiie progeans
AN sedence or any programs in engiiie rmg
{giaduate or undurgmduau.l RIMT gise
resnonds o Exectini<e Oeder 12320, which
QU teral agencies 1o increase ke
.1h1hl\ ol lnslorl d“) h]de Lollc-~ dnd
unive l(‘

sponsor(d pru)_.l..lm\

“Predoginartly monurity ™ institutions
are those wi; e Promary mission is o
educate minoritics @ng ~hoxc student en-
rollments ar- mere than 50 percert Native
Amiericin Kan iditive, Black, Mexi-
oo Ame PULF(() Ricin; of oiker
seitorilies with fow participation rates in

crerice iitd engineering.

RN favors proposils thiit shm\ how
i institution can strengthen it lo: Ng-
rioige nl.m to dwtlop tln rucaruh wp.i—

through both short- and | mn[_ r.mt_gyrst, of
IS oWn resouress. |

5. Inaddition; institutions
dre eneourdged first to enhance techinology
probrnms lh.xl are d“‘L‘.ld\v well advinced:
ess-developed pro-
granis \\l” &Ll |nd|rc.l hunurls

Oie project it Ho“.xrd Unlvr_r‘m will
xlrcn;__lhcn -l\ \t.mu‘onduclor ruurth

mmorll) mslllulmn in the Umlcd States
that offers a doctor:l degree in eleetrical
engineering. Studies will ke done (o pain
new kiowledge abost certam semiceaductor
materials and their microwiive applications.
These matenials have a higher elcziron mio-
hility than silicon, which leads to higher
clectron velogitics. Those veloeities will
influence the development of faster <oi-
puters, higher-frequency communication
systems: and more computer complexity.

Another [;EOJCU at Jackson Sateé Uni-
VLr\ll) mll us lhur hool N \.hunm.ll ph')'.rxcx

unique sm.xll molecul -r systoms. Sludn-\
will .xlxo Iocus oh mgdumnsm 0

Moru spuc.fcal’ .
sinduced ¢ il
i o & i
<eertain molecular reactions: These
SMARERICUI mll up‘md our undursun'

teilar

dlmmphuru
) kuwrth&,r\ on .mr)lhm pr'
'. DIvVEr

rosolation se.nning LICC(TO”
\\nhr‘m energy dl\ptr\IVL \pu"', r“.:téf'
which wus purchis
port, They will look at peo
LondULlU S wlullvc \th.uu and modi-

at iEc

‘JLL[

s on p.xrluul.,;n and other biok -
cal sludlu

sln[_ula operator; and m'“gro dnﬂ"r‘-nlul
Lqu.xllor‘ T‘lcsu studiet w.ii be the initial
ph itutin=il research pre=-am
aid “)_v

'icui
modei evelop computer sinLulation
technyy 1 iise in the hloloyul 'pii{*n-
cialoand soaiat siences and in engineering:
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Jackson Siate uroject. Through the Foundatldn 's RIMI_ program {Rese:

-»«-—-4;
)

h improvement iy Minority instit

tions), students at this univers::.

a.e nble m dr cmportant molerular resaarc" In dackvon Statgs chemlcal-physlcs lahoratory Here a pro‘essor (center] and undemr; *uate

atmosn- Lres.

Exzperimental Proaram to
Stimulate Competitive
iearch
e ity of this srogram are (1) to im-
voven vuality of saence and

ehipitecring in participating stites and (2)
to in.c2use the ubility of researchers in those
states L compete successfully for federal
rescare it funds tnrough the pecr-review pro-
ce o~ e progra:
iy

jpronve he o

is entering the third year

tive-veur resea i improvement effort
0 five stales: Moentand. West Virginii,
S -uth Caroling Tlame: asd 2 rkansas.
Resulvs include these:

The : eeruiiment . )fths lgrlgginq engi-
g ficait. o p|rl|up‘mnb nsti-
[ulum\ has nwor n"’ ‘or ¢ dmplc

the U niver€ity us o uon Chrolinig

'w'rm* ‘hree new TR

N L flo Ly l‘} i-

i~ .md an . Hd

SSULTOM N Ly The wrdh scenn o
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¢ rln Vsugnllst- to lli slah I h i
in the mmihu of
scient’sts seeking cooperative research
ciforts with the university in Az paki-
chian geology:

The interaction between scieniists and
eagineers in participating sta. < ant
thei- nationilly known peers has in-
crease  markedly. The South Carolina

Advisory Commuttee. for instance. has
used dbout 125 nution ll\ recog ¢
researchers o help s~lect targeted ais-
cip eound facully W’le Vngml_ is
ollgrlng its pdlllClp
lh.nx h.l lhlni \\ork up lr) or- montly a
More than

‘teéd Mon-

3¢ erer\ vi

30 well- knovm ré
tana to work with faculty and present
seminars durmg the rast year.

th int l\ldu‘lls ln\()]\’gd ure gcllmg
k. and

53

mare rece gmlmn for their

up. For. cumplc a Mdlr.C scientist
has developed an innovative mglhod—
one much md
tonal techniques—to measure nitrates
in seawater.

e Busic research has taken on g'cater
importance. and the researck “spirit’
is higher than ever in the participi-

¢ lifig Ktates:

Thc. F ()Llnd‘lll()n suppurl\ the parllupd-
tiohi of the U:S: tific ¢ »mi—tanity in
international cooperative activities throagh
the International Council of Scientific
Unions. 1CSU spoiisors congrisaes cnd
)mpmj pﬁBiiLHu data #nd informn
iy menclature and other
?v;s sufinier sehools and

lr.nnml. prcgrdms promotes contaet with
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deviloping countries; and dgvcl()ps mulll-

dlsupun.lr) I'L\L.ln,h p:u rams. i\.mgmg :

lmummd\ ol scicitists if more lhdn a
hundred nations

Ntmospher . v
vanced our ke e gt
provesses nll erc

“oit studies have ad-
it the physical
e gIL as well as
coans and atmos-
I'he mlurm Wb L.O”L(,lcd from

plere
1CSE programs, including occan monitor-
g, mll hL U\Ld to lll‘lpl’()\’&, lhc, vulldlty

gllm ate nsuey i terims o( food walter,
cierge predictabifity, and heman influ-
ciices, nicluding carson dioxide.

A\ rnior VALY @diring The pace year was
a \-Inhnl rev o u! rc\g.lth and dudop-
""" izh-level nuclear
waste o Ill nd seid. AU the urging of
voenico 1chenses: an internaticnil ¢on
ferenee propgran wes inaugurated to focus
the resalts of chemicil resedrch applied to
sorld needs, A addressed includ
altera. x”\ es ta petroleum, world food \U]’T’-
I Jies: tag: 7 SOURLes OF Orgsnic raw mate-

d

tos, end actan resoneces

ANTIRITSR \)u«l\ of ¢ Illﬁiﬂﬁ}i&é wits
Linmchied. T foctises o e apphication of
weolog: wes towind devalir ping nin-
STl GG CHETEN TONOT e, 'LdHLlllL reolo-
cand precors e the envi-
ronment ')ulnlL TO82: G Obsersitivinil
phase ol the Selr Masimam Year took
- contin ed.
Also begun sere annic 2o rv celebriitions
of the Palar Yoars and the International
Geophicsivil Yeir. A spec.al work<hop
amnahy zed ulnpuhll\hul dati (o nitltiship
Sounes making brclogical iy esti-
~ad stodk s an

|| \L.'

