
Introduction

Scienceisanindispensablepartofhumanity・sintellectualheritage.Atthe

sametime,however,sciencetodayhasbecomeatoolofwartosuchanextentthat
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Abstract

Thispaperwillexaminehowsciencebecamemilitarized,focusingonafewyears

fromthelate1930s,whentheplantoconstructthe184-inchcyclotronemerged,through

theearly1940s,whentheUniversityofCaliforniasetupasystemtomobilizeforwar.

PartIwilldescribethecloserelationshipthatgrewupbetweenErnestO.Lawrence

（1901�1958）,inventorofthecyclotronandheadoftheBerkeleyRadiationLaboratory

（theRadLab）,andhissupporterAlfredLeeLoomis（1887�1975）,who,asaninvestment

bankerandamateurscientist,broughtLawrenceintocontactwithindustrialistsinthe

courseofdevelopingthe184-inchcyclotron.PartIIdiscussesthewayLoomisbrought

Lawrenceintothewebofmilitary-industrialties.Theurgentneedtodevelopahigh-

power,high-frequencyoscillationtube,whichwasacomponenttechnologyneededfor

bothradarandthecyclotron,providedcommongroundforgettingLawrenceinvolved

indefenseresearch.PartIIIwillfocusonthequestionofoverheadtoexploretheUni-

versityofCalifornia・shandlingofdefenseresearchcontractsatatimewhenthegovern-

mentwascreatingasystem tomobilizescienceandengineeringforthewar.This

processledtothedevelopmentofbigscience,whichhasthefollowingthreecharacter-

istics:thedevelopmentofequipmentthatutilizesadvancedtechnology;theneedfor

enormousresearchfunds;andtheorganizationofresearchersandthoroughdivisionof

laborinthelaboratory.Eachofthesecharacteristicsengendersanotheraspect:The

firstleadstoclosecooperationbetweentheresearchlaboratoryandindustryindevelop-

ingthetechnology;thesecondinvitesinvestmentbyhugefoundationsandcontracts

withthegovernmentandthemilitary;andthethirdmakesitimpossibleforresearchers

tocontinuetheirresearchexceptaspartofaprojectandteam,therebyrobbingthemof

theirindependence.Someofthechangesinthesocioeconomicfoundationsofscience

andtechnologythatwerepromotedbyaspecialkindofcoercionduringthewarbe-

camebuiltintothepostwarsocialstructureintheform ofthemilitary-industrial-

academiccomplex,makingitimpossibletothinkofpostwarpolicywithoutthem.
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itthreatenshumansurvival.Elucidatinghow thiscameaboutisanimportant

themeinthestudyofmodernhistory.

TakingcyclotrondevelopmentattheUniversityofCaliforniaasanexample,

thispaperwillexaminehowtheemergenceofbigsciencechangedtheresearch

laboratoryandhowtheuniversityrespondedtothesystemthattheUnitedStates

governmentcreatedtomobilizescienceandtechnologyfordefense.

Intheearly1930s,thecyclotron,aparticleacceleratorusedtostudythe

atomicnucleus,wasinventedattheUniversityofCalifornia・sBerkeleycampus,

makingBerkeleythebirthplaceofbigscience.Theuranium bombdroppedon

HiroshimainAugust1945andtheplutonium bombdroppedonNagasakiatthe

endofWorldWarIIwouldprobablyhavebeenimpossiblewithouttheresearch

thattookplaceatBerkeley・sRadiationLaboratory,whichhada60-inchcyclotron,

theworld・slargestandtheonlyoneinoperationatthetime.Thismachinepro-

ducedtheartificialelementplutonium andrevealedthecharacteristicsofpluto-

nium239,whichcouldbeusedforanatomicbomb.Moreover,theelectromagnet

slatedforuseona184-inchcyclotronthenunderconstructionatBerkeleywas

employedtodevelopanelectromagneticmethodforseparatingthe235isotope

fromnaturaluranium,pavingthewayfortheuraniumbomb.

Inthecourseofresearchingcyclotrondevelopmentinthe1930s,1Ihavecome

torealizethatbigsciencehasthefollowingthreecharacteristics:thedevelopment

ofequipmentthatutilizesadvancedtechnology;theneedforenormousresearch

funds;andtheorganizationofresearchersandthoroughdivisionoflaborinthe

laboratory.Eachofthesecharacteristicsengendersanotheraspect:Thefirstleads

toclosecooperationbetweentheresearchlaboratoryandindustryindeveloping

thetechnology;thesecondinvitesinvestmentbyhugefoundationsandcontracts

withthegovernmentandthemilitary;andthethirdmakesitimpossibleforre-

searcherstocontinuetheirresearchexceptaspartofaprojectandteam,thereby

robbingthem oftheirindependence.Viewedfrom theperspectiveofscienceas

ourintellectualheritage,thesefeaturesofbigscience,whichtodayareconsidered

tobenormal,containmanyproblemsthatcannotbeoverlooked.Manyother

scholarshaveexaminedbigsciencefromavarietyofperspectives,2andlikethem,

Iseetheseproblemsasanimportantthemeinmystudyofthehistoryofscience,

partlybecausethecharacteristicsofbigscienceseem tohavegivenrisetothe

Americanmilitary-industrial-academiccomplexthatbecamesoconspicuousafter

WorldWarII.

Thispaperwillexaminehowsciencebecamemilitarized,focusingonafew

yearsfrom thelate1930s,whentheplantoconstructthe184-inchcyclotron

emerged,throughtheearly1940s,whentheUniversityofCaliforniasetupasys-

tem tomobilizeforwar.PartIwillclarifythecloserelationshipthatgrewup

betweenErnestO.Lawrence（1901�1958）,inventorofthecyclotronandheadofthe

BerkeleyRadiationLaboratory（theRadLab）,andhissupporterAlfredLee

Loomis（1887�1975）,who,asaninvestmentbankerandamateurscientist,brought

Lawrenceintocontactwithindustrialistsinthecourseofdevelopingthe184-inch
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cyclotron.PartIIwilldescribethewayLoomisbroughtLawrenceintothewebof

military-industrialties.Loomiswasalreadystudyingmicrowaveshimself,con-

vincedthattheywereimportantasmilitarytechnology.Thisgavehimastrong

interestindevelopingahigh-power,high-frequencyoscillationtube,whichwasa

componenttechnologyneededforbothradarandthecyclotron,creatingcommon

groundforgettingLawrenceinvolvedindefenseresearch.PartIIIwillfocuson

thequestionofoverheadtoexploretheUniversityofCalifornia・shandlingof

defenseresearchcontractsatatimewhenthegovernmentwascreatingasystem

tomobilizescienceandengineeringforthewar.

InapaperdescribingtheprocessbywhichtheUniversityofCaliforniamobi-

lizedforwar,・TheUniversityofCaliforniaandtheMobilizationofSciencefor

NationalDefense,・RobertW.Seidelstatesthathehopes・toindicatehowthepart-

nershipbetweenthegovernmentandtheUniversitywascreated,andhowthis

affectednationalsecuritydecision-makinginthewarandpost-wareras.・3Focus-

ingontheactivitiesofthescientiststhatLawrenceselectedtoparticipateindevel-

opingtheatomicbomb,hesaysthat:・Asaconsequenceoftheseactionsby

Lawrence,theUniversityofCaliforniawasdeeplycommittedtothewareffort

evenbeforetheoutbreakofhostilitiesinDecember,1941.Thisledtoaseriesof

contractswiththeNDRC［NationalDefenseResearchCommittee］andOSRD［Of-

ficeofScientificResearchandDevelopment］...・4 Hegoesontosaythatone

advantagetothegovernmentinmobilizingtheuniversityforscientificresearch

anddevelopmentwaslowoverheadcharges,・butitwaspatriotism,ratherthan

profit,whichseemstohavemotivatedLawrenceandotherfacultymembersto

offertheirservicesthroughtheUniversitytotheOSRD.・5Inshort,Seidelcon-

cludesthatpatriotism wastheprimaryfactorinmobilizingtheUniversityof

Californiaforthewar.

MyapproachinPartIIIdiffersfromSeidel・sandendeavorstoclarifythesig-

nificanceofgovernmentresearchcontractsfromtheperspectiveoftheuniversit

y・sfinances,focusingontheoverheadattendantonthecontractsinordertoexam-

inethewaytheuniversityhandledthemfromthebusinessside.

