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The fiKuroda Paperso

TheKurodaPapergSee:Appendix1), a setof notesconcerningvartimemeetingsoveringissueselatedto Japaids
atomicenergyandweapongprogram remainoneof the few documentgoncerninghatnatiorts wartimebomb
programto eversurface! The pagesavailable detailthe backgrouncpaperssupportingthe researcprogramand
four meetingspneeach heldon; 2 July 1943,6 July 1943,2 Feb1944and17 Nov 1944howeverthesedatesmay
beinaccurateKurodahimselfhadgivena copyof the documentso P. WayneReagarin the mid-1950s?
Knowledgeof the papersheldby PaulKurodawasknownin somelargercirclesasearlyas1985.Accordingto Mrs.
Kurodas coverletterreturningthe paperdo Japanshestatedthat iKurodalecturedaboutthe documentgo his
studentsandalsopublicly discussedheir existenceatinternationakonferencesuchasthe onecommemoratinghe
50" Anniversaryof the Discoveryof NuclearFissionin WashingtorD.C. in 1989, presidecbver by ProfessoGlenn
Seaborg

Kurodais reportedto haveon occasionaltered,correctedpr editedthesepapersn the presencef his studentsat
the University of Arkansasduringsomeof hislectureslt is unknownexactlywhatinformationcontainedwithin the
paperKurodachangedor his motivationsfor alteringor correctingthesenotes.

TheKurodaPaperavereneverthe propertyof the Imperial Japanesgovernmentor it military, duringthewar.
Theywereneverheldor markedasofficial classifiedJapanesgovernmentnformation.It wasatthattime asnow,
not entirelyuncommorfor portionsof otherwisehighly classifiedandsensitiveinformation,to be heldin an
unclassifiedorm whereverpossible Thisensuré easeof handlinganddistribution to thosewith a needto-know,
who workedwithin suchprogramsandhadbeenpreviouslyfully indoctrinatedwith the progrands overalltasksand
goals.Theso-calledfisecrethandshakewink, wink, nod,nod,and specially compartmented shirt pocdedsliong
sinceexistedin military cultures.

It is moreprobablethatthesepapersastheycurrentlyexistwerethe draft notesof meetingminutestakenduringthe

four gatheringsliscusse@bove. Thesenotesastakenwerethensubsequentlysedto producea moredetailedand

informative setof conferenceminutesandshouldhaveprobablythenbeendiscardedin the caseof the Kuroda
Paperstheywerehowever filed awaywith thetypedtranscriptin thelengthierfile.

In the 1940sastoday,it wasnotuncommorfor defensecontractordike Rikkenor

evenBoeingto maintainthe original notesof a meeting to ensurefuture clarity of
understandingeeachedetweertivilian andmilitary authorities.This original setof
meetingminuteswere in the 1940s the equivalentof todayé backup file. Whatwe
asreadersareactuallywitnessto is thefil e systemof YokoyamaSumi the secretary

of Nishina Yoshipt he Chi ef of Theoreticalatoffichysi cs f
energy and weapons research program and the headfofNhies h i matth&r o u p
Kokuritsu Kenkyl Kai ha tos@nstitht€¢f PhysicRlianda g a k u
Chemical ReseargliRikken) atomicresearch laliCloseexaminatiorof the papers

supportghis conclusion.

Kurodaretainedhedocumentsnostlyin secrecyfrom 1945throughthe mid-to-late
1980ssimply becausdne wasaskedto do soby Nishinawho passedim the
documentat Rikkenthat August1945.Culturally, this actof loyalty onthe partof
Kurodarevealsa deepandlastingrespecfor Nishina;a bondthatwasdifficult to
break.LaterreportssuggestingomepersonotherthanNishinaasgrabbingthesedocumentgrom afire andpassing
themto Kurodaaresadlymistakenthe stuff of legendbut not of fact. Thoughthe war hadbeenlost, asNishina
well-knew,acommandestill commandsilt is unlikely thatNishinawould havebeenfoundon the groundsof
Rikkenburningsensitivematerialsin theimmediateaftermathof WWII, which explainsthelack of scorchandburn

Nishina Yoshio
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Tonizo Laboratory: Shyowa 18 NénApril 1943.Five sections, dated: 2 July 1943, 6 July 1943, 2 Feb 1944 and 17 Navri94panese.
Obtained from the RikeNishina Center for Accelerat@ased Sciencie 2006. Translation: Dwight R. Rider, Dr. Eric Hehl and Wes Injerd.
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markson the papersUltimately Nishina,who embodiedheideaof the iCopenhagespiritdin allowing researchers
to follow their own pathsin their researchwasa fiMeiji Man 0 stiltedin tradition. Write documentgyes;burntrash
not goingto happen.

*kkk

Theonly personknownto haveattendedheall of the conferenceslocumented in the Kuroda PaparsMajor
GeneraRyokichi Nobuuiji, NishinaYoshio,andlshidaSakaeLieutenantGeneralyYasudaTakeois only knownto
haveattendedhefirst discussiorof 2 July 1943at whichit is believedheinauguratedhe JointImperialJapanese
Army-Navy Atomic BombResearctProgramuniting the variousArmy andNavy programsNi and Fgo: Their
laboratoriesandspecialfacilitiesin China,Korea,Manchuria;the variousmilitary-operatedogistical supplychains,
andthe UraniumMining Programin Manchuria which comprisedlapaids atomicweaponsandenergyresearch
programs.

Thoughlittle is knownaboutthe JointimperialJapanes@rmy-Navy Atomic Bomb ResearchProgramthe program
may havebeencreatedsolelyto pacify a Navy thatwasdeeplyconcernedandfar morerealistic aboutJapais
ability to avoiddefeatand surrendeiT he writer of the KurodaPapersiotedthatthe Imperial Japanesélavy had
beeninformedof the meetingto be held on 2 July 1943but hadyetto respondNo membersf the Imperial
Japanesblavy aredocumente@sattendingany of themeeting recordedn the KurodaPapersPostwarcomments
madeby Navy scientistshoweversuggesbtherwise Otherswho mayhavebeenpresenttthevariousmeeting are
believedto havebeenprimarily scientists specificallychemistsassignedo the Tokyo 2" Army Arsenali and
broughtto Tokyo by Nobuujifrom Okunoshima andarmyadministrativepersonnesuchasstenographers.

The papers primarily describe ta#forts atRikkento develop airanium hexafluoride production process and
through the use of thermal diffusion columna product of research conducted ahdnpromoted by Kunihiko
Kigoshi andTakeuchi Masa as a mearfseparating U235 frorits more prevalent cousin, U238ll drawings
within the papers refer solely to theanium hexafluoride production process &id k k therndakdiffusion
column. As the papers where closely held by Kuroda from August 1945 thi20608hvhen they were returned to
Japanthese papers are not tbeme drawingsr blueprints reportedly observed by Leon Thompson at the
headquarters of the Supreme Commander for the Allied Powers (SCAP) ifh 1949.

Thepapersdo notdescribeanatomicbombassomejournalistsandscholarsvho haveexaminedhemhave
claimed.The papergdo not containa blueprintof a weapomor aweaponsiesign.The papers do not discuss any of
Japaiis earlier atomic weapons and research programs to inéuoject A® Project B® the Electromagnetic
Weapons Research Progréf:Research Program{EO)g Ni-Project (Ni);? The Atomic Energy and Weapons
Research Program of the South Manchuria Railroad Company (SME&)tral Research Buredd;or the

Uranium Mining Project in Manchurid;which were all consolidated into tdeint Imperial Japanese AraNavy
Atomic Bomb Research Program on 2 July 18%4Bhe papers never mention the related, additional and ongoing
Japanese efforts at Osaka or Kylstgerial Universitiesr the Uranium Mining Project in Manchurihe papers
never discuss the transportation of uranium ore from within, or outside the Japanese Hragianers rarely
mention Korea.
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The papergrimarily offer documentaryevidencehatthe Japanesbadanatomicweaponsandenergyresearch
programunderwayduringthe war. Most previousranslationsinaccurateanincorrect,haveallowedhistoriansto
relegatehe Japanesprogramto that of aminor effort ongoing ina defeateccountry, graspingfor a superweapon
beyondthereachof their physicists understandingf physics andtheir natiorts level of technologyin the last years
of the war A moreaccuratdranslationaspresentedhereinandbelowsuggestshosepreviousassessments be
unpardonable'®

*kkk

TheKurodaPapersverereturnedo Japarin 2002by Mrs. PaulKurodafollowing the deathof herhusbandKazuo
fiPaub Kurodafrom lung cancerin 2001.The publicity surroundinghereturnof the paperso Japarhasled to them
beinglabeledfithe KurodaPapers It is likely thatothersuchii h a n dof papersesist.

Context:

TheKurodaPapersonsistof, dependingon howtheyarecountedjncludingor notincluding Mrs. Kurodais
attachepersonatorrespondencer separatingloublesidedpagesof betweer22 and26 pagef separatesession
summariesgdocumentindour talksheldwithin the confinesof, but not necessarilyn a building assignedo the
Tokyo 2" Army Arsenal(Tonizo)in 1943and1944.Thefirst meetingis believedto havebeenheldin abuilding
within the Tokyo 2@ Army Arsenalthatactuallyhosteda subtenantunit assignedo the arsenalWhy these few
pages, the Kuroda Papers, were saved remains unknown.

Themeetingsddocumentedh thesepaperswvhereheldon; 2 July 1943,6 July 1943,2 Feb1944and17 Nov 1944.As
thesediscussionsvereheldwithin the boundarie®f the Tokyo 2" Army Arsenalthey are sometimesnistakenly
referredto asthe Tonizo documentsThesefour meetingsshouldnot be confusedwith thoseconductedy Admiral
Ito Yoji, Chiefof thelmperial Japaneslavyts Naval TechnicalResearchnstitute®s Committeefor Researclonthe
Applicationof NuclearPhysic§ CRANP), or any othermeetingsheldunderthe auspice®f the Imperial Japanese
Army or Navy underany of its otherwartimeatomicweaponsandenergyprogramssuchasthe Ni-Projector F-go.
4 No memberof the Imperial Japanesblavy areknownto haveattendedany of the meetingsbut evidenceexiststo
suggesthecontrary.*®

Despitethe lack of additionalsectionsof the greaterdocumenthat possiblyat onetime existed,it is likely thatmore
meetingsoccurredwith far greaterfrequencythanmosthistorianshavebeenwilling to admitfrom the few sessions
documentedh the KurodaPapersit is likely thatmeetingsetweerNobuujiandNishinawerea weekly, if not daily
event.Thereportedrequencyof Nobuujiés visits to Rikkenduring his tenureasDirector Tokyo 2™ Army Arsenal
left him with thereputatiorwithin Rikkenasbeingsomewhabf an irritant and interfering with Nishin@ efforts on
his behalf

*kkk

Beforecontinuing someobservationgoncerninghe contentsof the paperss in order.The symbolfor uraniumof
anykind appeard 06timeswithin the papes. Within thatnumber the symbolfor nonspecificuraniumis mentioned
17times;UO271 uraniumoxideis mentionedour times.U308 or triuraniumoctaoxide alsoknownasfiyellow
caked is mentionedwice. UF61 uraniumhexafluorideis referredto 21times.U2 7 ashorthandeferenceo U234
appear®nly once;in adrawingdepictingthe Rikken procesaisedto createuraniumhexafluoride.UOS3, or uranium
trioxide, alsocalleduranyloxide,uranium(VI) oxide,anduranicoxide is mentionedive times.F2 or fluorineis
alsomentionedfive times,all in discussiongonnectedo gaseoushermaldiffusion. U235is mentioned33times.
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Thoughwrittenin Japanesé;nglishwasusedto denotecommontermsfor chemicalelementsuchasCO (cobalt),
UF6 (uraniumhexafluoride) C° (Centigradektc. Pitchblenddé as a word is mentioned only once; the word
ficyclotrord appears twiceWherethe namesof Europearor Americanphysicistsandchemistsareusedtheseare
alsowrittenin English.

*kkk

Accordingto legendthe papersverespontaneouslgrabbedrom afire by somepersomat Rikken (the pre-1945
acronymfor the Instituteof PhysicalandChemicalResearch)nameunknownto Kurodaandthrustinto his hands,
asJapanesacrosghe nationdestroyedlassifiedandsensitivedocumentdetweerl5 Augustand2 September
1945, yet the paperscontainno scorchmarksor othersignsof exposurdo fire. As Kurodasaidon manyoccasions
he could not recallthe nameof thatfriend or coworkerwho presentedhim with the papersaandhis nameremairs
unknown.Thais thelegendanyway.

In reality howeverit wasNishinahimselfwho hadgiventhepaperdo Kuroda.Why NishinaentrustedKurodawith
theseandonly thesefew pagegemainsunknown.Kurodahimselfstatedto P. WayneReagarin the mid-1950s that
thepagesdn hispossessioweregivento him directly by Nishinato hold fiashis namewasnot mentionecanywhere
on themandthatno onewould belooking for him asawarcriminal.0 18 At thetime Nishinagavethe papergo
Kuroda,Nishinasaidthathe suspectedhathe himselfwould betried by occupyingarmiesasawar criminal. Why
Nishinaentertaineduchthoughtsandwhathe couldhavepossiblydoneduring
thewar to attractsuchattention remainsunknownatthistime.

Otherthanhis public supportof the war effort (required)andmembershipn
variouswar-relatedresourceallocationboardswhatcrime Nishinamight have
committed remainsunknown.US documentf thetime revealthatat onepoint,
exceptfor the graceof Harry C. Kelly; SCAP, EconomicandScientific Section
(ESS) Nishinawasindeedbeingconsideredsa candidateby US authoritiesto be
purgedunderthe Allied Occupatiorof JapanNagaokaHantaro,afar morefamous
Japanesphysicist andNishinats mentor,wasindeedpurgedby the Occupation
with Nishinahimself dismissingJapaids mostfamousphysicistfrom Rikken.’
Yagi Hidetsuguinventor of the famous Yagi antenna was also put§éGgi had
headed the Agency for Science and Technology during the war.

With thethoughtof beingtried asa war criminal in mind, Nishinamay havesought
to maintainatleasta portion of the original documentasa form of personal
insuranceagainstuture disclosureof somewartimedeedor deedsdone thattook
placein Japaroverthe courseof the conflict. It mayhavealsobeensimply adesire
onthepartof Nishinato preservdor prosperitysomeof Japads finestresearctin
physics.It is probablethatfurtherandadditionalsuchpapersveregiven by
Nishinato othersat Rikkenat or nearthetime thesepapersveregivento Kuroda
for muchthe samereasontheir nameswverenot listedwithin thosepages.

