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MERCURY POLLUTION ST'IJDIES AT TECH

If you have read beneath the recent headLines on mercury polLut ion, you are 
' \

probably aware that Georgia Tech is playing an important role in dealing with the 
\"/

hazards of mercury in our bnvironment.  Reactor-neutron act ivat ion analysis tech-

niques as used by the l fuelear and BioLogical  Sciences Divis ion (Fortune, January

L971, p. 110) have proven to be a mosE effect ive method for measuring the minute but

signi f icant 1eve1s of mercury which are typical-Ly found in environmental  samples.

The special-  faciLi t ies and capabiLi t ies of  EES have been appLied to protect-

ing both the health and the industr ial-  interesLs of Georgians. In one study,

techniques were devised to permit  measurements of the mercury content of large

numbers of f ish and shel l f ish from Georgia f ishing areas. In excess of 400 f ish

samples have been analyzed in cooperat ion with the State Water Qual- i ty Control

Board (At lanta Journal,  October 25, 1970).  The same technique for f ish sample

anal-ysis was appl ied to studies for  the Skidaway Inst i tute of  Oceanography and the

Bureau of Commercial  Fisheries of the U. S. Department of Inter ior.

NBSD staff  members also have worked with Georgia industry to evaLuate poten-

t ial  mercury problems in their  foodstuff  products and waste eff luents. For ap-

parent reasons, i t  is to the advantage of an industry to take correct ive act ion on

its own ini t iat ive rather than under an uLLimatum from a regulatory agency. 
_.

On a nat ional level,  NBSD has assisted Dr.  Fred Hochberg of the Nat ional Cen-

ter for Disease Control  to show that Eskimos in certain areas of Alaska have ab-

normal ly high body mercury level-s (N. V. t imes, November 6, L97O). The source of

mercury intake was ident i f ied as seal meat,  which comprises a major port ion of the

diet of  this group of people. In another study with NCDC, Tech anaLyzed fo1-Low-up

sampLes from the family in New Mexico who were disabl-ed after eating pork from hogs

which had been fed on mercury-treated seed grain.

Although mercury contaminat ion incidents invariably attract nat ionwide atten-

t ion, a coordinated nat ional approach to the overal l  mercury problern has not yet

emerged. Many important quest ions remain to be answered concerning the behavior of

mercury in biol"ogicaL systems and in def ining the routes by which mercury enters

and progresses aLong the food chain to man. In the meantime, the mercury study

capabi l i t ies at Tech wi l-L cont inue to be appl ied on a rapid, informal basis to

probLem areas of part icuLar importance to our region.

D. M. tr ' laLker and M. E. Mclain, Jr.
NucLear and Biological  Sciences Divis ion
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Vt'
PHYSICS UNDERGMDUATES PARTICIPATE IN VACUUM EXPERIMEMS

Effect ive use of uLtra-high vacuum has become a discipf ine in i ts own r ight --

a very sophist icated and uncompromising one. rncreasingly,  the research efforts

of experimental ists require exact ing control  of  the environments in, : l : ; t  
:  : : : :*""

is immersed. High vacuum indicates a pressure less than r-0-o totr  (10- 'atmosphere) '

Ultra-high vacuum designates a Pressure less than 10-8 torr '  which simulates outer

space,andunderthesecondi l ionsgasmo].eculescantravelk i ] -ornetersbetweencol-

l is ions

Highvacuumequipment isbeingusedfrequent lyto,provideasui tableexper i -

mental  environment.  At these 
'ow 

pressures, a surface is only sl-owly contaminated'

The absorpt ion of short  wavelength ul traviolet energy at low pressure is reduced to

anacceptablelevel forspectroscopy.ElecEronandionbeamscanbepropagatedin

these rar i f ied atmospheres without energy loss and consequent ly are of higher qual-

i ty when used in both the focused and unfocused condit ions'

Dur ingthepastacademicyeaT,undergraduatesfromtheSchoo].ofPhysicshave

part ic ipatedinasetofvacuum-re]-atedsurfacescienceexper imentsdeve]-opedat

EEs. The experiments were conducted in a bakeable stainless sEeel chamber/bel l  jar

systempumpgdbysorpt ion,sputter. ion,andt i taniumsubl imat ionpumPs.ThepreS-

sure was monitored wiLh thermocouple, hot caLhode ionizat ion, and part ial-pressure

mass-spectrometergauges.Al ] .componentsnecessarytotheser iesofexper iments

were wiLhin or appended to the chamber'