OnApril3,1940,theRockefellerFoundation・sboardoftrusteesawardeda

grantof$1,150,000totheUniversityofCalifornia・sRadiationLaboratoryforthe

constructionofanew184-inchcyclotron.Thefoundationwasstakingitsprestige

onthisproject,thegivenpurposeofwhichwastoproducemesonsartificially,

thussubstantiatingtheoreticalpredictions.7Loomisworkedhardforthisdecision,

maintainingacloserelationshipwithWarrenWeaver（1894�1978）,thefounda-

tion・sdirectorofthenaturalsciences.Subsequently,hefulfilledsuchasignificant

roleintheconstructionprocessthatLawrencecalledLoomishis・partner.・Icon-

siderLawrence・scompletefaithinLoomis,whoseinfluencebroughtLawrence

HowScienceBecameMilitarized
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intocontactwithgovernmentscienceadministrators,tohavebeenamongthe

factorsthatchangedLawrence・sperceptionofthewarsituation,hencedrawing

theUniversityofCalifornia・sRadiationLaboratoryintomilitaryresearch.

Loomisisalittle-knownfigure.HenryL.Stimson,SecretaryofWarduring

WorldWarII,washiscousin.JournalistJennetConant,granddaughterofthen-

presidentofHarvardUniversity,JamesB.Conant,haspublishedLoomis・biogra-

phy,whichmakesitclearthathenotonlyattainedenormouswealthasafinancier

andenjoyedthefriendshipofmajorcorporateheads,butalsosetupaprivate

researchlaboratoryintheNewYorksuburbofTuxedoPark.Inthe1930s,hehad

astronginterestinmicrowavetechnologyandworkedincloseconnectionwith

theSperryGyroscopeCompanytodevelopit.Heconceivedofusingmicrowaves

forremotedetectionofflyingobjectsandforradioguidanceoflandingplanesand

wasconvincedthatthesetechnologieswouldbeimportantfordefense.8

Inthispart,IwillanalyzetherecordsofthecorrespondencebetweenLaw-

renceandLoomisintheLawrencePapersheldintheBancroftLibraryonthe

BerkeleycampusoftheUniversityofCaliforniatoclarifyLoomis・roleinthe

RockefellerFoundation・sdecisiontosupportconstructionofthe184-inchcyclo-

tronandalsoinprocuringthematerialsforitsconstruction.9

（1） TheBerkeleyMeeting

OnFriday,March29,1940,agroupofmengatheredontheBerkeleycampus.

A photographrecordingtheoccasionshowsthatthosepresent,inadditionto

LoomisandLawrence,wereVannevarBush,directoroftheCarnegieInstitution;

HarvardUniversitypresidentJamesB.Conant;MassachusettsInstituteofTech-

nologypresidentKarlT.Compton;andthelatter・sbrother,ArthurH.Compton,

professorofphysicsattheUniversityofChicago.10 Thesemen,wellknownto

havebeenthegovernment・sscienceadministrators,weredeeplyinvolvedincreat-

ingthesystemformobilizingAmericanscienceandtechnologyfordefense.The

RockefellerFoundationwasscheduledtoholdameetingofitstrusteesonApril3

todecideongrantstobeawarded,includingoneforBerkeley・s184-inchcyclotron.

BecausetheBerkeleygatheringwasheldimmediatelybeforethefoundation・s

grant-makingdecision,Ibelieveittohavebeenareevaluationmeetingforthe

foundation.Weaver,thedirectoroftheRockefellerFoundation,stronglydesired

thatthetrusteesmakeadecisiononagrantforthecyclotron・sconstructionatthis

boardmeetingandwantedtoobtainfullbackingtojustifytheplan.11

DocumentaryevidenceindicatesthatthemeetinginBerkeleywasactually

plannednotbyWeaver,butbyLoomisatWeaver・srequest,substantiatingthe

closerelationshipbetweenthetwo.InalettertoLawrencedatedDecember14,

1939,LoomisthankedhimforhishospitalityduringLoomis・firstvisittotheRad

LabandgoesontosaythathehadphonedWeaverinthemorningandwasplan-

ningtohavelunchwithhimthesameday.HepromisedLawrenceanotherletter

afterthatmeeting.12 OnDecember21,Loomisreportedthatonthe14thhehad

spenttheentiredaywithWeaverandthattheirdiscussionhadbeenhighly
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interesting.Loomisalsowrotethathehadspentconsiderabletimediscussingthe

planwithBushandhadgainedgreatconfidenceinit.Headdedthatinmid-

JanuaryheplannedtospendaweekathisprivateislandinSouthCarolinawith

K.T.Compton,whoseopinion,hefelt,wouldbeverysignificantinthefuture.13

Loomis・predictionseemstohavebeenontarget:Weaverattachedimportance

totheanticipatedcommentsfrom Compton,whowasscheduledtoattendthe

April3boardoftrusteesmeetingasanewmember.Becauseofthis,theweek

ComptonpresumablyspentwithLoomis,musthavebeenanimportantopportu-

nityforhimtoconsideravarietyofproblems,includingthetechnicalfeasibility

ofbuildinga184-inchcyclotron.Theresultsofthisvisitappearedimmediatelyin

Compton・sresponsetoaquestionnairethatWeaversentonJanuary25regarding

approvalfortheplan.Comptonrepliedthathewas・mostenthusiastic・aboutits

feasibilityandgaveithisfullsupport.14

Infact,ComptonhadfirstheardabouttheoutlinesoftheplanfromLawrence

atameetingthatincludedLoomisinlateOctoberorearlyNovember1939,when

LawrencehadbeeneastforameetingoftheNationalAcademyofSciences.15

ThespecificdateofFriday,March29,1940firstappearsinaletterdatedJanu-

ary26inwhichLoomisinformedLawrencethathehadaskedCompton,who

wouldbelecturinginSanFranciscoontheeveningofMarch28,tokeepFriday,

March29,opensothathemightvisittheBerkeleyRadiationLaboratory.16 This

wasfollowedbyaletterdatedFebruary6inwhichLoomisincludedcopiesof

Weaver・squestionnaireandCompton・sreply,whichhefeltwouldinterestLaw-

rence.Theletterincludedabriefhand-writtennotementioningthathewouldbe

meetingwithWeaverthatafternoon.17 Althoughhegivesnodetails,thedateof

thismeetingisnoteworthybecauseWeaverhadoriginallygivenuppresenting

theplanattheAprilboardmeetingduetoatriptoEurope.Thetripwas

cancelled,however,soheagaindecidedtopresentitinApril,recommencingwork

onthepresentationataFebruary8meetingwithRaymondB.Fosdick（1883�

1972）,presidentoftheRockefellerFoundation.18 Comingimmediatelybeforethis,

andgiventhecloserelationshipbetweenLoomisandWeaver,itseemsquiteprob-

ablethatWeaver・sFebruary6meetingwithLoomisinvolvedadetailedconsulta-

tiononrestartingpreparationsfortheboardmeetingpresentation.

Giventhischainofevents,IconsidertheMarch29,1940meetinginBerkeley

tohavebeenaRockefellerFoundation-sponsoredreevaluationmeetingthat

wouldhavebeenimpossiblewithoutLoomis・effortstocoordinateit.Thus,the

RockefellerFoundation・sdecisiontofinanceconstructionofthe184-inchcyclotron

broughtLawrence,throughLoomis,closetothecircleofscienceadministrators

whowerecreatingthesetupthatwouldfacilitatemobilizingAmericanscience

andtechnologyfordefense.

（2） PurchasingMaterialsfortheCyclotron

HowScienceBecameMilitarized

Buildingthecyclotronwastobeginwithconstructinganenormousmagnet 
thatwouldrequire300   tonsofcopperand3,700   tonsofsteel.Asaninvestment
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banker,Loomishadcloseconnectionswithcorporateheads,whichheutilizedto

negotiatematerialsprocurementandwhichenabledhimtogiveLawrencevalu-

ableadvice.Naturally,Lawrencecametotrusthim fullyandcalledLoomishis

・partner・intheproject.19 Thisrelationshipbetweenthetwo,andespeciallythe

roleLoomisplayedasa・partner,・iswellsubstantiatedbythetremendousvolume

oflettersandtelegramstheyexchanged,nottomentiontelephonecalls,forwhich

norecordexists.IfeelthatLawrence・scompletefaithinLoomisgradually

changedLawrence・spersonalconvictionsandledhimtoacceptthathecouldnot

avoidthewareffort.20

IwouldliketoexamineLoomis・roleinmaterialsprocurementinmoredetail.