As Nishinaapparentlyselectednly thesefew pagego placein Kurodas carehe
may haveplannedo reassembleomelarger,morecompleteandoriginal setof
documens containingtheresultsof all Japaids wartimeresearctat somelater
point, afterthe US OccupatiorandJapaids humiliationat the handsof the Allies
ended Nishinawould not however live to seethe endof the US Occupatiorof
Japanpassingawayfrom liver canceron 10 Januaryl951.The US Occupatiorof
Yagi Hidetsugu Japarendedmonthslateron 8 Septembethatyear.lt is unlikely that,following
Nishinas death thelarge setof documers, if theyexistedat all, wereever

16 Telephoneconversation/interviewetweenP. WayneRaganandDwight R. Rider.5 April 2017.1 hour,47 minutes.
17 Low, Morris. Scienceandthe Building of a NewJapan JohnsHopkinsUniversity.PalgraveMacmillan.2005
18] ow, Morris. Scienceandthe Building of a NewJapan JohnsHopkinsUniversity. PalgraveMacmillan.2005



reassembledVhy thedocumentsvere allowed texistwill continueto be a subjectof considerablespeculatiorfor
theforeseeabléuture.

*kkk

Theprimaryreasorthatthesefew sectionsof the possiby largeroriginal documenendure todayandareavailable
to researcherss thattheywerecarriedoutsideof Japarby Kurodain 1949duringthe US Occupationlt is likely
thatsomeJapanesscientific papergresentecfterthewar by afew of thatnatiorfs top scientistscanbe sourcedo
the hiddenresearctrontainedwithin theseandotherpagesof the overalllargersuspectedocument?® At leastone
suchpaper,written by Kunihiko Kigoshi, drewonresearcttonductedat Rikkenon uraniumunderNishinain
February1945titled, On the Viscosityof the UraniumHexafluoride waspublishedn July, 19502° The Kuroda
Papersasa set,arenotareportof anykind.

TheKurodaPapersareinsteada summatiorof varioussessionsthefirst believedto havebeenhostedoy Lieutenant
GeneralYasudaTakeo,InspectorGeneralof Army Aviation (formerly headof the Army Aviation Technical
Researchnstitute)on Friday, 2 July 1943 theremaindemereheldat the requesof Major GeneraRyokichi
Nobuuji, thenDirector of the Research.ab, Tokyo 2" Army Arsenal.Nobuuiji becamechief of the Tokyo 2" Army
Arsenalin Decembef1943but had been assigned to manage a portion of the arsenal intl€tiuldbe noted
beforecontinuingthat GeneralNobuuji hadachievedhis rank andpositionprimarily dueto his solid organizational
andadministrativeskills whichwere outstanding.

Nobuuji hadpreviouslystudiedchemistry,a subjectthatwould servehim well in hisriseto field rankafterthe start
of warin China.He spentmuchof his careemworking within Japaids chemicalweapongCW) program From 1937
to 1940he commandedhe countryds primary CW productionfacility at Okunoshima;a clandestinelethalisland
chemicalweapongroductionfacility thatwentuntouchedcandunknownto the US throughouthe entirewarin the
Pacific located30 mileseastof Hiroshima,and1.2 milesoff the coastof Honshu.

Theislanditself wasconsideredo secretby Japanesauthoritieghatit hadbeenremovedrom all mapscovering
theareafor decadedeforethewar. ThoughNobuuji wasa solid chemist,adeptat organizatiorandadministration;
whenit cameto physics he wasnot alwaysthe brightestbulb in theroom. Throughouthe discussionglocumented
in the Kuroda PapetNishinawasforcedto resortto termscommonlyusedin chemistryto explainto Nobuujithe
physicsbehindanatomicbomb.This hasresultedn someconfusionwhentranslationf the pagesastheyexist, are
attemptedasinterpretersstrugge to infer meaningirom thewordscontainedwithin the papers

Thelengthof eachsessiorremainsunknown,but from the contentsof the paperst would appeathatthe gatherings
followed somepredeterminedcheduleThe first two sessions were likely @y affairs.Most military conferences
follow anagendaof someform astime is important andthereareotherissueghatrequirethe attentionof those
possessintherankof a Generalbfficer.

*kk%k

Theoriginal notesarebelievedto havebeenwritten by IshidaSakae a technicianat the Tokyo 2" Army Arsenal
Researcliab, howeverthis assessmetis probablynot entirely trueThelist of thosein attendancés consistent
meetingto-meetingwith Nobuuiji, Nishinaandlshidaattendinglshidais listedin all four meetingsasfiectured
suggestinghathewould not havebeenin a positionto takenotesof the meetingsOthersprobablytook the notesto
includePaul Kuroda himselfaccounting for his ability to continuously edit the papers through the 128@s,
YokoyamaSumi, Nishinas personakecretaryfrom 1941onward.After the war, Ishidabecameby imperial
appointmentacivilian official of the Army Arsenal Following Nishina®s deathin 195Q YokoyamaSumibecame
Secretaryto the NishinaMemorial Foundatiort!

Description: Kuroda Papers.
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TheKurodaPapersarewrittenin pencil on fragile Japanespaperof atype commonlyusedduringthewar. Someof
thedocumentgonsistof singlepagenotes,othersarein adoublepageformat;aleft andright page onalarger
sheebf paper.

Thepagegpenneddrimarily in Japanesarewritten from top to bottom,right to left, usuallyin anin-columnformat.
Thosepagescontainingmostly Westernreferencesperson, journat, andinstitutionrnamesarereadtop to bottom,
left to right. How manysuchpaperghe folder might havecontainedat onetime is anyonds guessThetotal number
of foldersthatat onetime existedis alsounknown.

All the page=f thefile werenumberedn a Westernfashion,
1t0 100, oldestto latest. Thus,the 2 July 1943meeting

initiating the JointImperial Japanesérmy-Navy Atomic mm—ﬂm@
BombResearchiProgramwhichis misleadinglyassumedo be

thelastsectionof the overallfile, wasactuallywritten prior to
thefour meetingghataredocumentedavithin the Kuroda
Papesi meaninghatthesefour meetingwereprobablyheld
prior to 2 July 1943,underthe Armyé Ni Project,andthe

dates were latalteredby Kurodato reflecthis perceptiorof
theorderin which he soughtto fit them.

Ly

Thoughthedocument®n the surfaceappearo bewrittenin _—J‘ Page 72
the samehandwriting,a deepeexaminatiorof the writing —}h;/'
containedhereinrevealsnumerousnconsistenciesExamined )
closely,theletterilUo usedthroughouthe documento denoteuraniumin anyof its formsrevealsthe presencef
severadifferenthandwritingstyles.Similar differencescanbeidentifiedin the useof numberssuchas?2, 3, 4, 5,
etc.,throughouthe entiredocumentsuggestinghateitherseveraldifferentpeopletook downthe original meeting
minutes,or wereresponsibldor makinglaterchangeso the original copy.

As theKurodaPaperdeginat pagenumbers6, it shouldbeassumedhatattheleast some55 otherpageof the
overallfile from which thesefew pageswvereremovedandgivento Kuroda did at sometime exist. Frompage56,
severapagessuchaspages$5 and66, wereremovedeitherprior to the point whenthesefew weregivento Kuroda,
or afterwardsoy Kurodahimself Thelattercaseis theleastlikely scenarioAs a set,the paperderminateat page
67.1t is likely thatadditionalsheetgastpage67 at onetime alsoexisted

In mostformatswherethe entiresetof pagesaspreviouslyobtainedoy researchersvereit still in onepiece,is
organizedrom the oldestmaterial(page67) to the newestmaterial(page57). The pagesarenot pagef asingle
documenbr notebooktheyareinsteaddocumentst onetime heldin a hardcopy probablybrown, manilafolder.

Thisfile wasorganizedrom the oldestmaterialin thefront, to the newestmaterialin theback.Anyoneseekingo
familiarizethemselvesvith the projectwould haveopenedhefile andreadaboutthe programfrom its original
backgroundnmateria) to the minutestakenof thefinal meetingperhaps just days ago

As theKurodaPapersverepartof alargerfile: newestmaterialfirst, thefour meetingsasdocumentedoccurred
chronologicallybeforethetenof pagesof backgroundnaterialwereeverpresentedhat Friday,2 July 1943.The
locationof this backgroundnaterialwithin the setof pagescurrentlyavailable,is yetanotheiindicatorthatthefour
meetingnotesheldwithin thefile wereactuallyheldat somepoint prior to theconferencahatdiscussedhe
backgroundnaterialaspresenten 2 July 1943 This misunderstandingf the papersaasadocumentandnot afile,
is why the backgroundbr foundationaimaterialcontainedwithin the pagesareusuallyfoundat the endin most
presentationsThefirst two meetingsdiscussa previouslywritten fiBackgroundConcerningJranium.Tonizo
Laboratory:Shyowal8Neni April 1 9 43 . o

22 Uranium Project Research Meetings at the Nishina Research Laboratory and the 2nd Tokyo Army Arsenal. Background: Caaoarming U
Tonizo Laboratory: Shyowa 18 NénApril 1943.Five sections, dated: 2 July 1943, 6 July 1943, 2 Feb 1944 and 17 Navri94panese.
Obtained from the RikeNishina Center for Accelerat@ased Scienci 2006. Translation: Dwight R. Rider, Dr. Eric Hehl and Wes Injerd.
April 2017.



With this examinatiorof the paperf the KurodaPapersandthe April 1943backgroundhapersn-place,the2 July
1943conferencdetweerlieutenantGeneralYasudaMajor GeneralNobuujiandNishinaYoshiobegan.

Conferencenotes - 2 July 1943

Background: Concerning Uranium. Tonizo Laboratory : Shyowal8Neni April 1943.

Chronologically aswe knowthem,the KurodaPaperdeginwith ameetingheldon 2 July 1943.Thosein
attendancéncludeLieutenaniGeneralYasudaMajor GeneraNobuuji, NishinaYoshioandishidaSakaelshida
waslectureror brieferto thegroup.It is likely thatotherswerein attendancehoweverthelist of attendeef the
KurodaPaperonly includesnameof the programheadsthe chief physicist,andthelecturer.

Apparently the notesaswritten are limited tatherole of RikkenandNishinalabin the projectat hand.

Representatives from other companies, Ziabatsu or Konzerns may have been present and had a speaking role at the
meeting but the Koroda Papers concern themselves solely to whakkies Recturer presente@ihe papers atain

no mention of any earlier, or then ongoing research pr@eany other location other than Rikkétrnis possible

that,asthe overall subjectwasconsidered op Secretothergroupsin attendancéook notesrelatedto their

assignmentsThe attendancef othersatthe meetingmay havebeensimilarly classifiedandnotto be mentionedn

what notes were takedudgingfrom thelengthof thenotestakeniit is likely thatthe meetingof 2 July 1943lasted
severahoursif notall day.

The 2 July meetingwasheldfor severapurposesthefirst of which wastheformation of theJointimperialJapanese

Army-Navy Atomic Bomb ResearchProgramwhich wasassignedo the Imperial Japanes@&rmy. The meetingalso

servedo introduceandfamiliarize Major GeneralNobuuji with the programandintroducehim to NishinaYoshio,

the progrants Chief TheoreticalPhysicist. At the meetingGeneralY asudapassedaontrol of the Jointimperial
Japanes@&rmy-Navy Atomic Bomb ResearchProgramto Major GeneralNobuuiji. In effect,thiswasa changeof-

commandn concertwith the creationof the Joint Imperial Japanese AralNavy Atomic Bomb Research Program

I'n militar-pfcoenmasndoi bhmidt wmow been established. The vari
independent military and civilian programs throughout the Empire were now under the contrehtdrgivajor

GeneralNobuuji. Knowledgeheld or obtainedby any previousprogramwould now be sharedwith all participants;

directionwould be given,work managedsuccesemphasized.

It wasnow Nobuujiés responsibilityto manageheresearchproject establishgoals,monitordeadlinesandmaintain
theadministriviaassociateavith the overall effort. Major GeneralNobuuji wasto runthe program,not conductthe
research.

Yasudamovedonto becomehelnspectorGeneralof Army Aviation andin Decembefl 943Nobuujitook
commandof the entireTokyo 2" Army Arsenal.Yasudawould go onto serveasthe Headof Army Aviation
Headquarterghe Chief of the TamaArmy TechnicalResearchnstitute,serve as a emberof the SupremeéNar
Council,the GeneralOfficer Commandindlst Air Army, andendthewar Attachedto Army Aviation Headquarters
Most of the discussiorof 2 Julyappearso becenteredbn adocumenfiConcerningJraniumo?3 Thisdocumentvas
reportedlyprepareddy the Tokyo 2™ Army Arsenal,andwasdatedApril 1943(Shyowal8 Nen).?* The
whereaboutsf thedocumenitself, whetheror notit still exists,is unknown.The documentvassubtitledfiA
Coordinateddpiniontowardthe PracticalUseof Uraniumo?®

Notesfrom the meetingdescribethe fistudyof U-2350 asfivery necessayandthatfit is importantthatthe studybe
donerapidly 6%® Suchcommentsarenot thosenormallyassociatedavith NishinaYoshio. Thekindly fatherof
Japanesaucleamphysicsasrevealedn mostmoderndaytexts,is apparentlythe resultof a postwareffort by
SCAP/ESSo resuscitatéNishinas reputationin aneffort to serveUS Cold War purposes.

Similar suchdiscussionsiadtakenplacein the early ManhattarProject;and in the subsequentuclearweapons
programthe SovietUnion, China,India, PakistanandNorth Korea.Responsibilityfor theresearciprojectwas
assignedo fia committeeheadedy the armywith governmentatepresentativeandscholarsappointed?’ The

23 fiConcerningUranium,o fiA CoordinatedOpiniontowardthe Practical Useof Uraniumo Tokyo 2'¢ Army Arsenal April 1943.
24 fiConcerningUranium,o fiA CoordinatedOpiniontowardthe Practical Useof Uraniumo Tokyo 2'¢ Army Arsenal April 1943.
25 fiConcerningUranium,0 fiA CoordinatedOpiniontowardthe Practical Useof Uraniumo Tokyo 2'¢ Army Arsenal April 1943.
26 fiConcerningUranium, fiA CoordinatedOpiniontowardthe Practical Useof Uraniumo Tokyo 2'¢ Army Arsenal April 1943.
27 fiConcerningUranium, fiA CoordinatedOpiniontowardthe Practical Useof Uraniumo Tokyo 2'¢ Army Arsenal April 1943.