Inthef i rst fami] . iar izatLonexper iment, thestudentswereintroduced,through

lecture, hardware manipulat ion, and selected reading, to the character ist ics of the

vacuumenvironmentandhowtoproduceandmeasurei t .Havingthus]-earnedtoma-

nipulaEethevacuumsystemandtointerPretcondi t ionswithini t , thestudents

progressedtootherexper iments. Inoneexper imentthemassspectrometerwasused

to measure the peak current of a number of ion fragments. The spectrometer seP-

aratestheionsbytherat ioofpart ic lemass,m,toioniccharge,e,designated

mle.Thespectrumproducedfromagassuchasmethane(m/e=16)wasobservedas

theaccelerat ingpotent ia lof theioniz ingelectronbeamwaschanged.withthe

increaseineleetronenergy'newionpeaksappearedonthespectrum' indicaLinga

fragmentat ion of the methane' The threshold electron eneret fol  
: t " t : : - :"^: ld

ionizat ionbyelectronimpactof thesefragmentat ionproductswithpeaksCH,,
+

m/ e = L5, cHZ, m/ e = 14'  etc '  was noted'

Inanotherexper iment,observat ionsweremadebyl-owenergyelectrondi f f rac.

t ionPatterns(I ,EED)ofarefractorymeEa].crysta]-beforeandafEercleaningby

heat ingtoincandescenceandalsoaft 'erPart ia l recontaminaEionbyacontro] . ] -ed

, I

-3-



int roduct ion of  a gas such as oxygen. The students r^Iere also introduced to the

"f lash f i lamentt '  technique: Lhat is,  observing pressure excursions whi le desorbing

gas from a metal  f i lament by heat ing i t  to incandescence and al ternately adsorbing

the test  gas by cool ing the f i lamenE surface. These measurements were used to

determine borh the st icking probabi l i ty  and the binding energy of  the adsorbed

gases as a funcEion of  surface coverage.

These and other appropr iate exper iments are being made avai lable to interested

students as an extension of  their  c lassroom and laboratory course work.  The op-

portuni ty to manipulate up-to-daEe research equipment is being made through col-

laborat ion of  interested facul ty members.

K. B. Wear
Physical  Sciences Divis ion

DEVELOPMENT OF RESIN-REINFORCED MOLD MATERIALS

Sl ip cast ing is an old and esLabl ished ceramic process which makes use of  a

plaster of  par is mold to form a ceramic into a desired shape. The s1ip,  which is

an aqueous suspension of  part iculate maLerial ,  is  poured into the plaster mold;

the capi l lary act ion of  the plaster removes water f rom the suspension, leaving a

dense wal l  of  part iculate mater ia l  on the surface of  the mold.  When the cast wal1

reaches the desired thickness, the excess sl ip is poured from the mold.  Af ter a

short  per iod of  dry ing, the cast piece can then be removed from the mol-d and f i red'

General ly s l ip cast ing is used for the fabr icat ion of  two types of  ceramic

products:  (1)  technical  ceramics (electr ical  insulators,  chemical  ware) and (2)

mass-produced clay-type ceramics such as art  ware and sani tary ware'  Sl ip-cast

technical  ceramics are made from sl ips of  a lumina, s i l ica,  z i rconia,  and other

refractory mater ia ls which are general ly acidic and highly abrasive'  Such sl ips

rapidly deter iorate the surface of  the plaster mo1d, l imi t ing i ts use to one or thTo

cast ings wi th a good surface f in ish.  On the other hand, s l ip-cast  c lay products

are not abrasive or acidic and many cast ings,  of ten more than 100, can be made from

one mo1d. The cast ing proeess is s1ow, however,  requir ing the use of  many molds

and a large f loor area for mold storage and drying in order to achieve high produc-

t ion rates.

The sl ip-cast ing process can be substant ia l ly  shortened by the appl- icat ion of

pressure to the s l ip dur ing cast ing;  lhe higher the pressure the higher the cast ing

rate.  Unfortunately,  the strength of  convent ional  p laster al lows only relaLively

low pressures Eo be used, and even at  these 1ow pressures mold l i fe is s igni f icant ly

reduced. I t  is  obvious, therefore,  that  an alEernate or new high-strength mold

\
\,
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material  is needed to increase moLd l- i fe in the product ion of i tems sLip-cast f rom

abrasive mater ial-s such as alumina, zi tconla, z ircon, and fused si l ica, as wel l  as

to provide mol-ds which can be used for pressure cast ing of comrent ional ceramics.