prce did conmpilition o

r\_\k. e
SO OV hTTIE sUsteins

\ntd chica

Alan T. Waterman Award

This award FCCOEIIZ I DULSE andin g
\Olth’ er\un m tine url..H-'ul U' S RO
i elditiosn to b medal cle recipie, ¢
CCIver g o wm()() per yeir
fara lr\ Candidates

for the aws 1rd anu L S ulvu:‘. 3s »cur%

of HEC 0T VoOunger;

apt ol the doctoral de-
r 3 ol the year they are

sears bevond reg

pree oii Deoenily

Q
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COORDINATED

Columbla Univers l§ Institate of

Cancer Research; is the saventh. recipient ot

this_annual Foundation honor. Ax~I's niove!

methods of introducing genes into rnammaiiar

cells dre spee irfg uo discoveries in the field
of_genstic. eny(
ior NSF’s hrs

neering The award, rniamed
iréétéi; will tirther the work

sy 1y 0 o candidate’s

vative re 'Lerh"—\\Ork lh
slmdlr:p L.lpm.ln\ .md ex

i lhc, fatare.

Seven persoins mave received this aw .lrd
o l]ldthH ‘hetans, two ")h\\l(,l\l\ one
paccobrologist, oni - misi, dnd one kol
ogist. The seventh . Llpu.nl richa-d Aul
ol \!umhm Um\ : "‘n honorgd in
l‘)Kj 1(

into mamm: |Il.|n LL“\ (n,ng lrlmhr mm
.l||ﬂ\\\ ;-i 1lists 1o

priate i."clliilaik L"rivvrunmuii This |7n\ ©nu-
i i 4 prgrgquml; to a r.ll!on.ll 4pproacn
toward gene therany:

One of the myjor unsolver ﬁ}:dﬂidiis oi'
modirn hmlov\ is lhg mu.h

90
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SGoepL cin gn( Tt
|lVii‘ ne

: know thi
w1sidentical,

How are

¥
the DNArm edch 1 thes '
so the critical QUUSOP i

some genes turned on ¢ ofl in some celly
wh.ile other ge tes qre tirned on or off in
other cells? The advert of DNA recombi:
nant technology allo vs the preparation of

large qu.mlmes ol l"‘"dlt‘d gcncs dnd dn

nulogy permits analysis of DNA thiit
regulites genes—i.e., turns them on or off.

Axei analyzed gerie reguliiion by intro-
ducing LUNA into mammalian cells. He
then observed how it functioned—-that is:
how DNA was expressed, Thii approdch

has been of such great vilue thit sufie
sc:cnlhls are uung n lo xtudv lhc lrdn\-

respo.lsc in other cells, Axgl is dpplylnw
the technigues of reco

nology to an undcrsundum of how the
ncrvous system is organized and how this
orgar ton_is rcrvonsible for r~nerating
very simple behaviors:

Other Awards

The Foundation also gives a Distin-
hed Public Service Award and a Meri-
torious Puhhc Strvice Awird. In fisedl
year 1982 these honors went to William T:
Golden and Ewaugh Fields, respectively.

Slncu (ﬂf‘ .'rumd\. Adniinistration,
) d the U S, government
Of science .I(,ll\rlllL\. and he has long been
i lmdmg advocate Of i strong seience ad-

ser to the Prestdent. When the Foonda-
Lion was created, he had a role in deter-
mining ity fotuge pro;__rdm\ .md dlru,llon
through his advice and conisel with (hc
LS. budget director. Golden's
mu.d.mo that Alin Witernian be named
the first head of NSF was ii:Muenis] and
pericps decisive,
( .)Idgn hl\

iru,nm-

wd in mdiy puh‘u .md

lorer selence .ld\l\&.r\ to the l\uulx\g

Office.
l W :ugh I uld\ h is
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promlnnr"
by Ga'.-

maticiar :1\ .
mMINovities =

ony T

Jership role in the
¢ the iuin-

kt.\ i
'« efforts o mL.rL“

has plave
boundation
ber of minorities and women in scientifie

aind technrcal carcers. )
Now e it the U "Li'\"il\f th¢
Distiicr 4 Colabia; Felds has served the
1 numl.xl,njn m many ways. Far example
fronmi 1977 16 1981 she ehaied thic NS
AXdvisory ¢ onmmittee for ’\1-1.\;rll» l’rol_r ms

of

i Seience Bdueation, 3
Comnntee o bquasd "pporlumllu in Sei-
enee i technology: J:S. Coonpress
setup this group in 1980 io advise IvSi-S
director vit polics aind progriii coneerns
fivaling minorities and women.

ae

Evaluation

cheat pro
lnlnrm.l—

Pl infing .t NS acs
thit dg\dop\ L.OIILLIV and use
tne- on the ageney's guoils, strusture
Ui detivities. constraints; and

|JdlL\

RIC
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T s information e l‘)lu lh( Found: mon

1t set priorities; plan program aetivite

identufy staif and \upporl needs. and dui

mlh niajor pol'

\l 1[! 'hL D10}

In 198’

Rescarch price indexes in dlllcrcnl aci-
deriic discizlines, 1o preniote under-
standing of the acual costs of scien-
tific research.

Cirbon dioxide in the atmosphere.
A key word thesaueus for sesearch pre-
posals, o
Early identifeation - cmerging fields

of stieiithi: inguiry:

ficey of Lirge-sc Al e Fipatie -«
FENCE a0 ¢ v st nort saentific <. carch,
Suier - i the aternat’ il - uing
FHStrGs, = fmon © a0 o s ot the

plant seicnees

sel:ts the Merit

Othar awar®_winners. Willium T. Golden (left] has advised the U.S. government on sclence mattsrs sincs the Truman Administration. A_

,dvo vate of scientific Iearning he received the Foundation's Distinguishe:. Fublic Service Awerd fcr fisca _year-19L2 (pho'n
. I+ g-cend photo, John 3. Slaugkter. NSF Director until October 1282, pres e
:r Ewaugh Fields. She has beer a leader over the past 10 years in the “oundation's effc ‘s to incraase the iy mber of

.ymen in science and technoiogy.

us P:-hlic Service Award to mathe-

Tew funding ane per-
o shie activitie 2 of er-
& mmpks o! .uch
5¢ snpport
md

Poulic ivsvos
farmanes ol .
Litiuing concern to NNi-.
issues include the allocatic o
among rescarch . How scivace
cnginecring u.l.xlu 1o Gichieviny nationd;
&o*jls more effective ways 10 suppurt-sei-
ence and cngineering: the econuric and
joctih conse of thit support ;
1o dgvglop the riation’s technology poten-
i - and opporlunmu for, and constraint-
the dn.vn.l()')ml fit of teennical ficlds
An important p'm\mu_ function 1 to
}__l\t. subsiantive supsiort to certain com-
mtiees ard specidl groups serving the
Natiomil Science Board; NSE's policy-
maxi~z body. In this conpection the foi
low g work s been d- be.