KurodaPaperdgdo not list the memberf this committee(military or civilian), theuniversitiesand institutes
involved,themilitary assetassignedr the branche®f the Imperial Japanesailitary which would providefuture
support?® In theinterim, the committeeassignedvasto serveasfithecenterof researchy?® Accordingto the notes,
asresearclprogresseditheair forceandotherswould join in the effort.0 °

Theconferencavasled by an overalllectureror sessiofleaderwhosenameremainsunknown.lt wasnot
uncommorthen,asnow thatsomemilitary officer hadbeenpre-designatedo brief the subjectmatterdiscussed
within the papergpresentedThe briefermostlikely openedhe presentatiomwith anoverviewof the problemat
hand;presentedll previousresearcttonductedat Rikken,andprobablydiscussedheearlierresearcleffortsunder
the Army, Navy, the SouthManchurianRailway Company etc; Rikkenitself managedhe UraniumMining Project
in Manchuria®! Ishida Sakaef course, served as lecttlead for Rikken.

*kkk

Thesessioropenedwith a discussiorabouta papemwritten by Dr. Alfred StettbachefiDer Amerikanisché&uper
Spengstoft)-235071 fiTheAmericansuperexplosivel-2350 which appearedn the GermarjournalNitrocellulose
datedNovember194Q 32 Thebriefer, probablylshida,notedthatthe piecehadbeenwidely read.Stettbachehad
identifiedmanyof the scientistworldwide who werebelievedto be working on developinganexplosivebasedupon

. . U235to include Japans HagiwaraT okutaro 32 The conferencehenturnedto
Hagiwards work.

In May of 1941, asa memberof thefaculty of the ScienceDepartmentf the
Imperial University of Kyoto, HagiwaraT okutarohaddeliveredalecture
entitledfiConcerningsuperexplosiveUranium2350 atameetingheld by the
Navy, in which he statecthatif anappreciablejuantityof U235 couldbe
manufactureéndif a mixture of this U235andanappropriateconcentratiorof
hydrogenwith anappropriatevzolumecouldbe preparedlU235 hasthe property
of becominga usefuldetonatoisubstance3*

3 In hislectureHagiwaranotedthatUS researclonthisissuebegann 1939andis
& 2 . developingapidly. Theresearcherdevelopinghe subjectwerehowevernot
7/ g Americansbut German.Theiraccomplishmenthadoccurredin the sameyear,
\ i
‘\ ”

: 1939,asthoseof HahnandStrassmantdagiwarapresentedhe work of Hahn
( 3 andStrassmaiasfollows statingthatfilf a moderatevelocity neutroni namelya
Hagiwara Tokutaro slow neutroni collideswith the atomicnucleusof a massof uranium,nuclear
fissionwill occuraccompaniedy thereleaseof anenormousamountof
energyo 3¢ As Hagiwarahadreported the mostefficient methodof generatingorimary neutrongor this researchs
centrifugal accelerationi thecyclotron3’ It should be noted that this was also the path taken by Bunsaku Arakatsu
at Kyoto Imperial University.

28 Uranium Project Research Meetings at the Nishina Research Laboratory and the 2nd Tokyo Army Arsenal. Background: Caaoarming U
Tonizo Laboratory: Shyowa 18 Né&nApril 1943.Five sections, dated: 2 July 1943, 6 July 1943, 219t and 17 Nov 1944n Japanese.
Obtained from the RikeNishina Center for Accelerat@ased Scienci 2006. Translation: Dwight R. Rider, Dr. Eric Hehl and Wes Injerd.
April 2017.
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Tonizo Laboratory: Shyowa 18 NénApril 1943.Five sections, dated: 2 July 1943, 6 July 1943, 2 Feb 1944 and 17 Navri94panese.
Obtained from the RikeNishina Center for Accelerat@ased Scienci 2006. Translation: Dwight R. Rider, Dr. Eric Hehl and Wes Injerd.
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Hagiwarahadthenintroducedhis audiencdo U235explainingelement92 andits threeknownisotopesasfoundin
nature U238which comprised9.274%of all uranium:U235which comprisesonly 0.720%of all uranium,and
U234 which makesup the remaindemat 0.006%6%¢ As Hagiwaraexplainedt, uraniumasit occursin nature
undergoespontaneousansmutationU238is reducedo half massaftera periodof 4.5x 1 years3° However,
accordingo the work of Otto Hahn,if neutronsveredirectedat a sufficiently concentrategopulationof uranium
nuclei,fissionof theseatomicnucleiwould occurin arelativelyshortspaceof time anexplosion°

Hagiwaracontinuedhis descriptionof Hahrs work explainingthatwhenoneuraniumneutroncollideswith
anotherfissionwill occurandthe uraniumwill thentransmuteo anotherelement*! Additional neutronswill be
will beliberatedandthesesecondaryneutronswill collide with otheruraniumnuclei creatinga chainreactionof
fission. This procesgpossessehe characteristicef high explosivesHowever,the processlescribeccouldonly be
accomplishedhrougha chainreactionof theisotopeU235

In Ishidafs presentationaccordingo Hagiwara dueto the potentialapplicationof suchanexplosivein achain
reactionof U235, a practicalmethodof creatingsucha weaponhadto befound#2 This wassufficientreasorfor
Japarto investigatethe possibilityanddevotemassiveresourceso the project.

WhatHagiwarathoughtwasneededmmediatelywas ameansof separatingJ235from naturaluraniumonamass
or industrialscale If by anychanceU235could be manufacturedhn largequantitiesandthe critical massof U235
determinedthenit offeredgreatpotentialasaninitiator for amorepowerfulhydrogerbomh Hagiwarahadgreat
confidencen the potentialdevelopmenbf sucha weaport® Hagiwarasupposedhatit might be possibleto iodize
of nitrify uraniumthuscreatingacompoundhatcouldbe explodedby neutronirradiation. Thisline of researchad
beenunderwayin the US andFrancesince1939howevertheresultof thoseexperimentsvasnot yetknownin
Japan.

Thelecturer,againprobablylshida,theninformedthe assembledroupthat YasakiTameichihadbeendoing
researcton thefissionof uraniumatthe NishinaPhysicaland Chemicallnstitutefor severalyears.He, alongwith
SaganeRyokichi hadpreviouslystudiedunderEarnest.awrencefrom 1935to 1936.0Oncebackin JapanYasaki
wasin chargeof building Rikken&s first cyclotron.

Yasakihadalsobeena memberf theteamdispatchedrom Rikkento work on Berkeleys largercyclotronin 1940.
Duringthatvisit Yasakihadactuallyconductedesearclonatomicfissionin the US underLawrenceatthe
University of California Yasakiwasthen in 1943,engagedn researclonthe separatiorof U235from U238and
wasapparentlymakingexcellentprogressThe notes mentionthatunderthe conditionsof the settingwherethe
meetingwasheld,the attendeesould not hearhis commentssuggestinghat Yasakiwasalsoat the meetingand
possiblydueto othernoise,couldnot makehimselfheard or his efforts were too highly classified to reveal in this
setting Accordingto thebriefer, Yasakis researcthadalreadycometo the attentionof scientistan the US. It was
notedthat US scientistshadalreadyconstructeda largercyclotron,a 152cm (60in) 16 MeV machinein 1939,than
wasavailablein Japan.

Somestatementsontainedn the KurodaPapersarevague somuchsothatothertranslabrsthathavesimply

ignorad theseentries Noteswrittenin Englisharesimilarly dismissedHowever,placedin contextof thetime and
knowledgeof theinternationaphysicsresearctihenavailableto the Japanesghesecommentsanbe understood

and are intrinsically important in understanding exactly what the Japanese were doing in 1943, or possibly earlier.
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In onecommenthe Japaneskecturerrevealghata 1940issueof thejournal U.S.Naval InstituteProceeding$ad
previouslycreditedNishinawith alreadytransmutingd238to U235 ThelecturernotedthatUS researcherbave
shownconsiderablgreviousinterestin transmutingJ238to U235 However,areviewof the 1940U.S.Naval
InstituteProceedingseveas no mentionof Nishinaor uranium.The mentionof ajournal,andtheyear,1940,may
providesomeinsightinto the meaningof the comment1939and1940hadbeenbusyyearsfor physicists.

*kkk

Fromthe 6 Januaryl939issueof Naturwissenschaftesimnouncingpf Otto Hahris discoveryof fissionto the endof
theyear,nearlyl00internationajournal articlesdiscussingiraniumfission hadbeenpublishedIn October1939,
PresidenRoosevelestablishedhe Advisory Committeeon Uraniumwhich metfor thefirst time on 21 October.
Thatfirst meetingwasactually a planningsessionUltimately, its conclusionsthatof finding reliablesourceof
uranium,developingoettermethodsenrichingfor uraniunm235, makingatomicbombsandfinally, exploringthe
possibility of fissionasa powersource reachedRoosevelis deskessthanonemonthlater.

Themissionof Advisory Committeeon Uraniumassumede greatersenseof urgencyin April of 1940whenit was
determinedhatthe KaiserWilhelm Institutein Germany hadcommencea broadresearctprograminvolving
uranium.By spring1940all Americanscientificjournalshadagreedo submitanypapersoncerninguranium
fissionor otherpapershavingabearingon nationaldefenseto theNationalResearctCouncilfor review, prior to
publication.This resultedn a neartotal cessatiorof publicationof anyinformationconcerninghuclearphysics.

It is likely that asU.S.Naval Institute Proceedingsverewidely readin Japanthejournalwasusedatthe
conferenceof 2 Julyto illustrate the dwindling numberof papersconcerninguraniumfission now appearingn
scientificmagazinesOnly monthshefore uraniumfission wasthe hottestscientific subjecton the planet,by spring
194Q throughself or governmentensorshipthe brakeshadbeenapplied the tap turned off

The Japanese had notibeé dropoff of publications discussing uranium, as had French, German and Soviet
scientistsThe selfimposed censorship of Western scientists is probably the single most important event that turned
the attention of Moscow Center to the existence of thahdttan Project, the result of which was the subsequent
Soviet penetration of security surrounding the American bomb project. Though the Japarssenwided the
increasing lack of scientific papers addressing the subject of fission in the inteshptiess, Japém scientists and
intelligence services had not considered the withdrawal of such papers as ardigmsefJS or British interests in

the subject. This failure, within two years, would lead to the events at Hiroshima and Nagasaki.

Meanwhilein Washingtonjn Junel940,the National DefenseResearciCommittee(NDRC) wasorganized.
Despitebeingthecapital of the United Statesjn 194Q WashingtorDC wasthe eleventhargestcity in the nation
justbehindPittsburgh Pennsylvanialmportant gcretswereharderto keepandfamousvisitorsfar moreeasily
recognizedut information still, then as now, slipped out.

Justafew shortyearsearlierin 1936 the Army GeneralStaff hadreducedts researclanddevelopmenbudgetby
half, in the beliefthatits rangeof weaponrywasadequat@andthe fundsavailablecouldbe betterusedfor therepair,
replacementpr productionof newordnanceThefirst executiveorders proposedy the Presidentn the springof
1938to assistindustryin tooling up for weapongroductionwere notissueduntil two yearslater,in 1940.After
nearlyfour yearsof inactivity andthefilling of critical positionswith novicesthe US military hadlittle ideaof what
sciencecouldprovidein the eventof amodernmechanizedvar of technologieskor their part,scientistavere
completelyin thedarkasto what themilitary neededThatwasrapidly changing.

*kkk

On 1 July 1940the US Navy movedto provide$100,00Qto fund uraniumisotopeseparatiomesearchBeginningin
thesummerf 1940andmovinginto 1941a numberof uraniumisotopeseparatiomesearctprogramsbegn work
in the United States At the University of Virginia, JessdBeamsbegarbuilding on his earlierwork concerning
uraniumcentrifugeseparatiomethodsAt HarvardUniversity, GeorgeKistiakowskywasworking to developa
gaseoudarrierdiffusion methodsHarold Urey at ColumbiaUniversitywasdividing his time betweenentrifuge
andgaseousliffusion separationUrey wasjoined by JohnDunning,EugeneBooth, G.B. Karelitz, andAristide von



Grossgwith assistancérom studentWilliam Nierenberg)andby 1941 ColumbiaUniversity hadbecomethe center
of gaseousliffusion separation

At the Carnegidnstitution of Washington Philip Abelsonwasworking ontheliquid thermaldiffusion method
usingfacilities atthe NationalBureauof Standardsin the summerof 1941 hetransfered his workio the Naval
Researct.aboratory At the time, heleadershipf theinternationalphysicscommunityconsistecf a smallgroup
of menwho, for the mostpart,kneweachotherpersonally Nishinawasone of thosemen.

*kkk

Nishinas referencedo the greatinterestin the US to transmutatiorof U238to U235wasactually awarningto the
committeethatotherscientistsjn othercountries somemorepowerfulthanJapanwereindeedworking onthe
issueandkeepingtheir findingssecretJapanwvasfor all intentsandpurposesin alife anddeathracewith other
countriesmostnotablythe heavilyindustrializedUnited Statesfor the developmenbf anatomicbombfor usein
thecurrentwar. Hence the earlierimperative the fistudyof U-2350 asfivery necessayandthatfiit is importantthat
the studybe donerapidly 0* It failed howeverto registerwith thosepresenthatJaparmightlosethatrace.The
lecturercontinued

TheattendeesveretheninformedthatKigoshi Kunihiko wasatthatmomentat Rikken, conductingresearchinto the
separatiorof U235from U238usingathermaldiffusion column,aninventionperfectedoy Klaus Clusiusand
GerhardDickel in 1937.ProfessoKimura, of the Imperial University of Tokyo, who wasalsoprobablyatthe
meeting,suggestedhatit shouldpossibleto developa methodfor the slow, controlled,fissionof U235 Kimura
suggestedhatasa form of energy this energycouldbe usedto propelaircraftandwould eventuallyproveto be
extremelyimpressive Despite his somewhabut-of-placereferencdo a reactorat a conferencéneld primarily to
discussatomicweaponsKimura comments didddres®neof the other twoproposedesearctsubjectghen under
study in Japarareactorandnuclearenergy.However, he conferenceayuickly returnedo the subjectof thebomb.