OnMay1,amonthaftertheRockefellerFoundation・sApril3boardmeeting,

LoomishadLawrenceandhisright-hand-manDonaldCooksey（1892�1977）,assis-

tantdirectoroftheRadLab,cometoNewYorkandtookthemtovisitmajorfirms

thatLoomishadconnectionswiththatwereinlinesofbusinessrelatedtothe

project.DocumentsindicatethattheymetU.S.SteelCorporation・schairman,

EdwardReillyStettinius,Jr.,andgothimtopromisetosupporttheproject.On

thatoccasion,theywerealsointroducedtothecompany・svicepresident,R.E.

Zimmerman.Onthesameday,theymetLuisS.Cates,presidentofthePhelps-

DodgeCorporationregardingcoppermaterials,whointroducedthem toWiley

BrownofPhelps-DodgeCopperProductsCorporation.Muchattentionwaspaidto

thequalityofthematerials.Thesteelwastobethelowest-carbonsteelavailable,

andthecoppermaterialwasbehigh-conductivitycopperknownasPDCP.21

BecauseofthewarinEurope,manydifficultieswereforeseenjustinprocur-

ingthematerials,butintheend,bothcompaniesagreedtosupplyLawrencewith

thesteelandcoppermaterialshewanted,soLoomis・rolethatdaywasclearly

highlysignificant.Choosingthesuppliers,however,wassubjecttobidding,and

insofarasthedocumentsreveal,LoomisdidnotpushLawrencetoselectthese

firms,butthroughoutthenegotiations,offeredadviceandkeptwatchover

Lawrence・sdecision-making.Whenallthefirmshadlaidtheirfiguresonthetable

andthetimecameforthefinaldecision,however,Loomisprovideddecisiveadvice

andpersonalassistance.

NextletuslookatLoomis・adviceregardingthesteelandcopperpurchases.

Shippingtheheavysteelbyrailwouldbemoreexpensivethanshippingbysea,

butLoomisstressedtheimportanceofrailtransportontwocounts:theriskofthe

steelplatesgettingbentduringseashipmentandthedangersofseatransportdue

tothewar.Loomisconsideredthelatterpointthemostimportant,notingthatsea

transportwouldbecomeveryirregularinthenextfewmonths,thatevenmer-

chantshipsmightberequisitionedfordefensepurposes,andthatthePanama

Canalmightbeclosedtomostcommercialshipping.22 FollowingLoomis・advice,

LawrencedecidedtohaveColumbiaSteelCompany,abranchofU.S.Steel,supply

thesteelmaterialbyrailataflatrateof$244,000.OnJuly23,Cookseywroteto

Loomisreportingthattheuniversityregentshadapprovedthecontractthat

day.23 Threedayslater,LawrenceinformedLoomisthathewasverypleasedwith
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thecontractbecausethepriceofthesteelmaterialswas$30,000lowerthantheir

estimatedbudget.24 Thisfigureindicatesnotonlythatthecontractedpricewas

belowLawrence・sprojectedbudgetbutalsothatColumbiahadknocked$20,000

offtheinitialbidof$264,000.AlthoughLoomis・letterssaynothingspecificregard-

ingthisdiscount,hedoubtlesslyapproachedthecompanyaboutit.

Letusnextconsidertheprocurementofthecoppermaterialthatwasneeded

tomaketheexcitationcoilofthemammothelectromagnet.Thematerialwas

orderedwithaviewtoformingthecoils.Becauseofthis,notonlytheunitprice

ofthecoppermaterialitself,butalsotheprecisionanduniformityoftheprocess-

ingwereimportantfactorsindecidingthecontract.Documentsindicatethat1/4

× 4inchcopperstripsweretobewoundinpancake-likelayersthatcouldbe

connectedinvariouswaystoform thecoils.25 InletterswrittenonJune5,both

LawrenceandCookseyinformedLoomisthattheyhaddecidedonthedimensions

ofthecopperstripsinthefollowingway:A350kW motorgeneratorsetownedby

theUniversityofCaliforniawouldbeusedasthepowersourcetoexcitethecoil,

sothestripsweretobe1/4inchthickby4incheswidesoastogetthe・magnet

resistancewhichwillrequirethefullvoltageatfullcurrentratingofthe350kilo-

wattgenerator.・26

Oncetheshapehadbeendecided,itfinallybecamepossibletoorderthecop-

per.About20daysearlier,LoomiswrotetoinformLawrenceandCookseythathe

wasengagedinseriousnegotiationsregardingthecoppermaterialswithChase

BrassandCopperCompany（asubsidiaryofKennecottCopperCompany）and

Phelps-DodgeCorporation.27 Afterthat,hesentthemsamplesdemonstratingthe

qualityofthematerialandtheprecisionoftheprocessing.Clearly,Loomiswas

actingasanintermediarybetweenLawrenceandtherelevantfirmsinotherways

aswell.Finally,inearlyJune,Cooksey（substitutingforLawrence,whowasill）,

accompaniedbytheuniversity・sengineer,W.B.Reynolds,andEdwinM.Mc-

Millan,ayoungscientistwhohadLawrence・sconfidence,wenteast.Atthispoint,

theuniversityregentshadalreadygivenpermissiontoenterintocontractsforthe

steelandcoppermaterials,andLawrencehopedthatwhiletheywereeast,

CookseyandhisteamwouldconsultwithLoomisandconcludethecontractpro-

cedures.28 Nonetheless,itwasonlyonJune25thathewasfinallyabletoplacethe

orderforthecopperwithacorporationthatLoomishadintroducedandtheyhad

talkedwithonMay1.29

Withoutexaggeration,Lawrenceobtainedthesteelandcopperforhis184-

inchcyclotronthroughLoomis.ThiswasarolethatonlyLoomis,thefinancier-

scientistwhoenjoyedthefriendshipofmajorcorporateexecutives,couldfulfill,

anditwascertainlyhisroleinprocuringmaterialsfortheenormousmachinethat

linkedacademiatothebusinessworldinthiscase.Becauseofthesuccessofthis

relationship,LawrenceplacedcompletefaithinLoomis,soitseemsonlynatural

thatLoomisinfluencedhimgreatly.

HowScienceBecameMilitarized
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II.CreatingMilitary-Industrial-AcademicTies

Itiscommonknowledgethatthemainprojectsbasedonwartimedefense

researchcontractsattheUniversityofCalifornia・sRadLabwererelatedtodevel-

opingauraniumbomb.However,inaletterdatedOctober3,1940,VannevarBush

（1890�1974）,ChairmanoftheNationalDefenseResearchCommittee,appointed

LawrencetoDivisionDoftheNDRC,whichwaschairedbyKarlComptonand

wasconcernedwithradardevelopment.30 LawrencewasassignedtotheD1Sec-

tionunderLoomis,whowasalsovice-chairmanofthedivision.TheD1Section

wastodevelopmicrowavetechnologyforradar,whichrequiredthesamehigh-

power,high-frequencyoscillatortubetechnologythatwasusedtoform ahigh

frequencymagneticfieldtoacceleratechargedparticlesonthecyclotron.

ThispartwillexamineLoomis・initiativesandLawrence・sresponseinorder

totracetheprocessthroughwhichdevelopmentofahigh-power,high-frequency

oscillatortubeledtodefenseresearchcontractsbetweentheUniversityofCalifor-

niaandtheNDRC,whichtransformedheretoforefreeresearchwithintheuniver-

sityintosecretdefenseresearchundertheNDRC.WhenBushwrotetoLawrence

onOctober3informinghim ofhisappointmenttotheNDRC,Bushemphasized

thattheworkoftheNDRCwashighlyclassifiedandthatLawrencewouldhave

topreservethemaximumsecrecyregardingeverythinghecameincontactwith

asacommitteemember.BushexplainedthattheprojectshandledbytheNDRC

originatedfrom thearmyandnavyandthatevenwithintheseservices,only

high-rankingofficerscoulddecidewhoshouldbeinformedoftheresearchresults.