BRTS:

o1,

A 'Im. ing and l)U“k\ Cominittee—The
NEY Plannt g ane A4 Dolicy Committee
reported on ats_actn bes fron \'i.:)
P91 to #0198 DS ripoft &
RTINS ¢ the conpmitteze’s
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TR OO I T AU R AT ST TS HESTRITIN

jrodics

AN TG TS SETUTCEIC ISNIES,

Black € '.ilig'g:u\ and U

Histonealh
verstiies o
.;.Il]'/"Alfi!II_[' Screntiti i rmm vat Pre-
Bluck Colleges and Uni-
fersnies responds o tite President’s
Exvcutive Order ot \L]’lLl]\er [9N].
I
streiethicn the L'.xp.ihxlxl'u\ ot hn.luni
catly Black cuilepe
Fite 1eport der uls n\cr.lll fevels of
[is prcdimlm mtla

dontnantly

order made o commitment o

Fedend Tunding to
Black
patticular mehm\ on thea -
I covers

Ui”[ Cs \\Ilh

Uienee

and cnoinest i activaties
T Chridiiie ocnds froi fiaei!
IS Lo 9SO and gives tilorina-

oot the naanber of craduale

BCHES i TGH-tie it i sui-
cive and engineering. e report Lo
s indisidual profiles ot federal fund-
Aoy

vyt cdch ot the distitutions,

ahout henr sciei-

with ntorniation
the and agineering personucel by
tield, feerec, Cod sex

e Nlinoritio s aid Women in Sor-

coce and Tamctinip— The Fociici-
con fus W continang mterest i by an

rosodnees, dicludine the role of nimmor-

s and W onieH T SUSHTE b ehipi-
necrm L additior o the study on
pivdoniaitiy Black colleges and

versinest NSE b dndis zed vhe

COORDINATED AGENCY-WIDE RESEARCH AGTIVITIES 83

TESPORSC L0 G IeW Program of visitig
PrOIEssOTSHIps for Waiicii.

{ our-

¢ Al Baodird Pepori—The
lu.[llll Anil an ol the Nitioiil
renee Board, Unee svinvc-Indusiny

Relutionships: Mk, Realities, and
Porenrials. wits sent o the Presideiil
i pubhished. Several studies ot uni-

SURNTEITIT [FN TSN yONTH 1i‘uh inlL-f iclliin;

zrownd antormation for this lcpml
Inewe stadies are being made avail-
dble s i separite publicition of thc
Nitenal Serence Board.
Pyaluation studies give the NSt diree
of magor

LoD THIGFIALDIT o e eilectiveness

Foundation Drogriims and the i TEity of

the award process, They Torm cae basis of

His oversipht respaisibilitios in the dreas
and provide proundw ork for bdgerdry of
pohicy decisions,
desigiied ihternally
'n:\ contractors

Aember
prodtions Comitree o

bul olten carried out

980, the Senate Appro-
rrected NSE "to
secure a third p Iy to du\clnp dimethiod-

ologs tor postresearch esaluition of scien-
trlic desearch endeas s 7 In response,
NS contracted with the Nugonsl Aciil-

emy of Sacnces. - suggested by the Senate,
Vil NS report ol evaliiion mcthods was
sent to 1he Appropristions Conimitiee in
March TOR2 The nest step in this eftfort 1

At ovaia ation of NSE'S chenustry program

Jol
oo

Program evaluations are

Repons

The Foundition is .quurui by Taw 10
per e severiil reparis for tic Congress,

iwo of these are ru|unui byothe Soerice
And - lechnologs Pnlh v Oreamization ond
Priofities et ol jv coblic Taw 94 TNy
In compizimg wir' U e NSE did ihie
foliowng:
o b TON2 the direttor s
mit ' Spve-Yoar Outlook on
St cechnology, 1981 10 the
( o IS repor deseribes HIL
potent ooanpact of development. i
science and technology on prob s

ot Lol cencerin onver thie e e
vOdArs
e |i; S

'II( ¢ unu

1o Cougress the Annvai S("
mpurl to the ¢ unercu

coilivrehensive statement i:t'

Fechnology
TosT, a
the Admimistration’s matoil
and technology poligy. In hclpmg ihl.;
President’s Oftfice of Suience and Tech-
nology l’()hg\ prc pare this report, NSE

\mrkmg Pitpers, s mhh.u in ¢rgmq
Tsnes in Svience wind Technology, 1981
4 C oipendium of Workng I’u/wn for
the Nattonal Scoonce Foundation.

[T
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OCEAN DRILLING 85

he vear 1982 was a- erveepeial

one i ovean drlfimg. NSE'S nea !,

formicd Office of Scientific Ueenn
Drilling not only continued to mianiee oo
Deep Sea Drlling Project but also began
th fodls oif i long-term Advanced Oceun
Driling Program; with plans o use the
povernment-owned vessel Explorer.

The idggor purp\m of lhl\ project i+ .
evplore the ocean i ‘nmphurc by miiiis o1
subbottom coring. 7o .1cu)hiphxh the cc.
‘u dnllml_ vesael Gloncr
din 196¥%. As
. a total of 989 holu had
in 4l

[hL‘ PT()L_T nn

\u;u\ 19

hu,n dritled 4t \}n sites on 87 cruise
the werld's major mg in bisins. Scient fic

.y the Joint Oceun-
dphic Instititicas, Ine, With advice iom
\uumﬂL LOH:!E:II ftees and pe muls ol the aine

plannine s managed

S: m)plmu hv \ Tipps lml stion oi Cu n-
ageaphy s the rrime contr: etor bt scicii-
uf operetcen of the project.

Ceie {82281 ook pige dirmg Paend
19s. i, £ .n\ol €d tiie conipoes:
ton ot seean crust {leg 83]. the geology
of -ty i rgins oad dsseeiated denosits

of met! ane TS A at “éd Cllﬂh
i 845, ond b nderpretation of paleoet.
\erIH"gm\ {le 2 85,
The ILg S ;zsearchers, “orkmg in lhg
~rn cquatorial Poeific, ota

went 1o o total
in, hOf 1330 mieters betow the seq fleor,
or 10758 meters it basenien:. They peiic-
trated alm ot twice as deep as ever before
inte oceidnic crist, doing an exiensive set
i ;u»ph\\ cal c\pulmmh

The maror purpose or e eep peaetra-
~hhte model pre-

tiGn Wi o test e
L3 OpRislites dre

coosiy estiblisheda o

I:eg 83 ork. Researche.s Iook

504-B in ‘ne Cosia Rica F. 1t area. They samrled layers ot varioiis types of ocean crust

heie. [Dikes
formations **
change fror

b.fore—1 350>melers below thz

sea floor,

Livers lr[uprcltd 0 represent sections of
ol! oceanic crust generated at midocedn
fidie sprudme centers; lhe%e seullons have
pl.xlu as they inove over the earth's <urfdu

_Th: recovered core shoaed interesting
comp irisons with tlie _ophiolite .mIJ model,

wnﬁrn |ng for. f-xdmple

- 'u\l Ho“ ever, there were ilso dlffcrerces
. g. lhe ophlolne rock\ foo ud

b.u.xlu d|spl.1\ only partial recrnmlhzm
tioni. Showiiig they have not reached cqm-
libriumi: Also: leg 83 rocks do net progres-
su\LI\ l.r.ide d -wnwdrd lnlo lm.rean.I

94

o'\bb.o brecchias, and chert are types u, rork; p
3 the point beneath the ocean fioor where a seismic transitior marks a

HOT SPRINGS

SEA FLOOR

{m)

= | Z. 74 R
AQUIFER
375
PLLOWS-
ERECCIAS
FLOV 5

Tk SITION
Y

DIKES

1350

ng into the compositiols of ocean croe deépened dril hole

ws and flows are iava

€all crust to mantle.] Lec A3 penetrated almost twice a3 deep as ever

lowest tempcrature-aitesation m nerals
and ledst-iliered rocks are found in the
derpest cores: o

Earlier work, during legs 69 and 76 had
dwovg:red an underpressured aquifer in
ore hofe: Eeg ¥3 stientists verified thii
this .Jqu'fcr was Im..ueu X (hL b.xs- oflhe

mc.unhuu' - water downs r'i into. the
ocedn crita o years Jater. Over the two-
iedr period. th« rat. of dewnflow siowed
from 6:000 to 1;500 liters per hour. Ap-
nroximatels 30X 10 “opram ufse.mmer
were drawn into the st in those two

Aodrs.