As thelecturerbriefedthe attendeedt wassuggestethatRadiumandBeryllium could providethe primary neutron
sourcesecessaryo triggertheweapon.The conferenceahenmovedonto discussworld productionlevelsof
uraniumore. The Japanesplacedproductionof uraniumore, not uraniumitself, at 30,000to 40,000tonsperyear.
TheJapanesaotedthatmostof this productiontook placein North America.Thelecturerlisted productionasbeing
derivedform:

Ore/Type

Uraniumore (pitchblendeuranium UGOs 75-80%
Uraniumashesre UO; 5367%
Ashesuraniumore (?) UOs; 52-62%

Thelecturernotedthat Japarcurrentlyrelied uponthe United Statesasthe sourcefor all its uraniumimports.
Prefacinghis commentswith awarningthatJapai@s undergroundesourcesverelargely undeterminedthe lecturer
listed Japai@s known uraniumbearingresourcess:

FukushimaPrefecture DateDistrict HansakaVillage
FukushimaPrefecture TawagaDistrict Maki Village

AmountU3Osg perton of ore: 100grams. [About 9% total]
FukushimaPrefecture IshikawaCity Fukin

Samarurisistone. [About 20% UO;]
Gifu Prefecture EnaDistrict Naeki

FelgusorStone. [1-2% UQ;]

EnaStone. [11% UO,]
Seoul OukidoKaigetsumen

FelgusorStone. [8.4%U0O;]
Manchuria Kaiki

KofusenStone [3.8%UO;]
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Thespeakethenmadeit clearthatto date,accordingo thedateof thedocumentApril 1943,no uraniumdeposits
hadbeendiscoveredn EastAsia. The radioactiveasset@ndmineraldepositdocatedin Japans recentlyacquired
Empire;Burma,China,Malaysia,Viethamandelsewheraverenot mentionedn this report. Thisis surprisingasthe
existingmining, transportandshippingrecordscompiledby the SCAP/ESSmmediatelyafterthe war indicatedthe
exactopposite that uranium ores were being transported ftioese outlying areas of the EmpiiceTokyo, Japan.

Thislack of insighton the part of the speakeasto the availability of oresin Japaids newly acquiredEmpirein a
documenpreparedn 1943,suggestshattheinformationcontainedn his briefing wasdrawnsolelyfrom research
materialsdatedprior to 1941.1t is likely thatthe July 1943discussiorof radioactivemineralsavailableto the
Japanesthat July, hadbeenoriginally assemblethy SuzukiTatsusaburatthe requesof Generalyasudain 1940.
It wasSuzukis enthusiasti@arlierreportthatgeneratedheinterestof the Imperial Japanesérmy in the subjectof
atomicweapons.

The 1940Suzukireportincludedanassessmerf the availability of uraniumin Japarandconcludedhatthe
manufactureof atomicbombwasindeedpossible Apparently, Suzuks original research had been simply recycled
to support the 1943 briefingSuzukis initial reportprobablyholdsnumerousmportantpositionsin the history of
Japais wartimeatomicweaponsandenergyprogramsbut noneeveradmitted The conferencghenonceagain
returnedo Dr. Alfred StettbachefiDer Amerikanisch&SuperSpengstofty-23507 fiThe Americansuperexplosive
U-2350 andexpectationsgor theatomicbomb.

*kkk

Thenotesrecallafictional story, publishedduringWorld War | in Americaaboutthediscoveryof anexplosive
which, smallerthanthe headof a walking cane whensetoff, wascapableof leavinghugecratersn the surfaceof
the Earth.The storywasactuallyH.G. Wellsd TheWorld SetFree: A Storyof Mankind first publishedn theUSin
1914.%

Wellsis creditedby manyfor predictingthe atomicbombthroughsciencefiction long beforeit becameeality. As
Wells wrote of the bombfiOncelaunchedthe bombwasabsolutelyunapproachablanduncontrollableuntil its
forceswerenearlyexhaustedandfrom the craterthatburstopenaboveit, puffs of heavyincandescentapourand
fragmentsof viciously punitiverock andmud, saturatedvith Carolinum,andeacha centreof scorchingand
blisteringenergy wereflung high andfar.0 Wellsdsource for his knowledgeof physicswereWilliam Ramsay,
ErnestRutherford,andFrederickSoddy;all three world renownedohysicistsall threewereor would become,
NobelLaureatesRamsay 1904,Rutherford 1908,andSoddy 1922.

Wells haddedicatedrheWorld SetFreg, to FrederickSoddys work; Interpretationof Radiuny® In 1915, Frederick
Soddy,warnedpublicly of the future dangerof atomicwari meaninghathe wasawareof the potential
developmenbf suchweaponstleastasearlyas1915.4” Throughoutis careerSoddygrantedonly onedoctorate
to a Japanesd¢imori Satoysuwvho studiedunderhis guidancerom Novemberl919to Octoberl921.limori would
later figure heavily in Jap#@s wartime efforts to create an atomic weapon.

Eventhenanemployeeof Rikken, limori would riseto becomeknownasthe fifatherof Japaneseadiochemistryd
During thewar limori would serveasthe Rikkenchief of the UraniumMining Projectin Manchuriaheadthe
Japanes@&rmyss searchacrosshe empirefor goodsourceof uranium,andrefinethe uraniumobtainedat Rikkends
limori Lab. It is likely thatlimori alsoattendedhis first meetingandverbally briefedon the JapanesesearcHor
uraniumsince194Q explainingthelack of informationconcerningnewresourcesslistedin the earliernotes
presentedThelecturerthenmentionedarecentlypublishechewspapearticle thatdescribedhe potentialof sucha
newexplosiveand,unlike WellsdTheWorld SetFree, this onewasfar easietto identify.

45Wells, H.G.TheWorld SetFree A Storyof Mankind E. P. Dutton & Company, New York, 1914. First Ed.
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47 Sclove Richard E. From Alchemy to Atomic War: Frederick So@dyTechnology Assessmeémf Atomic Energy, 190915 The Loka
Institute. Science, Technology, & Hum&alues, Vol. 14 No. 2, Sprind989. Sage Publications, Inc. 1694



Theheadlinef thearticle publishedby the New York Timeson 5 May 1940readfivastPowerSourcein Atomic
EnergyOpenecby Scienceay® Its subtitlereadiiRelativeof Uranium Foundto Yield Force 5 Million TimesasPotent
asCoal.0 ThesubtitlescontinuediGERMANYIS SEEKINGIT,0 andendedwith the bannemiScientistOrderedto
DevoteAll Timeto Research TestsMadeat Columbiad*® Whatthearticle saidwasdownrightamazing.

Thearticle warnedthereadertthatiA naturalsubstancéound abundantlyin manypartsof the earth,now separated
for thefirst timein pureform, hasbeenfoundin pioneerexperimentstthe PhysicsDepartmentf Columbia
Universityto be capableof yielding suchenergythatonepoundof it is equalin poweroutputto 5,000,00@pounds
of coalor about3,000,00(poundsof g a s o 10% In theurodaPapersheseexactnumbersareusedto describe
theamountof energycontainedn onepoundof uranium,howeverall weightsmentionedn the New York Times
articleweretranslatedn the Kuroda Papefsom poundgo gramsfor smallernumberspoundso cubicmetersfor
largernumbers.

Whereaghe Timeshadtalkedaboutonepoundof uranium,the Japaneststedthe amountas454 grams theactual
amountof gramsperpoundis 453.592grams.The Japaneseeducedhe conversiorequivalentgyivenascoal or
gasolineto Benzine Wherethe Timesillustratedthe equivalentpoweras3,000,00Qpoundsof gasolinethe
Japanes#lustratedtheamountas12,000,00&ubic metersof Benzine? 52

As thearticleread,ProfessodohnR. Dunningof Columbiawho headedheresearchadtold a colleagueihat
improvemenin the methodwf extractionof the substancevasthe only stepthatremainedo be solvedfor its
introductionasa newsourceof powero 53

Thearticle waswritten by William L. Laurencethe sameWilliam L. Laurencewvho would laterbe summonedo the
Los Alamos,New Mexicoin April 1945by General eslie Grovesto serveasthe official historianof the Manhattan
Project.Laurencewould authormanyof thefirst official pressreleaseaboutnuclearweaponssomeof which were
deliveredby the Departmentf WarandPresidentarry S. Truman.Laurencenvastheonly journalistto be present
atthe Trinity testin July 1945,andhadpreparegress releasds be deliveredin casethetestendedn adisasterto
include some copies which released the names of fasoierstistd o st i n 10 O@rethedtcenchombking n t
mission to Nagasaki,aurence himself flew aboard tBe29 The Great Artistewhich served as a blast
instrumentation aircraft for the dropaurencevasatwo-time winnerthe PulitzerPrize,thefirst in 1937,the second
for hiswork onthe ManhattarProjectin 1946.

LaurercewrotethatAA churk of five to tenpoundsof the newsubstancea closerelativeof uraniumwould drive an
ocearliner or anoceangoingsubmarindor anindefinite periodaroundthe oceanf theworld without refueling, it
wassaid,for sucha chunkwould possesshe poweroutputof 25,000,0000 50,000,00Qoundsof coal,or of
15,000,0000 30,000,00(poundsof gasolined®* Thearticle listed uraniumore asbeingfoundin the iBelgian
Congo,CanadaColorado,EnglandandGermanyo®® Laurencedeclaredhatthe orefis 1,000,00Qimesmore
abundanthanradium,with whichit is associateéh pitchblendeoreso 5
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Thearticle prescientlyencapsulatechostof whatwe would todayrecognizeasthe history of thethenyet-to-be
createdManhattarProject.The Japanesatthe 2 July 1943conferencéneldin Tokyo took thearticle with deadly
seriousnessandmuchof theactualconferenceenteredon the Laurencearticle. For aforeignintelligenceagency
looking for indicatorsthatthe US might havestartedsuchaprogramjt wasa wealthof information.
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In his articleLaurenceexplainechow Alfred O. Nier, University of Minnesotahadisolateda smallamountof
uraniumwhich wasthenrushedto ColumbiaUniversity, whereProfessodohnDunninghadsubmittedthe sampleto
testsconductedvith Colombiass cyclotron ®7

Nier wasan Americanphysicistwho pioneeredhe developmenbf massspectrometryln 1940,on therequesbf
EnricoFermi,heanda few studentsincludingEdwardNey, prepareda puresampleof uranium235usinganearly
massspectrograpldesignedy Nier for JohnR. Dunnings teamat ColumbiaUniversity. Nier wasthefirst to use
massspectrometryo isolateuranium235 which wasusedto demonstrat¢hat U235could undergdfissionand
developedhe sectormassspectrometeconfigurationnow knownasNier-Johnsorgeometry.

Usingthe sampleprovidedby Nier, Dunnings teamwasableto demonstrat¢hat U235wastheisotoperesponsible
for nucleafrfission, ratherthanthe moreabundantiranium238. Confirmationof this thensuspecteihformation
wasa critical stepin the developmenbf theatomicbomb

The short account of Nié& work which appeared in the April 1940 jourriglysical Reviewgssentially brought the

curtain down on open publication about uranium fission untiBtimgth Repoppeared after World War To

Japais scientists, this should have been taken as a warning. Scientists at the Tokyo meeting however warned that as
prodiction of uranium remained very small, at that moment urahiadhno scientific or military applications.

TheLaurencearticle notedthefact thateventhis smallamounthadbeenisolatedsayingthis fihasgivennewhope
thata procesdor isolatingthe substancén largerquantitiesjn gramsandpoundsnsteadof millionths of agram
will befoundin the not sodistantfuture &®

TheLaurencearticle alsorevealedhatUSindustriallabshadalsotakenup the challengeof producing U235 in

larger amountsT hisincludedGeneraElectric (GE). Laurencewrote that scientistsworking for GE werereportecto
havesetup anapparatusimilarto thatusedby Nier andhadalreadyseparateda relatively large sampleof U-

2350 The Japanese scientists at the meeting failed to heed this as a warning of weapons that might possibly make
their appearance over Japan before the conclusion of the curre&wdantly, the commentsontainedn the

article aboutthe useof the cyclotronin the US steeredhe discussiorin Tokyothat2 July insteado the useof

Japaids cyclotronsto conductthe sametestsasNier. The needfor anindustrialscaleproductionprocessaindthe
involvementof Japanesadustrieswould alsobecomea subjectof discussioratthe conference.

SurelyJapaids scientistgealizedthatif amillionth of a gramcouldbeisolatedat somepoint, giventime and
supportedby adequatéunding, therequiredtechnologieso separated uranium on a larger seabeld beginto be
developedimproved,andfollowed by industrialscalefacilities thatcould producethe materialson agrandscale.If
afull gramcouldbeisolatedthena poundcould beisolatedthen,two poundst h e n épounds.Phe Kuroda
Paperghennoted the variousscientistan Japarandabroadvho wereknown to beinvestigatingheissueof U235,
TheJapanesdiscussedheworksof:

1 Nier, A. O.,E.T. Booth,J.R. DunningandA. V. GrossefiNuclearFissionof SeparatedJranium
Isotopesd PhysicalReview,Volume57, pp. 5463 March 1940.

1 Hagiwara,Tokutara Liberationof neutrondgn the nuclearexplosionof uraniumirradiatedby thermal
neutronsDepartmentaBulletin Paper.The PhysiceChemicalSocietyof Japar81 December1939

57 Laurence, William LiiVast Power Source in Atomic Energy Opened by Scighisesubtitle readiRelative of Uranium Fountb Yield Force 5
Million Times as Potent as CoafiGERMANY IS SEEKING IdNew York Times on 5 May 1940

58 Laurence, William LfiVast Power Source in Atomic Energy Opened by Scighsesubtitle readiRelative of Uranium Found to Yield Force 5
Million Times as Potent as CoaFGERMANY IS SEEKING IdNew York Times on 5 May 1940

59 Laurence, William LiiVast Power Source in Atomic Energy Opened by Scighsesubtitle readiRelative of Uranium Found to Yield Force 5
Million Times as Potent as CoafiGERMANY IS SEEKING IdNew York Times on 5 May 1940
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1 Abelson,P.H., An investigationof the productsof the disintegratiorof uraniumby neutronspPhysical
Review,Volume56, pp.1- 9, July 1939.

1 Flerov,G.N. (J.Jhiband andPetrzhakk.A. (A. Moussa (I.N. Golovin). fiSpontaneoufissionof uraniumo
PhysicalReview Volume58, pp. 89, 1 July 1940.

1 Turner,Louis A. The Nonexistencef Transurani€ElementsPhysicalReview Volume 57, pp. 157,5
Januaryl940

Hahrgs discoveryof uraniumfissionhadarousedomuchinterestwithin the scientificcommunitythatnearly100
papersverepublishedaboutthe subjectwithin ayearof its announcementVhile HagiwaraandNier have already
beendiscussedn somedetail,commentaboutthe otherphysicistanentionedaboveis required.

Thoughtheentryaswritten readsii]. Jiband. A. Maussaandl.N. Golovin. c. [circa] 1940.1. 2126,3888p The

namediJ. Jiband., A. Maussawere a somewhat inaccurate transliteration of their names from the Russian language
(note the previous translations of the Kuroda Papaf®r muchresearclit appearshatthis entryactuallyrefered

to anunusuareleaseof physicsresearcHindingsfrom work carriedoutin the 1940 SovietUnion by Georgy
FlyorovandKonstantinPetrzhak.