Such a moLd mater ial  shoul-d have pore size distr ibut ion and permeabi l i ty

simi lar to plaster of par is,  and must have greater hardness and mechanical  strength

to promote durabi l i ty.  Sat isfactory rnold mater ial-s must be easi l -y fabr icated, and

should be dimensionaLly stable to el iminate warpage and to reduce shrinkage during

the mold forming process. In addit ion, the mold mater ial-  should be chemical-Ly inerr

to el iminate contaminat ion of  the cast ing s1- ip.

Studies have been made on two grain/resin systems for possible mol-d mater ial

use. The basic component of  both is fused si l ica grain '  wi th one system using

epoxy as a bonding mater ial  and the other ut i l iz ing polyester resin. Permeabi l i ty,

pore size, and fLexural  strength have been determined as a funct ion of resin content '

The more promising mater ial  is an epoxy-si l ica grain mater ial '  Al- though for a

given pore size, permeabi l i ty is lower than that of  pl-aster,  the f lexural  strength

is far greater.  cyl indr ical  molds are being made to test the durabi l - i ty of  the

mater ial  

Earr-e A. tr Ielsh
High Ternperature Mater ials Divis ion

oNTHEDETECTI0NMECHANISMoFELECTRICFISHANDEELS

An art ic le in the Scient i f ic  American (H. ! [ .  L issman, March 1963, pp. 50-59)

raised the quest ion of  whether electr ic f i -sh and eels use electromagnet ism or some

other phenomenon in their  detect ion processes in a manner unknown to designers of

I t inanimatet t  detectors.

The more farr i l - iar  t ' t reasuren f inders or land-mine detectors consist  of  a

transmit t ing coi l  through which passes an aLternat ing current of  audio or 1ow radio

frequency, crear ing an al ternaLing magnet ic f ie l -d in the v ic in i ty.  The al ternat ing

f ie ld induces a vol tage in a receiv ing coi l ;  the output s ignal  is  then anpl- i f ied

and indicated on a meLer or by a speaker or headphones'  As an area is searched'  a

change in the induced signal  indicates the presence of  a t t foreigntt  body (one with

conduct iv i ty or permeabi l i ty  d i f ferent f rom that of  the surrounding medium) '

Several  pract ical  var iat ions of  the basic detect ion scheme may be employed'

There are many possible shapes and relat ive posi t ions for  the two coi ls --  one

type uses the same coiL for  both funct ions,  whi le in other types the two coi ls may

be separated. of ten the received magnet ic s ignal-  wi lL be nul led out for  the condi-

t ion of  no foreign body in the v ic in i ty in order that  a change may be more readi ly

-5-



recognized. I t  is  a l -ways necessary to maintain a r ig id spat ia l  re lat ion between

coi ls where two are used, s ince rel"at ive mot ion or distort ion of  e i ther coi l  wi l l

resul t  in s ignaLs simi l -ar  to those produced by the sought- for  foreign bodies'

An al ternat ing e1ectr ic f ie ld rather than magnet ic f ie ld may be used, in which

case changes in the f ie ld indicate the presence of  foreign bodies wi th ei ther con-

duct iv i ty or dielectr ic constant di f ferenL from the surroundings. Al though magnet ic

systems designed for use on land are not very di f ferent f rom those designed for use

in water,  an electr ic- f ie l -d system used in a nonconduct ing medium l ike air  or  through

dry earth wi l l  be markedly di f ferent f rom that used in a relat ively good conductor

l ike sea water.

The abi l i ty  possessed by electr ic f ish and eels to deEect foreign bodies ap-

pears to involve the sensing of  changes in an electr ic f ieLd produced by pulsed

direct  current rather than by aLternat ing current '

The spat ia l  r ig id i ty between transmitLer and receiver noted above is required

for both elecLr ic and magnet ic systems. I t  is  noteworthy that  e lectr ic creatures

swim with their  bodies essent ia l ly  r ig id when operat ing in their  i lsearch mode'r '

However,  , 'data processingtt in the f ishts nervous sysLem could comPensate for  some

changes in geometrY.