_See tiuble 4 fior hid et informiticn on Ovedn
Drilliiig

ERIC
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86 OCEAN DHIL LING

Diiriig |LL \-I the (halh'm:er drlllgd i1
-holes at sy sites i the Middle Anicrici
I'rench off Costa Rigca and Guatemala,
I'he iitiijor purpose of this dribling was to
strengthen the e tween onshore and off-
shore geology. Prime objectives were (1] to
estitblish the dge and struetiire of thie con:
tptental fediiew ork that forims thie Gind-
ward slope of the trench off Guatemala; and
} o stidy the o orlg_m .md ouurrun' ¢ of gas

1—,
Indrxlg in the i

At four sites where slop( sediments were
'pcii'cl'r;ii'cd mc h;i§triiti1i ;ccm; id hl' %Gc

the busenment is covered by slopg sedi-
mcnh r.mynu_ from perhaps Cretaccous

in age. Roscarchers found
no .IL_L prU&.rL ion of younyper mJlLrl.lI at
the base to older at the top of the slope. as
oectirs Off thie taist of Mexico. Thus it
appears that tectonically disrapted ophlolmu
rock lies under the Guatemalan margin,
A seeond Capect of leg 83 drilling was to
slud\ n.numl g lndr.l[ 5 C:lllc,d cl l(hr;j((i'

h\drm.lrhm. 51\0 nmlnI\ muhum At

fow lﬂﬁiﬁg;llurg.
bottom conditions). th) are chgmu‘
stiible solids. Their physicil dappeira. .Lc 18
like that of ice; when LO”“HIH pressare is
remosed—such as when they are brought
Lo the iiriice in cores—the clithrates fiz-
/e as they break down chenie illy and yield
the bound gases. At room temperatures
diid pressire, these ieelike strietures meit
to readual water while \luldmg muny
huidreds of times their volume in gas.
An iiportint find wis O layer of mids-
sive. white; lurpely methane hydrate Approx-
imatels three mee s thick. Sumples of
thin hiive beeri proserved Tor kihoratory
Downhole logs contain the first

\lud\

demonstreted log response of cored pus
Hydrites in ocdiiiiie sedinent: they also pro-
nrsx in 1t freCsurements of the

\ldL l?‘

Iundunm(.ll t.ulors and how (hu) have
shaped the history of deposits in the cast-
[l] ittiiihii:i and

erii im"d L-'c'ni'r;il P;itil'ic'
duuml\ .md (U Lhdnb.k.\ in oggunoé;ﬁﬁﬁic
canditions throughout the witer column.

All of the sites dritled on the P Plite
bave migrated from relatively shallow
(3.000-meer} depths in the castern Pacific,
south oi the eqautor; to deeper (4,000 to
6 (07)-meter]. more western locations at or
north ol tne equator. The most striking

Q

RIC
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fuctor affecting ihese sites is the strong cast -
\\le productivity gradieni. At the castern
sedimentation and dceuniulition rites

are extremely high (often more than 50
mcters per million years). with the rates
dccre‘.smb to the west: This gradicent is
especially strong during the mid-Mioeene
to carly Pliocene. ll 18 dommulud by lhc
prodoetion of silit
diatoms) in the cast,

)
bid

‘panssy S

Tlmubh it s less pronounud han the
cast-west gradient; there is a latitodinal
ghunbc n th dcpbsnlu)nul cnvnronmcnl
S

noumcu gradient is lound in, (hc carly
Miocchie: this is consistent with previous
L.L)l“pll.llloll\ of Lqu.nlorml Pacific sedi-

AR wity, dies

seven research trlps or legs. in fiscal yrar 1982.

f 95 -
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Clathrates: Leg 84 dritic |

clathrate, found near Costu Rica and Guatemaia. These compo

brought up these samples of a masslve natural gas hydrate or
d

bydrocarbon gases icok fike ice, but at room temperature and pressure_they expand, me!t

and yield many hundreds of times their volume in gas {mainly methane). Ocean drillers were
able to get kev onsite measurements o the sonic velocity and daensity ¢f these important

natural resa.rces.

JATE Shper-
Ior

solutton, and (iéﬁﬁwé.l ¢roesion
miposed upon these maror factors.
exdiiiple,

carbonate deposition at the middle-late
Miocene boundary oceurs at three of the
sites ifrilled. Ntateridl older thiin lite Mio-
cene has o relatively constant high carbonate
content. whereas material depostted after
tlic mlddl&. Miocene fTuctiiles between high
and low carbonate content. Associated with
i shitt from carbonatessilica eveles to

hHigh Ciirbomiite scdiments dre significiiit

RIC
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iiijor shitt i the nsitiire ot'

chinges in phj..s' at :ll'd mag nclic n'r()'pcr

Lh.ll]LL froni an Atlwitic to a P.lLJIL sitik
for. \l]l&.d

hm(usu or m(Lr\.lls 0! grui[l\ rgduud
sedimertation. O: uch hiatus cocr e
With the Eocene ()ll[_ogmc boundary. 1

has been associated with the separation of

Antarctica from Australia and with en-
liiinced bottoni-witer cireulation resulting

,

CCEAN DRILLING 87

'iioii ()1iiéi iinié?v?iis

-iiil-iktiit L"i-i'-'-

i’fiim
the middle part of the lower Mioceng, .md
in the carly late Miovenc.

U intriguing re ull of lq~ H\ drll-
Img is the possibility of' s i
the middle late Miocene boundiry mh
greddly atfected miuch of the ceni Ui
torial Pucific: The nnnlm‘muns of this Woik
for p: 1Iwgc.moy iphy are tremend -us.

nced Ocean Drilling

Program
_Inthe past fiscal svear. the Offiee of
Scicititic Oceaii l)nllm[_ preseiited to the
National Scicnee Board plans tor d soe-
cessor program to the Deep-Sea Drniliing
Project—the Adviinced Occiin Dirilling Pro:
gram. The Board endorsed the ides that
\uumm OLC n drulllng \\'I” con(muc lu 'wc

government-
(.\\md Expiurer lo i drlll.m, \hlp

I‘)X? and 1984 with a drl“lli}: progr.nm to
begin in fiscal year 1986. The Explorer also
premiises i loager life for the needs of tie
scientific community and drilling capabili-
tics bevond those of the Challenger.