Becauseofthis,memberscientistscouldnotdiscussanythingabouttheirresearch

withanyoneexceptpersonsdesignatedbytheNDRCoritsofficiallyauthorized

representatives.31

（1） PressurefromIndustry

DavidH.Sloan,agraduatestudentonloantoBerkeleyfromtheGeneralElec-

tricCompanysincethesummerof1930,justafterLawrenceinventedthecyclo-

tron,wasinchargeofdevelopingtheindispensablehigh-frequency,high-power

oscillatortube.InMay1940,hewasworkingonthiswithLauristonC.Marshallof

theuniversity・selectricalengineeringdepartment,creatingwhatcametobe

knownastheSloan-Marshalltube,orthe・resnatron.・Wheninformedinaletter

fromCookseydatedMay14,1940,thattheyhadrecentlyattainedapeakoutputof

2.5kW ata50cmwavelength,32Loomisimmediatelytookaction,writingtoLaw-

renceandCookseyonMay16totellthemthatmicrowavedevelopmenthadbe-

comeveryurgentduetothewarandthathewouldprovidedetailslater.33 Having

receivedthisletter,LawrencewroteonMay25askingLoomiswhattodoabout

theimpendingannouncementofSloanandMarshall・sresearchresults:Theywere

scheduledtodeliverapaperattheupcomingAmericanPhysicalSocietyconfer-

enceinSeattleandhadalreadysubmittedanabstract.34 Documentsindicatethat

―8―



LoomiscontactedLawrencebyphoneandalsoinformedtheSperryCompanyof

thestateofSloanandMarshall・sresearch.35 Subsequently,Sperry・sheadresearch

engineer,H.HughWillis,contactedLawrenceandMarshalldirectly,sayingthat

hewouldliketotalkwithLawrenceandSloanaboutSloan・smicrowavetube.36At

thesametime,Willisstronglyurgedthattheresumenotbepublisheduntilhe

actuallymetSloanandMarshall.37 OnJune19,MarshallsentWillisatelegram

statingthattheabstractcontainednoinformationthatwouldbeproblematicbut

thatheandSloanwouldnotattendtheconferenceandwouldremaininBerkeley

towelcomehim.38 ThisapparentlyresultedinobstructingSloanandMarshall・s

conferencepresentation,effectivelyrestrictingpublicationofwhathadthusfar

beenfreeacademicresearch.

AlthoughLawrence,Sloan,Marshall,andWilliscertainlymusthavemetat

Berkeley,thedetailsoftheirdiscussioncannotbeconfirmedfrom documentary

materials.However,aletterfrom LawrencetoLoomiswrittenonJune25,pre-

sumablyafterthismeeting,indicatesthatanewproblemhadarisen.39Namely,the

SperryCompanyhadrequestedthatSloanandMarshall・smicrowavetubere-

search,alongwiththeresearchersthemselves,betransferredfromtheUniversity

ofCaliforniaatBerkeleytoSperry.Ofcourse,Loomishadconcurredinthisplan,

thegroundsforwhichweretopromoteSloanandMarshall・sresearch.40 Asmight

beexpected,however,Lawrencecouldnotagreetothisrequest,andintheJune25

lettertoLoomisclearlyexpressedhisconsternationandjudgmentofthesituation.

HehaddiscussedthematterwithLoomisoverthephonethepreviousevening

andstatedthatafterthecallhehadcontinuedthinkingaboutthematterandin

themorningdiscusseditatlengthwithSloanandMarshall.Theconclusion

reachedwasthat,atleastforthetimebeing,Sperryshouldnotbeallowedto

handlethedevelopmentoftheSloan-Marshalltube.Mentioningthathehadal-

readywiredLoomistothateffect,healsomadeitclearthathefailedtoseethe

reasonLoomisthoughtthatdevelopmentoftheSloan-Marshalltubewouldnot

makesufficientprogresswithoutSperry・sdirectintervention.41

Loomis,however,hadnotgivenup,andinanattempttogetLawrenceandhis

associatestochangetheirminds,appealedtoHowardA.Poillon,chairmanof

ResearchCorporation.ResearchCorporationwasanon-profitorganizationthat

actuallyheldthepatentforLawrence・scyclotronbyvirtueofhavingprovided

researchfunds.Ithadgrantednon-exclusivelicensesthatenabledavarietyof

researchorganizationstoconstructcyclotrons.Thiscorporationalsoheldthe

patentfortheX-raytubedevelopedbySloanandhadgrantedtheUniversityof

California$4,500tosupportthedevelopmentoftheSloan-Marshalltube.42 Ina

lettertoLawrencedatedJune28,Poillonadmittedthathedidnotknowenoughto

makeanindependentjudgment,butthatinthecurrenttensetimestherewas

considerablepressuretohaveSloanandMarshall・sworkproceedwiththegreat-

estpossiblespeed.Hefeltthatanumberofpossibilitieswereconceivable,but

statedthathewantedtoprotecttheintegrityoftheresearchandresearchers,

addingthatResearchCorporationwouldbewillingtoconsiderchangesinits

HowScienceBecameMilitarized
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policyandprogramifitwouldfacilitaterapidprogress.

InthislettertoLawrence,PoillonhadenclosedacopyofalettersenttoMar-

shallthesameday.InthelettertoMarshall,PoillonstronglyencouragedSloan

andMarshalltotransfertoSperry・sSanCarloslaboratory.HenotedthatLoomis

andSperryhadagreedtothisproposal,explainingthatthereasoningbehindit

wastheSloan-Marshalltube・spotentialrelationshiptonationaldefense.He

stressedthatnotonlyLoomis,butBushandK.T.ComptonoftheNDRCwereof

thesameopinion.Inthisletter,healsosaidthathewouldbegratefulifMarshall

wouldinformhimaboutSperry・sdevelopmentplansandtheroleSloanandMar-

shallwouldplayinthem.Statingthatheknewnothingaboutthesituation,he

wantedtoknowmoreclearlyhowcompletionoftheSloan-Marshalltuberelated

toit.43

HerePoillonhonestlyrevealedthathehadtakenLoomisathiswordandwas

actingwithnounderstandingofthesituation.OnewondershowLawrenceand

hisassociatesmusthaveviewedthis.Thatcircumstancesdidnotallowthemto

ignorethisproposalcompletelybecomesclearfromaJuly1letterinwhichLaw-

rencebroughtLoomisuptodate.LawrencewrotethatonthepreviousFriday,

SloanandMarshallhadvisitedSperry・sSanCarloslaboratoryandfoundthatit

clearlydidnothavetheequipmenttoenabletheSloan-Marshalltubetobecom-

pletedquickly.Inparticular,itlackedtheshopfacilitiesforworkingwiththe

heavymachinetoolsthatwouldbenecessarytoproducethepoweroscillator

tubes.Hewentontosaythatthebestwaytospeedupthedevelopmentwouldbe

toexpandtheequipmentinBerkeley・smachineshopusingmoneyfromthe184-

inchcyclotronbudget.Headdedthatthisshouldpresentnoproblem,sincethe

equipmentwouldnotbeneededforthecyclotronuntilthefollowingspring.44

WithLawrencethisinsistentthattheSloan-Marshalltubebedevelopedat

Berkeley,LoomisstoppedtryingtopersuadeSloanandMarshalltomoveto

Sperry.OnJuly9,LoomiswrotetoLawrencereportingthatonthepreviouseve-

ninghehadhaddinnerwithpeoplefrom Sperry,includingWillis,andthatall

lookedforwardtoprogressatBerkeleyandwoulddoanythingtheycouldto

help.45 Superficially,LoomisactedasifhehadacceptedLawrence・splan,butthis

didnotmeanthathehadgivenuponinterveningdirectlyinthedevelopmentof

thepromisingSloan-Marshalltube,and,infact,healreadyhadanothermeansto

thisenduphissleeve.