In 1939, PetrzhalkandGeorgyFlyorov wereaskedby Igor Kurchatovto studyuraniumfissioninducedby neutrons
of differentenergylevelsusingYakov Frenkeés theoryof fissionasa guideto their work. In May 1940,in an
undergroundaboratoryin the Dinamo Stationof MoscowMetro (about50 m belowthe earthsurfacehe pair
discoveredspontaneoufission. Flyorov andPetrzhakvere subsequentlawardedhe Stalin Prize. Despitethe
enormityof their discovery therewasno internationakeactionto theirannouncemeriy Westernscientists.
Thementionof I.N. Golovin (actually I.N.Golovin) with that of GeorgyFlyorovandKonstantinPetrzhakwvas
howevemoredifficult to understand.

Golovinhadgraduatedrom MoscowStateUniversityin 1935andsubsequentlyork at LaboratoryNo. 2 of the
USSRAcademyof ScienceHe would eventuallyriseto becomedgor VasilyevichKurchatows assistantirectorin
managinghe nuclearweaponsievelopmenprogramof the SovietUnion. Hence heis overshadowedy his far
morefamousmentorandapparentlymostof hiswork remainsclassifiedin modernday Russia.

It is likely thatthe Japaneseeremorefamiliar with Golovin, or they possessedomeinformationthatenabledhem
to connectGolivin to FlyorovandPetrzhakThoughunknownto the authors of this paper at this ti@®lovin may
havebeenFlyorovandPetrzhaks supervisingorofessoiat the time of their breakthrougtwork on spontaneous
uraniumfission,or hadsomeotherconnectiorto the pair, thatjustified his mentionatthe Japanessonferenceof 2
July 1943 Thenotes taken in the KurodRaperthenturnedto a somewhatmoreominouscitation;thatof anarticle
publishedby physicistLouis A. Turnerin theJanuaryl940editionof PhysicalReview,andtitled, TheNonexistence
of TransuranicElements$°

*kkk

In TurneiGs article, which cited previouswork doneby the Germanphysicistsvon Weizacker(a future memberof
Germanys UraniumClub), hearguedhatwhenU238 captureda neutronto becomelJ239it would decayinto a
newelementhathe calledfi93 EkaRe23% which heconjecturedo bethe ancestoelemento U235 This new
elementwhich would laterbecameknownasNeptuniumTurnertheorized accordingto a predictionby Niels Bohr
andJohnWheeler,would befissile by fast,aswell asthermalneutronslt would be atleastasfissile asU235.
Turnerthensummarizedhe currentresultsof work on the subjectandpresented thoroughbibliographyof
publishedarticlescompleteuntil theendof 1939.

Unlike U235, the newisotopewould be chemicallydifferentfrom uraniumandcouldbe moreeasilyseparatedrom
thanU235 If, insteadof undergoindission, U238 wereto capturea neutronit would thenbecomeJ239andmight
fission.But evenif the newelementdid notfission, it would becone unstableandthroughbetadecay transmute
into theyet unknownelemen®3. This elementwould thendecayinto element94 (plutonium)which Turner

60 Turner, Louis A. The Nonexistence of Transuranic Elemdiiitse missingheavynuclei. Phys.Rev.57,157(1940)i 15Januaryl94Q



predictedwould be evenmorefissionablehanU2350nce publ i shed, Tuknowebythse concl

Germans, Japanese and Soviet scientists.

Physicistshadlong-sincebelievedthattransuranielementsould be producedn areactor what Turnerhaddone
though,wasto call attentionto thefact thattheseelementsouldbe moreeasilyproducedn areactorthanU235
couldbe separatedrom its moreabundantousinU238 Turnerhadinadvertentlyannouncea pathto the bomb
throughplutonium,andwhile somephysicistamight havemissedthe implicationsof thearticle, the citation of
Turnes piecein the KurodaPapersuggestshatJapandidnd, andthisis thelikely pointwherethe caveat Koto-ri,
theundergroundacilities nearAnju, Chongjin,and Kanggy on the Korean Peninsatalotherfacilitiesto be built
in Manchukuo andChinacameinto the picture®! As the documentontinuedthe Japanesaextturnedtheir
attentionto Einstein.

Accordingto thelecturer,if elementaliraniumwasexposedo radiumit would thentransmuteo leadandhelium.
Duringthis conversionenergywould be liberatedandthe massof the uraniuminvolvedwould bereducedo
1/1000" of its original value.As thelecturerrelated the Einsteinequatiorwasapplicableto the uraniumatom(1.9.x
102°grams).

Thefissionof 1 gramof uraniumwouldyield 9 x 10?° ergs,or liberateabout2.15x 11 kilocalorie (kcal) energy.
Thereleasavould bethe equivalento 13,500kilogramsof gelatindynamite(a high explosiveconsistingof a
gelatinizedmassof nitroglycerinwith cellulosenitrateadded)or 3,400,000 of benzeneAs thelecturerexplained
however,unlesghefissionwasperfect,only a portionof the massinvolvedwould actuallyconvertto energy.As
Einsteinhadpredictedonly a smallportion of the potentialenergyavailablewould bereleased.

Despiteits inefficiencies theamountof energyreleasedhrougha bombwould bei enormousit wasanoddchoice
of wordsastheintelligencegatheringapparatusf the SovietUnion would similarly labelits espionageffort
againsthe AmericanbombasfiENORMOZ 6

Thelecturerpressed orgxplainingthatin nature the naturaltransmutatiorof uraniumto leadandheliumhasa
half-life of 4.5x 10°. This transmutatiorwasnot howeveraccompaniedby anyappreciabldiberationof heat.As
therehadyet to be createda methodof producinganinstantaneoufissionof uraniumon demandsuchanenormous
releaseof energyhadneverbeenrealized However,in 1938,usingneutronsartificially accelerateéh acyclotron,
uraniumfissionwassuddenlyrealized.

*kkk

Thesementionsof Einsteinsuggesthat, unlike someGermanscientistsvho wereweddedo Adolf Hitleré anti
Semitismwith its starkrejectionof the Theoryof Relativity asfiJewishscience) the Japaneseerelessinclinedto
definethe future survival of Japaron religious,racialor ethnicprejudiceslt shouldbe notedthatin Germany,
whereOtto HahnandFritz Strassmanfirst split the atomwerecreditedwith the discoveryof fission,the
achievementsf Lise Meitner,aJew,whointerpretedheir discoveryandputtheir discovenyjin contextwith therest
of physicsresearchwereoverlooked.The mentionof additionalGermanscientistdateronin the paperwho were
knownto belessthanantiJewishandthenliving underNazirule, further supportshis observationWith thatsaid,
thediscussiorthenturnedto SiegriedFlugge.

From1929to 1933,SiegriedFluggestudiedphysicsat the TechnischéHochschuleDresderandthe GeorgAugust
University of Géttingen In 1933receivedhis doctorateat the latter, underthe guidanceof Max Born. Fliigges 1939
paperKannder Energieinhaltder Atomkerndechniscmutzbargemachtwerder?i Cantheenergyof atomic
nucleusbe harnessedechnically? publishedthein Die Naturwissenschauggestdthatnuclearweaponswere
possible® His 1939,Die Ausnutzungler Atomenergig The Utilization of AtomicEnergy publishedn the
DeutscheAllegemeineZeitung,wasbelievedat thetime, to havemadeGermanys interestin atomicweapons
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62 Siegfried FliggeKann der Energieinhalt der Atomkerne technisch nutzbar gemacht weiBienRaturwissenschafteéviolume 27, Issues
23/24, 402410 (9 June 1939).
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evidentto all.%% In the Kuroda Papers the Japanese noted the two influential articles published by Flugge in
Naturwissenschaftein 1939 concerning the exploitation of nuclear enehgy senseijt wasa Germanwork of
sciencehatguaranteethe subsequentreationof the ManhattarProject.

By the summernf 1939Fluggewasconvincedhattheenergycontainedwithin uraniumif setfree,couldgenerate
tremendouslypowerfulexplosion.In his writings Fluggeestimatedhatthe energycontainedn onecubic meterof
uraniumoxidewasenoughto lift onecubickilometerof waterto a heightof 27 kilometers 54 As it wasrelatedto
the Japanesatthe conferencef 2 July 1943if onecubicmeterof uraniumwassubjectedo neutrongor 1/100" of
asecondijt would releaseenoughenergyto destroy27 x 10'° kilometersof land.

Fluggeenvisionedwo differenttypesof reactorbasedveapondasedn differenttimes,differentmaterialsand
differentneutronsFlugges fastestime for anexplosionin his reactorbasecbombwas10* (onetenrthousandttof
asecond)®® Niels Bohr and Otto RobertFrischcalculatedFlugges time astoo slow andpredicteda fastertime of
10%; in the KurodaPapersNishinasuggestea time of 10°. % In Mother Russiaphysicistigor Tamm,reading
SiegriedFlugges work told his studentsiDo you knowwhatthis newdiscovery{fission] means1t meansabomb
canbebuilt thatwill destroya city outto aradiusof maybel0 kilometersdf” Thetwo articlesauthoredoy Flugge
laid muchof thefoundationfor a futureworld preoccupiedwith nuclearweaponsanddependentiponnuclear
energyin which we exist.

SiegriedFlugge®s work wasbeckonednterestin atomicweaponsvorldwide. His publicationamadeit all too clear
to too manyphysicistghat Germanywasinvestedn creatinganatomicweapon.Shortly after Flugges workswere
published hebegarto clandestinly work on Germaryé nuclearenergyprojectandbecamea memberof
Germanys Uranverein(UraniumClub).

Fluggelaterpublishedwo highly sensitivereportsin Kernphysikalischd-orschungsberichtgresearctiReportsn
NuclearPhysics)aninternalpublicationof UranvereinHis work wasclassifiedTop Secrethy wartimeGerman
officials andsawlimited distribution;authorswerenot allowedto keepcopies.All Uranvereirreportswerelater
confiscatedunderOperationAlsosandsentto the United Statesfor subsequengvaluationPascuallordarwasalso
mentionedn the Japanese notgdsoweverthe nameis likely misspelledandpossiblywritten phonetically.He
appearso havebeenmentionedn connectiorwith Flugge.Jordanwasoneof the greattheoreticabhysicistsof the
20" century;oneof the principle creatorsof quantummechanicgndinventorof quantuntield theoryand, a
member of the Nazi Party

Pascuallordanwasanultra-right-wing conservativeanintenseanti-communist After attendingHanoverTechnical
University, Jordanearneda PhD at the renownedGéttingenUniversityin northernGermanyRecognizedor his
extraordinarymathematicaskills, Jordanbecameassistanto mathematiciafmRichardCourantandthento physicist

Max Born. Jordan ceauthored with Werner Heisenberg several of the earliest papers on quantum mechanics. He
also authored works outside his primary area of study.

Writing under gpsewonym Jordarnwrote bellicosearticlesfor far right-wing magazinesledicatedo the spirit of
Germartradition.WhenHitler becameChancellorof Germanyin 1933,Jordanjoinedthe NationalSocialist
GermanWorkersParty,alsoknownasthe Nazi Partythough he was under no pressure to dd.aterthatsame
yearhe becamea stormtrooperunderthe SturmabteilundSA), outfittedin a brownuniform, boots that reached to
the kneeanda swastikaarmbandMuch to his credithowever Jordanacknowledgedheaccomplishmentef
Jewishphysicistsin hiswritings, including Einsteirs and freely associateavith memberof the Jewishfaith.

During WWII Jordanworkedasa weatheranalystat the Peenemundeocketcenterwherehe attemptedo interest
theNazi Partyin numerouschemegpromotingtechnologicallyadvancedveaponsHe alsourgel the governmento
initiate newresearctprogramsnto physicsfor potentialweapondor war. The Hitler regimehoweverdistrusted

63 Siegfried Flugge®ie Ausnutzung der Atomenergie. Vbaboratoriumsversuch zur Uranmaschin€&orschungsergebnisse in
Dahlem Deutsche Allgemeine Zeiturigo. 387, Supplement (15 August 1939).
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66 Powers,Thomas. Heisenber@ War: TheSecretHistory of the GermanBomh Little, Brown andCompany.Boston,Mass 1993.
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Jordarbecausef his defenseof iJewishphysics) his pastassociationsvith Courant,Born,andPauli(all Jewish)
andhis supportof thelikes of Einstein,a Jew,andHeisenbergvho hadbeenaccuseaf havingb e en a #AWhi t e Je

Ignoredby his fellow Nazis,Jordanendedup politically andscientifically isolaed However,again,the Japanese
did notignorehiswork andin hindsight,it seemgossiblethatJordarmay have beensourcefor someof the
advancedsermantechnologybelievedto havebeentransferredo Japarduringthewar. It is likely thathis dutiesas
aweathermpredictoratthe Peenemundsmcketcenterboredhim; which allowedhim to develophis own nichein
Germanys weapongechnologysharingprogramwith JapanNotablein their absencethe KurodaPapersio not
cite any of Jordaids specificpublicationsnor any possibleclandestinexssistancée might havegivento Japan.

*kkk

Thedays sessiorendedwith a discussioron the needfor waterto supporturaniumfission. Waterwasthoughtto
providethe secondangourceof energyfor thereactionto occur.Thesecommentwere probablysomeof thefew
madethatdayin discussinga reactorversusa weapon.The notesendwith acommentconcerninghe useof fission
to melt or destroytanks,while replacingthe needfor coal depotgo supportships.

Whetherit wasthe urgencyof thetimesor the needfor urgencyin transferringresponsibilityof the programfrom
LieutenantGeneralyYasudato Major GeneraNobuuijiis notknown, but the nextconferenceook placejust four
dayslateron 6 July 1943.Consideringhatthe 2 July 1943meetingwasheldon a Friday, with the nextmeeting
scheduledor thefollowing Tuesdayandbearingin mind themilitary ranksof the attendeesthe needfor anatomic
bombto endthewar andsaveJapanmay havedictatedthe momentumat which the nextmeetingbegan.Thenas
now the daily schedule®f generalofficerswereusuallypreparediaysin advanceit is unlikely that General
Nobuuji hadany opentime thatcoming Tuesdaybut time wasobviouslyfound. The weekendalsogaveNishina
andRikkenmoretime to prepare.

6 July 19437 Meeting Notes

Research Project Meeting at the Nishina Research Institute.