~ Finally, an important aspect of this dril-
ling PrOEraim ix expantion of (he interni-
tional parteipation that has proven so spe-
cessful for the Deep-Soa Plilling Project.
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NATIONAL SCIENCE BOARD
Terms Expired Mayv 10, 1982
Ravmond l Bisplingholt, Vice-President for Research and l)me[npmenl
[veo [aboratonies, Inc. _[yeo Park, Exeter. New Huampshi
Fovd Mo Cooke: President; Nitionil Action Colincil for Minorities in

. bigineering, e, New York, New York
Q‘H&rhul [, l)o an. [llu' ( hmmran f\.mun 1l Scienee Board). Chairman,

John R Hngnu\ I’n'mh nt.
o Washidgtodil DIC L -
Willidin b Hieg. Jr > Professor of Agronmomy and Deputy
—and Dean. Insutute of \grluullurg torestry. and Home lwnnmlus
~Epnversits of Minoesota, Paul, Minnesota
Marn & Koshland. I’m/ucmr u/ Bacreriologi and I'/’r'miii'ri'n'['()g! L niver-
St of Clilitorinii, BerKeles, Cililornia
Tloseph MPetL. Presiden:, Oeorgia In\lllulc. of Technology,
Georgi
\In ander Rich, Sedewick Professor of. Bmph\mc Massichusetts In\lh
tute of Iuhnu[np Canibridge. Missichuselis -

Atlanta.

-
: Board). Vice-President
Jnd (hu/ Scientist. lmc.rn.mundl HU\lnL\\ Machines; In¢; Armionk;
" Biology Board of Studies
' i l NIVETNILY ul C llllnrnl.l Santa Cruy, (.lhfornl.l

tranestine Fredl. Dean of Arts aml Suemec and Trmm (ull('ge .md Fro-
i tessor of. Anthropofog N
Michael Kasha, Distingui K
of Molecular Biophysies, lorldn §l e U nncrm\ ) leldhd\%uc F Iurld.:

Walter b Massey. Director, \rgunnp Natvonal L.lhor.xmr_\. »\rgunnu.
. Hhnois, B . . - . ..
Divid V. Rudgone, Presdent. Cise Western Reserve University, Cleve-

land. Ohio
tdwin b Salpeter. J G, White Professor of Physical Sciences. Newmun
. 1 aboratory, of Nuclear Studies, € )rnQ%Ln1\crhll).,ll,hdt' New York
¢ Wirles P Slichter, Protessor of P miversity of Minvis, Urbiana;

Iinors N

Terms Expire May 10. 1986

Lay Nern Bueck: Professor Emeritus of Microbiologi: Bogham Young Uni-

versity, Provo, Utah
Peter T plawn, President. Lm\nr\ll\ of Texas, Austin. Texas
Mary [ $so0d. ice- President. Director of Reseazch. United Oil Products.
B Ine . € n,rppr.m Research Center, [)c.\ Plaines. Tlhinois_ .
Peter 1D 1axt Professor of Marhematics: Courant Institute of Mathemiitical
New York University, New York, \g York

Scienees.
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Honier A. Neil, Dedn of Rese rch and (;raJuale Devefup nent and Professor
of Physics, Indiana University, Blponungton, indiana

Mury Janc Oshorn, Professor and Head. Department of Murohmlngy
University of (onnguluul &hool uf Mudlunc 3 .1rm|ng(on

Domild B Rice. Jr;
California o

Stuart A. Rice, Erank P Hixon. Dlw,ngyf:shf'd,S,ecwrr, Professor of Chem-
istry, James Franck Institute, Upiversity of Chicago: Chicago: llinois

Ternii Expire Mai 10, 1988
{Eight Vacancies)

Mel{xhw Ex ()//um

qumu l sondition

Muargareti.. Windus, Exectitive Officer. N.llmn(ll'suunu Board: National
© Suence Foundation o

&

NATIONAL SCIENCE H)l \DATION ‘iTAFF

(as of September 30, 1932]

Director. John B. gl.lughur

Deputy Director. Donald N. Ldngancrg
Director. Office of Equal
Cunwal (uuncel ( .Arlu Hcrl

Director, O/jlre of 4udrl and Okernghl Jerome H. lrcgcflu
Director. Office of Small Business Research and Development. Theodore

W Wirths
Dirl 1or, Office of S‘maﬂ and Dlmﬁkanlageﬂ Bucmen llﬂl*al:on Thco-
dorc \\ \Mrlh\ !

Dlrexl()r ONlre 0/ Srlenlljlr and . Engmeermg Fermnne[ and Edurallon,
\\ .lltcr l (nllc\pn . -

Assistant Dl)'erlur Jor ‘Valhemallm[ and Physical Se len(ec Edward A. Knapp.
Deputy Assistant Director (A(lmg] jnr Mathematical and Physical

Sciences. Ronald E. Kaga
Director. Divisi

I, Infante
97
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) Dire. . hi'pm f sisrant i)ri'ri-i'lj)r/rbr, ,‘ivlrmmmi('{ﬂ' iirrrz;.\’ph(;;i(:_ Earth, and

I):rumr Division of Chemis Albert 1., Brndgu& Ater .
Director l.l( ting). I)m\mn u/ Marerials Research, l ewis H. Nosanosw
Assistant Direi Ju.k l. .“mdu.rson M

Depiiti Aiiis Carl W.

. '| B;iiii)
1 of Atmospheric. . Eugene W Bierly
u/ lurlh Sciences. J.unu I, Fhays

i . M Grint Gross.

Birector,
Djrm tor,

ii:iu

Thelma A Bstrin .. Director, tdwiird P, Todd
Director, Division of € hwmml and Process Engineering. Mars lh 4wanl Director for Scientific, Tec Imulugt(al and International Affairs.
Director, Divicion of € ml and lmlmmm'nlal Engineering, W |ll|.nn S. ey Ri.h wrd 1 Gireen

Technological. and Interna-

Buuer hﬂrlanl I)m)(mr /nr .S(ll'nll/u'

Director, Division of M(' ‘hanical Engineering and Applied Mec hanu s, N
Ray. M. Bowen, . f

A sisrant Director for Bmluquui Behavioral; and Social Sciences, ¥ loise .
Clark h

Deputy Avsistant Director for Biological, Bc'}ikji)k)fdl and Su( ta? 9( i-

" ences, Robert Rabin e

Director. (Acting), Division of Physiology, (fcllular and Molecular - 2)1"(‘(]("7(,‘1(1]"[{, Division of Policy
Biology, ). tities . Brawii L. o L. ... Trumble

I)lf(‘( Inl‘ I) i / | Jiihii l Biiiiil{( t&ector, 1.

Asst Sl("ki)lfl
- z)l're(lr)r. [)i X

Director, Di
’)))‘i'i ‘ill‘ 1

'snlnr Division of Industrial Science and 7mhnnlngtra7 lnnuvalmn

d Senich

ireitor, I):wmm of Intergovernmental and Public-Service Science and
/\lcx.mdur iN Moun

Re z-.\'

'Jm z)/' S‘ 'Pni? Remurrm Sludt'rr Ch;lrlcs . Falk

iberi R

rarch and Analvsis.