Thesignificanceofthisrequestforachangeintheresearchbasebearsexami-

nation.TowhatextentLawrenceandhisassociateswereawareoftheimplica-

tionsoftheirrefusalremainsunclear,butIconsidertheirrefusalextremely

significantbecauseitdemonstratesthat,atthisjuncture,researchersstillhadthe

freedomtorefusesucharequest.Thequestionarisesofwhatsituationdevelop-

mentoftheSloan-Marshalltubewouldhavebeenplacedinhaditbeentransferred

toSperryatthistime.Ashislettersindicate,LoomisfocusedontheSloan-

Marshalltubebecausehesawitspotentialasanimportantcomponentofdefense

technologyforthewar.Sperryhadalsobeenworkingonmicrowaveresearch
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from thesameperspectiveasLoomis.Loomismusthavefeltthatratherthan

havethisresearchdoneinauniversity,whereitwouldbepredicatedonthepub-

licationoftheresults,itwouldbebettertohaveitdoneinasituationwherethe

resultscouldremainanunpublishedcompanysecret.BecauseofLawrence・sre-

fusaltotransfertheprojecttoSperry,Loomis・desiretobedirectlyinvolvedin

developingtheSloan-Marshalltubeseemstohaveledtoadefenseresearchcon-

tractconcludedbytheNDRCandtheUniversityofCalifornia.

（2） TowardResearchContractswiththeNDRC

OnJune27,1940,TheNationalDefenseResearchCommitteewassetupunder

theCouncilofNationalDefensebyorderofPresidentRoosevelt.Inhisletterof

July9,LoomishadaskedLawrenceifhecouldtakeresponsibilityfororganizing

themicrowavetubedevelopmentprojectonalargescaleandcarryingitoutasa

majorUniversityofCaliforniadefenseresearchproject.Regardingresearchfunds,

Loomisfeltthat,ifunobtainablefromothersources,theNDRCwouldprobablybe

abletoprovideanythingthatwasessential.46 Asdiscussedabove,however,atthis

junctureLawrencewasprobablytotallyunabletoconsiderbecomingresponsible

foramajordefenseresearchprojectoftheUniversityofCaliforniasuchasLoomis

wasproposing.HeaskedLoomis,whowasgraduallybecomingabsorbedinde-

fenseresearchonmicrowavetechnology,nottoforgetthathewasapartnerin

constructingthe184-inchcyclotron,whichseemstohavebeenLawrence・soverrid-

ingconcernatthispoint.47

Nonetheless,aswillbediscussedbelow,theUniversityofCaliforniaasabusi-

nessorganizationhadalreadymadeitsowndecisionondefenseresearchcontracts

withtheNDRCandwashandlingthesituationaccordingly.

LetusexaminehowthedevelopmentoftheSloan-Marshalltubewastrans-

formedintomilitaryresearchundertheNDRC,e.g.theprocessleadingupto

Lawrence・sappointmenttotheNDRCinsofarasitisrevealedbycorrespondence

betweenLoomisandLawrence.

InaletterwrittenonJuly16,LoomisexpressedhisdelightthattheUniversity

ofCaliforniahadmadetheSloan-Marshalltube,oneofitsimportantdefensere-

searchprojects.HealsoinformedLawrencethathehadadvisedResearchCorpo-

ration・sPoillon,whoplannedtovisitBerkeleyinafewdays,tobringbackallthe

documentsnecessarytoprovidethedataneededtoapplytotheNDRCforfinan-

cialsupport.Loomisalsoreferredtointernalprocedures,addingthatforthe

university・sapplicationtobeapprovedbythemainbodyoftheNDRC,itwould

firstbenecessarytogettheapprovalofthemembersofthemicrowavesection.48

AfterPoillon・sreturnfromBerkeley,LoomismetwithhimandonJuly30wroteto

inform LawrencethathehadreceivedPoillon・sreportonthelatestinformation

fromBerkeleyandwouldsubmitittotheNDRCthenextday.Inthisletter,he

saidthathehopedtogetNDRCfundingasquicklyandsmoothlyaspossible,49

probablybecauseheknew thatLawrence・sall-outsupportforSloanandMar-

shall・sresearchwasaconsiderablefinancialburdenforLawrence.Infact,not
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onlywasLawrencepurchasingequipmentforthemachineshop,buthewasalso

drawingonhisprivateresearchfundstohiretwoshopassistantstohelpspeedup

theresearch.50 InhisJuly30letter,Loomishadincludeda$2,000checkfromhis

privateresearchinstitute.

Inmid-August,LoomistoldLawrencethathewasconfidentofobtaining

$20,000inresearchfundsfromtheNDRC.51 Nonetheless,thesummerpassedinto

autumnwithoutanychange.OnSeptember17,LoomiswrotetoLawrenceinform-

inghimthatanumberofdifferentlaboratorieswereconcurrentlyworkingfrom

severaldifferentperspectivesontheproblemofobtaininghighpowerformicro-

waves,becauseofwhichtheSloan-Marshalltubewouldhavetofaceconsiderable

competitionforfunds.Hepointedoutthatfordefensepurposesitclearlyhadalso

becomeveryimportantthatthemicrowaveoscillatingtubehaveanextremely

highpoweroutputofover1,000megacyclesfrequency［withawavelengthof30

cm］.52 Despitethestiffcompetition,onSeptember24Loomiswasabletoinform

LawrencethathewasoverjoyedtoreportthatthedesiredfundsfortheSloan-

Marshalltubehadbeenobtainedverysmoothly.53 Thus,justasLoomishad

wanted,developmentoftheSloan-Marshalltubewasincorporatedintothede-

fenseresearchprogramoftheNDRCthathewasdirectlyinvolvedin.Inconse-

quence,astheUniversityofCalifornia・sheadscientist,Lawrencewasrelievedof

theburdenoffinancialsupportfortheresearchandhewasappointedtothe

NDRC.

IconsiderthemainfactorstransformingthedevelopmentoftheSloan-

MarshalltubeatBerkeleyintodefenseresearchtohavebeenthecreationofthe

NDRCandtheuniversity・spolicyonenteringintoresearchcontractswiththat

organization.LawrencehadunwaveringfaithinLoomiswithregardtothe184-

inchcyclotronandalsohadcometofeelcertainofAmerica・sparticipationinthe

war.Aswehaveseen,however,Loomis・intentionsandthoseoftheresearchers

werenotnecessarilyalwaysinagreement.Forthisveryreason,theexistenceof

theNDRC・sresearchcontractsystemandthestanceoftheuniversityaspartyto

thecontractstakeongreatsignificanceinthemilitarizationofscienceattheUni-

versityofCalifornia.

III.ResearchContractsandOverheadattheUniversityof

California

TheUniversityofCalifornianotonlyundertookdefenseresearchduring

WorldWarIIbutcontinueddoingsothereafter,aswell.Thesituationduringthe

wariselucidatedbytheresearchcontractstheuniversityenteredintowiththe

NDRCandtheOSRD,whichwassetupinJune1941.AccordingtodataforJune

30,1945,theUniversityofCaliforniahad106contractswiththeOSRD,farmore

thananyotheruniversityorresearchinstitutionapartfrom corporateresearch

laboratories.Ofcoursethenumberofcontractsdoesnotnecessarilyreflectthe

totalvalueofthecontracts,andthesamedatanotesthatinthisrespecttheUni-
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versityofCaliforniaranked5that$14,384,506.98.MassachusettsInstituteofTech-

nology,whichwasinchargeofradardevelopment,toppedthelistwith75

contractsworthatotalof$116,941,352.05,followedbyCaliforniaInstituteofTech-

nology,HarvardUniversity,andColumbiaUniversity.54

Inthissection,Iwillexaminetheuniversity・shandlingoftheoverheadre-

latedtoresearchcontracts.Discussionofthisissueshouldbepredicatedonthe

financialsituationtheuniversityfacedinthe1930s,duringtheGreatDepression,

whentheuniversity・sincomefromtheStateofCaliforniawasreducedby25％.55

TheReportofthePresidentoftheUniversityofCaliforniafor1932�1934reveals

that:

Intheyear1933�34,StatefundsavailableforresearchpurposesundertheBoardof

Researchamountedto$76,500ascomparedto$97,495inthepreviousyear,andconsid-

erablylessthaninotherrecentyears.Also...diminished,havebeensupplementary

donationsfrom outsidesourcesinsupportofvariousindividualanddepartmentalre-

searchprojects...