The detect ion range of  both the magnet ic and the electr ic devices is not

l imi ted by ei ther t ransmit ter  power or receiver sensi t iv i ty,  but  rather by the

effect ive dynamic range of  the receiver,  which must resPond to a smal- l  change due

to the sought- for  object  in the presence of  the relat ively large f ie ld of  the

source. Pract ical  dynamic ranges (up to 80 db, say) l imi t  the range of  detect ion

to distances comparable to the sLze of  the t ransmit ter-receiver array'  Indeed'

i t  is  asserted that electr ic f ish detect  objects at  d istances of  only a few f ish

lengghs. For f ish as wel l  as inanimate systems, detect ion range is not very sensi-

t ive to s ize or propert ies of  the foreign body'

Analysis indicates Lhat power consumed wi l l  be a minimurn i f  the t ransmit t ing

array is as large as possible.  This resul t  is  consistent wi th the fact  that

i leLectrodes,,  are l0cated on the f ish near the ta i l  and head with insulat ing skin

on their  bodies in between.

I t  has been observed that an electr ic f ish in an aquar ium wi l l  be exci ted by

a magnet or electr i f ied eomb in mot ion nearby.  Such mot ions would set  up t ransient

potent ia ls and currenLs comparable to those produced by a foreign object  in the

pulsedelectr icf ie ldof thef ish,andcherebyevokeresponses.

There are unanswered quest ions about how the f ishts sensi t ive sensors work '

and the interpretat ion of  the data by the f ishts nervous system is not understood'

\
v
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V.However,  br inging of f  detecLion by present ly unremarkable means is c lear ly possible"

There seems to be nothing to suggest that the pulsed direct-current detect ion

system of these f ish is anything more than an el-ectr ic analog of a magnetic land-

mine or bur ied-pipe detector.  The f ish may use severaL sensors and may process his

data to a high degree, but there is no need to postul-ate any unfamiLiar phenomena

to explain the basic detect ion process. A more compl-ete understanding of  the f ishrs

sensory system could lead to improvements in design and operat ion of man-made

detectors.

J.  Elmer Rhodes, Jr .
Electronics Div is ion

COMMUNITY DEVE].OPMENT BMNCH

The Cournunity Development Branch of the Industrial Development Division pri-

mari ly assists comrmrnity and develoPment organizat ions in their  ef forts to make

their  communit ies attract ive to industry.  Various programs and approaches are

used to accompl ish th is PurPose.

Economic Prof i les, which are audits of community resources, have been pub-

l ished since 1962 by the Branch. Information is compi led on populaEion, exist ing

industry and industr ial  services, the labor si tuat ion'  raw mater ials '  t ransPorta-

t ion,  ut i l i t ies,  c i ty services,  f - iv ing condi t ions,  industr ia l  f inancing, and si tes '

The prof i les have a standard format which permits comparison of the resources of

var ious communit ies by industr ial  developers and industry Locat ion anal-ysts '  Eco-

nomic prof i les have been publ- ished on L74 communit ies, and they are updated per-

iodical ly.  The Georgia Chamber of Commerce is a cooperat ing agency in this effort '

Community development workshops and seminars are offered throughout the state

to present new cechniques to community development leaders. At the current ser ies

of seven regional-  seminars, information gleaned from the 1"970 Census wi l l  be

anabyzed and interpreted. HighLighted wi l l  be var ious populat ion and growth trends,

as wel l  as the social  and economic impact of these trends.

The Branch conducts an annual one-week basic industr ial  development course in

mid-Apri I  in cooperat ion with the colLege of Industr ial  Management,  using faci l i t ies

of the Department of Cont inuing Educat ion. This course is aimed at upgrading the

knowl-edge and qual i ty of performance of industr ial  deveLopment professionaLs from

the Southeast who are af f i l iated with chambers of  conmerce, rai l roads'  ut i l i t ies '

banks, and devel"opment agencies. Lecturers include outstanding development sPe-

cial ists f rom many areas of  the Uni ted States'

{
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TheCorrurruni tyDevelopmentBranchalsopubl ishestheGeorgiaDevelopmenLNews,

aneight.pagemonthl-ynewslet ter . I tsdistr ibut ionl istof t+,000includesmayors

and county commissioners, staLe and federal  legislators and publ- ic off ic ials,  l -ocal

and area industr ial  developers, l ibrar ies, ner^rspapers, radio and ter-evision stat ions'

andmanyindiv idualsemployedbyut i ] . i t ies,banks,businesses,andindustry.The

News reports on new plants and recenL expansions, acquisi t ions and mergers'  new

products,anddevelopmentact iv i t ' iesinGeorgia,scommunit ies. I ta lsocontains

edi tor ia lmatEerconcerningthephi losophyandpract iceof industr ia ldevelopment.