Sdndvnd

I)If;(l()r [ I( Imgl
. Ellis

Bli

Aistant I)m clor /ur l\lnnmntlml llmmplu-m Earth, and Oc¢ wm‘éu- it ¢
prcey, Franas S Johnson - I)m(ln ‘1)mmm of Administrative Srrmm Troy T. Robinson
“
- R .
- A —
*
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Appendix B
1.
Financial Report for Fiscal Year 1982
_ (in thousands of dollars)
s .
AN

{

Research and Related Activities Appropriation

Fund Availability
Fiseil et 1982 APPROPTIAHON . ..ot ottt o e et
Unobligated balance brought forward
Recovery of prior year obligations

Fiscal year 1982 availability
Obligations
Muthemitical and Physical Sciences:

Mathematical Sciences

Computer Rescarch
Physics
Chemistry
Matcrials Rescarch

Subtotal, Mathematical and Physical Sciences

Enginccring:
E I, Computer; and Systems Engincering
Chemicaland Process Ehéih'e'c'rihg
Civil ind Envirormential Engineering
Mechanical Engincering and Applied Mechanics
Interdisciplinary Rescarch

Subtota], Engineering

Biologicil, Behavioril, tind Social Scierices:

o 99
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i
g
Q:;
, = 2
$971,595
_ 171
5.031
| §677.397
$30:489
35,745
75323 ;
61,356
79930
$272.843
§35.682
20,273
29,953
17.072
306
$93.86
$80:112
41,990
736 - -
J6T N\ =
S5:198
$176.597

-
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Astronoimical. Atifiospheric, Earth, and Ocean Sciences’ o
ASIFOROTIHCE] STIEICES ... P $59:097
Atmospheric Sciences .o oo 70339
FLAPTE SCICTICES e et e et et b LTI I e 29 489 - : o
Ocean Sciences ..o T PP S 75.030 =
Arctic Research Prol_r.un R PSP OSS e 5 898
il el - Lk e
subtotal; Astronomical; Aunhospheric, Earth, und Oceuan Sciences .o oLl $239.853
U.S. Aditarctic PROERim ..o I e , $68.505
Ocean DEHING PTORFAMS 1 oot /H;;.;;;;; . 820,000

Suumm Tu.hnolo;__lu.ll dnd International Affairs:

liidustrial Science and Technological Innovation ... .. .. .20, $12:899
Intergovernmental and Public-Service Science and Technology ] 500 ;
international Cooperativé Seienufic Activities Tl il . 11.583
Pulicy Reseiirch and Analysis oo DA PP e 4.600
. Sciciee Resources SWAICS ..o o e ] PR . 3:138 h :
Coordinated Ageney-Wide Rescarch Activities -l " : 7.604
Subtotal, Sugnuﬁg Tuhnologlcal dndlntcrndllondl Affairs : . ) . 51035.4
Program Developrment apd Management ... ......oooos e L $63.182
) SUbOLal; OBNEHLONS .. oottt sl $974.590
" . Unobligated balance carried forward ... i o - $2.347 .
. U nobhgmed BAlANCE TAPSINE . . oottt it Lioiiiiinu $460
c. Tol: 11 fiscal year 1982 availability for Resedrch and Related Activities ......... 000000 $977.397
re —_—
Science and Engineering Education Activities Appropriation ¢ '
o Fund Availability
Fiscal year 1982 availability (appropriation) .......... Il $20.900
- Obligations - )

N ~ \" A
Scu:numPersonncllmprovemenﬁA.,4.“..4““”.4.4““4U4.HH4“44“4““4;4:;;:;::_ $16;745 - .
Science Education Development and Research : ’ 2,672 o
Science Education (ommunlc‘monr . . : : 1.186
NSB Coiimmissioi on Precollege Education in Mathematics, Science, and Technology AAAAAAAAAAA 294

Subtotal; obligations ... ... D __$20.897
Unobllgdlcdbalanccldtiéi'rig T O IR $3

Total, fiscal year 1982 aviilability for Science and Engineering Education Activities ....... : $209907
Specml Forelgn Currency Apprtjp’riﬁtlon

~ P
Fund Availability

Fiscal yeur 1982 approprmuon 444444444 T e DU Il $3.080
Unobligated balance brought forward  ......... e I I e e 1.550
Recovcryofprloryearobhgatlons T I P -2

Fiscal yedr 1982 availabilily ... 1iiiiiiiiiii e e : $4,628

Q . /
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. a .
e Obligations ' S
Researchwnd Related Activities oo oo 0 o ioin ool i : $3.655
Unobligated balanee carried forward ... o 0 0 P R $918
Unobligated balance lapsing ... S $55
. T Total, fisedl vear 1982 availability for Special Forcign Currency Program ... ... ... .. ... $4:628
¢
Trust Fund ~ , ’
¥
, ‘ * Fund Availability - : |
Unobligated balanee brought forward ... ... .. ... .. ... £ . S S $4;307
Receipts froii nonfederdl sourees . ........ J L o : 10,227
Recovery of prior yeéir obligitions .. 0. .. .. e e 597 -
- - R - - ' ’ — - .-
Fiscal yeur 1982 availability ... 0L R L ' B $15.131
¢ : ' T ) ,
Obligations 4
‘Ocean Drilling Tif(iéfii,ﬁik ................................. N fLLiiiiii $13264
Gifts and Donations .. ... ], A e F 14
Subtotal, Obligations ... ......... 5. ... e U MO $13.278
Unobligiteg bilanice carried farward ... ..., [ RN $1.853
Total, fiscal yeir 1982 availability for Trust Fund ... ... . R $15.131
) ‘ ~
P
Q
Y
) ’ Py -
1 T
. ' ‘
14
[l
- ' \
(€] ’ -
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Appendix C

codi
200 et S
rlbhl\ 1o their NSF- supporlcd mvcnuons The cati
normally will continue to be made by the Foundation dfter inventions are identified—ie:; on a “deferred.
Becaose th&Bayh-Dole Act eliminates the nued for institutional patent agreements, NSF cincglled all IPAS ini Séptember 1982

Number Title Institution
41268465 Method of Aut.lcr.mng the Cooling of Polymeric Articles Mds\dchﬁscttﬂ Institute of Technology [MlT)
457’4(134 Thin Platinom Films on Tin Oxide Substrates University of Horld.l
4,278,636 ()\1d.mvt. Reroval of Hydrﬁgén Sulfide from Gascous Streams University of California
4,292,242 Production of Amines SRI International
4293054 T Cell-Culture Microcarriers MIT
41293.783 Slor.q,t./Loyc Array MIT
4297615 High-Current Density Cathode Structure Uiiiversity of Califoiii
3,305 48U Process for Preparing 24-Flaoro-25-Hydroxycholecalciferol Wisconsin Alumni Research Foundation
4,307,241 Ring Expansion and Chiifi- Exigfision Process and Reagents | Wisconsin Alumni Rescarch Foundation
4,311,343 Appuruxus for Breaking Rock or Concrete RS Tcrraspdcc Inc.
215149 Mass S;;Léiﬁ;nﬁéié; University of Nebraska
4,316,140 Charge-Flow Transistors MIT
3.317.083 Oscillitor That Indudcs i Chdrge Flow Transistor MIT
4,321,086 Preparation of Micron-Sized Metil Droplcls Wisconsin Alumni Rescarch Foundation
4,321,313 Electrogenerative Reduction of Nitrogen Oxides Wisconsin Alumni Rescarch Foundation
4321 467 Flow Dlschdrgc fon Source . SRI International
3, ’4’6 89% * Muhod for Formmg Material Surfaces h MIT
4,329,200 Meihod and Systém for Sclcc(m: Alkaline Defiberization and Delignification University of Washington
_ 0 4,329.208 s Tor Converiinig Eihyleiie 1o Ethylene Oxide MIT
’ 4,336.62i Assay for Aminoglycosides — Wisconsin Alumni Rescarch Foundation
43300761 High-Power Gas Laser MIT :

ERIC
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Paients and Inventions Resulting from Activities Supported by the National Science ¥ oundation

During fiscal year 1982, the h)unddllon received 102 mv&.nllon dlsglosu es
invelitiois. These resulied in dedication to the public through publicy
,or mw.nlor m 84 instan

.

vernment dgencics ii 2 ©
ad been allowed to_ret

and Transfer to om??b
(ind LOH[I‘JL[OI‘\ ho

-

- i

z

spories of gri
jetermination’”

The following U.S. piterits issucd from research supported by the National Science Foundation during fiseal year 1982:

v‘ -
Q\

and made rights determinations on 93 of those

ation in 7 cases, retention of principal patent rights by the griantee

5. The Foundation received licens
n prmupdl rights in their inventions.

1 on /\uguﬂ 3O, 1982 (Federal Register..vol: 47; no. 168, pp. 38124-30. m be

; an regulation implements the Bayh-Dole Act (35 US.C

under 36 patent

clading aniversities; normally to retain (e pripicipal patent
other cat intees and contractors
basis.