Themeetingof 6 July 1943wasin essence eontinuationof the meetingheldfour daysearlier.This meetingwas
actuallyscheduledhe Friday before to b&progresseporton Nishinais researclon uranium.In attendancevere
DoctorNishina,Major GeneralNobuujiandLecturerlshida listedin thatorderandbearingthosetitles. The
lecturer,again,probablylshidaSakae pickedup wherehe hadprobablystoppedhe Friday before.

As thelecturerparaphrasedctualevents at somepointin 1941the subjectof uraniumhadcometo the attentionof
the Army Air TechnicalLaboratorieglocatedin Tachikawa)LieutenantGeneralyYasuda)andthe GeneralAffairs
andAdministrativeDepartmenbf the ImperialJapanesé&rmy Air Service They, in-turn, hadsoughtout Nishina.
Theactualcourseof eventswasthat GeneralyYasudahadsoughtoutthe assistancef RikkenthroughViscount
OkouchiMasatoshiRikken hadbeenpreviouslytaskedby the Imperial Japanes&overnmento organizescience
within Japarto supportthe war effort. 58 Suchentitiesasthe CabinetPlanningBoardmay havebeenresponsibldor
requesthoweverit wasRikkenwho wasorderedto completethetask.5® Okuchihadtakenthe problemto Nagaoka
Hantaro thethenheadof physicsresearctat Rikken, Nagaokahadthenturnedthe problemoverto Nishina.

Accordingto thelecture,fiwe (probablyNishina)hadbeenrequestedo investigatehe useof uraniumwithin the
following broadresearclareasi) asanenginefuel, 2) asanexplosive and3) asafuel.o’° Thesethreeheadings
generallymatchthosepreviousdy discussedby the CRANP of the ImperialJapanes®lavyts Admiral Ito Yoji and
reportedn thebook TheDay Man Lost”* UnderJapaids Navy, only threeissuesvereeverunderconsideration
The productionof anatomicbomb,the developmenbf a nuclearreactorandthe developmenof nucleampowerfor
energyproduction in thatorder.” The earlierJapanes@rmy researcthadnot howeverbeencarriedoutat the
Rikkenfacility in Tokyo.

Theresearchnto the useof:
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1 Uraniumasanenginefuel (reactor)wasconductechtthe 15t Army Air TechnicalResearchnstituteat

Fukuoka

f Uraniumasanexplosive(the bomb)wasconductecatthe 3 Army Air TechnicalResearchnstituteat
Fukuoka.

1 Uraniumasafuel (atomicenergy)wasconductechtthe 6" Army Air TechnicalResearclnstituteat
Tachikawa

Thelecturerindicatedthattheresearctshowedenormougotential andthatthe Army hadgreatexpectationgor the
developmenbf aweapon A recommendatiohoweverwasmadethattheseprojectswould be moresuccessfully
conductedat Jgpanes@mperial Air Servicel aboratories?® A requestor informationconcerninghe projecthad
beenpreviouslyreceivedfrom the TonizoLaboratory(Tokyo 2" Army Arsenal)’* As it turnedout, Tonizohad
alreadyfundedthe project’® Rikkenhadalreadyconsideredhe requestTonizowasan Army laboratory,nota
Japanesd@ir Servicelaboratory.Perceptions of éconflict of interesb had to be considered.

*kkk

Thereasorfor therequesfor information its authorityandthe connectiorbetweerthe Army (Tonizo) andthe Air
Servicelaboratoriesvasnot, aswith somanythingswhenworking a governmentontractimmediatelyclearto the
briefer. The Army TechnicalLaboratories hadpreviouslyagreedhattheywerenot the appropriateesearch
facilitiesto undertakehe project. The Navy hadyetto introducea proposalThe Air ServiceLaboratoriesunder
Yasudahadalreadyacceptedhe project.In the discussiorthatfollowed, it wasmadeabundantlyclearthatneither
intra- norinterservicerivalrieswould be allowedto interferewith the project.

Theprojectwasto becompletecassoonaspossible A sensef urgencyloomedoverthe conferenceNishinawould
conductresearchior the Japanesdéir Service.

In the conversatiorihatfollowed, the contractingssuewasclarified. As therequiredpaperworkandfundinghad
beeninitiatedby the Tonizoit wasagreedo conducttheresearchunderthe contractingvehiclealreadyestablished.
An expensesheeffor 2,000yenhadalreadybeenissued.

This expensesheetdid not covertherequestedesearchonly theinitial costsin establishinghe original contract
vehicle.It wasagreedo leavethe contractvehicleestablishedvith the Tonizoin-place.Nobuuji asked andNishina
agreedto makecontactwith Tonizoafterthe meetingof 6 July 1943with the Air ForceandNobuujihadended As
to the needfor additionalresearchert assistwith the project,it wasNishinawho informedGeneralNobuuiji, not
vice-versathattwo commissioneafficer-researcherqrobablytechnicalofficers,werecomingfrom Koku (the
Institutefor Army Aeronautics)lt is morelikely however thattheseofficerswerenot actualresearcherdyut
contractmanagersT he conversatiorthenturnedtowardthe questioncommitment.

*kkk

As the projectofferedthe potentialof atomicenergy,andatremendouslypowerfulweapon onethatwould be used,
wasNishinathoroughy committedat wasanageold questionthatmilitary servicemeroftenhaveabouttheir

73 Uranium Project Research Meetings at the Nishina Research Laboratory and the 2nd Tokyo Army Arsenal. Background: Caaoarming U
Tonizo Laboratory: Shyowa 18 NénApril 1943.Five sections, dated: 2 July 1943, 6 July 1943, 2 Feb 1944 and 17 Navri94panese.
Obtained from the RikeNishina Center for Accelerat@ased Scienci 2006. Translation: Dwight R. Rider, Dr. Eric Hehl and Wes Injerd.
April 2017.

74 Uranium Project Research Meetings at the Nishina Research Laboratory and the 2nd Tokyasemay. Background: Concerning Uranium.
Tonizo Laboratory: Shyowa 18 NénApril 1943.Five sections, dated: 2 July 1943, 6 July 1943, 2 Feb 1944 and 17 Navri94panese.
Obtained from the RikeNishina Center for Accelerat@@ased Sciencie 2006.Translation: Dwight R. Rider, Dr. Eric Hehl and Wes Injerd.
April 2017.

75 Uranium Project Research Meetings at the Nishina Research Laboratory and the 2nd Tokyo Army Arsenal. Background: Caaoarming U
Tonizo Laboratory: Shyowa 18 NénApril 1943.Five sections, dated: 2 July 1943, 6 July 1943, 2 Feb 1944 and 17 Navri94panese.
Obtained from the RikeNishina Center for Accelerat@ased Scienci 2006. Translation: Dwight R. Rider, Dr. Eric Hehl and Wes Injerd.
April 2017.



civilian counterpartsAre theyboundto their duty?In answeringhe questionNishina,asaman a scientistandthe
sonof asamurafamily fully acquaintedwith the conceptof obligation,hedged?®

As Nishinaexplainedatthe momentthebeginningof the project,the chance®f successvereslight, butaftermore
researchit might be possible It wasanhonestanswerto anhonestguestion Nishinathentook centerstage
replacingthe previouslecturer.He coveredenseparatéssues Thesewerenumberedn the KurodaPapersas1, 2,
3,4 é . Hecoveredatleasttwo subjectsaweaponandareactor.

First, Nishinawarnedhis audienceto includeGeneraNobuuji thatif the studyof uraniumwasto be successfuit
would requirea hugefactory, probablymorethanone.If therewereactualfactoriesor reactorsuilt in China,onthe
KoreanPeninsularin ManchuriaNi s h stateanérdf 1943mayhaveledto their beingconstructedit is more
likely howeverthattheselocationshadbeenunder

constructiorfor sometime. As Nishinadid notdwell onthis

subjectashewasto do on otherpointsin hisdiscussionhe Outside Figure 1.

may havesimply beenrestatinghe obviousor attemptingio |

justify the high costsassociateavith previousdecisiongnade
to proceedwith the constructiorof thosefacilities.

inside

4
Accordingto analystdamiliar with the project,it is unlikely ::
thatthosefacilities believedto havebeenconstructed 400 ¢ it
undergroundhear Anjuthe ChosinReservoirnearChongjin,

Kanggye or in themountainsiearHungnamwere c‘::l: 0
inauguratedong prior t01943.”” They weremostlikely P " ::
initiatedin 1940:1942underthe Armyés previousprogram, surface " aboat
theNi Project.Nishinathencontinuedonto his secondssue. " 1"

E.

NishinabackbriefedNobuujithat to separatéJ235from 1"
U238theuraniummustfirst be convertedo uranium 1"
hexafluoride an extremelyunstablefluorine chemical Usaniai "
compoundThechemicalwould reactviolently with any i v
amountof moisture. s

Duringthewar, Rikkenreportedlysuffeledtwo accidents

while working with thematerial. Theinstitutehad beerucky,

therewereno fatalitiesfrom either.Had eitherof theseaccidentdeenlarger,it is unlikely thatthe effort would have
continued.

*kkk

After beingconverted to uranium hexafluorittee gasvould thenbe placal into a pipe,athermaldiffusion column,
of 5.2metersin length.Nishinakepthis explanatiorsimple;theinterior of the pipe would be heatedo a
temperaturef 400 Celsius.It would be necessaryo maintaina rapidflow of gasthroughthe pipe.It wasa process
thatNishinadescribedissimplein conceptbutdifficult to achievein practice.Nishinaspenta greatdealof his
allottedtime ontheissueof thermaldiffusion. It shouldbe understoodhat, the thermaldiffusion columns
constructedat RikkenduringWWII wereneverintendedo be anymorethanexperimentatievicesnot operational
models.Theywereresearctanddesignmodelsmostly usedasdemonstratiorioolsto explainthe uranium
enrichmenfprocesdo the streamof nearcontinuousvisitorsto the laboratory visits led by GeneralNobuuji. (See
Figurel).
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As Nishinaexplainedthe heatwould be providedelectrically. The outsidesurfacef the pipewould consumdarge
amountf electricity but would be cooledwith water.With time, a convectionsystemwould developcausinghe
lighter uraniumisotope(U235)to rise andleavingthe heavierelementgU238)to descendT helighterisotope,
U235, would thenbe recoveredrom the uraniumhexafluoridein the form of ametalor anoxide.Duringthe middle
of his presentationwithin the discussiorof the thermaldiffusion, Nishinaallowedhis mind to wanderinto the area
of aweapon.

Accordingto Nishinathe Japanesbaddeterminedhatin a massof 10 kilogramsof uranium,few neutronsvould
belostandthata chainreactionwould occur.Nishinawarnedhis audiencehowever thatthe U235would alsoreact
with anyU238or waterpresentNishinaindicatedthat Rikkenwould haveto determingheratio of thosereactiors.
In carryingouttheir studies Rikkenhadincludedtheideaof a crosssectionnumber.As Nishinaexplainedwhen
two particlesinteract,theirmutualcrosssectionis theareatransverseo their relativemotionwithin which they
mustmeetin orderto scatterfrom eachother.Their scatteringcrosssection Nishinas number is relatedto the
geometricsizeof the particles.Rikkenwasstill in the procesof determining thexccuracyof their calculations
throughthe useof the Instituteds cyclotron.

Thiswasthefirst, of only two mentionsof Rikkends particleacceleratom the entiresetof Kurodas documents.
ThroughNishinals proposedexperimentsvith the cyclotronsthe physicistsat Rikken could predictwhether10, 20
or even50 kilogramsof U235would be requiredto createandsustairthe desiredchainreaction.Dueto therarity of
U235andthe expenseénvolved, practicalexperimentationvith the physicalmaterialwascostprohibitive. Until the
physical materiahad been create®ikkenwould continue tarely on calculationsaandtheir particleaccelerator.

Figure 2.
This will become explosrive

Reaction Thizs will not become explosiva
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Fortheseexperimentsgoncentration§)235betwveen0.7 and10%would be usedin experimenthiowever,
concentrationsf greatethan50% would adverselychangethe outcomeof testing Rikkenhadyetto determinethe
reactionrateof U235, how slowly or quickly areactionwould takeplace.It would bedifficult, atleastatthat
momentfor Rikkento producea sampleof U235at a purity of greaterthan50%. Accordingto Nishina,U235
purificationto 100%wasimpossible (SeeFigure?). The scientistthenretreatedrom histangentiakemarksand
turnedthediscussiorto his third point. The requiremento the useof U235in a reactor

As Nishinaexplained U235would undergdission by useof slow neutronsvhereaghe fission ofu238would
requirethe useof high velocity neutronsTherequirementor high velocity neutronsvould bedifficult to achieve
morelikely Nishinameantdifficult to predictandcontrol Nishinathenturnedto hisfourth pointandthe useof
waterwith uraniumin areactor

As Nishinadiscussedhe subjectwaterwould be usedasamoderatoito slow downthe neutronexpendedrom the
fissionof U235 It is alsomorelikely thatwhile Nishinaspokeof waterin-general he morepreciselymeantthe use
of heavywater(deuteriumoxide) Therewerethreeheavywaterplantson the KoreanPeninsulalone:Oneat



Hungnam(Nichitsu), the seconchearthe Supungho HydroelectricPowerPlant(NamsarChemicalPlant) andthe
third at Manpi (BongoongChemicalPlant)

Eachof theseplantsdrewtheir electricalpowerfrom a separateetof hydroelectriqpowergeneratingcascads, or
baseof-the-dampowerstatiors. Nichitsureceivedits electricalpowerfrom the PujonandChangjinCascadesthe
Namsanpr NamsiChemicalPlantreceival its powerfrom the Supungho Hydroelectric Power Statiowhile the
BongoongChemicalPlantwould receiveits powerfrom the Wiwon HydroelectricPlantthenunderconstruction.
Thelattertwo werebothlocatedalongthe Amnok (Yalu) River onthe borderbetweerkKoreaandManchukuo All
three chemical plants and their supporting hydroelectric power stateyest least partiallypwnedandoperatedy
theNoguchicombineg Nichitsu

It mustbekeptin mind that,thoughNishinaandperhapstherphysicistawverein theroom, mostof the menin
attendanceverechemistsaswasNobuuiji. Nishinawaspurposefullykeepingthe subjectat alaymarés level sothat
his entireaudiencenight be ableto grasptheideasandconceptghathewasthereto brief, andtheywerethereto
deliberate At somepoint afterthis discussiorof 6 July 1943 Rikkenphysicistswould decideto usepuregraphite
versusheavywaterasamoderatorA graphiteplantwaslater establishect Kujang, onthe KoreanPeninsula®
Nishinathenturnedto hisfifth point, critical mass.