SpecialstudiesandservicesareunderEakenbytheBranchfromtimetot ime.

Industr ial  ?lant Financing: A Guide for Georgia communit ies and A studv of Indus-

are two recent reports in

thiscacegory.TheCommunityDevelopmentBrancha]-soactsastheSecretar iat fot

theSouthernlndustr ia lDevelopmentCounci l ,ofwhichRobertB.Cassel l ,Branch

Head, is execut ive director and past presidenL'

Annel lY B. Deets
i"J"" l t i t1 Develop'ment Divis ion

ELECTROMAGNETIC COMPATIBILITY STANDARDS

Theelectronicuni tsandsystemsusedinourspaceexplorat ionProgramsarere.

quiredtocomplywithnumerousandoftenstr ingentconstraints.Theserequirements

aretypical lydef inedintermsofsize,weight,andcost.Despi tetheconstraints '

mission requirements demand improvement in equipment sensi t iv i t ies '  more densi ty in

electronic packaging, increased at tent ion to cre\ i l  safety,  and higher rel iabi l iLy.

A11 of  these factors increase the possibi l i ty  of  e lectromagnet ic incompat ib i l i t ies

which are the resul t  of  e lectromagnet ic emissions from one or more sources being

coupledintosuscept ib l .eequipment insucha\^Iaythatnorma1operat ionis impaired.

WithingovernmentagenciesdirecEingtheSpaceprograms,Lhereisanincreasing

awareness of  the necessi ty of  solv ing electromagnet ic compat ib i l i ty  (EMC) problems

beforetheyoccurratherthanEryingtof ixthemonanafter. the. factbasis.To

thisend,thereisconsiderableinterest inbothimprovingexist ingstandardsand

generat ingnewoneswlr ichdel ineatereal ist icB{Ceffortswithmajoremphasison

before. the. factdesignLechniques.suchstandardsmusteStabl ish(] . ) thepr imary

sourcesofundesiredsignalemission,(2)themostsuscept ib lereceptorsofLhe

emit ted s ignals,  (3)  design techniques to real ist ical-1-y reduce Lhe undesired signal

lever_s and raise the suscept ib i l i ty  threshor-ds,  and (4) test  and measurement tech-

niques adeguace Lo assure compl iance with requirements.  The standards,  therefore '

_i
v
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V-must be quite broad in coverage and appl icabLe, to some extent,  in essent ialLy

every phase of space system devel-opment.

The major technical  considerat ions in establ ishing the above requirements in-

volve the nature of the undesired signals and the mechanisms by which they are

coupl-ed between units within a space system. Such signals may occur at any dis-

crete frequency or over any band of f requencies within the usable frequency spectrum'

They may be steady sLate or transient in nature and may vary in magnitude from high-

intensity transmiLt.er outputs to very- low-1eve1 transducer outputs. Coupl ing be-

tween equipment units may occur ei ther by air  coupl- ing or by conduct ion along

interconnect ing signal and power leads. An addit ional-  considerat ion invol-ves the

fact thac standards must incLude adequate provisions to account for the changing

electromagnetic status of the space system as i t  is inf luenced by the anbient elec-

tromagnetic envirorurent,  of ten unknown and always var iable over the f l ight t rajec-

tory.

A research effort  to devel-op improved EMC standards for space equipments and

systems was compl-eted recent ly by invest igators in the Electronics Divis ion'  Three

result ing documents are under review by NASA personneL as potent ial-  repl-acemenLs

for the present E}'lC standards. One of the documents provides a summary of Lhe

major design factors, at  both the system and equipment levels,  that must be con-

sidered in providing an electromagnetical- ly compatible f inal  space system' A

second document establ ishes the test techniques and l imits necessary to assure that

the system level design requirements are reaLLzed' The third document has the

same goal as the second document,  but is or iented toward the equipment level in-

stead of  the system level .