PS




APPENDICES 95

-

Advisory Committees for Fiscal Year 1982 ¢

£,

-«

National Science Board Commission on }'nduick Mosteller

Precollege Education in_Mathematics;
Science, and Technology

: SOr of Electrical [nl_murlm~
uselts Institdite of Technology

Harvard University William £ Gordon
Willlam E. Gorde .
l’rmo\l ;ihd Viii-l’r'csid'chi

General Lew Allen. Jr.

N

"Chiel of Staff (Rel): USS. Air Force M. Jain Parent "
Wishingtoi, D.C. I-irst ent
National, Suhool Bourds f\\\()l,l.ltlol]

Victoria Bergin Foley. Minnesota

Generil Bducs llIOI] Robert W, ,P;nr,l:;v
Pexas Education Agency Professor of Cheniistry
University of Utah

(:wrl_t, Burm.l Jr T

Chatrman, Nuclear Engineering Depirtment Benjamin F. Payton

fowa State Unmiversity rerdent '
Tuskegee Institute, Alabama

) Mulr (olh,y.
Attorney. O'Melveny und Myers Jnscph E. Rowe. Umv;rsny of California. San [)ug
W lshml_mn D.C. .

\\lllnm ]' Coler

General Manager
Harris Scemiconductor Programs Division
Mcibourne, Florida

l:dymrd M. Pu”'r-llr

s (:ru.nlu.ld M ass uhusu(s Cecily Cannan Sclby
- i Chairman, Board of Advisors
Daniel J. Evans North Carolina School of
President. E Lrl_ru.n State (oll;bu g(:ié'n’(:é and Mathciiatics
Olyripia; Washiigton . R
Hl.l'b(.rl A. Simon S ) - thsxor of Chemistry
Donald S. Fredrickson Professor of Compater Scichice  \ Cornell University
Scholar-in-Residence and Psychology S
Nitional Aciademy of Sciences Cirniegie-Mellon University Er Officio
Patricia A\ijurg Graham
Dean. Graduite School of [:duumon
arve vers C - e — = o
Harvard University OFFICE OF THE DIRECTOR Courtland D Perkiris -
Robcrl E: Larson . e L .Prcsldcnl Nitional Academy of Enginecring
eimis Lomrol fiic. Alan T. Waterman Award Comiriittee
. ank Press
Kenneth §. Arrow : President, Nahonal Acadcmy of SCICHCCS
cf 'lld D Laibach i Professor'of Economics . N -
Pfizer, Inc. -~ ’ Stanford" University \ john B. Slaughter _
Nw York Nw York . Director; National Stiérice Foundation
Richard B. Bernstein
l\alhunm P Layton Scmor Vice-President .. e
s : s Department rch Corporation Commi
- Beverly Hl“h High School Irvine, California Science and Technology
Ruth B. Love . D. Allan Bromiley Don_Colesto Ahshapanck
General Supt.rmu.ndcm . chry Ford 1l Professor Blology Departmient .
Chicago Board of Education Wright Nuclear Structure Laboratory Haskell American Indian Jumor Collcgc
Yale.University Lawrenice, Kansas
Arturo Madrid 11 .
President; National Chicano Couricil . ’ chcl Plummer Cobb Carol Jo Craniniell
._.on Highér Education President, California State Umvemty NASA Goddard Space thﬁi Céﬁiéi
Washingion, D.C. Fullerton; California Greenbelt, Maryland
O
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Population ahd Orfamsnm Bwlogy

“ Umiversity of Colorado

~and ‘\ppllud §uu1u
University o! Virginia

Knoxville € olngL

Lilli S, Hornig

Exceeutive Dircetor
Highcr Edac
Wellesley College

A R udlcs Progmm
University of ( alifornia, Berkeley

ana Marinez

Associate Professor

ment of Natural Science
i State University

Cora B. Murrett
Professor of Sociology
Uidiiversity of Wisconsin

Sheila Pfatflin

Ajiiericin Telephone & Tclq.mph Company

Morristown, New Jétscy

Mirgiret W Rossiter

Office for History of

~ Scienee and Technology
University of California, Berkeley

Danuta K. Smllh <

Carl Spight ‘
AMAL Industries, Inc.
Columbia; M.nryldnd

Ex Officio
Lugcm_ (om R()blu

Medal of Science

Per\ L. /\dkmson

O
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Herhert C. Brown
Professor. of Chginistry <

purdiie University

Rager C. L. Guillemin
Silk istitote of Biological Studies
San Diego. California

Naomi J ML/\fCC

Vanderhilt University

Department of Microhiology
University .of Connceticut
SLhOOI of Mcdncmc

Mary_Jane Osborn

y Topul .
Prmdm( and
scutive Offiger
Sucnuﬁu Atlanta, ne. :

Steven Wcmhurg .
Higgins Professor of Ph)\lLs
Harvard University

Pupin Professor_of Physlu é
Columbia University

Ei 5fji’ria

Gcorgc AL Keyworlh i i
Science Adviser to the President and Director
Office of Scierice and Techfology Poticy

F rmk Préss
President. N.mon.nl Ac.ndcmy of Sciences

X

National Science Foundation

Advisory Councii

Robert I: (olc B
Center for Japanesc Sludlcs
University of Mlchlg.m

Project Leader
Eos Alamos National Laboratory

Catherine Fenselau

and EXpLI’lanlJl Therapeutics

Johnq Hopkifs School of Medicine

D,nwd H. Gelfand, .
Vice-President and Director
Recombinant Moleculit Reseirch
Cetus Corporatio
Berkeley; California

Ciifford Graves
Coynly Admlmqlmuvc Office

i Research

Houston, Texas

W. A. Guillory.
Professor of Chemistry
University of U(Jh

Jcrrn:r A I{J(;d.nd
Briarchff Manor; Ncw Yvrk

Matina S. Horner,
President; Radeliffe College

U mvcmly of Chicigo

Rogcr G. Noll

- and Social Svi e
California Institute of TLLhﬂOlOgy

C. J. Nyman
Dean of the Graduate School
Wishington State University

Arlh ur S Ohcrmnycr

MolecuTon *Research Corpomllon

Camhridge; Massachusetts

Gail M Pééyﬁ;i
E. I. DuPont de Nemours
Wilmington, Delaware

Clifton A, Poodry i
Associile Profcqqor of Bmlog .

Lola Redford_

President of the Board

Chairmiarn. Division of lhc Humanities

v

Cotisumer Action Now! New York City

Joqcph [: Ro»\c

Mclbournc, F 'lorid 1

(nlbcrl Samhc -’

Rllcy O. Schaeffer

Chairman, Dcp,.ar(mmi of Chemidy ry
University of New Mexico .