TheaiminrespecttoUniversityresearchhasbeentorestrictitsprosecutionforthe

presenttothemostessentialinvestigations.Buttheseverereductionsunderthepre-

sentbudgetarehamperingprogressevenonimportantprojects.TheStateappropria-

tionsarebarelysufficienttotakeofcurrentresearchprograms.Theydonotadequately

provideforundertakingnewwork.56

Beingfacedwithfinanciallimitationstothisextentforcedachangeinre-

searchconditionswithintheuniversity,mostnotablycreatingtheneedtoobtain

researchfundsfromelsewhere.EvenbeforeaBoardofResearchmeetingheldon

October6,1933,manyuniversityresearchershadalreadyappliedforextra-mural

supportfortheirprojects.Atthismeeting,fourconditionsforoutsideresearch

fundswerediscussed,namelythat:

a．FullrightsastopublicationshouldbereservedbytheUniversity,inaccordance

withestablishedpolicy;b.Arrangementsastofundsshouldbeclearlydefined,the

accounttobehandledbytheComptroller;c.Thefundshouldbelistedasadonationfor

research,notasafellowship;d.Statementsastodirectionandcoordinationofwork

shouldbeclarified,withfullrightsinthisrespectreservedtotheUniversity.57

Clearly,atthisjuncture,RobertGordonSproul,whoservedasuniversity

presidentfrom1930�1958,wasclearlycognizantthattheserightsmustbereserved

totheuniversityinorderforittofulfillitsroleinsocietyasastateuniversity.

Furtherlightisshedontheuniversity・sfinancialsituationbyanarticleby

JohnA.Douglasstitled・TheUniversityofCaliforniaandFourPeriodsofFiscal

Crisis:1868�1960,・inwhichhediscussesthewayfinancialissuesinfluencedthe

university・shistory.ThethirdofthecrisesfallsduringtheDepressionyearsof

the1930s.Douglasspresentsthefollowingfiguresforthisperiod.Initssemi-

annualbudgetfor1932,thestateofCaliforniawasabletogetonly72％ ofthe

incomenecessarytomaintainpublicutilities.Becauseofthis,thegovernor

adoptedathoroughgoingstringencypolicy,whichalsoaffectedtheUniversityof
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California.In1933,thestatesubsidytotheuniversitywasreducedby24％,from

some$8,000,000toaround$6,000,000.Naturally,theuniversityundertooktoreduce

expensesdrastically,includingcuttingdownthenumberoffacultyandslashing

salariesbyabout12％.58 Atthesametime,thestudentenrollmentatthetuition-

freeuniversityincreasedby25％ overaperiodof10years,risingfrom 21,000in

1932to29,000in1939,increasingtheuniversity・sexpenditures.Simultaneously,

thestudent-teacherratiorosefrom17:1to21:1,increasingtheburdenonfacul-

ty.59

Whenhetookofficein1930,Sproulforesawalengthydepressionandconsid-

eredabusinessmanagementpolicytoseetheuniversitythroughit.Onthebasis

ofrecommendationsfrom theacademicsenate・sbudgetcommitteeandanewly

establishedpolicycommittee,Sproulandtheregentsproposedthreewaystodeal

withthesituation:1）reducingthenumberofstudents,thetotalnumberoffac-

ulty,andexpenditures;2）reducingfacultysalaries,whichmadeupalargepartof

operatingexpenses;and3）settingtuitionfeesforthefirsttimeintheuniver-

sity・shistory.AccordingtoDouglass,theproposaltosettuitionfeeswasrejected

duetoagrowingfeelingamongthestate・scitizensthattheuniversityhadbecome

thehomeofelitistsandnolongerreflectedthedesiresofthepeople.Regarding

reducingthestudentenrollment,competitionwiththestatecollegestogetstu-

dentsresultedinactuallyincreasingenrollment.60

Theonlyremainingchoicewastoreducethenumberoffacultyandcutback

facultysalariesandotherexpenditures.Douglassdoesnotanalyzetheresultsin

detail,presumablybecausehispurposewastoconsidertheuniversity・sfinancial

crisesinabroadcontext,butforthepurposesofthispaper,whichseekstofind

theoriginsofthemilitary-industrial-academiccomplex,andparticularlytheinclu-

sionofacademia,inthedepressionyearsofthe1930s,elucidationofthispoint

becomesimportant.FocusingontheUniversityofCalifornia・sinternalcircum-

stances,andparticularlyonareasdirectlyinvolvedineducationandresearch,this

paperwilllookathowtheuniversityrespondedtothefinancialcrisisandhow

thissubsequentlyaffectedthenatureoftheuniversity.

AlthoughathoroughanalysisoftheUniversityofCalifornia・sfinancialsitua-

tionatthetimeisnotpossibleinthispaper,theprobablerelationtouniversity

financesshouldbekeptinmindasweexaminetheresearchcontractsetupand

overheadonthosecontractsasrevealedintheavailablematerial,primarilythe

recordofaninterview withRobertM.Underhill61andthepapersofRobertG.

Sproul,UniversityofCaliforniapresidentduringthisperiod.62

（1） UnderhillandDefenseResearchContracts

RobertM.Underhill（1893�1988）wasthecentralfigureincreatingtheUniver-

sityofCalifornia・ssetupforreceivingresearchcontracts.WhenRobertG.Sproul

（1891�1975）becameuniversitypresidentin1930,Underhillwasappointedsecre-

taryoftheRegents,andin1933wasalsonamedtreasureroftheRegents.This

teamcontinuedworkingtogetherfrom1930untilSproulretiredin1958.63
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Letusexaminetheresearchcontractsystem asUnderhilldescribeditto

Norberg.Underhillfirstgotinterestedinresearchcontractssometimearound

November1940,whenhevisitedMITandlearnedthattheyhad1,400peoplework-

inginalaboratorytodevelopradarunderaresearchcontractwiththeNDRC.

WitnessingthewaythesecontractswerechangingMITseemstohaveawakened

him tothesignificancetheycouldhaveforthebusinesssideoftheuniversity.

Heretoforeuninterestedinresearchcontracts,Underhillnowbecameenthusiastic

aboutthemandatthatpointbegantocreateasystemforhandlingthemwithin

theuniversity.（InMaythenextyear,SproulwouldwritetoJ.H.Corley,theuni-

versitycomptroller,thathe,too,wasenthusiasticabouttheuniversityactingasa

businessagent.）64

OnreturningtoCalifornia,UnderhillimmediatelyinformedSproulofthe

situationatMITand,withSproul・ssupport,alsoreportedittotheFinanceCom-

mittee,theRegents・mostpowerfulcommittee,whichwascomposedoftheuniver-

sitypresident,anattorney,thetreasurer,andthesecretaryoftheRegents.But

becauseUnderhillwasservingasbothtreasurerandsecretaryoftheRegents,only

threepeopleactuallydeliberatedtheresearchcontracts,andhewasgivenauthor-

itytohandleurgentsituationswithoutholdingameetingoftheFinanceCommit-

tee.TheysetupaSecretDefenseCommitteeoncampus,and,asitschairman,

Underhillwasputinchargeofdefensecontracts.AccordingtoUnderhill・sac-

count,inemergencieshesoughtadvicefrom thefacultymemberinterestedin

acceptingthecontractortheheadoftherelevantdepartment（chemistry,physics,

engineering,andLawrenceoftheRadLab）,andanattorney,butnotfromother

facultymembers.WhentheUnitedStatesenteredthewarinDecember1941,the

nameofthiscommitteewaschangedtotheWarCommitteeandfacultymembers

wereincluded.65 ThiscourseofeventsindicatesthattheUniversityofCalifornia

beganmobilizingfordefenseevenbeforeAmericaenteredthewarbycreatingthis

systemforhandlingresearchcontracts.

Intheinterview,Underhillstatesthathisstandardsforacceptingaresearch

contractwerethepresenceofstafftocarryitout,thatitwasascientificproject,

thattheuniversityhadthespacetocarryitout,thatsufficientelectricitywas

available,andthatitwouldplacenofinancialburdenontheuniversity.66 Atan-

otherpointhestatesthattheuniversityhadanobligationtocomplywiththe

government・srequests,sohehadnointerestinthenatureoftheprojectstobe

handledunderthecontracts.Hisoverridingconcernwasthattheuniversity

wouldsuffernofinanciallossesfromthem,aproblemhesolvedbyhavingpay-

mentmadeinadvance.67 Inotherwords,hedidnotquestionthecontentofre-

searchcontractsthatweremilitarysecretsand,inthefaceoftheemergency,he

wasgiventheauthoritytoreplytoarequestreceivedbytelegraminthemorning

withatelegramofacceptancethesameafternoon.68 Thesetwostatementsmake

itclearthathisoverridingconcernwastoprotecttheuniversityfromanyformof

damage,includingfinancialliability.Hereinseemstoliethetruenatureof

researchcontractsfortheuniversityasabusinessorganization,andtheymust
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certainlyhaveprovideditwithasourceofincome.