*kkk

Critical massis defined aghe smallestamountof fissile materialrequiredfor a sustaineduclearchainreaction.The

critical massof a fissionablematerialdependsiponits nuclearpropertieqspecifically,the nuclearfissioncross

section, its density its shapejts enrichmentits purity, its temperatureandits surroundingsThe higher the density,

the lower the critical mass. A sphere is the shape with minimal critical mass and the smallest physical dimensions.
The critical mass 0f235is a sphere weighing2 kilograms.

The size must at least include enough fissionablemaato reach critical mass. The critical mass for lograde
uranium depends strongly on the grade: with 20285it is over 40kilograms with 15%U235 it is well over 600
kilograms As Nishina estimated, at minimum, the critical masg285would require at least 10 kilograms of
material. As Nishina explained, in any smaller amadttii235the primary neutrons would be absorbed without
assembling a chain reaction.

Chief Cabinet Secretatp Prime MinisteK a n t a r @ C8hinet (April August 1945) SakomizHisatsune had
known about Japde earlier efforts to create an atomic bomb and admitted as much after the war, however he
limited his admission to knowledge of the Imperial Japanesed®#&®rpject A° Lieutenant Commander Ishiwatari
Miroshi, Bureau of Naval Affairs of the Imperial Japanese Navyttdide Man h at t a nFurPandhatenc t s 6
the spring of 1944 the Navy had decided to make an atomic Bamekfrom that date attempted to coordination of
the research work being done b tArmyo Ishiwatari continued saying thét was thought at that time that if
U235 could be concentrated at 10 percent or above, bomb or power possibilities would [t liKedyten percent
may have represented an internal benchmark of &omdelf purification of U235 to ten percent could tealized,
then the Japanese ability to enrich the product to a higher quality was more easily withiflreaalmbers given
by Ishiwataristrangely resembled those discussed by Nishina in July 1943, sugdiestitige Japanese navy was
far more deeply involved with the ard@yproject than previously recognized.

Only a critical mass of 10 kilograms or greater would actually work. Though the conveesatioted in the

Kuroda Paperwas probably far longer than tfew notes we have, Nishina then moved on to his next topic: The
release of energy from uranium. Aig point however, there is an interruption in the page numbering of the
documents with two pages, 65 and 66, missing. Despiteshef these pages, page 67 picked up where it had left
off, suggesting that the two missing pages were an addendum osedasiePerhaps several diagrams.
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Nishina then told his audience that the amount of energy contained in 30 kilograms of water and 10 kilograms of
uranium was equivalent to the number of calories present in 10,000 tons of gasoline (1,000 tons heat capacity)
Again, Nishina was addressing an audience comprised of mostly chemists and sought to use terms and quantities
that would be relevant to those present. As mentioned earlier, other physicists had previously used coal and gasoline
in similar such comparisen Obviously making himself clear, Nishina then turned to his seventh point, the practical
applicationsof uranium.

*kkk

According to Nishiné explanation, if uranium were to be used to power an engine, it would be necessary to
radically alter the struare of engines as they were then knottowever aice again Nishina drifted offlonga
tangentdiscussing the development of a bomb, and again addressed the issue of assembling or achieving critical
mass. Nishina expressed the opinion that using uranium as an explosive would be relatively easy however as he
warned; the calculated amount of uranirgquired to reach critical mass would need to be increased as most of the
uranium would not fissiobut would be lost in thexplosionas the weapon would disassemble so rapidgspite

claims to the contrary that Nishina was a wandering sailor in af semg design, it is obvious through his several
departures from the briefing as planned, that he was deeply enthusiastic abdist Jagatial to create an atomic
weapon.

Nuclear weapons generally assemble supercritical masses by uniting or corgpelsiitical masses of fissile
materials, and by reflectingtherwiseescaping neutrons back into those magbesebycreaing additional fissions.
The more completthis uniting orthe stronger thisompression, the better the rate of neutron reflectie more
primary fissions that occur creating secondasions;the greater the efficiency and explosive capeaaitthe
bomb.

To achieve thishecausehe chainreactioncouldnot be containedor long; only a portion of theuraniumpresent
would actuallyundergdfission theremaindemwould belost. (The yield of the Little Boy design dropped over
Hiroshima wasctually lowerthan the hypotheta energy density of its uraniu85. Less than a kilogram of
uranium235underwenfission in the actual explosion over Hiroshimrathe morning of 6 August 194%leasing
only 15 kilotons of energy}t is here,in this sectionof thesepapersvherethe greatcontroversyamongshistorians
concerninghelengthof time requiredto detonatehe weaponaswritten in the KurodaPapersarises Accordingto
whatis written within thesepapersandlooselytranslatedNishinais mostoften quotedassaying:

filn orderto achievethe highesttemperatureandlargestpossibleexplosionthebombneedshold together
for 1/30to 1/20 secondandto achievethis requiresalargeandheavytamperor reflector. The weight of
this weaporwould beenormousit is therefae consideredmpracticaland @sa bomkdnot suitablefor use
[with the currentstateof military technologiesmeaningthat, the weaponcouldnot belifted by an

aircraft] 28% 82

However, vhat Nishinahadactually said was categorically different.
What Nishina said was théthe temperature required for a bomb reaction would have to be achieved'iol/20

1/30" of a secon@®3 84 Nishina then indicated that this would result in the need for a massive (re: heavy) bomb.
This lead Nishina into his eightbgic, initiating the fission 08/235.8°
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Nishina lectured that radium, beryllium or polonium could be used ast@tor. It is more likely that Nishina was
discussing a radiurberyllium or-polonium trigger as these were, at that time, the two best known neutron sources
Nishina explained thavhen beryllium is irradiated with neutrons, it transmutes to polonRgmishina explained,
polonium has a halife of 158 days ath would be idea for use as aitiiator. Nishinas lecture was presented in

1943.

In the US the useof poloniumfor the neutroninitiator wasfirst proposedy EdwardCondonin 1944 perhapsan
indicatorthat,at leastin 1943,Japanesplanningandcalculationssurroundinghe creationof anatomicweapon
wereeitherslightly aheadpr at worst, runningparallelto thework beingconductedvithin the US Manhattan
Project The USinitiator itself wasdesignedy Jamed.. Tuck® Its developmenandtestingwerecarriedout atLos
AlamosNationalLaboratoryin the fiGadgeb divisionds initiator groupled by CharlesCritchfield, who receivedhe
historical credit for the ide¥

It shouldbe notedthatpoloniumis anextremelydangerouglementhatis usuallycreatedn areactorhowever,can
becreatedhrougha lengthyandprolongedchemicalprocessg fiBeryllium is now usedasthereflectormaterial(or
@it linerd in mostcontemporanAmericannuclearweaponsindthermonucleadprimarieso & As the meeting of 6
July 1943 was actually a continuation of the 2 July meeting Nishergurned to his nintlissue Japafs access to
uranium.

*kkk

In this, Nishina is thought to have simply repeated what was previously stated on 2 July; with ore being located in
China and Korea but, this is not what he said. Nishina said that there are uranium deposits already known to exist in
China, Korea and in D#pa Kyoeikan (the Greater East Asia-Basperity Sphere)That area included all of French
Indochina, the Netherland East Indies, Burma, Borneo, the Philippine Islands, etc. As Nagaoka had earlier
suggested, and limori had subsequently investigatedramndgand Nishina working with limori knew; there were
substantial deposits of uranium ore in areas outside Japan Aropdiapanese had been shippires@ndailings

from minesin Southeast Asito Japan for refining since 1942. With that said, Nialurned toward his tenth and

final issue, devicefor the generation on neutrons; his first, and only apgiethis meetindor armysupport in

completing the reconstruction of Rikk&rs -cykl6tron.*°

Hat-in-hand,Nishina,explained to General Nobuuji and the greater audipresenthat Rikkeris 256ton, 1.5

meter particle accelerator was ready for operations except for qaia@s which werethenunavailable as those
parts were being used in the production of mundidtishina believed that if the missing parts of the cyclotron were
returned, work on the atomic bomb by Rikken physiosildtake place rapidly anide more successfuhs if the
chemists present could comprehdimicomments as some warning, Nishina infed the group that even as the

war began, US scientists were already then constructing an acceteratones more powerful than Rikk&rs

faulty 1.5meter machinghough Japanese physicist were ewtirely sure the US was capable of completing the
project Herein also lies the reason that Japagclotronswere destroyed by US forces on 24 November 1945.

*kkk

Despite claims to the contrafyy early November 1948S investigators in Japan at that time had come to
understand that those samelotrons had beemsed during WWIto support Japais wartime effort to develop an
atomic bombWhile Japais cyclotrons were incapable of producing the amounts of uranium needed to build a
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successful uraniurbased weaporthose same machinesuld, anchad indeedadbeen usedo conduct
experiments which confirmed and solidified calculations related to thedapenent of a bomb produced by
Japanese scientistswas the first anniversary of the US bombing of Tokyo.

Early on Tuesday morning, 20 November 1945 Army officers and soldiers acting under orders written by SCAP
entered RikkenTokyo; the PhysicBepartment of the Imperial University at Kyoto and the offices of the Osaka
Imperial University presenting the authorities of those institutions with orders for the destruction of their cyclotrons.

Using pry bars, arc welders and acetylene torchesdideers demolished Japarfive particle acceleratofthere

were actually only foucyclotronsdestroyedthe fifth machine was a Crockcréffalton generator)Parts for a
additional, yet to be assembleytlotron at Kyoto Imperial Universityscaped notic&.he dismantling of the

largest of thelapafs cyclotrongequireda full five dayés work.The walls of buildings were blasted out to allow the
rapid removal of the dismantled cyclotrons into nearby courtyards and lawns. Trucks, tractbrd]dozers

pulling cables were used to haul the heaviest parts of the machines through the shattered walls. Once at a safe
distance from all nearby buildings, dynamite was used to further, aiacpack the magnetand lagest parts of the
instrumentsThe events of that Tuesday morning, 20 November 18@iiscating the cyclotronsjere designed to
shock Japais scientific and irdllectual community to the core. Theycceeded.

By late-October, earNovember 1945, US investigat@srveying) a p avartime atomic energy and weapons

research program realized that the informationtheyd been gi ven so far, was false.
scientists previously involved in the countmombds wart i m
after the surrendét.

On 24 November 194Bikkend swvo cyclotronswere dumped into TokyBay beyond thd 00-fathommark®? The
two machinesat Osakgone being the CrockcrefValton generatonvere dropped into Osaka B&yThecyclotron
at Kyoto found its final resting pla@a the bottom oEake Biwa?* Japan had been warned, knock it off and
cooperateButin 1943,all of that lay in the future.

The next meetingdocumentedh the Kuroda Papers would not take place waily in1944.

2 February 19441 Meeting Notes

Uranium Project ResearchMeeting at the Nishina ResearchLaboratory. %°
In attendanceDoctorNishina,Major GeneraNobuuiji, Lecturerlshida.
ResearcliProgresgStatemenof Dr. Nishina)

At thismeeting,Dr. Nishinawasagainat centerstageandmostprobablythe solespeakerHe addressetbur
subjects:
TheProductionof UraniumHexafluoride.
The Separatiorof UraniumHexafluoride.
The Statusof Rikkends ParticleAcceleratorfor usein NeutronProduction.
The Statusof ExperimentaResearch.
Researclinto the Productionof UraniumHexafluoride.

PONPE

Beginningwith the productionof uraniumhexafluoride Nishinaexplainedhatexperimentsverestill underwayand
that Rikkenhadsufferedsomesetbackgo their researcteffort. Rikkents scientistshadbeenexaminingthe various
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methodsof producingfluorine with the assistancef ProfessoAoyamaof TohokulmperialUniversityandlshikawa

of Kyushu Imperial University since November 1942. This was probabdjied reference to the Imperial Japanese
Armyés previous NiProject.According to Nishina, Rikken was now producing pure fluorine. Rikken had been
however, lessuccessful in producing uranium hexafluoride.

As Nishina explained, becauieorine was so tremendously corrosive, oxidizing with nearly everything it came

into contact with, surface oxidation or contamination from the material in which it was contaasenhterfering

with their efforts to produce uranium hexafluorittean attempt to completely avoid the use of fluorine, Rikken had
endeavoredo obtain pure uranium by electrolysis as proposed by Faowiever this had proven more difficult

than worlng with fluorine.Nishina admitted that, at the moment, Rikken had yet to produce uranium hexafluoride.
This does not however, mean that other organizations i
not had more succeasdwere notproducing uranium met&f.Rikken suspected at that time that the cause of the
problem was the interaction between the fluorine and the copper used in the construction of their thermal diffusion
column.In their earliest experiments with the thead diffusion column at Rikken, the column could not maintain

the pressure required for successful separation. It leaked. This led Nishina into his secondredgpet;atiorof
uraniumhexafluoride.

*kkk

Somewhat upbeat, Nishina indicated tRdtken was about midway in the development of a proceshédor t

separatiorof uraniumhexafluoride Nishinaindicatedthatthe projectwasnearingcompletion.Therewasa light at

theendof thetunnel.Processinghe brassrequiredto createanairtight systemwasprovingdifficult butby using

brasswax, theyhadfinally succeededsoldercouldnot be useddueto the corrosivenatureof the fluorine. Nishina
thenturnedto the operationaktatusof Rikkends particleacceleratofor usein neutronproducton. In thenotes,
Nishinaneverindicatedthatthisfi p r o evasanstidereffort atthermaldiffusion. ArakatsuBunsaky under

contractto the ImperialJapanes#lavy, at Kyoto Imperial Universitywasworking on centrifuges®’ At Tokyo

Imperial University, Sagandryokichiworking under contract to the Imperial Japanese Aconcentrated on

gaseous diffusion and plutonium production reactbfss f or Ni s h ihiswaéhss secopdpitchdotthe o n , t
Army for assistancen completingthe reconstructiorof RikkenGs 1.5-metercyclotron.

At this point Nishina informed General Nobuuji that Rikken had as yet, been unable to create a superior neutron
source for use in additionekperimentdo advance their knowledgor createa trigger for the bomb. Rikkeasked

the army for assistance in haviklynitions Mnistry returnthose parts of its 1-Beter cyclotron that had been

earlier taken and diverted for the production of munitions. Unable to use the larger cydRikicenwas relying on

its smaller 27inch machineand been operating this cyclotron at the limits of its design specifications. Further use
of this cyclotron at these higher rates was likelyesult inthe complete breakdowif not total lossof tha

machine.

To return the larger cyclotron to operational statius higher voltage tubes that were originally designed to control

the deviceneededo be returnedb Rikken Thelower operating voltages of the smaller machine limited the

number of high energy neutrons Rikken could produce. In effect, the future course of the war could depend upon the
return of high voltage vacuum tubes previously taken by the Munitions Minfgtrgre these vacuum tubes were
physically located at that time, and what they were beind fesevas not discusseé question and answer session

then followed.