Eileen F. Sercne
Aq ql.ml Profussor of Phllosoph)

Executive Dlru or

Oregon Muscum of Science and Induslry

Rlchmond ngh SLh’O’OI
Richmond, Michigan

f
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OFFICE OF PLANNING AND RESOURCES
MANAGEMENT

M]IILI’ o
Bennett College

Advisory Committee tor Special

_ Research Equipment

[2-year and 3-year colleges) .
Terminated March 1982 ;

l"’ciulu nl

Miiﬂi:i o
. Division of Mathematics

/\nm. l’

Lo

Roane State ('ommuni(y &"()ﬁégé

-

Piiii Anierican Uiliversii
Americ: niversity* Martin Pomerantz

(JIII'L : “[L\ ) . University of Texas; ‘Arllnblon“

J;lmcs l,I,A Bilrrou; Jr;
Hiriin College*
Larry K. Blait .
Bereu Collcge™®

BI lnd

CQ“LLL of Wlllmm and M lrv“

.Rth"rgJ ( §Lhoonm aker ‘

Y.
\It ”()I\Ul\l. (Ulll.p.”

lj'rnn[\ Child
Trinity College*

Richard J. Clark
York C ollq_; of Pt.nn\\lv 1nia* .

Wilbur B. Clarke
Southern Unm.rslt\"

Michael ~l . Doyle
iiope ¢ ollq_u

: .

James L. Gwoch ) AND PHYSICAL SCIENCES
Jumata Colidke* i ,

Judith C Wemipel
Smith. Kline. and_ French Laboratory

Philadelphia, Penpsylvania

Michael Hightower
Division of Nataral Sciences
Westark Community College

and Computer Sciences

Sube ommittee for%lalhemail al Y(‘lcncev

John Tdoux Prmu.lon Unlvchll)"

Unm.rsll\ of Central Florida®* . T
Donald L. Barkholder
University of Illinois

° #ames GoGlimm
Rockefeller Univérsity ~

Gary James
Orange Coast C ollq_u

Jumes L. Jensen
Californta State University, Long Beach**

anit.l G oren sxcin

Arthur A, Johnson
Hendrix Collcge*

' Phillip A. Gniffiths
Harvard Umn.rsn)

Herbert B, Keller
DLpdrlanl of Appllcd Muith
Cilifornia Institute of Technology | - N

Ron l]tl 0 K app
Alma College*

[on B Kn' ht Jr

FFutman University**

Niney H. kiﬂi?dﬁ.\' Danicl J. Klcitsman

Wellesley College** Massichosetts Institite of Tuhnology
piaol Knzigsol : ] ) N
Agnes Scott College** \ X F :

""oglul sciences department

chemistry department o
105

John W Leffler.
Ferrum College* R

;u . {_‘ t,‘ K

o

'Y

O
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Jerrold E. Ma
University of €
Hugh L. Montgomery
University of Michigan

s N. Moschovakis

Martha

Unlv;r\ll) of T& ls

William A, Vu.n.h
Rice University

(JI’JLL (Jt Wahba

Department of Statistics

University of Wisconsin
\

Si)ﬁ} (}' »

orni; Berkeley

Unlvmli) of California; Los Anp.lu

“(all in university computer'science
departmenis unless otherwise lmed]

Alfred V. Aho
Bell_Telephone Laboratories
Murray Hill; New Jersey

and Lumpulu
f nbmurm{_ DLP irinient

Woodrow W. Bledsoe
Uhi\'i:iiili' of Texds dt Austin

Taylor L. Booth .

Dt.plrtrmn( of [:ILL[I’IL ql E ngincering

University of Southt.rn C lllfornll

John B. Guttag

Massachusetts Institute of Tt.chnologv

Jick Minker
University of Maryland

er) M Qth
Carnegie-Mellon University

Idvlsorl Committee for Physics

"v\

Il

{altin university physicsidepartments *

unbss otherwise listed)

Ralph_D. Amddo )
Umvcml\ of PLnn\)'l\'ilni;l

IBM Edst ishkill Facility
Hopewell Juniction; New York

Richard Blankenbecier

Stanford Linear Accelerator Center

Stanford. CAlifornia

Robert A. Eisenstein
Carnegic-Méllon Univérsity
Val L. Fitch)

Princeton University

Willlam A. Fowler

California Institute of Tt.ghnnlogv

&

i

-
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Hans b Frauenielder \
triniversiy of Hlinois

Neal b Lane
Rice Um\ursll_\

* Clare B Maxy \
Lawrence Livermore Laboratories
Liveriiore, California

Lee G. Pondrom . L
triiversity of Wisconsin, Madison

\\llllun H. Press

vird Collegze Observatory
Roy I, Schwitters ) 5
Harvard University » -

Robert G.
L.awrence Bgrkclu L.aboratory
Berkeley, Talitornia

Johg E. Waymouth
GTE Products (nrpormun
Sylvanid Lighting Center
Danvers, Massachusetts

Advisory Committee for Chemistry

iall in university chemistry departments

unless otherwise listed} —C

Allen J. Bard

University of Texas

Harold L. Fricdman

Stiate University of New York

Harry B. Gray |
California Institute of Technology

William Lester
Liwrence B ,kLIu Laboratorics
Berkeéléy, Californii

W. Carl:Lincherger
University of Colorado

Jmus A Mdrsh.nll

N

Leo A. Paquette
Ohio State University

University of 1daho

Frank H. Stillinger
Bell Telephone Laboratories
Murr.xy Hill; New Jersey

Umv;rsny of Calffornia

George M. WhllcSldCS
Massachusetts Institute of chhnology

Richard N. Z"c
Sldnford University
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i Eugene P. Gold

-

Advisory Committes for

Materials Research

All S. Argun L

B
University of Florida**

Plcrrc C. Hohenberg
[ Physics

niversity of MIChlgdr‘I .

Farrel W, Lytle

Bocing Acrospace Company
Seattle; sthmglon

Institute for Materials Research
McMaster University; Ontario

Richard E. Tressler .
Pernnsylvania State University**

Albert R. Westwood
Martin Marietta_Laboratories
Baliiiore. Maryland
RN
»

il ol ,,,’L,,,f,,
DIRECTORATE FOR ENGINERGENG

Advisory Commmee for Engineering

George S. Ansell o
Dean. School of Engincering
Rensselaer Polytechnic Institute 1

RlChdrd Boll . .
Lincoln; Massach usetts

Robert A. Frosch 3
President; American Association of
Engineering Societies

* ‘physics. department.
** materia)s sciefice and engineening depdnmcm

‘Bede Liu

l)qmr(mun of Mechamcal Inz_murmg_
UHI\LF\I[\ of Minnesota

Arthur E, Hinphres

Office of the Provost

lichi’gh lJni\cr.\'l()

I’ro NS0T I)Lpdrllllﬂ.lll u! Ilulrlul

; Uiii(/ci'&ily of U dllh)l’llll Ihrkdu'\

.lnhn W Cyoms

Umvcrsm nl (.llllnrlll.l lr\lng

Jerome L. Sackman
[)L[‘hll’éﬂtnl of Civil Engincering

Univeghity of (dlllnrnm Berkeley

l)|rulnr ln;,murm;. Research Center

tniversity of Colorado
o

Robert Whitman
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