（2） TheHandlingofOverheadRevealstheIntrinsicValueofResearch

Contracts

Ihaveturnedmyattentiontothequestionofoverheadintheresearchcon-

tractsbecauseitseemstoprovideacluetothetruenatureofgovernmentresearch

contractsfortheuniversity.ArthurL.Norberg,Underhill・sinterviewer,states

thatsettingoverheadcostswasoneofthemostdifficultproblemswithregardto

concludingcontractsbetweentheuniversityandthegovernmentduringthe

war.69 Ifresearchcontractswereameansfortheuniversitytosecurefunds,natu-

rallytheuniversitywouldbeintentonobtaininglargeamountsforoverhead.Let

usfirstexaminehowSproulandUnderhillhandledoverhead.

First,theterm ・overhead・needsclarification.Underhillexplainsthatitre-

ferredtotheadministrativecoststotheuniversityinimplementingthecon-

tract.70 Inanotherplace,hesaysthatwhendrawingupacontractinlinewith

governmentdirections,heincludedafigureforoverheadthatsatisfiedhim,be-

causetheuniversityhadnorefinedcost-accountingsystem.71 Healsosaysthat

federallawallowednomorethat7％ ofacontract・svalueforoverhead,butthere

wasnolegalrestrictiononaddingoverheadtosalariesthatwerepartoftheex-

pensesrelatedtothecontract.72 Intheearlyyearsoftheresearchcontractsthat

Underhilldiscusses,thislackofregulatoryaccountingandlegalsystemsseemsto

havemadeitpossibletosetoverheadat50％.Becausethisprovidedasourceof

incomefortheuniversity,italsofunctionedtomakeiteasierforthegovernment

tomobilizetheuniversityfordefensepurposes.Thequestion,however,ishowthe

useofoverheadwasdiscussedandwhatpolicywassetwithintheUniversityof

California.Norbergdoesnotpursuethisquestionindepth,butitisoneimportant

indicatorofwhetherresearchcontractswereameansfortheuniversitytosecure

income.Anotherimportantindicatorpertainstohowtheuniversityresponded

whentheratewasreducedfrom50％.Thesetwopointswillbeexaminedbelow.

Whenaskedhow overheadwashandled,Underhillrepliedclearlythatthe

overheadonresearchcontractswasputintotheuniversity・sgeneralfunds,but

becausehewasnotinvolvedinbudgeting,hehadnoknowledgeofhowthemoney

wasused.73 SixmonthshadelapsedsinceUnderhills・sMITvisitwhentheuniver-

sityadministrationdiscussedestablishingapolicyforhandlingoverhead.Ina

memotoSproulwrittenonApril29,1941,theuniversity・schiefaccountant,Olof

Lundberg,wrotethatondefensecontracts,・asum equaltofiftypercentofthe

expenditureforsalariesandwagesmaybesetasideasanallowanceforover-

head.・Withafewgovernmentcontractsinthepast,thisfigurehadbeen10％,but

thesefundswerenotspentbydepartmentsorindividualsassociatedwiththe

researchbut,afterdeductingabitofsalestax,wereconsideredtobeinthesame

categoryasuniversityrevenue.Giventhatadjustmentswouldprobablybe

neededlater,hefeltthatsomekindofarbitraryregulationsshouldbeadoptedand

madethreerecommendations:1）Divideintotwoseparateaccountstheoverhead
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allowancebasedonestimatesforsalariesandwagestobepaidundertheresearch

contract;2）Oneofthesewouldbeusedatthediscretionofthedepartmentor

individualresponsiblefortheproject,undertheconditionthatexpendituresbe

specificallyapprovedbythebusinessmanageronthecampusconcerned;3）The

otherpartshouldbereservedfortransfertogeneralincomeandusedforaccount-

ing,attorneys・time,andothermanagementexpensesthatarenotincludedinthe

estimateofcostsunderthecontract.74

Sproul,however,repliedimmediatelyindicatinghisdisagreementwiththis

suggestion.Sproulfeltthatbasicallyalltheoverheadattachedtoaresearchcon-

tractshouldbeplacedinthegeneralfundsoftheuniversity,apportionedonly

wheretherewasademonstrableneed,andrevertedtothegeneralfundsifnot

usedforthestatedpurpose.SprouldirectedLundbergtoconsultwiththeuniver-

sitycomptroller,JamesH.Corley,aboutthisissue.75 DuringMayandJune,

Underhillandothermembersoftheuniversityadministrationwhowerecon-

cernedwiththeproblemexchangedtheirviewsontheissue.76

Corley,forexample,wrotetoLundbergonJune9expressingagreementwith

Lundberg・sproposal,suggestingthat:1）overheadbedividedintotwoparts;2）

onepartbekeptinreserveforanyemergencysituationsthatmightariseinthe

courseofcarryingoutthecontract;and3）theotherpartbeallottedtothegeneral

overheadcostsoftheuniversity.Withregardto2）,however,themoneyshouldbe

paidoutuponapprovalofthelocalbusinessmanageronthecampuswherethe

projectwouldbecarriedout,andwithregardto3）,theallotmentsforallresearch

contractsshouldbeputintooneaccountfortheuniversityasawholeandusedfor

administrativeexpensesoftheuniversity.77 Corley・sproposaldiffersslightlyfrom

Lundberg・s.Althoughbothproposeddividingoverheadcostsintotwoparts,they

differregarding2）.WhereasLundberghadlefttheuseofthisparttothediscre-

tionofthedepartmentorindividualimplementingthecontract,Corley・sproposal

wastoreservethispartforemergencies.

Itseemsthatthematterofthisslightdifferencewassolvedbyaletterfrom

CorleydatedJune25andtitled・OverheadAllowanceonDefenseContracts,・in

whichhelaysoutthefollowingashisownruling:Underthecontract,theonly

expendituresallowedtothedepartmentorindividualresponsibleforcarryingit

outarethoseforthenecessaryequipmentandmaterialsandforthesalariesand

wagesofessentialassistants;thereisnoallotmentwhatsoeverforoverheadex-

pensesassociatedwiththeproject.Shouldthecostsbeestimatedattoolowa

figureandadditionalresearchfundsbecomenecessary,applicationforadditional

fundswillprobablybemadetothegovernmentthroughthelocalbusinessman-

ager.78 Inshort,althoughopinionswereexchangedamongtheuniversityperson-

nelconcerned,thisletterconfirmsthepolicyoutlinedinSproul・sMay1letter.

Namely,theuniversityasabusinessorganizationdecidedtoputalloverheadon

researchcontractsintotheuniversity・sgeneralfunds,whichseemstoconfirmmy

contentionthattheuniversityconsideredresearchcontractsasameanstoobtain

income.Presumably,thiswasnotonlySproul・sviewbutalsothatofUnderhill,
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who,asamemberoftheFinanceCommittee,servedassecretaryandtreasurerto

theRegents.

Letusnowconsiderthesecondpoint,namelythereductionintheoverhead

rateandtheuniversity・sresponse.Thiswasnotnecessarilyadisadvantageous

change,atleastnotfortheUniversityofCalifornia,anditisunrelatedtothe

questionofpatriotismthatSeidelpointsto.

TheoverheadratiowasactuallychangedasofJuly1942,79butitseemsthata

varietyofissuespertainingtoresearchcontracts,includingoverhead,werebeing

deliberatedbyareviewingcommitteeinthefallof1941,ayearandfourmonths

aftertheNDRCwassetup.80 Documentaryevidenceindicatesthatinconnection

withthisreview,WalterA.Jessup,chairmanofTheCarnegieFoundationforthe

AdvancementofTeaching,hadinstructedPurdueUniversitycontrollerR.B.

StewarttolookintotheproblemsNDRCcontractswerecreatingonanumberof

campuses,includingtheUniversityofCalifornia.OnOctober11,1941,Stewart

wrotetoJessupreportingtheresultsoftheconferenceshehadheldforthispur-

pose.81 Stewart・sreportstatedthatitwasimpossibleandunfairtoapplytoall

NDRCresearchcontractsauniversalrulethatoverheadbesetat50％ oftotal

salaries,wages,andsocialsecuritytaxes.Anotherproblem hepointedoutwas

thatthecostofhazardinsuranceforthoseemployedwasbeingincludedinover-

headcostsratherthandirectexpenses.