t r Ihen imposed as conlractual requirements, these Lhree standards should sub-

stant ial ly improve the abi l i ty of  NASA to Procure highly rel iable space syslems at

minimum cost and on a t imely schedule. Also of importance is the fact that impos-

ing these standards on space systems is a step in the direct ion of reducing the

number and magnitude of unnecessary electromagnetic emissions'  Further appl icat ion

of these pr inciples in the terrestr ial  envirorunent r^r i l l  result  in less trpol lut ion'

of  our severely congested electromagnet ic spectrum so Lhat teLevis ion sets '  radios'

te lephones'  etc. ,  wi l l  be better able to funct ion'

James C' Toler
Electronics Div is ion

v:
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PROFESSIONAL ACTIVITIES

Robert M. Boyd, NBSD, has been named president-e].ect of  the At lanLa Chapter
\,

of  the Heal- th PhYsics SocietY'

J.  L.  Edwards, ED, is coaut,hor of  two recent ly publ ished papers '  I tTotal  cross

sect ions for Format ion of  Exci ted Atoms by charge Transfer at  High Energies'rrwi th

E.w.ThomasandJ.C.FordoftheSchoo1ofPhysicS,waspub1ishedin@!

the American phvsical  Society,  Ser ies I I ,  VoJ-.  15,  No. 11, P. 1502, November 1- '

lg7O. rrFormat ion and DestrucLion of  Exci ted Hydrogen Atoms at  High Impact Veloci t ies ' t '

wi th E. w. Thomas, appeared in Phvsical  Review, vol '  2,  No'  6 '  pP'  23/+6-56'  December

t970.

L.H.Glassman,PSD,coauthoredwithS.E.WiegandandP.L.StrobelofCDCa

Paper, , } I icroscopieAnatomyofPathogenicTreponemaPal l idum, ' 'whichwas.presented

at the winter Meeting of the southeast Electron Microscopy society in At lanta on

December 4-5'  1970.

, ,Ef fects of  the Sea on Echo from Rainrt 'by M'W' Long, EES' and S'  P'  Zehner '

ED, was publ ished in the November 1970 issue of  IEEE Transact ions on AES.

Three more short  ar t ic les by Char les I .  Poole '  IDD, appeared in Mobi le Home/

Recreat ional  Vehic le Dealer:  
t rHeat ing Systems," Octobex 20'  LgTO; t tPlant Layout ' r t

November20rL970:t toperat ionBreakthroughrslmpactonMobi leFlomes" 'December20'

1970.
l lParametr ic Sel f -Exci tat ion of  a BelE into Transverse Vibrat ion, ' '  by J.  E.

Rhodes, Jr . ,  ED, was publ ished in the Journa].  of  Appl ied Mechanics,  Ser ies E, Vol .

37,  No. 4,  December 1970'

M.E.Sikorski ,PSD,gaveapaper, , ,Catheter-TipTransistorTransducer, ' 'co.

authored with F.  Dixon, psD, F.  R. I lJ i l - l iamson, PSD, R. A. Newsom, PSD, R'  c '  schlant '

}4.D.,andD.o.Nutter,M.D.,anextendedabstractofwhichwaspubl ishedinPro.

15-l-9 
'  

LgTO. An abstract '  t tCatheter-Tip Transistor Transducer for Intracardiac

Pressure and Sound," by the same authors'  \^ las publ ished in Circulat ion'  October

Lg7o, pr ior to the 43rd American Heart  Associat ion conference in At lant ic ci ty '  New

Jersey, Novembet l2-L5, L970'

J.  D. Walton, HTMD' edi ted

New York: l " Iarcel  Dekker,  Inc' :  L970'

and N. E. Poulos'  HTMD' wrote Chapter

ineeri ndbook:

He also wrote ChaPter 5,

1, ' rHistor ical-  DeveloPment

t t lnorganic Radomes, 
I t

of  Radomes. 
r '
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SUS{ISSION OF ARTICLES

Contr ibutors in the divls ions shouLd submit their  art icLes to the ap-

propriate divis ion coordinator Listed beLow. others may send their  con-

tr ibut ions via campus maiL to Martha Ann Deadmore at the Industr iaL

Development Divis ion.

Divis ion Coordinators

Chemical Sciences and Mater ials Divis ion

Electronics Div is ion

High Temperature Mater ials Divis ion

Industr iaL Development Divis ion

Itrc l-ear and Biological-  Sciences Divis ion

Physical  Sciences Divis ion

tr'lalter H. Burrows

H. A. Corr iher,  Jr .

Nick E. PouLos

Martha Ann Deadmore

Geoffrey G..  Eichholz

Robert L.  BulLock

:::':
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