*kk%k

In this sessiorNobuuji inquiredaboutthe additional10 kilogramsof uraniumneededo createthe conditionswhere
fissionandachainreactionwould occur.He askedwhy the additional10 kilogramsof uraniumwould notfission In
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answer Nishinaexplainel thatwhile a slowreactian would createa chainreaction,it wasbestto containtheenergy
releasedassembledslong aspossible.

If theexplosioncouldnot be containedor someamountof time, themassof the concentratediraniumwould
expanddecreasinghe overallconcentratiorof uranium.This would allow the neutronsundergoindissionto
escapehroughthe surfaceof the masswithout creatingthe secondaryissionsrequredto sustairthe chainreaction.
However the exactconditionshadnot yet beendeterminedy Rikkenscientistandfurtherexperimentsvould be
required.t wasNishinals hopethatadvancedn this areaof sciencewould bring aboutadvanceso otherareasof
sciencelt would. However notimmediatelyfor the Imperial Japanesé&rmy or JapanTrueto contractingwith the
governmentNishinawaspromisingaslittle aspossible hopingin the endto delivermorethanexpectedNobuuji
thenaskedhow Nishinawould getthe uraniumrequiredto completetheexperimentsuggested.

Nishinaansweredhat Rikkenwasconsideringusingnaturaluraniumcontainingabout0.7% U235. As Rikkenwas
notyetat the stageof testinga weaponnor desiredanexplosion thislessthanpureU235would suffice. The U235
in naturaluraniumwould reactto neutronradiation.As Nishinaexplainedpthercountries suchasFrance were
using300kilogramsof uraniumandgettinggoodresults.Obviouslythe continuingstateof war in Europewasnot
interferingwith thetransferof scientificfindingsfrom Franceto JapanAs for the US, Nishinaexplainecthatthey
werenot using300kilogramsof uranium,butwereconductingvariousothertestsandexperimentsThe comment
wasprophetic.

*kkk

Nobuuijits nextquestionconcernedhe developmenof an engine(reactor)(thetermfi r e a did not existin 1944)
ashe explainedhewasundertheimpressiorthata uraniumpoweredenginecould be developedising10 kilograms
[of uranium]or evenless.Nobuuji wasapparenthinterestedn bypassingheimmediateproblemof developinga
weaporto achievesomefar eassieraccomplishmenthat of creatinga reactor.Governmenmanages worldwide are
generallyimpatient.Nishinaevadedthe questionconcerninganengineandstruckdirectly atthe heartof Nobuuijiés
guestionansweringhatif amassof 10 kilogramswould notwork in abombthenit hadno useasanexplosiveat
all. Nobuuiji, achemist,continuedpressingNishinafor answers.

As a chemistNobuuji explainedjn orderto makea conventionahigh explosivemoreusdul onthebattlefield,it
wasnecessaryo use liquid oxygen.Nobuuiji did not askif liquid oxygenwasneededn anatomicexplosion but if
theweaponwould work without oxygen.Nishinaagreedwith Nobuuijits understandingf conventionakxplosives
but explainedthat uraniumwould burnor explodewithout the presencef oxygenor air. With the questiorand
answersessiorover, Nishinathenturnedto a discussioraboutthe statusof experimentatesearchHis recorded
commentswvereprimarily directedto Rikkends researcthinto the productionof uranum hexafluoride Nishina
clarified his earlierstatementsnadein previousmeetings

Nishinanotedthatwhenthe reaction[probablyconcerningluorine] reachesquilibriumin anatmospheref carbon
monoxide the reactioncontinuesoncethe carbonmonoxdewasremoved.This suggestedb Nishinathatthework
would haveto takeplaceinsidea vacuum Dueto the corrosivenatureof uraniumhexafluorideNishinaplannedo
usemolybdenumasaresistancenaterialin theelectricfurnace[probablereferenceo the heatsourceof thethermal
diffusion columri. The nextdocumenteaneetingwould nottake placeuntil ninemonthslaterhowever,
undoubtedlypthermeetingsook place.

17 November 1944 Meeting Notes

Uranium Project ResearchMeeting at the Nishina ResearchLaboratory. %°
In attendanceDoctorNishina,Major GeneraNobuuji, Lecturerlshida.
Researchrrogresskeportof Dr. Nishina.

9 Uranium Project Research Meetings at the Nishina Research Laboratdhedht Tokyo Army Arsenal. Background: Concerning Uranium.
Tonizo Laboratory: Shyowa 18 NénApril 1943.Five sections, dated: 2 July 1943, 6 July 1943, 2 Feb 1944 and 17 Navri94panese.
Obtained from the RikeNishina Center for Accelerat@ased Scienci 2006. Translation: Dwight R. Rider, Dr. Eric Hehl and Wes Injerd.
April 2017.



As with thedocumentedneetingof Februaryl944Dr. Nishinawasagainthe primarylecturer.He addressefour
subjects:

1. TheProductionof UraniumHexafluoride.

2. ThePurificationof UraniumHexafluoride.

3. IsotopicSeparatiorof ConcentratedJraniumHexafluoride.

4. Separaibn of U235from U238

Nishinareturnedo the samesubjecthe hadfirst briefedin Februaryl944;the productionof uraniumhexafluoride.
Nishinals tonewasupbeat.

Accordingto NishinaRikkends researcthadshownthatcarbidewasthe bestmeansf manufacturingiranium
hexafluoride As Rikken haddiscoveredwhenuraniumoxide andcarbonwereplacedin a Tanmanfurnaceand
heatedo atemperaturef 1,600to 1,700 Centigradecarbonmonoxidewasreleasedhusforcing anyair from the
system.The uraniumcarbidewasthenimmediatelyremovedrom the furnaceandplacedin a vacuumvessel.
Fluorinewasthenadded The uraniumcarbidethenreactedwith the fluorine to yield uraniumhexafluoride.
Chlorine wasusedasa catalyst All of this wascarriedoutinsidea quartzpipe which allowedthe progresof the
reactionto be further observedy the scientistavorking the problem.As the fluorine wassotoxic, thework was

dangerous.
F:
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Figure 3.
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In carryingouttheir procesgherehadalreadybeenoneexplosionat Rikkenwhencontaminateassociatedvith
fluorine hadgotteninto theconversiorsystem.Thesecontaminatesadincreasedhetemperaturef thereaction.
Thegashadexpandedindthis hadresultedn the explosion. Apparently,injurieswereminor, therewereno
fatalities.Nishinanowturnedto his secondsubject the purification of uraniumhexafluoride (SeeFigure 3).

*kkk

Dueto the procesRikkenhaddevelopedthe extracteduraniumhexafluoridecontainedmpurities; fluorine,
hydrogenfluoride, andothersilicon compoundsthesecontaminantfiadto be removedoeforepureuranium
hexafluoridewould be created Rikkenremovedheseimpuritiesthrougha gaseouslistillation processisingpumps
to evacuatehe systemandremovetheimpurities.Repeatedeprocessingvasrequiredto removeall the
contaminantsT he uraniumhexafluoridewasthencapturedoy freezing,loweringthetemperaturef the entire
system.The systemwasmadeof glassandwasof course subjectto breakage(SeeFigure 4 and Figure 5). Nishina
then turned the conversation to his third point, imeapicseparatiorof concentratediraniumhexafluoride.

Thethermaldiffusion columnillustratedin Figure2 wasraisedto a stabletemperatur®f 6(° Centigradebeforethe
sampleuraniumhexafluoridewasintroducednto the system.Thetemperaturef theinner partof the pipingwas
thenheatedo 350400 CentigradeThe outerpartof the columnwasmaintainecat atemperaturef 5¢°
CentigradeWith theseconditionsestablishedthe thermaldiffusion processegan As uraniumhexafluorideis
extremelycorrosive the scientistantroducedon 200to 300grams of testmaterialinto the column.However,they
wereonly ableto recoverl50gramsof testmaterial.Again,R i k k therndalliffusion columnleaked.
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Thewhereaboutsf the other150gramshadyetto be determinedAt this point, thereis a breakin the paperswith
somematerialsobviouslymissing,howeverthe subjectasdiscusseaontinueswith no breakin the nextpage
availablelt is likely thatthe missingpageis a diagramdrawingor otherillustration usedin the briefing. As the
missingsectionis referredto asfiPWRp it may havemeantfipowerp fipowerwaterreactorg fipressurizedvater
reactorg etc. It mayalsosimply betheinitials of thetranslator.

Figure 5,
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In examiningtheir processRikkens scientistsuspectethe causeof thelossto bethe faulty materialsusedin the
constructiorof their thermaldiffusion column.Rikkensubsequentlyeplacedts entirethermaldiffusion system
with a newsystembuilt with morehighly refinedmetals.This wasRikkends seconccompletethermaldiffusion
column.Onceput to thetesthoweverthe uraniumhexafluoridehadalsoeaterawayat partsof the newcolumn.To
continueusingthis column,Rikkenreducedhe pressureo two to threemillimetersHg (mercury)perhourto offset
theongoingcorrosion.Theissueof corrosionwasdifficult to overcomerequiringthe useof specialmaterialsin two
of thevalves,evenglassandbrassweresubjectto thecorrosiveeffectsof uraniumhexafluoride The material
extractedvastestedhroughthe useof Rikkents particleacceleratorits cyclotron.

*kkk



Usingthecyclotronslow neutronsveregenerateéndthendirectedat the sampleU235. Theintensityof the
resultingfissionwithin the producednaterialwould thenbe comparedo the fissionof a sampletakenfrom the
original materialthathadbeenranthroughRikkends thermaldiffusion column.

Thedifferencebetweertheintensityof thefissionthathadtakenplacebetweerthetwo samplesvould reveal
Rikkends level of success,or failure, in producingU235.In mostcasesthe materialssamplechadbeen
contaminatedby water,which reactedwith the pureruraniumcreatingadditionalcontaminantsvhich addedo the
corrosion.Despitethis, Rikkenhadsucceedeth producinga sampleof uraniumhexafluorideof moderatepurity.
Furtherresearcthadrevealedhethermaldiffusion columrés optimumoperatingpressured).6 atmosphereAs
Nishinaspokethethermaldiffusion columnat Rikkenwasin continuousoperation.

*kkk

Nishinaconcludechis presentatiofindicatingthat Rikkents effortsto separatéJ235 from U238wereaboutmidway
to a practicalsolution.Their primarydifficulties in producinguraniumhexafluoridehadrevolvedaroundwater
contaminationTheseissueshadbeensolved.Convertingthe purerU235 Rikkenhadproducd in theirthermal
diffusion columninto to UO3 (Uraniumtrioxide) posed no unresolved issuBgkenwas,atthatmoment,
producingequipmenthatwould be capableof producingU235enrichedfrom 0.7 to abut10%. At thatNishing
asin earliersessionsppenedhe meetingto questionsNobuuji hada few.

GeneralNobuuji opered by inquiring aboutthe stateof Rikkends 1.5-metercyclotron,hadthe previousissues
surroundinghe useof the unités vacuumtubesbeenresolvedHadthe electricalpowervoltagesrequiredto produce
high energyneutronseenprovided?To this Nishinarepliedthat somevacuumtubeshadindeedbeenprovidedbut
werenot sufficiently powerfulto allow the safeoperationof theaccelerator.

Thevoltagesequred wereonthe orderof 14,000to 15,000volts, operatinghe machineat anythinglesswould
shortoutthetubesprovided.Rikken hadattemptedo solvethis problemby decreasinghe vacuumrequiredto
operateheinstrumentn stagesbutapparenththis wasdifficult. Nobuujithenreturnedo a subjectthathadbeen
coveredon 6 July 1943, why 10 kilograms of U235 was requjiatt if conventional explosives could be used to
initiate the required chain reactio?vas a good question.

*kkk

As a cherist, Nobuujis question was not entirely contradictory with the training he had previous received.
Bureaucrats always seek tastestcheapest and easiest alternative to difficult probl@mghis, Nishina replied

that such an idea was nonsens¢hédf Japanese attempted to ageventional explosive® initiate a chain reaction,

the neutrons contained in the U235 would simply escape and fail to collide with other nuclei. The chain reaction
required would simply collapse. While some historians have commented that Riskiplg to Nobuuji was

insulting, to two men from the Meiji era who were familiar to each other, it was simply common conveltsation.
likely that the conflict surroundp t he question as recorded | ay within
Nobuuji was a chemist, Nishina a physicist. They were both Japanese but, in a sense, spoke different languages.
With that, the Kuroda Papers ended.

Summary:

Why weretheseandonly thesepapersgivento PaulKuroda?Whathappenedo thelargerfile from whichthese
papersveredrawn?Why wasNishinaconcernedhathewould betried asa war criminal?Why wasMajor General
Ryokichi Nobuuji selectedo headthe effort?

As Japarhadknownthroughthe papersof L.A. Turneraboutthe possibility of creatingfissionableplutonium, had
thatknowledgeled to the creationof reactorsn the areaof the ChosinReservoir Chongjin,Kanggyeor elsewhere
in Chinaor ManchuriaVhy thementionof I.N. Golovin? How deeplywasPascualordaninvolvedin transferring
Germartechnologie$o Japan?®hatrole, if any,did he or Germanys Uranvereinplay in the Japaneseffort to
build anatomicbombduringthewar?

Why wasLieutenaniGeneralYasudal akeo,at thetime of the first meetingon 2 July 1943the InspectorGeneralof
Army Aviation andnot the directorof the Tokyo 2" Army Arsenal,the arsenahe hadpreviouslyheadedinvolved

t

h €



in creatingthe Jointimperial Japanes@&rmy-Navy Atomic BombResearchiProgram uniting the variousArmy,
Navy andManchurianProgramshat hadpreviouslymadeup Japaids atomicweaponsandenergyresearch
programsMhy wasGeneralYasudanvolvedatall in turningthejoint programoverto Major GeneralNobuuji
Ryokichi?

WhatwasYasudds later degreeof involvementin the programAVhy, thoughit wasconsideredh joint Army-Navy
project,wasthe Navy neverknownto havebeeninvolvedin the meetingsput workedcloselywith Suzuki
TatsusaburthroughCaptainKitagawaTetsuzo(sometimeseferredto asTetsugo? It is obvious from postwar
interviews with naval personnel that the navy was knowledgeable of the program, how deeply they were involved
remains a mystenyVhatrole did these andotherpossiblepapershiddenandthe endof thewar, playin thelater
internationalpublicationsof Japanesphysicists?Apparently,few know.
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