Subsequently,R.B.Stewart,Underhill,UniversityofIllinois comptroller

LloydMorey,andMITtreasurerHoraceFordwereaskedtoprepareareportas

specialadvisorstoVannevarBush,headoftheOfficeofScientificResearchand

Development,andfrequentexchangesbetweenthesefouradvisorsandIrvin

Stewart,executivesecretaryoftheOSRD,werestilltakingplacewellintoFebru-

ary.82 InJanuary1942,priortothecompletionoftheirreport,however,I.Stewart

warnedSproulthattheratioofoverheadonmajorresearchcontractsexceeding

$150,000wouldbechanged.83

Inthemeanwhile,inMarch,UnderhilladvisedSproulthatnoadjustments

shouldbemadeinoverheadarrangementsuntilaftertheOSRDadvisors・report

wascompletedandBushinitiatedchanges.84Underhill・sadviceseemstorevealthe

essenceoftheuniversity・sinsistenceon50％ overheadonresearchcontracts,in

otherwordsthatitusedthispolicyasameanstoprocureincomefortheuniver-

sityitself.Nonetheless,inAprilBushinformedSproulthatanewsystemwould

takeeffectasofJuly1.85

OnAugust20,UnderhillwrotetoinformIrvinStewartthathehadagreedto

thenewschemeof30％ overheadonresearchcontractsthatstartedonJuly1.In

thisletter,Underhillreconfirmsthatthecostofemployees・compensationinsur-

ancewouldbecoveredasdirectexpensesratherthanbeingpaidfromoverhead,

ashadbeenthepracticethusfar.86Underhill・sinsistenceonthispointimpliesthat

thispolicywouldhelpminimizethereductionintheamountofoverheadthat

couldbeputintogeneraluniversityfundsunderthenew 30％ rate,especially

becausethenewsystem wasimposedatatimewhenthenumberofpeopleem-
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ployedintheresearchwasexpectedtorise,therebyincreasinginsuranceexpendi-

tures.

Inshort,giventhattheUniversityofCaliforniaseemstohavebeeninaposi-

tiontosettheparticularsofthearrangement,itappearsthatthechangeinthe

overheadratiowasnotnecessarilydisadvantageoustotheuniversity.Theques-

tionofoverheadonresearchcontractswasoneofmanyissuesthatarosewhenthe

universityusedthesecontractsasasourceofincome,andatthesametime,itwas

alsoanincentivethatthegovernmentcouldusetomobilizetheuniversityto

undertakedefenseresearch.87

Conclusion

Inconclusion,Iwouldliketoconfirm thesignificanceandpurposeofthis

paperinlightofoutgoingPresidentDwightD.Eisenhower・sFarewellAddress,

deliveredonJanuary17,1961.

Wenowstandtenyearspastthemidpointofacenturythathaswitnessedfourmajor

warsamonggreatnations.Threeoftheseinvolvedourowncountry.Despitethese

holocausts,Americaistodaythestrongest,themostinfluential,andmostproductive

nationintheworld.Understandablyproudofthispre-eminence,weyetrealizethat

America・sleadershipandprestigedepend,notmerelyuponourunmatchedmaterial

progress,riches,andmilitarystrength,butonhowweuseourpowerintheinterestsof

worldpeaceandhumanbetterment.88

DespiteEisenhower・shopes,however,Americahascontinuedtowagewars

throughouttheworldusingthemostpowerfulmilitaryforceitcouldobtain.One

ofthefactorsinthishasbeenthemilitary-industrial-academiccomplexthat

AmericaestablishedthroughWorldWarII.Intheperiodbetweenthetwoworld

wars,movementswerealreadyafoottochangetheroleofscienceandtechnology

insociety.Valuableresearchhasbeendoneonthispointbyscholarssuchas

RobertKargonandElizabethHodes,whopointoutthat:

Betweenthetwoworldwars,thereemergedwithinthescientificcommunityofthe

UnitedStatesapowerfulandeffectiveleadershipwhoseattitudesonimportantissues

underwentasignificantevolutioninthecourseofthetwodecades.Justasanideologi-

calshiftoccurredamongsomeinfluentialandoutspokenbusinessmen,academics,and

othersconcernedwiththerelationshipbetweenindustryandgovernment,thestaunch

・laissez-faire・viewsoftheearlierscientificleadersgavewaytoattitudesmorereceptive

togovernmentsupportforscienceandforlong-rangeplanninginscience.Inindustry,

・corporateliberals・,drawingontheexperienceofthewar,attemptedtoreplacean

ideologyofcompetitionwithoneofmarketstabilityand（withinlimits）ofcooperation

andplanning.Wantingtorationalizetheireconomicsituation,theyattemptedtoforge

anewalliancewithgovernmentandtoimposethecorporatemodelonothersegments

ofsociety.Oneareathatbegantorespondtothecallfororganizationbuildingand

intersectorialplanningwasthescientificenterpriseitself.89

ThequestionishowthechangesindicatedbyKargonandHodesdeveloped

HowScienceBecameMilitarized
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duringthedepressionyearsandfrom thelate1930suptothewar.Shuhei

Okuyamapointsoutthatsomeofthechangesinthesocioeconomicfoundationsof

scienceandtechnologythatwerepromotedbyaspecialkindofcoercionduring

thewarwerebuiltintothesocialstructureafterthewar・sconclusion,makingit

impossibletothinkofpostwarpolicywithoutthem.90 Hegoesontosaythat

America・ssystemofnationalmonopolisticcapitalismseemstohavebeguninthe

NewDealeraandtakenformthroughtheSecondWorldWar,eventuallytaking

theform thatbecamethemilitary-industrialcomplex.91 Okuyama,too,sites

Eisenhower・spartingaddressindiscussingthedecisivechangesthattookplacein

thesocioeconomicfoundationsofscienceandtechnologyinAmericansociety.

Eisenhoweralsospokeabouttheneedforanenormousmilitaryorganization

anddefenseindustryinordertomaintainthepeace:

Avitalelementinkeepingthepeaceisourmilitaryestablishment.Ourarmsmustbe

mighty,readyforinstantaction,sothatnopotentialaggressormaybetemptedtorisk

hisowndestruction.Ourmilitaryorganizationtodaybearslittlerelationtothatknown

ofanyofmypredecessorsinpeacetime,or,indeed,bythefightingmenofWorldWar

IIorKorea.

Untilthelatestofourworldconflicts,theUnitedStateshadnoarmamentsindustry.

Americanmakersofplowsharescould,withtimeandasrequired,makeswordsaswell.

Butwecannolongerriskemergencyimprovisationofnationaldefense.Wehavebeen

compelledtocreateapermanentarmamentsindustryofvastproportions.Addedto

this,threeandahalfmillionmenandwomenaredirectlyengagedinthedefenseestab-

lishment.Weannuallyspendonmilitarysecurityalonemorethanthenetincomeofall

UnitedStatescooperations��corporations.

Nowthisconjunctionofanimmensemilitaryestablishmentandalargearmsindustry

isnewintheAmericanexperience.Thetotalinfluence��economic,political,evenspiri-

tual��isfeltineverycity,everyStatehouse,everyofficeoftheFederalgovernment.We

recognizetheimperativeneedforthisdevelopment.Yet,wemustnotfailtocompre-

henditsgraveimplications.Ourtoil,resources,andlivelihoodareallinvolved.Soisthe

verystructureofoursociety.92

OkuyamagoesontopointoutthatEisenhower・s・warning・ledtodiscussion

oftheevilsofthemilitary-industrialcomplex,butEisenhowerdidnotcriticizethe

problemsinherentinthemilitary-industrialcomplexperse.Rather,herecognized

itasagiven・imperative・tobedealtwith.Okuyamastatesthatforhistorical

researchthispointneedstobeelucidated.93

IconcurwithOkuyama・sincisiveview.Becauseofthis,Ihaveexaminedthe

formationofthemilitary-industrialacademiccomplexinrelationtotheUniver-

sityofCalifornia,wherethecyclotronwasinvented.Thismachineforstudying

theatomicnucleuslaunchedtheeraofBigScience.Theresultingneedforfunds

duringthedepressionyearsledtotheformationofthemilitary-industrial-

academiccomplex,andthroughthewaryears,tothemilitarizationofscience.
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